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PREFACE 

Accord ing to the i nformation I have received , the 
i dea that gave rise to this i nvestigation came from 
Professor John Axel Nannfeldt in 1 962. In hi ca­
paci ty as a member of the State Scient ific  Research 
Counci l ,  be took up the quest ion within the Council's 
Natural Resources Committee (the Committee for 
Research on the Conservation and Uti l ization of 
Swedish Natural Re ources). The secretary of this 
Committee, Bengt Lundholm, Ph.D. ,  f irst approached 
Docen t  Rolf Santesson on the subject, and the l atter 
in his turn communicated with me. 

M y  original task was to draw up guiding principles 
for a synoptic i nvestigation i n  Stockholm and Go­
thenburg. I n  the summer of 1 962, the first f ield­
work season began in Stockholm, and it was fol­
l owed by five more. In the summer of 1 963 I worked 
in Gothenburg al o. A first report on the i nvestiga­
tion i n  Stockholm was published i n  the Research 
Council 's yearbook for 1 964. 

The first inve tigation-plan had to be abandoned 
becau e the area to be i nvest igated in Stockholm 
proved to be con iderably l arger than we h ad had 
reason to u ppose from the beginning.  The Gothen­
burg port ion,  therefore, has not been concluded. 

The i nvestigation was carried out in close consul ta­
t ion with the Natural Resource Committee, l ater the 
Natural Resources Inquiry of 1 964, w hose secretary 
Dr. Lundhol m showed encouragingly great i n terest i n  
m y  work. Funds for the i nve tigation were made 
avail able throughout its duration by the State Scien­
ti fic Research Counci l .  It wa also possible for me to 
employ an assistant for laboratory work. Without 
this  hel p it  would have been impossible to produce 
the quite extensive material concern ing the pH of 
s ubstrates and epiphytes, etc . ,  w hich h as been 
published in this report on the i nvestigation.  I also 
found it possible to employ a helper who worked 
main ly  as a secretary for a few hours every d ay on 
the task of l abel l ing and arranging the l arge quanti t ies 
of botan ical materials, on typing reports, manuscripts, 

etc . ,  and on the stati tical proces ing of col lected 
data, etc. 

Duri ng the course of the i nvestigat ion several 
tudents,  u nder my guidance, carried out m inor i n­

vest igat ions of the effect of d ifferent  k inds of air 
pol lution on l ichen f lora.  Thus Lars Westman, B .A . ,  
worked i n  the  Ornskoldsvik d istrict and Roland 
M oberg, M . A . ,  in the Kopmanhol men d istrict. Both 
these places are in the province of Angermanland . 
Hans Lundstrom, B .A. ,  worked i n  my own i n vestiga­
tion area (see p. 98). Georg Sch uisky studied the 
effect of air poll ut ion on vegetation and soil in the 
BorHinge district. Kjel l Ericson is st udying l ichen 
flora at Koping, Ingemar Hall berg is edi t ing my own 
investigation at Kvarntorp, which has now been 
proceed ing for almost 1 5  year . M arianne Gelt ing i s  
studying l ichen flora at  Karlshamn, a n d  Bjorn M ag­
nusson is  at work on the effect of dust on epiphytic 
l ichen around a cemen t  works in the i land of Got­
land.  All the e i nvestigations are carried out wi th 
financial grant from the Re earcb Council . The 
Swedish Aluminium Company at  Sundsvall f inanced 
a fai rly comprehen ive i nvest igation of damage 
caused to vegetation in consequence of the i mmission 
of substances contain ing fluorine .  The work was 
carried out by Olov Eriksson. The m aterials obtained 
through all these i nvest igations are processed at the 
I nsti tute of Ecological Botany. 

Industrial enterprises and private landowners 
howed their i nterest, in variou ways, in the methods 

of investigation I employed. I n  Stockhol m I had the 
benefi t of very sat i  factory collaborat ion with the 
Public Health Committee. I also enjoyed fruitful 
cooperation with the N ational I nst i tute of Publ ic 
H ealth, the National In  t i tute for Plant P rotection, 
and the National Air Puri fication Committee, now 
the Air  Puri fication B ureau of the Nature Conserva­
tion Department. 

The Press showed benevolent and st imulating i n ­
terest in  my i nvestigations. 
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Rena oknen 
Luftfororeningarna gor Stockholms i nnerstad t i ll en 

biologisk oken dar lavar och mossor i nte kan klara sig 

Det spirar i ngen mossa har i stan .  

Pa Norr och Soder gror det  i nga Javar. 

I biologiskt okenland vi  travar. 

Det vaxer ingenting pa Odenplan.  

Nej, var miljo ar omojlig for renar. 

Dess atmosfar tar kal pa varje lav. 

Ty vi  har grumlat luftens fria hav. 

Blott dammet tacker vara trad och stenar. 

Visst verkar luften ren i solens sken, 

som over Stromrnen emot kval len brinner. 

Men du har fakt iskt tur ifa l l  du  finner 

en gnutta skorplav pa en poppels gren .  

Kajenn 

Sv .  Dagbladet 18f3 1 964 



I .  I NT R O D U CT I O N  

Statement of the Problem 

As far a is known, attention was first drawn to the 
question of the effect of the urban environment on 
l ichen flora i n  Pari , in the middle of the 1 9th cen­
tury (Nylander 1 866). S ince then, a considerable 
quantity of m ore or less lengthy d issertations h ave 
been publ ished on the subject (see the bibl iography 
in for example Barkman 1 958 ,  Skye 1 958 ,  and 
Natho 1 964 c). 

Various opin ions have been expressed as to the 
reasons why l ichens d isappear from ci ties and urban 
a reas. Nylander himself declared that the absence of 
l ichens in the outskirts of the J ardi ns du Luxembourg 
in Paris was due to air pollut ion originating in the 
surrounding bui ldings. Several scientists h ave as­
sociated themselves with this v iew in a more or less 
modified form, i ncluding Arnold ( 1 89 1 - 1 90 1 ) , Ser­
nander ( 1 9 1 2, 1 926), Vaarna ( 1 934), H�eg ( 1 934) ,  
Vareschi  ( 1 936 ,  1 95 3), Sauberer ( 1 95 1 ), Barbal ic  
(1953), Beschel ( 1 958), Skye ( 1 958 ,  1 964, 1 965), 
Vil lwock ( 1 959 ,  1 962), Le Blanc ( 1 96 1 ) , Pivut ( 1 962), 
Gi lbert ( 1 965), Pearson and Skye ( 1 965), Domros 
( 1 966), Rao and Le Blanc ( 1 966) and Laundon 
( 1 967) .  

The sharpest crit icism of this opinion was ex­
p ressed by Rydzak ( 1 953). H is opposing view i s  that 
i t  is  a question of a desiccation phenomenon. One 
of  the poin ts he employs to support h i s  opinion i s  
the  fact that  the  epigeic l ichens general ly  thrive bet­
ter in an u rban environment than do the corticolous 
l i chens. In this connection, he severely cri ticizes the 
use of the d istr ibution of epiphytic l ichens as an i n­
d ication of a i r  pollution. The second phenomenon 
upon which Rydzak bases his opin ion  is  that even 
smal l towns wi thout i ndustry in some cases are with­
out l ichens in their centre (Rydzak 1 957,  1 958 ,  
1 95 9) .  Rydzak is  supported i n  h is  v iews by Steiner 
a nd Schulze-Horn ( 1 955) ,  Klement ( 1 956, 1 958 ,  
1 966), N a tho  ( 1 964 a ,  b and  c)  and others. Klement 
( 1 966) even goes so far as to express the belief that 
the death of l i chens i n  the rural areas of northern 
Germany is  due to a far-reaching but  never recorded 
change in microcl imate. (Cf. Barkman 1 96 1 . ) 

A th i rd group of scient ists considers that the ques­
t ion is  not  one of "eitherfor" but of "both fand". 

Among these may be mentioned Haugsja ( 1 930), 
Fel foldy ( 1 942), Barkman ( 1 95 8), Bortenschlager and 
Schmidt ( 1 963) ,  Brodo ( 1 966).  Domros ( 1 966, p .  1 3 ) 
writes: "Kristall is iert hat sich aber die Erkenntnis ,  
dass die Flechten e in  empfind l icher I ndikator der 
stadtbedingten Umweltfaktoren s ind." 

However, investigations of the composit ion of 
l ichen flora on roadside and park trees in agricultural 
country surrounding the shale oil works at  Kvarn­
torp during the 1 950s (Skye 1 95 8) how that air 
pol lut ion-and primarily sul phur dioxide-ki l l s  
l ichens in  the surroundings of i ndustrial establ ish­
ments, and that a zoning such as that outlined by 
Sernander ( 1 9 1 2  and 1 926) is also formed around a 
poin t  source. In the vicinity of the factory, coniferous 
forest was also k i l led, other vegetation showed 
damage of seemingly the same appearance as that 
caused by the attack of sul phur dioxide, and cor­
rosion greatly i ncreased. U nder such c ircumstances 
it was d ifficu l t  to explain the d isappearance of l ichens 
by de iccation,  which would have affected only ten 
quare ki lometre or so of the arable land around the 

factory and not areas s ituated farther away. 
Tallis { 1 964, pp. 250 ff.) draws attention to the 

poverty of l ichens in Lancashi re. He discusses the 
reasons for this  and writes: " Undoubtedly the l ichen 
flora is affected to some extent by this dryness of 
the atmosphere; but the scarcity of l ichens in wide 
belts around u rban areas, and particul arly in the 
moorland areas of south L ancashire, where atmos­
pheric humidity i s  fairly high,  suggest that c l imatic 
dryness i s  only a subsid iary eau e ." 

Verona M. Conway ( 1 949, pp. 1 6 1  ff . )  d iscus ed 
the effect  of a ir  pollut ion on the vegetation at Ring­
i nglow bog near Sheffield.  She summarized this part 
of the d iscussion as fol lows: "While the evidence does 
not excl ude the possibil i ty that  the degradation of 
R inginglow bog might have been caused by atmo­
spheric smoke pol lut ion, i t  i also possible to explain 
i t  i n  terms of i mproved drainage condit ions" ( I .e . ,  
p .  1 69). There are thus i ndications that other vegeta­
t ion too which i s  highly dependent on a supply of 
nutrients from the air can show damage caused by 
air pol lut ion .  The problem, h owever, is by no means 
so simple, as other factors can also play a part in this 
connect ion.  
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10  Lichens and air pollution 

isol ated branch occurs here and there at a consider­
ably lower level than that of other branches i n  the 
crown, i t  i s  d isregarded. (See also Sjogren 1 96 1 ,  p. 
8 . )  The "height" of the crown means the distance 
from the crown's lowest branches to the top of the 
tree. A low tree m ay h ave a fairly h igh crown, a h igh 
t ree may have a low crown (usual in Pin us sil­

vestris). 

The lowest 2 1 j 2 metres were examined for the 
occurrence of epiphytes, the abundance (Brau n-Blan­
quet 1 964, p. 3 2) of l ichens and mosses h aving been 
estimated with the aid of a three-grade scale, more 
closely describe d  on p. 9 .  Examples of l ichens with­
out fruit ing bodies are described as "sterile", while 
i f  they occur the examples in question are called 
"fert i le". 

As regards terms expressing the epiphytes' re­
quirements or the l ike,  the p resent  author h as been 
extremely cautious. I have avoided such terms as 
"nitrophi lous", "ammoniophilous", etc. , as I con­
sider that they originate in theory rather than i n  
knowledge. I n  fact there are extremely few l aboratory 
e�periments which lend support to class ifications of 
this kind. So�cal led "sciophi lous" species, for ex­
ample, often p rove to be at least phototolerant i f  
only the atmospheric humidity i s  suffic iently great. 

Sernander's terms "coniophilous" and "coniopho­
bous", taken by him from Almborn ( 1 948) are con­
siderably better. In  connect ion with the discussion on 
the signi ficance of dust i mpregnation, Al mborn 
( 1 955,  p. 1 3 , etc.) writes of "eutrophic" barks. I n  
such contexts, I have m ade use of a term, "auxo­
trophified", employed-although rarely-i n limnol­
ogy, in  order to emphasize that the supply of n utrient 
is  from an extraneous source . On the whole I may 
say that I share Barkman's (I.e., p. 1 2) feel ings about 
terms with the suffixes "-phi lous" and "-phobous". 

Barkman ( 1 946) i ntroduces the terms "toxipho­
bous" and "toxitolerant". "Toxisensit ive", however, 
would be a much better expression than "toxi­
phobous". On the other hand I agree with his v iew 
that Lecanora conizaeoides, for example, may be de­
scribed as "toxitolerant".  

The fact that I have not  used the terminology 
described by Sjogren, for example ( 1 96 1 ,  pp .  93 ff. ) 
with respect to pH tolerance i n  epi phytes does not 
mean, however, that I d issociate myself  from i t ;  
merely that I have not been conscious of a n y  need 
for i t .  

Other terms are defined i n  the sections i n  which 
they occur. 

With regard to the nomenclature used for l ichens 
I have benefited from the work of Almborn ( 1 952), 
Poelt ( 1 965) and others, and I h ave also enjoyed the 
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assistance of Docent Rolf Santesson, U ppsala. I f  
there are any errors i n  nomenclature,  th i s  i s  due to 
my not having used the l atter source to its ful l extent.  
As far as the nomenclature for mosses i s  concerned, 
the reader i s  referred to Sjogren ( 1 96 1 ,  p .  9). 

Analysis of Sources of Error with Regard 

to the Botanical Material 

I N  THE FIELD 

No reliable, objective method of selecting the station 
t rees w as available, and the final choice was m ade 
subjectively. It is difficul t  to judge whether any 
species or combination of species has throughout 
been favoured or disregarded as a result of this. The 
bulk of the m aterial, however, seems to form a 
representative collection. 

Although the station t rees were i nvestigated very 
careful ly i n  the field, i n  certain cases some species 
were not d iscovered until the material was p rocessed 
in the workroom. Abundant m aterials  were brought 
from every station, but  there i s  nevertheless reason 
to fear that species h ave been occasionally over­
l ooked in the work of collection. It i s  i m possible to 
estimate their number or  which species m ight h ave 
been overlooked. However, i t  seems more l ikely that  
this has happened to l ichens of the Bacidia and 
A rthopyr.enia type rather than to species of ,  s ay, 
Parmelia. It also seems certain that such s pecies were 
rare on the stations. The r isk that any species may 
have been overlooked is p robably rather s maller i n  
the case o f  stations w i th few species than i t  i s  for 
stations with an abundance of different species. This 
source of error, al though a minor one, affects the 
number of species as an  ind icat ion of, for i nstance, 
regions of air pol lut ion . Th is fact i s  one of the 
reasons why the number of species per stat ion is not 
directly used for mapping (p. 27).  

A comparison be�ween the stock of s pecies now 
reported and the epiphytic species in the card i ndex 
of the Swedish M useum of Natural History for the 
same area shows that the species deal t with h ere 
constitute approximately 50 % of the latter. If an 
examinat ion is made of the species that are m i ss ing, 
it wi l l  be found that i n  many cases they r epresent  
old discover ies that h ave not been found again.  
M oreover, the total material i s  not n arrowly re­
stricted to occurrences o n  selected trees, m ainly road­
side t rees and park trees, as is t hat of the p resent 
investigation,  which h as not had the purpose of 
searching for r arer species. Discoveries wi th in  fa-

rested areas and the l ike often appear in the m aterial 



of the M useum of Natural History, where moreover 
other phorophytes a re to be found, e.g. Corylus avel­

lana, Prunus spinosa, Juniperus communis. Populus 

trem ula, which usually supports a r ich and varied 
epiphyte vegetat ion,  is also considerably commoner 
as a phorophyte than in the present mater ial .  There 
are thus grounds for suppos ing that the great d if­
ference i n  the n umber of species is only partly due 
to the fact that some species are no l onger found in  
the  area. O n  the other hand ,  about ten  species that 
are new to the area have been noted (see pp. 3 1  ff. ). 

At  the analysed l ichen-stations, not only the l ichen 
flora has been noted but also the occurrence of 
mos e , algae and fungi . The stations h ave been 
chosen with respect to the l ichen flora, not to the 
whole of the epiphyte flora, and this means that 
occurrences of mosses and algae have perhaps been 
rarer on the station trees than on neighbouring t rees. 
As far as the occurrence of algae is concerned, the 
aerophytic algae show accord ing to Lehtsaar ( 1 963) 
a maximum in the autumn and spring, while they 
are at a m in imum in the summer. The field work for 
thi i nvestigat ion was mainly carried out in the 
summer. 

The 3-grade scale for the abundance of the species 
on the stations i s  subjective and rough. It can h ardly 
be doubted that some species, especi al ly usually rare 
crustose l ichens, may have been wrongly classified, 
but the cale i s  usable nevertheless, provided that no  
excessively far-reaching conclusions are d rawn when 
the information is used . 

AT THE WO RK-TABLE 

The abundant material obt ained i ncluded some 
species represented by extremely few specimens. 
Some of them even h ad empty fruit ing bodies or  
were ter i le .  There are thus grounds for fearing that  
the col lected material a lso i ncludes s pecies that were 
overlooked, despite the fact that the work of de­
termi nation was carried on wi th  the greatest possible 
care and took up a great deal of t ime. It is  also 
real ist ic to expect that a few species may h ave been 
wrongly determined because some i ndividuals were 
deformed or untypical, or for other reasons. Thi 
would probably have happened mainly i n  the case of 
rarely-found species. The exten t  of s uch cases is  dif­
ficult to estimate, but i t  is certainly limited. 

Alt h ough I h ave endeavoured to name as many 
as pos ible of the spec ies presen t  in the samples 
collected, there was a residue of sterile or stunted in­
d ividuals which have been classified as  i ndetermin­
able .  

I n  ome cases i t  ha been possible to state the 
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Table 2 .  Epiphyte lichen species noted in the card 

index of the Museum of Natural History but  not  

found by the  present author. 

Alectoria nidulifera 
Alectoria sarmentosa 
Allar.thoni'a patellulata 
Arthonia didyma 
Arthonia dispersa 
Arthonia impolita 
Arthonia punctiformi 
Arthonia radiata 
Bac.idia albescens 
Bacidia arceutina 
Bacidi,a circumspecta 
Hacidia i ncompta 
Bacidia intermissa 
Bacidia inundata 
Bacidia melaena 
Bacidia Nit chkeana 
Bacidi,a populorum 
Bacidia subincompta 
Bacidia vermifera 
Biatorella campestris 
Buellia Schaereri 
Buellia Zahlbruckneri 
Calic.ium abietinum 
Oalicium adsper urn 
Calicium lenticulare 
Calicium quercinum 
Calicium salicinum 
Caloplaca cerinella 
Caloplaca ferruginea 
Caloplaca phlogina 
Caloplaca pyr.acea 
Candelariel la reflexa 
Catillaria atropurpurea 
Catillaria elachista 
Cetraria juniperina 
Cetraria sepincola 
Chaenotheca aerugino a 
Chaenotheca chlorella 
Chaenotheca chry ocephala 
Chaenotheca trichialis 
Coniocybe furfuracea 
Coniocybe nivea 
Coniocy;be inquinans 
Didymel la faHax 
Didymella Persoonii 
Didymella punctiformis 
Evernia divaricata 
Graphis scripta 
Gyalecta ulmi 
Lecanactis abietina 
Lecanactis Dilleniana 
Leoania cyrtel la 
Lecania d imera 
Lecania syringea 

Lecanora cadubriae 
Lecanora  distans 
Lecanora intumescens 
Lecanora leptyrodes 
Lecanora obscurella 
Lecanora pallida 
Lecanora pinastri 
Lecanora rugo ella 
Lecanora ubintricata 
Lecanora varia 
Lecidea anthracophila 
Lecidea botryosa 
Lecidea flexuosa 
Lecidea Nylanderi 
Lecidea pullata 
Lecidea ymmictella 
Lecidea turgidula 
Lecidea vernali 
Lepraria latebrarum 
Leptogium saturninum 
Leptogium teretiusculum 
Leptorhaphis epidermidis 
Lobaria pulmonaria 
Lobaria scrobiculata 
Mycoblastus anguinariu 
Mycocalicium subtile 
Nephroma resupinatum 
Opegrapha abscondita 
Opegrapba diaphora 
Opegrapha herpetica 
Opegrapha pulicaris 
Opegrapha rimali 
Opegrapha vulgata 
Opegrapha zonata 
Parmelia olivacea 
Parmelia tiliacea 
Parmeliella corall inoides 
Phly<.:tis agalaea 
Physcia ciliata 
Porina carpinea 
Pyrenula farrea 
Ramalina obtu ata 
Rinodina archaea 
Rinodina colobina 
Rinodina laevigata 
Rinodina milvina 
Rinodina pyrina 
Rinodina ophodes 
Usnea comosa 
Usnea dasypoga 
Usnea hirtella 
Usnea plicata 
Usnea cabrata 

genus or  group only. This is  true for example of 
sparsely occurring species belonging to the Lecanora 

subfusca group. The Usnea genus shows in the in­
vestigated area such an extensive change i n  mor­
phology that no determination of species h as been 
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1 2  Lichens and air pollution 

m ade. However, in certain cases Usnea hirta was so 
wel l developed that i t  could be determined. I t  h as 
been impossible in certain cases to determine the 
species of Cladonia phyllocladia, and this  is equally 
t ru e  of small thal l i  of Ramalina, mainly on Quercus 

robur. A few sterile pecies have had to be laid aside 
as unknown. 

The Investigated Area and Its Limits 

SITUATION AN D LIM ITS 

Stockhol m, the capital of Sweden, i built on both 
ide of the outlet of Lake Malaren i nto the Balt ic 

Sea . The city' centre may be said to be at ap­
proximately 5 9 ° 20' north latitude and 1 8 ° 4' east 
longitude. I t  also forms the central  poin t  for the area 
actually concerned i n  the p resent i nvestigation. This 
i s  an almost square area bearing north and south and 
with a side of rather more than 30 km (see Fig.  1 ) . 

The city boundaries of Stockholm comprise a very 
i rregular area. The fo1 1owing suburban towns are i n ­
cluded wholly or partly in  t h e  d istrict of i nvestiga­
t ion:  N acka, Lidingo, Solna, Sundbyberg, Djursholm 
and Vaxholm. Several boroughs (kopingar) are also 
concerned : Stocksund, Sol lentuna, Danderyd, Taby 
and Sal tsjobaden .  There are also a number of l a rger 
or maller communities including Handen, H uddinge, 
Jakobsberg, Kal lhal l ,  Tu1 1 inge, Tyreso and Vendel o. 
The distribution and extent of the buil t-up areas can 
be ascertained from Fig. 1 .  

When the i nvestigat ion was first planned , no de­
l imi tation of the i nvest igation area was m ade. It was 
decided i nstead that the central parts of the bui l t-up 
area i n  the G reater Stockhol m region would be the 
centre of the i nvest igat ion area and that this  would 
extend so far out that i t  would not be possible to 
t race any influence from the u rban environment in 
the most outlyi ng parts as far as the composit ion 
and vitality of the l ichen vegetation were concerned .  
The area thus  final ly became considerably l a rger 
than had been originally expected, and it i s  s t i l l  
somewhat on the smal l s ide to meet  the requirements 
aimed at. 

PHYSICAL CONDITIONS 

The p hysical condit ions of the Stockhol m region  
h ave been stud ied by a l arge n umber of  researchers, 
and there is  a voluminous l i terature on  the s ubject. 
It would,  however, exceed the object of the p resent 
study to discuss them more extensively. The geology 
of the area is dealt with by De Geer ( 1 9 3 2), Sundius 

Acta Phytogeogr Suec 52 

( 1 948), and by M oller and Stalhos ( 1 964, 1 965 ) .  The 
i nve tigated area faHs ent irely within the geological 
maps incl uded in de Geer's and Sundius' work . The 
bedrock of the Stockholm region con ists over­
whelmingly of gneiss rocks and grani tes. It is l argely 
covered by loose earth strata in the form of moraine, 
eskers glacial and post-glacial c lays, and rarely and. 
The Stockhol m esker extend i n  a north-n orth-western 
to south-south-eastern direction through the central 
parts of the area. Observatoriekul len ('Observatory 
Hi l l") is at the h ighest point ,  42 metres above sea 
level , of the Stockhol m  esker (Sernander 1 926, p. 
49). The Stockholm meteorological station i there.  
The investigated area is  characterized topograph ical ly 
by a peneplain b roken by fissures and fault . (See 
Sundius 1 948, p. 1 2 . )  Along some of the fault l i nes, 
a not inconsiderable vertical movement  h as resul ted 
in  an obl iquity of the di fferent bedrock block . South 
M alarstrand ascends noticeably above the area north 
of it, and south of Sodermalm the ground r ises 
markedly again .  I t  then r ises again sti l l farther south. 

The highest ections of the invest igated area are in  
the outhern part .  Masmoberget at Huddinge, for  ex­
ample, has a height of 9 3 . 7 7  m. In the General 
Plan for Stockholm ( 1 952) Fromm poi nts out the 
d i fference in topography between the area north of 
the Malaren-Saltsjon waterway and south of i t  (So­
dertorn) .  \Vhi le Sodertorn is typi fied by narrow, 
deep depre sions and l arge coherent rock p lateaux, 
approach ing a height of 80-90 metres, south Upp­
l and and the M alaren i slands are characterized by 
l arge open pl ains covered by l oose earth strata. At 
their h ighest, the rock knobs r i se to 70 metres. This 
is  also clearly hown by the geological map . The 
General Plan (p. 67) also shows two north-south 
profi les through central  Stockh olm.  

The topography of the  Stockholm region h a  been 
studied by Laurel l and Hedenstierna ( 1 938)  among 
others. The map referred to covers a considerable 
part of the central and western parts of the in­
vestigated area. 

Stockholm's cl imate h a  been studied by, among 
others, Bergsten ( 1 930) ,  Angstrom ( 1 952,  1 958) and 
M oden and Nyberg ( 1 965) .  A t reatment of certain 
parts of the cl imate of Stockholm fol lows on pp. 
64££. 

As regards flora and fauna in general , only parts 
of the former will  be deal t  with here. Sernander 
( 1 926,  pp. 2 5  ff.) h as given a description of Stock­
holm's phytogeographical and botan ical natural fea­
tures. (See also Sernander et al. 1 935 . )  The Stock­
holm Botanical Society has publ ished two works on 
the plant  l i fe of the Stockholm region : "Stockholms­
traktens vaxter" ( 1 9 1 4  and 1 93 7) and "Stockholms-



Fig. I b. Boundaries and partitioning of the inve tigated area. 

t raktens bladmossor" (von Krusenstjerna 1 964). 
Apart from the floras included in these works there 
is a �opiou botanical l i terature dating from later 
years. Only the kinds of trees concerned with the 
pre e t work will  be deal t with here. On p .  9 there 
is a hst of the kinds of trees whose bark forms a 
substr te for the lichens mentioned below. 

A cer platanoides (Fig. 80) appears sparsely to 
fa irly commonly throughout the area (Almquist and 
Asplu d 1 937) .  

A cer pseudoplatan us (Fig. 80) has run  wild i n  t he 
a rea  but occurs as planted mainly i n  the inner city 
a rea ( ame work). 

A esculus hippocastanwn (Fig. 85) occurs in  the 
same way. According to Sernander ( 1 926,  p. 1 1 5) 
none of Stockhol m's horse-chestnut trees is older 
than from the 1 8 th century. 

A lnus glutinosa (Fig. 87) is common to very com­
mon throughout the area (Almquist and Asplund 
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193 7). Fig. I a. Bounda·ries and partitioning of the investigated area. 
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14  Lichens and air pollution 

Betula pubescens (Fig.  86) is described as rare i n  
the investigated area, i . e .  the Stockholm area and 
the adjacent parts of the other areas. (Same work . )  

Betula verrucosa (F ig .  86) ,  on the  other hand,  i s  
very common i n  the wi ld ,  but l ess so as a park tree 
in the city. Of the 8 birche i nvest igated, all except 
one ( tation 1 27 Grimsta) are B. verrucosa. 

Tragardh ( 1 925,  p. 1 90) considers it not i mprob­
able that the birch in Stockholm is  more s usceptible 
to attack by the colytid sapwood borers than in the 
natural landscape as i ts powers of resistance are 
lowered because of "coal smoke". 

Sernander ( 1 926, p. 1 1 4) bel ieves that the ash was 
one of the 1 7th century's mo t popular avenue-trees. 
Fraxinus excelsior (Fig. 84) i described in "Stock­
holmstraktens vaxter" as scarce and in certa in cases 
rare in the i nvestigated area. In some cases it has run  
wild. I n  the  more central parts of the  i nvestigated 
area, however, it is  more seldom encountered than 
in  the periphery. The reason for this is not k nown, 
but i t  hardly seem probable that F. excelsior would 
find i t  more d i fficult to thrive i n  an urban environ­
ment than other park trees. 

Picea abies (Fig. 86) is common, except i nside the 
bui l t-up urban areas. Sernander ( 1 926, p. 1 23)  re­
gards the spruce as the problem child of the Stock­
holm plantations. According to h im,  sulphurous acid 
and soot wil l  sooner or later destroy all the c i ty's 
pruces. He goes so far (p. 1 6 1 )  as to speak of a 

zone lethal to the spruce, a "kampzon" and a normal 
zone, analogously to his previously suggested d ivision 
for the l ichens i nto a l ichen desert, a "kampzon" 
and a normal zone. The pruces of the Stockholm 
region also suffer greatly from rot, says Sernander. 
He says nothing, however, about the exten t  to which 
this may be a consequence of the formerly m entioned 
causes. 

Pinus silvestris (Fig. 86) is also common in the in­
vestigated area. Sernander ( 1 926, p .  1 2 1 ) points out 
that the pine as a roadside tree was formerly m uch 
commoner. He also mentions (p. 1 6 1 )  tha t  the pine 
was surprisingly resistant to smoke damage, especial l y  
a s  compared w i t h  t h e  spruce. Tragardh ( 1 925)  draws 
attention to the fact that the pine is often attacked by 
the 'l esser pine-shoot beetle (Myelophilus minor). Ac­
cording to Tragardh ,  the l atter accompanied the 
consignments of wood which formerly arrived in the 
city. Similar phenomena can be observed around the 
wood-pulp mills along the coast of Norrland (see for 
example Moberg 1 966, p. 5 6) .  Whether air poll ution 
has an effect by reducing v ital i ty h as not been in­
vestigated, but seems not u nl ikely. Lundstrom ( 1 966, 
p. 85) has observed that p ine bark of the type which 
forms large shields flakes off more easily from pines 
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i n  the central parts of the i nvestigated area than i n  
i t s  periphery. Beschel ( 1 958, p. 83)  draws attent ion 
to the signi ficance of bark desquamation, and notes 
that trees whose bark flakes off easily soon lo  e the 
whole of their  bark epiphytes, the more t he nearer 
they are to the centre of the c i ty.  The l im i t  of d istri­
bution will  then be reached when the growth of the 
l ichens is  insufficient in relation to the bark des­
quamation. 

The ensi t iv i ty of coni fers-especially of the 
spruce-to air pol lut ion should be borne in  mind 
when the l ocation of m ajor heating-plants is to be 
decided . On the subject of the reactions of al ien 
conifers to smoke gases, see Wille ( 1 9 1 7, pp. 1 6 1 -
1 74). 

The fol lowing Populus pecies (Fig.  87) are i n­
cl uded in the investigation: P. alba, P. nigra v. italica, 

P. tremula and P. balsamifera. Of these, only P. tre­

mula is i ncluded in the floras of the Stockhol m re­
gion, and i s  described as common in the area deal t 
with by the i nvestigation (excep t  i n  densely bui l t-up 
areas). Other Populus species are planted. Sernander 
(p. 1 1 7 )  points out that poplars h ave always been 
favourite park trees and avenue trees because of 
their rapid growth and their robustness. Poplars also 
seem to tolerate air pol l ution better than m any other 
deciduous trees, and their large crowns may help to 
separate dust and other solid particles from the air. 

Quercus robur ( Fig. 83) is  described by Almqui t 
and Asplund ( 1 9 3 7, p. 268) as common to fairly 
common, most frequent i n  the neighbourhood of the 
coast and of Lake M al aren .  In Taby, etc., i t  i s  said 
to be few in numbers. It i s  confirmed by my observa­
tions that the oak is considerably more common 
south of Lake M alaren and on the M alaren islands 
than it i s  north of the c i ty. Sernander (p. 75) bel ieves 
that most of the oaks in  the Stockholm region are 
wild, exceptions being the so-called "king's oaks". 

The species in the Salix genus are in m any cases 
i mpure in the i nvestigation area, and I h ave there­
fore not d i fferentiated at all between species. The 
trees and shrubs in the Stockholm region i nclude 1 5  
d ifferent species and h ybrids, among them S. caprea, 

S. aurita, S. cinerea and S. repens. However, t hey 
are not i ncluded in the present m aterial, but only 
species of the type represented by S. fragilis, S. alba 

and S. pentandra. Among the cultivated forms occur 
S. alba x fragilis, S. alba x pentandra, and S. alba x 
fragilis x pentandra. Sernander (p. 1 1 5 )  draws atten­
tion to the prevalence of S. fragilis in L angbolms­
viken and Palsundet. The weeping wii low, S. babylo­

nica, is also found in churchyards and in Kungstrad­
garden Park (stations 1 and 2). 

Tilia (Fig. 8 1 )  is represented as a wild t ree by T. 



cordata, which accord ing to "Stockholmstraktens vax­
ter" o cur here and there i n  the i nvestigated area. 
Sernander (p. 94) point out that l i mes h ave been 
planted on a l arge scale as avenue and park trees ever 
s ince the 1 7th  century, but that almost all of them 
have been park l ime , T. vulgaris ( = T. cordata x 
platyphylla). The fir t park l imes were i mported ac­
cording to Sernander (p. 96) from Holland.  He al o 
mentions that a tree or two i n  Kung tradgarden 
Park, everal avenue-trees at Drottningholm Palace­
whose baroque gardens began to be l aid out  i n  1 68 1  
(Wol l in 1 926-1 927)-and at Ulr iksdal date from the 
1 7th century. Several of the l ime around Karlberg 
and Llriksda l ,  however, were originally grown at the 
Krusenberg estate outh of U ppsala i n  t he early 
1 700s. The Tilia i ncluded in the present i n vestiga­
tion are probably mo tly T. vulgaris. 

Ulmus (Fig. 82) is a common tree in Stockholm' 
parks. Mo t of the elms in this i nvest igation are prob­
ably Ulmus glabra. Ulmus glabra i s  mentioned i n  
"Stockholmstraktens vaxter" a s  a sparsely spontaneo­
usly occurring tree, growing wild i n  the Stockhol m 
area, at least near Lake Malaren and Sal tsjon. As a 
tree that has run wild,  however, i ts  occurrence i s  
fairly common. Sernander (p. 1 09) points o u t  that the 
e lm preceded the l i me as an avenue and garden tree, 
and that i t  played an important part in  Stockholm's 
parks dur ing the 1 7th century and the beginning of 
the 18th. See also L indquist 1 93 2, pp. 3 2-3 3 ,  and 
Claeson 1 92 3 .  

U RBAN IZATION 

Stockholm was founded i n  the first h alf of the 1 3 th 
century and soon became the most i mportant trading 
ci ty in central Sweden .  I t  did not receive the formal 
status of a capital city unt i l  1 634, though in real i ty 
i t  h ad been the capital of Sweden for centuries. For 
a l ong t ime, the "city between the bridges" (the pre­
sent 'Old Town" of Stockholm) was the actual heart 
of th city. Bu i lding on the "malmer", the suburbs 
adjoining the Old Town, was disorderly and scat­
tered. Not unt i l  the 1 7th century did Stockholm lose 
i ts fortress-l ike appearance (Soderlund 1930) .  Heden­
s tierna ( 1 938) studied old m aps of Stockhol m  which 
show the great changes in the c i ty scene after the 
year 1 640. During the about eighty years of Sweden's 
epoch as a great power, the populat ion of the city 
was quadrupled. After this rapi d  development Stock­
hol m grew comparatively slowly. The population i n  
1 75 0  was 5 3 ,500. I t  d i d  not reach 1 00,000 unti l  a 
hundred years later. At that t ime l arge areas i n  the 
"malmer" had st i l l  not been bui lt  on (Fig. 2). B ui ld­
i ng development in the outskirts of the c i ty was of a 
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Fig. 2. Stockholm in 1 850. 

vuburban character unti l  the middle of the 1 870s, and 
it was t i ll permitted to build low wooden houses 
there. The development was st i l l  nearly exclusively 
inside the old "toll-gates" (Norrtul l ,  etc.) marking the 
outward extension of the "mal mer ' . 

The South Station was opened for rai lway traffic  
i n  1 860. The North Station began to be used s ix  
years later. The Central Station was opened i n  187 1 ,  
and i n  1877 the first horse-drawn tramcars began 
to run. They were electrified in 1 904. 

The present great development of Stockholm com­
menced in the 1 870s. It was then that the c ity began 
to change from an idyl l ic provincial town i nto an 
industrial city with brick-built  houses and a closely 
packed population. Soderlund ( 1930) points out that 
suburbs in the proper sense are a comparatively late 
phenomenon and were m ade possible only by the 
improvement in communications. Not l ong after the 
arrival of the rai lway, the first suburb, S undbyberg 
on the Stockhol m-Vasteras railway l i ne, began to be 
built. This took place at the end of the 18 70s. In­
dustrialization and consequent shortage of h ousing 
accommodation compelled this development. Sundby­
berg became a borough in 1 88 3  and a town in 1927.  
Djursholm began to be l aid out in  the f inal years of  
the 1 880s. In  1890 the community obtained a rail­
way of its own. Djursholm became a borough in  
190 1  and a town i n  19 14 .  Unt i l  our  t ime i t  h as re­
tained its character as a "garden city". Saltsjobaden 
was founded as a bathing resort in 1 89 1 ,  and the 
Sal tsjo railway w as completed i n  1893 .  At that  t ime 
N acka was st i l l  for the most part u ndeveloped 
country. 
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STOCKHOLM 1897 

Fig. 3. Stockholm in 1 897. 

Fig. 4. Stockholm in  1 9 1 4. 

At the end of the 1 880s (Fig. 3 )  Stockholm was 
sti l l  so compact that one had left i t  as soon as one 
had passed the toll -gates, and there was st i l l  q uite a 
wel l-defined boundary between the bui l t-up area and 
the country. At  that t ime, Lidingo was a purely r ural 
area. The community which gradually arose t here 
became a borough in 1 9 1 0  and a town in 1 926. A 
permanent bridge connection had been opened the 
year before. B uilding developmen t  beyond the former 
tol l-gates occurred at separate points along the rai l ­
way l ines because of the relatively long d istances 
between the stations. Thus for example a series of 
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Fig. 5. Stockholm in 1 930. 

Fig. 6. Stockholm in 1 943.  

communit ies soon arose along the Saltsjo railway 
between Stockholm and Sal tsjobaden. Some i ndustrial 
en terprises also made their way in that d irection, but  
the commune of N acka did not become a town un­
t i l  1 949. 

Along the Vasteras railway, w hich was opened in 
187 1 ,  other communit ies began to develop in addi­
tion to Sundbyberg. In the parish of Solna, a few 
suburbs of Stockholm were l aid out along the route 
of this railway (Fig. 3). The railway to Uppsala, 
which was completed in 1 866, was an i mportant 
factor for the building of new suburbs around 1890. 



Fig. 7. Stockholm in the year 2000. 
(The regional plan for the Stockholm 
area 1966.) 

However, development began in real earnest only 
after the build ing of the tramway line from Stockhol m  
t o  Sundbyberg. Sol na  commune became a town i n  
1943. 

Stockholm h as continued to grow throughout  the 
1 900 , m ainly as the result of the development of 
suburbs and neighbouring communit ies (see Fig. 4) .  
Bui lding began at Appelviken and Alvik in the parish 
of Bromma i n  1 9 1 3  (Figs. 4-5 ) .  When the supply 
of available s ites began to become exhausted new 
building began at Brannkyrka and Enskede south of 
the city (Figs. 5-6). The municipal communi ty of 
Huddinge was founded in  1 923 .  As the result  of i ts 

.. • w 
• 

.. 
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amalgamation with Stuvsta and other d istricts, H ud­
dinge became in  1 947  Sweden's most populous m uni­
cipal community. Soderlund ( 1 930, p. 3 06) describes 
Greater Stockholm as a typical modern c i ty with a 
central "downtown" area, connected bui l t-up districts 
and s uburbs, with a tendency-originally determined 
by the railway network-to acquire a star-shaped 
form, modified by the new communities which, thanks 
to the tramway l ines and new roads, h ad sprung up 
between the star's rays. Solna is an example of the 
latter development. 

Since the end of the Second World War, building 
development has contin ued at accelerated speed both 

Fig. 8. Comparison between area of built-up parts of London 1958 (I 1 . 5 milj .  inhab. 196 1 ), Paris 1965 (7.8 milj .  inhab. 1 962) and 
Stockholm 1 966 ( 1 .3 milj .  inhab. 1 966). (The regional plan for the Stockholm area 1 966.) 
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18 Lichens and air pollution 

Fig. 9. G ustaf 0. Malme (1864-1937). 

m Sto�khol m it  el f and in  the neighbour ing t owns 
(Fig. 6 ) . By 1 940, rather more than 1 30 000 Stock­
holmers were l iving out ide the city tol l -gate ; by 
1 950 the n umber had risen to over 300,000. Although 
at the ame time the inner ci ty has been i ncreasingly 
emptied of apartment houses in favour of office 
buildi ngs and imilar structures, there has been an 
influx of people to the Greater Stockholm area a a 
whole. Apart from the hou ing problems that this has 
involved, it has led to an enormous i ncrease in 
traffic. M any of the main roads out of the city are 
st i l l  of proportions that are suitable only for the 
traffic intensity of the 1 920s and 1 930 , and this of 
course brings about traffic queues during rush-hours. 
It goes without saying that the ci ty planning autho­
rities expect a continued rapid development of the 
Greater Stockholm area. Fig. 7 shows how Stock­
holm and i ts urround ings are envisaged in the year 
2000. Three thi ngs in particular should be borne i n  
m i n d  when the urbanization o f  t h e  Stockholm area 
i under considerat ion. The fir t is that the develop­
ment of the region began as l ate as at the end of the 
1870s. The second is  that unusually large and nu­
merous patches of  nearly un poi l t  rural  country and 
even forests still occur inside the urban area. The 
third i s  that Stockholm,  considered from an i nter­
national point of view, is t i l l  a smal l city. A com­
parison with London and Paris shows this (Fig. 8) . 

. 4cta Phytogeogr Suec 52 

Botanical Examination of the Investigated Area 

I NTRODUCTION 

A brief hi tory of the botanical i nvestigation in the 
Stockholm region i to be found in  Almquist and 
Aspl und ( 1 9 3 7, p .  XXII ff.) .  The description appear 
to be largely ba ed on Anders on and Birger ( 1 9 1 4) .  
Von Kru enstjerna ( 1 964, pp. 22 ff.) deals w i th bryo­
logical i nve tigation of the Stockhol m region. I t  i 
also evident from these work what i meant by "the 
Stockholm region" in a botanical context. 

Nearly al l Sweden' l ichenologists h ave worked for 
longer or shorter period in the area that i s  now 
under consideration. In spite of thi , surprisingly 
l i tt le has been published about the l ichen flora there. 
Thi i s  probably due primarily to the fact that the 
more central parts of the Stockholm area h ave been 
much le s attractive to botanist than for example 
the Stockhol m Archipelago. 

As Torsten E. Hassel rot, of  the M useum of Natural 
History in Stockholm ,  i engaged in the preparation 
of a work to be called "Stockholmstraktens l avflora" 
("The Lichen Flora of the Stockhol m Region") and 
a m ore detailed presentation of the investigation of 
the area is  naturally appropriate in such a context,  
i t  i s  my intention to de cribe the i nvestigation of the 
now exami ned area's e:piphytic l ichen f lora only i n  
some rough outl ines. 

TH E PERIOD BEFO R E  1 900 

There is l i ttle avai lable l iterature on the l ichen flora 
of the surroundings of Stockholm before the year 
1 900. The oldest work seem to be Lundequist's flora 
from Brannkyrka, printed in U ppsala in 1827.  In 
the mid- 1 9th century, Knut Fredrik Thedenius ( 18 1 4-
1894) was the leading collector and author. He 
publ ished two i mportant works ( 1852  and 1859) on  
the  l ichen vegetation and flora of the  Stockholm 
region. I n formation regarding occurrences of lichen 
in  the Stockholm region was also publ ished by Ny­
l ander ( 1 853)  and Bjornstrom ( 1853)  and Theodor 
Magnus Fries, in ter al i a  in  Lichenographia scandina­

vica ( 1 87 1 ,  1 874) .  Wittrock and Juel  ( 1 89 1 )  mention 
some occurrences of l ichens in  the B ergian Botanical 
Gardens. 

Among other collectors who h ave been active i n  
the i nvestigated area that i s  now u nder consideration 
and who h ave left evidence of their work in this 
period at  the l ichen herbariu m  of the M u  eum of 
Natural History or the herbarium a t  U ppsala, we may 
mention C. F. Nyman ( in the 1830s), G. L. Sjogren 
(in the 1 840s), P.  T. Cleve (in the 1 850s), S. E. Hen-



schen , E. H .  Dahlgren, H .  Thedeniu (in the 1860s), 
S. Almqui t ,  E. B.  Almqui t ,  K.  F. Dusen (in the 
1870 ), H. K ugelberg (in the 1 880 ), H. Hamberg, 
G. Schotte, H. Hes elman, L. Romell ,  0. Li ndblom 
(in the 1 890s). 

THE F I RST DECADES OF THE 1 900s 

The leading per onality in the i nvestigation of the 
tockholm region's l ichen f lora i n  the beginning of 

the 1 900s was Gustav 0 .  M alme ( 1864- 1 93 7) .  H e  
collected a great deal o f  m aterial from Boo, b u t  also 
made botan ical excursion in other part of the area. 
M alme publ ished some of h is discoveries ( in 1907, 
1 909, 1 9 1 0  a, b, 19 12, 19 1 6  a ,  b, 1924, 1 926, 1 927 
and 193 1 ,  etc.) .  During the years 1897-1926 he 
publ ished a l arge work of exsiccatae ent i tled "Li­
chenes suecici  exsiccati" which i ncl uded l ichens from 
the Stockhol m region. 

During this  period, many collectors were at  work 
in  the area  now i nve tigated, including H .  and G.  E. 
Du R ietz, R.  Florin,  A .  H iilpher , G .  Lundqvist, 
F.  R idderstolpe, G.  A.  R i ngselle, G. Tackhol m, 
T. Vesterhol m. 

The importance of M alme for Swedish l ichenology 
became very great .  His ex iccatae were of enduring 
value,  and so wa his role as a teacher. One of hi 
pupil was G ustav Einar Du R ietz. 

It seems primarily to have been the peripheral 
parts of the area n ow in question, as well as the 
Stockholm A rchipelago, which attracted the botanist . 
Du R ietz for example publ ished ( in 1 9 14) a report 
on l ichens col lected during an excursion to the Archi­
pelago, and in the following year in article on the 
l ichen flora of H uvudskar. A couple of other works 
( 1 92 1 ,  1 925) also mention l ichens from !'he Stock­
holm region.  However, he  never publi bed a report 
on h i  collect ion in his borne district, Bromma. 

TH E 1 930 AND 1940 

In 1 934, the Norwegian botani t Ove Arbo Hfbeg 
published a short article on Stockhol m's epiphytic 
flora. G. Degel i u  collected during this period a 
good many amples of l ichens i n  the surroundings 
of S tockhol m .  He was part icularly i nterested by the 
coniferous forest region in the Archipelago, and he 
p ublished several articles on that subject ( 1 942, 1 943 ,  
1948 , etc . ) .  A .  H. Magnusson mentioned occurrences 
in the Stockholm region in several article ( 1942, 
1 944, 1 947) . 

Among those who contributed specimens from 
the i nvestigated area to the l ichen herbarium in the 
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Fig. 10 .  Tor ten E. Ha el rot. 

Mu eum of Natural H istory during this  period were 
S. Ahl ner, R .  Santesson, Greta Sernander-Du Rietz, 
A. Si l fversparre and M. bstman.  

THE 1 950s AND 1960s 

The mo t important investigator of the Stockhol m 
region's l ichen flora during the l ast few decades i s  
Torsten E .  Hasselrot . No one else h a s  a embled such 
a comprehensive m aterial. He h as apparently visited 
the whole of the area regarded as the Stockhol m  re­
gion in  a botanical context. He h as also revised the 
older herbari um material and careful ly examined the 
existing l i terature on l ichens and sought l ocal i n­
formation from the Stockholm region. 

I n  1 950 J. W. H akansson publ ished an article on 
fruticose and fol iose l ichens in Lidingo. Without the 
help of Hassel rot this work would never have come 
into exi tence. S.  Ahlner ( 1966) publ ished a pecie 
l i  t on l ichens found on S ickla Udde. I n  add it ion to 
Ahlner, Degel iu  , Santesson and Greta Sernander­
Du R ietz, S. W. Sundell may also be  m entioned 
among those who during this period contributed with 
example and notices from the i nvestigated area. An 
investigat ion on conifers by Lundstrom ( 1 966) i 
mentioned elsewhere. 
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II .  CO M PO S I T I O N  AND D I STR I B U TI O N  

O F  TH E E PI PH Y T E  F L O RA 

General 

The collected data are reported both i n  tabular form 
(Tables VI-X IV) and in  the form of d istribution 
maps and commentaries. If the n umber of occurrences 
of a particular species has been smal l ,  the report is 
given in the form of a l ist of the stations at  which 
the species has been observed.  Condit ions at the 
various stat ions are reported in  Tables I-V.  

The data are reported with one table for each 
kind of tree. In the tables, the stations are arranged 
primarily accord ing to the n umber of species, but i n  
some cases the combination o f  species has been taken 
into consideration. 

To make an attempt at any kind of phytosocio­
logical research in  an area with such smooth t ransi­
tions from almost  l ichen-free stations to those with 
a normally developed l ichen flora, seemed so h a­
zardous that I have refrained from i t .  However, the 
two federations Physodion and Xan thorion (see p. 86). 
are presen t  although mostly in a fragmentary state. 
In the s trongly affected parts of the investigated area 
there appears a synanthropic vegetation-admittedly 
consist ing of  only a few species but nevertheless 
clearly discernible-composed of species that are not 
sensit ive to the factors keeping most of the other 
species away. Lecanora conizaeoides, usually strongly 
sorediose, is  a characteristic species in this p lant  
communi ty (cf .  for example Barkman 1 958, p p. 
363  ff. ) .  Laundon ( 1 956, p. 92,  1 967, p. 29 1 )  di­
stinguishes a Conizaeoidion federation. 

In Tables I-V, the l ichen-free stations are also 
i ncluded. The distribution of these stations i s  shown 
on Fig. 1 1  and Figs. 80-87.  

Presentation of the Investigation Stations 

EX PLANATION OF AND REMARKS 
ON THE CODE 

In order to be able to present the habitat condit ions 
at the d ifferent stations in tabular form (Tables 
I-V) I have tried to translate the field annotations 
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into a code i n  which d i fferent  phenomena are ex­
pressed i n  n umbers. This h as been possible because 
the field annotat i ons have been m ade as a general 
rule i n  accordance wi th a previously determi ned pat­
tern . I t  has been possible to analyse the divergences 
whioh do occur and to place them in more or less 
their correct pos i t ions in the system. 

The fol lowing abbreviations for d i fferent k i nds of 
trees are used in the table: A =  A cer platanoides, 

A.p.  = A cer pseudoplatanus, Ae = A esculus h ippocas­

tan um, Al = A lnus glutinosa, B = Betula verrucosa 

and pubescens, F = Fraxin us excelsior, Pa = Picea, 

Pi = Pinus, Po = Populus, Q = Quercus robur, S = 
Salix, T = Tilia, U = Ulmus. 

The fol lowing factors have been noted: 

I .  A ge of phorophyte 

% 

Very young tree I 0 . 1 5  
Young tree 2 0 . 3 0  
Middle-aged t ree 3-4 3 3 . 3 8  

Younger middle-aged 3 
Older middle-aged 4 

Fairly advanced age 5 30 .06 
Advanced age 6 3 1 .42  
Very advanced age  7 4 .68  

Constant efforts were made to obtain,  as far  as  
possible, trees of the same age so that s tations would 
be mutually comparable to the greatest possible ex­
tent. The percenti le d istribution with respect to the 
ages of the stations i s  shown in  the above table, from 
which it is  evident that about 9 5 % are in the age 
groups 3-6. This m ay be estimated to mean that the 
trees are between 40-50 years and 1 00- 1 30 years. 

I I .  Appearance of crown 

± high 1 
± dense 1 
± wide 1 

± low 
± sparse 
± narrow 

2 
2 
2 

Obviously this is a very rough evaluation, but i t  
is  fu l ly  adequate for our purpose. The boundary be­
tween "high" and "low" crowns is probably at a 
crown height of 5-7 metres, depending  to some ex­
tent on the age of the tree. A trunk that i s  h igh, dense 



Fig. 1 1  a. Station map. Black dots = 
stations with l ichens; rings = stations 
without l ichens. Figures = the num­
bers of the stations. 

and wide thus receives the figure combination " 1 1 1 " , 
while a crown that is low, dense and n arrow wi l l  
receive "2 1 2".  The commonest type of crown is  
" 1 1 1 " with 5 3 . 3 2 % ;  next  to th is ,  " 1 2 1 "  with 23 . 1 1 % . 

H I .  A ppearance of trunk 

(a) Growth habit 

Simple ± vertica l 0 
Divided into two or more 1 
Inclined 2 

(b) Length of trunk 

< 2l m 
2!-3 m 
3 -4 m 

4 
3 
2 

(c) A ppearance of bark 

Undamaged 0 
Slightly damaged 

4-5 m 
> 5 m  

1 
0 

Moderately damaged 2 
Severely damaged 3 

The combination "000" thus denotes a tree with a 
s imple,  vertical trunk whose crown begins  at a height 
above ground level exceeding 5 m etres, and whose 
bark does not show any visible damage. 

Where possible, s imple  vertical trunks h ave been 
chosen (86.7 1 %  ) .  Similarly, trees wi th  u ndamaged 
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bark have been preferred to those with bark damage, 
provided that they have otherwise been comparable. 
Severe bark damage (3) occurs on 0. 3 0 % of al l sta­
tion trees. The commonest trunk height (28.25 % )  
is 2 1 j 2-3 metres. In  4 1 .09 % ,  the trunk  i s  shorter 
than 3 metres, and 70.22 % of these h ave wide 
crowns. The length of the trunk as well as the w idth 
of the crown are of some i m portance for example 
where the l ight factor i s  concerned : the h igher the 
trunk is ,  the less affected are i ts lower parts by 
shadowing, etc. , from the crown .  

IV.  Exposure 

(a) Place of growth 

Isolated trees 
Trees in rows or avenues 
Trees in borders of parks, skirting woods or  in similar 

0 

positions 2 
Trees in thinly wooded parks, copses or the l ike 3 
Trees in densely wooded parks, copses or the like 4 

(b) Distance to nearest tree, building wall or the like 

< 2 m  9 6-7 m 4 
2-3 m 8 7-8 m 3 
3-4 m 7 8-9 m 2 
4-5 m 6 9-1 0 m 1 
5-6 m 5 > 1 0  m 0 
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22 Lichens and air pollution 
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Fig. 1 1  b. Stat ion map. Black dots = stations with lichens; r ing = stations without l ichens. Figures = the nu mbers of the stations. 

(c) Distance to nearest bush 

< ! m 9 4-5 m 4 
!- I m 8 5-6 m 3 
1-2 m 7 6-7 m 2 
2-3 m 6 7-8 m 1 
3-4 m 5 > 8 m  0 

The distance to the neare t tree, bush etc. has been 
estimated . The code is  constructed so that the lower 
the figures are, the greater is  the exposure referred 
to. A tree receiving the combination "000" is thus 
i solated , with no other tree within a distance of 
1 0  metres from i t .  The nearest bush i s  at  a greater 
distance than 8 metres. The combination "499" , 
however, is a station tree i n  a densely wooded park 
or the l ike, with less than 2 metres to the nearest 
tree and 1 / 2  a metre to the nearest bush. According 
to the tables, 6 %  of the station t rees can be de­
scribed as very strongly exposed, 2 1 % as strongly 
exposed , 5 5 % as moderately exposed, 1 4 %  as 
sl ightly exposed and 5 %  as protected. It is very dif­
ficult to obtain a correct expression for the degree 
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of exposure. Nor is i t  certain,  moreover, that the 
cond it ions for the trunk's epiphytes are equivalent  
becau e the  trees are  equally expo ed .  The appear­
ance of the crown and its height above ground l evel 
affect, as has aL ready been pointed out, the exposure 
of the trunk. This factor i s  not taken into account 
i n  this specificat ion.  

V. Vegetation cover 

No vegetation = 0 %  
Scanty vegetation = 20 % 
Rather scanty to abundant vegetation = 20 %-80 % 
Very abundant vegetation = 80 % 

0 
1 
2 
3 

This  refers to l ichen vegetation only. The degree 
of cover has been subjectively estimated wi thout any 
attempt to make measurements. The figure "3" refers 
to very r ich stations, " 1 "  to poor stations. "2 ' thus 
describes stations with relatively good to fairly 
abundant l ichen vegetation. "Normal stations" often 
have "2". See Figs. 1 1  and 8 8 .  



SUBDIVISION OF THE INVESTIGATED A REA 

The numbers of the stations give no i ndication of 
their whereabouts; rather of the order in which they 
have been investigated. To give a urvey of the in­
vestigated area, th is  has therefore been divided into 
9 subareas (Fig.  1 ) . Thi  ubdivi  ion was made on 
the map after conclusion of the field work. Square 5 
contains a total of 3 86, while the other quares h ave 
an  average of 27.6 stations. Square 5 h as therefore 
been further subdivided into 6 subsquares n umbered 
from A to F (Fig. 1 b). Even after this subdiv ision , 
the subsquares contain in most cases twice as many 
stations as t he other squares. Most  stations- 1 1 2-
are i n  square 5 B ;  least-2 1 -i n  square 6. 

An advantage of this system of subd ivision i s  that 
i t  i s  possible for the reader to locate the d ifferen t  
stations even i f  he is  entirely without knowledge o f  
t h e  local conditions. 

I n  the tabular specification of the natural condi­
t ions etc. at  the various stations, which will be found 
on pp.  1-v, the data are thus arranged by areas. 

Distribution of Particular Species 

in the Investigated Area 

COM M ENTA RY ON THE DISTRI BUTION 
PATTERN 

A the tables (VI-X I V) show, there are great d i f­
ferences i n  the number and composit ion of species 
between the parts of the investigated area lying in  its 
periphery, and those part that are more centrally 
placed. It can also be seen from the tables that it is  
often the same combination of species which in­
dependently of substrate i s  to be found penetrating 
most deeply into the area. There i s  thus a transitional 
zone (Sernander's "kampzon") between the l ichen­
free area in the centre of the investigated area (Ser­
nander's " li chen desert") and the more or less un­
affected outer part  of the  area. (See Sernander 1 926, 
pp.  1 6 1  ff. ) 

Different ways have been tried of determi ning a 
zoning system around the l ichen-free area. The ma­
terial can for example be grouped accord ing to the 
number of species per station. I have made such a 
c lass ification of my material , i .e .  presented i n  the 
paper by von Ubisch and N ilsson ( 1 966, Fig. 57) 
and by Skye ( 1 967, p .  5 ) .  

The area c a n  also b e  divided according to the 
distribution of certain species, which would then 
rank as i nd icator speci·es. In this  case, the exten t  of 
the various zones would then be affected to quite 
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a considerable degree by a number of i rrelevant 
factors such as, for example, the competit ion be­
tween different  species ; in fact, by al l other factor 
infl uencing the detai ls of the d istribution pattern 
of each species. In my view i t  is  therefore more 
profitable to cl ass ify the material with respect to the 
combination of species. The fol lowing c lassification 
can be made on the ba is of the mapped species of 
l ichens: 

( 1 )  Species penetrat ing far i n  towards the centre 
of the i nvestigated area: 

(A) Species usually occurring most abundantly in  a 
ring around the heart of the city and then decl ining 
i n  frequency towards the outlying districts, as far as 
the material presented here is  concerned. Belonging 
to this  group are Lecanora conizaeoides, Bacidia 

chlorococca, Hypogymnia physodes, Lecidea scalaris 

and Lepraria incana. 

( B) Species that do not show such a maximum 
frequency but occur abundantly also in the peripheral 
parts of the area. Among these are Cetraria chloro­

phylla and Parmelia sulcata. Some of the species 
mentioned under (A), especial ly Hypogymnia phy­

sodes, would also appear in this category if all  k inds 
of t rees were proportionately represented (cf. L und­
strom's results quoted above). 

(2) Species penetrat ing only moderately deeply i nto 
the inve t igated area: 

(A) Specie not occurring, or occurring only rarely, 
on the tree examined in the outskirts of the in­

ve tigated area (cf .  1 A above). The fol lowing can be 
inc luded in this group:  Cladonia coniocraea, Cetraria 

glauca, C. pinastri, Calicium hyperellum, Parme­

liopsis am.bigua and Physcia dubia. 

(B) Species al o occurring in the edge of the area 
(cf. 1 B above). For species in this group, the d istribu­
tion pattern not infreq uently shows two l ichen-free 
areas : one covering the central p arts of Stockhol m 
and of Nacka, and one covering Solna-Su ndbyberg. 
In this category are A lectoria jubata, B uellia punc­

tata, Candelariella xanthostigma, Evernia prunastri, 

Lecanora subfuscata, L. expallens, Ochrolechia an­

drogyna, Parmelia fuliginosa, Pertusaria amara, 

Ph/yetis argena, Physcia entheroxantha, Ph . orbicu­

laris, Ph. tenella, Xan thoria fallax and X. parietina. 

In this group are also Hypnum cupressiforme and 
Pylaisia polyantha as well as Hysterium pulicare. 

On the borders of 1 B above are Lecanora subfuscata, 

L. expallens and Ochrolechia androgyna. 

All the species mentioned under (A) above w ould 
be in  this category i f  al l  k inds of t rees had been 
considered . 

(3)  Species occurring primarily in the periphery of 
the invest igated area: 
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The fol lowing species belong to this group: A nap­

tychia ciliaris, Bacidia luteola, Lecanora chlarotera, 

L.  carpinea, Lecidea olivacea, Ochrolechia microstic­

toides, Parmelia exasperatula, P. subargentifera, Per­

fusaria coccodes v. coccodes, P. g!obulifera v. discoi­

dea, Physcia ascendens, Ph. farrea, Ph . pulverulenta, 

Ramalina farinacea, R. fraxinea and Xanthoria po­

lycarpa. Of these species, Bacidia luteola and R ama­

lina fraxinea seem to have the smallest area. They 
belong perhaps to a group 4, species outside the 
transitional zone (Ramalina, however, occurs farther 
into the transi tional zone in  the form of i ndetermin­
able remnants). Leucodon sciuroides also belongs to 
this group. O n  the border towards 2 B above are 
Ochrolechia microstictoides and Pertusaria coccodes 

v. coccodes. 

The species that appear so sparsely in the in ­
vest igated area that they have not been m apped here 
have also been assigned to some of the above-men­
tioned groups.  

Fig.  1 2  above gives an idea of the geographical 
extent of the various zones. With the aid of this c las­
si fication the i nvestigated area can be subdivided i n  
the fol lowing way with respect t o  the epiphyte flora 
and primaril y  to the l ichens: 

( I )  Lichen-free or almost entirely l ichen-free area 
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Fig. 12. Zonal subdivision ( I l-IV) 
between l ichen-free zones ( I) and 
normal zone (V) i n  the Stockholm 
area. 

i ncluding the city centres of Stockholm, Sol na, Sund­
byberg and Nacka. As far as epiphyte vegetation is 

concerned, the l ichen-free area i s  characterized by 
the fact that the trees are qui te free from epiphytes 
or show growths of algae. Here and there,  how­
ever, Lecanora conizaeoides appears s parsely.  Small 
islands of Hypogymnia physodes may also occur. (At 
a few stations, other species from group 1 also ap­
pear.) 

(II) Inner part of the transitional zone, containing 
a more or less wide belt around the l ichen-free area. 
It is typical of this zone with regard to epiphyte 
vegetation that the few species which occur here 
(point  1 above) occasionally appear fairly abund­
antly.  

(HI) The central part of t he transitional zone, 
compnsmg parts of the southernmost suburbs of 
Stockholm,  parts of Nacka, Lidingo and Djurshol m, 
and finally the western suburbs of Stockhol m.  The 
species found in the l ast-mentioned zone appear here 
together with the species l isted u nder poin t  2. The 
l ichen vegetation is  st i l l  scarce, but occasional ly a 
particular species may appear in some n umbers. 

(IV) The outer part of the transit ional zone ex­
tends in a belt, a ki lometre or so wide, surrounding 
the l ast-mentioned zone. Distinctive of this zone as 



Fig. 13.  Sernander's ( 1 926) and 
H9Seg's ( 1 934) subdivi ion into 
l ichen de ert (lavoken), truggle 
zone (kampzon) and normal zone in 
Stockholm area.  (Constructed by 
Erik Skye.) 

' l • • • ' :  · . , • · . · · · .:·: ··. ·; .. . 
· ·. · · · . : · · . . · . .  : ·: ·: 
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far a epiphyte vegetation is concerned is the addi­
tion of species l isted under point 3 above. How­
ever, several of the species belonging to groups 1 A 
and 2 A begi n to disappear or to appear more and 
more rarely on the examined trees. 

(V) An area with normal or almost normal lichen 
vegetation. This area covers the outskirts of the map 
picture. Distinctive features of the epiphyte vegeta­
tion are that inter alia Bacidia luteola and determin­
able specimens of Ramalina fraxinea occur to a 
normal extent and that such species as Bacidia 

chlorococca, Cetraria pinastri, Cladonia coniocraea, 

Lecanora conizaeoides, Lecidea scalaris, Lepraria in­

cana and Parmeliopsis ambigua disappear more or 
less entirely from the deciduous trees that n ormally 
support Xanthorion vegetation .  Moreover, several 
of the species included in groups 2 B and 3 be­
come common or abundant only outside the outer 
transitional zone. This applies to such species as 
A lectoria jubata, A naptychia ciliaris, Calicium hype­

rellum, Lecanora subfuscata, Pertusaria coccodes v .  
coccodes, P .  globulifera v.  globulifera, Ph/yetis ar­

gena, Physcia ascendens, Ph . farrea, Ph. orbicularis, 

Ramalina farinacea, Xanthoria fallax and X. parie­

tina. Around Kal lhal l ,  Vaxholm,  Tyreso and Tumba 
there are exclaves of areas which show more or less 
strongly affected epiphyte vegetation;  in certain cases 
they have the same character as the outer part of 
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the transitional zone, and in some few ea es the lichen 
vegetation seems to have been even m ore affected . 

Sernander's ( 1 926) division into "l ichen desert" , 
" truggle zone" and "normal zone" has been accepted 
by many researchers, including Haugsja ( 1 9 3 0), H�eg 
( 1 934) and Vareschi  ( 1 9 3 6) .  

Sernander ( 1 926, p .  1 6 1 )  stated that  in the  "kamp­
zon" ("struggle zone") "the trunks begin to be 
covered by l ichens, exclusively nitrophytic but only 
up to a riklig degree of cover" (i .e .  1 / 2 of surface) .  
The l ichens o f  the present  equivalent zone, now far 
more distant from the city centre (e.g. the "normal­
zoo" started already on Kungsholmen) are certainly 
not nitrophytic to any appreciable extent (discussed 
on p. 8 3 ). 

H�eg's ( 1 934) "kampzon" in Stockholm was st i l l  
very narrow. The normal zone also started imme­
diately outside the buil t-up area. 

Haugsja has in teresting information regarding the 
species penetrating most deeply into the lichen desert. 
He states, for example (p.  78), that Lecanora Hageni 

is found almost everywhere in Oslo and that i t  is 
therefore impossible to determine any inner boundary 
for the distribution of this species. He writes: "Le­

canora Hageni ist diejenige Fleohte, die ich am 
haufigsten innerhalb der Stadtgrenze gefunden b abe. 
An vielen Stellen scheint die Flechte gut zu gedeihen, 
oft viele gut entwickelte Apothecien,  aber der Thai-
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I us i s t  h aufig m it Chlorophyceae bedeckt." The de­
scription agrees wel l with the way i n  which Lecanora 

conizaeoides appears in Stockholm. Most of H augsja's 
L. Hageni from Oslo might be L. conizaeoides. The 
present author ha thanks to prof. Ei l i f  Dahl been 
able to see part of Haugsja's material . This  however, 
was neither L. Hageni nor L. conizaeoides. A mong 

other species which tolerate the c i ty air, the fol lowing 
are notable according to Haugsja:  Parmelia physodes 

( = Hypogymnia physodes), P. exasperatula, P. sulcata 

and Physcia tribacea ( = Ph .  dubia). The latter species 
was very common. "Nur Lecanora Hageni babe ich 
auf mehreren Stel len angetroffen" (l .c . , p .  87 ) .  Among 
the species that have strongly reacted negatively to 
the effect of the urban environment are Evernia pru­

nastri, Parmelia aspidota ( = P. exasperata), P. scar­

tea ( = P. tiliacea), P. subaurifera and Ramalina fraxi­

nea. 

Vaarna ( 1 9 3 4) d ivides the "Kampfzone" in Hel­
sinki i nto two zones, namely the "stunted fol iose 
l ichen zone" and the "stunted fruticose l ichen zone". 
The i nner boundary for Evernia prunastri forms the 
boundary between these two zones. Phlyctis argena 

penetrates almost up to the border of the l ichen de­
sert. Other species which penetrate far i nto the 
" Kampfzone" are Parmelia physodes ( = Hypogym­

nia physodes), Physcia tribacea ( = Ph. dubia) and 
Xanthoria parietina. 

There seem to be strong resemblances but also 
some differences in  the material from the three Scan­
d inavian capital 0 lo, S tockholm and Helsinki .  I n  
all cases, for example, Hypogymnia physodes and 
Physcia dubia penetrate far towards the l ichen-free 
area. In Helsi nki  and Oslo Lecanora conizaeoides i s  
absent.  Xanthoria parietina penetrates more deeply 
into Hels inki  than into the two other cit ies, etc. 

When comparing the results of Semander's and 
H�eg's i nvestigations in  Stockholm with this we must  
bear in  mind the changes that  h ave occurred s ince 
the 1 930's. 

Profound changes since the 1 930's : 

1 .  Horse traffic has d isappeared al most completely, 
even from rural areas. 

2 .  Motor t raffic has i ncreased enormously. 
3. Gravel roads are treated with sal ts (calc ium chlo­

ride) or sulphite l iquor to decrease dust-raising. 
4. Permanent surfaces have been l aid on m ajor roads. 
5 .  New roads have been built ,  also ch iefly with per·· 

manent surfaces. On an average, though not al­
ways, l ess dust is  raised from roads than formerly. 
The dust  i s  d ifferent, too: 

(a) Droplets of dirty and oily water are raised i n  
wet weather, while dry dust h as become i nsignificant 
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except along n arrow roads that  sti l l  have a dirt 
s urface. 
(b) Chemical composit ion of road dust h as changed 
-less n itrogen compounds, more soot and oil, traces 
of Pb from petrol etc. In certa in  cases, remnants of 
salts or sui phi te l iquor. 
6. The railways were electrified between 1 92 6  and 

1 947 (-the Nynas Railway i n  1 962). 

On an average, agricul tural dust  has probably also 
been reduced, but it remains a positive factor for 
some l ichens. Reasons :  Less fall ow l and. Weeds are 
control led by chemicals rather than by work ing the 
soil .  Shorter periods of work ing bare arable soil 
(harrowing etc.). Fertil izers are spread by m achine, 
no  longer by hand. However, the extensive spraying 
of fields, roadsides and gardens with i nsect icides, 
herbicides and fungicides may possibly affect n earby 
epiphytic vegetation. 

Despi te these changes, one has a general even i f  
not wel l-documen ted i mpression that the composi­
tion of roadside epiphytic vegetation h as changed 
remarkably l i ttle in areas with heavy traffic but 
s i tuated away from densely-populated areas or smoke­
creating ind ustry. This compl icated problem deserve 
a more special ized study, however. 

Beschel ( 1 958 ,  pp. 1 3  ff. ) d i fferentiates between 
five zones in the Austrian citie , i nc lud ing Innsbruck 
and Salzburg, that he has investigated . In  zone I (the 
"Normalzone") "oxyphile Verei ne" are dominant.  
Among the e he includes (Le., pp. 49 ff.) U sneion 

barbatae and Parmelion physodes. In zone II (the 
"aussere Kampfzone") the "oxyphile Vereine" are 
not always so clearly dominant.  "Allerd ings werden 
sie bereits von ein igen neutrophi len Arten begleitet ." 
The "neutroph ile Vereine" h ave their optimal devel­
opment in zone I l l  (the "mitt lere K ampfzone"). "Ar­
ten der Zone I finden sich n ur mehr untergeordnet 
als Beimengungen." Beschel (p. 5 1 )  i ncludes Xan­

thorion parietinae among the bark neutrophytes. 
Zone IV (the "innere Kampfzone") "enthal t nur mehr 
immer starker verarmende neutrophi le  Vereine auf 
Laubholzrinde, Holz und Kalk, wahrend N adelholz­
rinde und Si l ikat kaum mehr besiedelt  werden". 
Zone V i s  almost l ichen-free terr i tory (a "Flechten­
wi.iste im S inne Vareschis"). Ent irely l ichen-free area 
are absent .  

Borten chlager and Schmidt  ( 1 963)  have a simi lar 
c lassificat ion and obtain the same s ubdivisions of 
vegetation in Linz as Beschel ( 1 95 8) obtained from 
other Austrian cit ies. 

However, the present author h as not  observed 
anything s imilar in the Stockholm area. The dif­
ferences are deal t with further on p. 83 .  His c la  -



s i fication seems to agree more closely with the zona­
tion that Barkman ( 1 963) describes from Belgium. 
While the present  author does not make a d istinc­
t ion between any plant communities but d raws the 
boundary accord ing to the distribution of di fferent 
combination of species, Barkman considers (p. 44) 

that "The epiphytic vegetation is a clear indicator of 
the degree of  air poll ution. In this respect i t  i an 
even better standard than the epiphytic flora." 

Domros ( 1 966) divides the tran i t ional  zone  in the 
Ruhr region i nto three parts according to the l ichen 
vegetation. However, he pays chief attent ion to the 
degree of cover. U n fortunately he does not publish 
his primary material , and i t  is therefore i mpossible 
to make any comparisons. 

List of Species 

LICH ENS 

T he fol lowing l ist of all the collected epiphytic l ichen 
species incl udes a very brief autecological survey 
with i n formation regarding the d istribution of the 
species, their choice of substrate, etc. 

A l arge n umber of l ichen species i n  this m aterial 
have a southern distribution.  Almborn ( 1 948) divides 
the outhern l ichen specie in Scandinavia into five 
group accord ing to their distribution. Two of the e 
are concerned in this connection. The V m bilicaria 

pustulata group contains  s pecies whose n orthern 
l imi t  can extend to approximately 65 ° north l atitude. 
This group is  called the V. pustulata group in the l ist  
below. The other group is  cal led by Almborn the 
Parmelia acetabulum group. I t  contains species which 
extend in Scandinavia from the west and south coast 
of Norway obl iquely up through Sweden to the coast 
about 200 km north of Stockholm. This group i s  
called t h e  P .  acetabulum group below. 

For the species which are not mapped, all oc­
currences from the i nvestigated area are ment ioned. 
Only the generic name of the phorophyte is stated. 
The n umber of the station is given after the n ame of 
the phorophyte. 

The di stribution group in the i nvestigated area to 
which the species belongs is  also stated . It has been 
po sible to dist inguish a group 4, which contains 
s pecies that are found only i n  the "normal area" 
(see p. 25) .  

U nder the heading "Older occurre nces" there is  a 
l ist  of those of the occurrences and records n oted i n  
t h e  Stockholm region which are of  the greatest in­
terest for this i nvestigation and which h ave been 
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tan ical department of the M useum of Natural H istory 
in Stockholm ,  throughout many years. He h as kindly 
made the whole of his great material available to m e  
a n d  h a s  t h u s  made i t  possible to obtain a h istorical 
perspective over occurrences of l ichens in the in­
vest igated area. 

The report i s  given with the genera in alphabetical 
order without  regard to fami ly or ecological group­
ing. The species within each genus then follow i n  
al phabetical order. T h e  same system i s  used for 
mosses (p. 58) and fungi (p. 62). 

A lectoria Ach. 

A .  irnplexa (Hoffm.)  Nyl . 

The species belongs to the U. pustulata group. M agnusson 
( 1 929) mentions A. implexa -as a common conifer-lichen. 

Older occurrences: Thedenius ( 1 852, p .  1 63 ,  and 1 859,  
p. 1 1 2) described the specie a fairly common i n  the Stock­
holm region. Degelius found A. implexa at Bromma, Alsten 
1926 on Picea. H A.kanson ( 1 950, p. 226) noted it at scat­
tered local ities in Lidingo. 

Occurrences i n  the investigated area: 
Huddinge : Snattringe, Quercus, 57 1 ;  Sollentuna: Tureberg, 

Acer, 5 1 5 ,  sparse; Stockholm:  Skarpnack, Flaten, Quercus, 

560; Va terled, Nockebyhov, Acer, 409, spar e; Alsten, Quer­

cus, 423, sparse ; Tyreso: Kumla, Tilia, 590, sparse; oster­
aker :  Bullerhojdcn, Betula, 577 b, sparse; Resaro, Ytterstrand, 
Betula, 516 b, sparse. 

The pecies probably belongs to group 2 B.  I ts distribution 
in the wooded parts of the investigated area is  probably 
con iderably more exten ive than this l imited m aterial sug­
ge t . 

A .  jubata (L. )  Ach.  

Pre umably found throughout Sweden. M agnusson ( 1 929, 
p. 100) de cribes i t  a very common on trees, especially 

collected and l isted by Dr. T. H assel rot, at the bo- Fig. 14.  Alectoria jubata. 
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Fig. 15. Anaptychia ciliaris. Not vital specimens = circles. 

conifers. Considerably more common in the wooded sections 
of the periphery of the investigated area than the map 
picture indicates. 

Older occurrences: Thedenius describes the species as 
common in the Stockholm region ( 1 852, p .  1 63 ;  1 859, p. 
1 1 2) .  Solna:  Nytomta, Betula, 1 906 (Tackholm); Northern 
Cemetery, Tilia, (H�eg 1 934, p .  1 32) ; Stockholm : Bromma, 
Traneberg 1 9- 1 0  (Du Rietz) ; Bergian Botanical Gardens 
(Wittrock and Juel 1 89 1 ,  p .  1 ) .  

A .  jubata belongs to group 2 B (Fig. 1 4). 

A lectoria sp. 

Lidingo: Koltorp, Quercus, 528, sparse. 

A naptychia Kbr. 

A .  ciliaris (L.) Kbr. 

The species belongs to the U. pustulata group. M agnusson 
( 1 929, p. 1 1 6) describes i t  as common in  southern and 
central Sweden on the trunks of deciduous trees in open 
positions, on roadsides, etc. 

Older occurrences: Thedenius describes A .  ciliaris as com­
mon in the Stockholm region ( 1 852,  p .  1 65 ;  1 859, p .  1 1 4). 
Hakanson ( 1 950, p. 229) says from Lidingo that A. ciliaris 

is frequently remarkably sparse and badly developed and 
that i t  obviously avoids the most densely built-up areas. 
Cleve gathered A. ciliaris at Solna:  H aga Park 1 85 5 ;  Hessel­
man found i t  there in 1 89-1 and Tackholm in  1 906. Occur­
rences were noted at Ulriksdal by Tackholm 1 906, Ostman 
1 922 and H asselrot 1958 .  I t  was found at overjarva in 
1 9 1 0  (Hiilphers), at Bergshamra in 1 95 8  (Hasselrot). H�eg 
( 1 934, p .  1 32) notes A. ciliaris at the Northern Cemetery on 
Tilia. The fol lowing occurrences have been noted in  Stock­
holm :  Bromma, Alvik 1 9 1 1 (Du Rietz) ; Djurgarden, Populus 

tremu/a, 1 854, 1 886 and other years (Thedenius), 1 86 1  (Hen­
schen), 1 87 1  (Dusen), 1 9 1 0  (Hiilphers) ; Enskede, Pungpinan 
1 9 1 0  (Hiilphers). Lundqvist gathered the species at the latter 
locality in 1 9 1 1 .  
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A .  ciliaris belongs to group 3. Fig. 1 5 . 
The species seems to have declined during the present 

centu ry. 

A rthonia Ach. 

A .  radiata (Pers.) Ach. 

The species belongs to the U. pustulata group. It prefers de­
ciduous trees to conifers. Older occurrences: Thedenius de­
scribes the species as fairly common in the Stockholm region 
( 1 852, p. 1 72, and 1 859, p .  1 1 8) .  H akanson found A. radiata 

in 1924 in Lid ingo: Stockby, and E. Almquist gathered it at 
Stockholm: Brannkyrka in 1 872.  

Occurrences in  the investigated area :  Jarfalla: Hennings­
torp, Fraxinus, 599, sparse ;  Saby Gard, Tilia, 597; oster­
aker:  ostra Ryd, Bogesund, Fraxinus, 546; Rydboholm, Fraxi­

nus, 579, sparse. All finds are in the "normal area".  

A rthopyrenia M ass. 

A rthopyrenia alba (Schrad . )  Zahlbr. Syn. 
A .  gemmata (Ach.)  M ass. 

The species belongs to the P. acetabulum group. Usually 
found on deciduous trees, especially Quercus, Fagus and 
Tilia, isolated and in  copses (Keissler 1 938 ,  p .  1 65 ;  Erichsen 
1 957 ,  p. 33). I ts ecology seems to be similar in the south of 
Sweden. 

Older occurrences: Thedenius ( 1 859, p. 9) mentions it a 
occurring in Kungsholmen, Marieberg ( 1 852, p. 1 74, and 
1 859, p .  36). Lindberg found the species o n  a Tilia outside 
the building with the address 9, Garvaregatan, Kungsholmen,  
Stockholm, year  ?. Cleve gathered A. alba in 1 859 at Djur­
garden. 

Present occurrences in  the investigated area :  
Boo :  Ormingelandet, Fraxinus, 5 3 5 ,  sparse; Danderyd : 

A cer, 472, sparse; Stockholm:  H agersten, Varberg, Fraxinus, 

567,  sparse; Spanga, Jarvafaltet, Fraxinus, 335 ,  spar e; Tyreso: 
Raksta, Fraxinus, 5 9 1 ,  sparse ; osteraker: ostra Ryd, Boge­
sund, Broknas, Ulmus, 550;  Roskar, Fraxinus, 549, sparse. 

The species belongs to group 3. 
The species is  not now found at any of the older places, 

and an obvious decline can therefore be noted . 

A .  biformis ( Borr.) M ass. 

Found in  southern and central Sweden (Santesson 1 949, p .  
1 42) . Prefers the bark of deciduous t rees, primarily Quercus, 

Populus and Fraxinus (Keissler 1 938 ,  p. 1 72). Otherwise i t  
has the same habitat requirements a s  the preceding species. 

Older occurrences : Thedenius ( 1 852,  p .  1 74) mention the 
species as occurring in  Solna:  Karlberg. Thedenius ( 1 859,  
p .  1 1 9) de cribes it as rare i n  the Stockholm region. 

One occurrence in  the investigated area :  Lidingo: Elfvik, 
Fraxinus, 5 3 1 ,  sparse. 

A .  fal/ax (Nyl .)  Arn. Syn. Didymella fa/lax 

(Nyl .)  Vain .  

Keissler ( 1 938 ,  p .  1 3 3) states that t h e  fungal component oc­
casionally lives symbiotically, occasionally parasitically. A .  

fa/lax prefers the smooth bark af various kinds of trees, but 
avoids conifers (Keissler, l .c . ) .  

Older occurre nces: Rare in  the Stockholm region, Thedenius 
( 1 852,  p. 1 74;  1 859,  p. 1 1 9) .  Nacka: Betula, Thedenius 
( 1 852, p .  1 74, s .n.  Verrucaria epidermidis fa/lax); Nackaber­
gen, Betula, Thedenius ( 1 852, p. 1 78), by Nacka bridge, The-



Fig. 16 b. Bacidia chlorococca. 

denius ( 1 859, p. 56, according to a reference on p .  1 1 9, .n. 
Verrucaria epidermidis fallax). 

One occurrence in the investigated area: Sollentuna: <:>verby, 
Fraxinus, 601 ,  sparse. 

A .  sphaeroides (Wallr . )  Zahlbr. 

A .  sphaeroides belongs to the P. acetabulum group. It ap­
pear to prefer deciduous trees (Keis !er 1 9 3 8, p .  1 69). 

Older occurrences : Malme found the species at Boo: Lov­
berga on Sambucus ( 1 9 1 5) ;  Rensl:itra ( 1 9 1 0) ;  Rensatra-Lov­
berga ( 1 909); Stockholm :  Brannkyrka, Liljeholmen ( 1 889). 

Present occurrences, all on Fraxinus: Jarfal la :  Hennings­
torp, 599;  Sollentuna:  Sollentuna Churchyard, 593,  sparse; 
Stockholm: Spanga, Jarvafaltet, 376, sparse. 

The pecies probably belongs to group 3 and seems to have 
declined d u ring the present century. 

Bacidia Zahlbr. 

B. Beckhausii Krb. 

A deciduous-tree species. Ubiquitous i n  Sweden, but  i s  be­
l ieved to  become rarer  towards the north. 

Older occurrences: Only M alme seems to have gathered 
it in the investigated area-at Boo: Hamndalen ( 1 907) ; Kum-
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Fig. 16 a. Bacidia chlorococca .  
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Fig. 1 7. Bacidia luteola. 

melnas ( 1 906, 1 909) ; Lovberga ( 1 906, 1 908, 1 909, 1 9 1 0, 
1 9 1 3) ;  Stockhol m :  Experimentalfaltet ( 1 8 89) (v. obscurior). 

Present occurrences : Lidingo: Gashaga, Tilia, 5 27, sparse; 
Sollentuna :  H aggvik, Acer, 594; Stockholm: Spanga, Jarva­
faltet, Acer, 5 7 3 ;  Tyreso: Tyreso, Fraxinus, 563.  

The species thus occurs predominantly i n  the periphery of 
the investigated area and can probably be allocated to 
group 3.  

The extension of the distribution does not appear to have 
changed, but  the scanty material m akes a more precise 
evaluation impossible. 

B. chlorococca (G raewe) Lettau 

The species belongs to the U. pustulata group. I t  occurs on 
conifers as well as on deciduous trees. 

A total of 48 occurrences has been noted in  this material . 
Lundstrom ( 1 966) notifies appearances of the species at a 
further 3 places. It penetrates relatively deeply into the t ransi­
tional zone and can be referred to group 1 A.  Fig. 1 6. 

Older occurrences: Malme gathered the species in 1 9· 1 0  at 
Danderyd : osby. 

The species has either been previously ove rlooked or i t  h as 
increased very strongly in the Stockholm region . 

B. luteola (Schrad.) M udd. 

The species belongs to the P. acetabulum group. A fairly 
common species on isolated deciduous trees in  the south of 
Sweden. 

Older occurrences: Thedenius ( 1 852, p .  1 69, and 1 859·, p. 
1 1 6, s.n. Biatora luteola) describes the species as fairly com­
mon. Cleve found B. luteola in Solna:  Karlberg 1 85 7 ;  The­
denius says that i t  was plentiful in Karlberg Park ( 1 852,  
p. 1 69;  cf .  1 859, p .  3 3) .  Malme found i t  at Jarva i n  1 907 . 
Occurrences were noted in Stockholm by Stenhammar, "prope 
Holmiam in Fraxino", year ?, by M alme in  1 889 in  K ungs­
holrnen and in  1 897 at Djurgarden (Malme 1 926, p. 54). 

21 occurrences have been noted i n  the i nvestigated area.  
The species belongs to group 3 or group 4. Nearly all the 
occurrences are outside the outer t ransitional zone. Fig. 1 7 . 
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The species seems to have decl ined very strikingly and to  
have entirely disappeared from the  areas mentioned above. 

B. Naegelii ( Hepp.) Zahlbr. 

The species belongs to the U. pustulata group, and prefers 
isolated deciduous trees. 

Older occurrences: Du Rietz found the species at Bromma, 
Minneberg 1 9 1 0, S. Almquist gathered it at Briinnkyrka,  
Lyran 1 870. Malme found it  at Solna:  Jarva 1 907. 

7 occurrences h ave been noted i n  the investigated area : 
Boo: Boo Old Church, Ulmus, 5 5 1 ;  Ormingelandet, Acer, 

5 37, sparse; Stockholm:  Sankt Goran, Marieberg, Fraxinus, 

73,  sparse ; Ulmus, 76, sparse ; Spanga, Jarvafhltet, Tilia, 3 36, 
sparse; Vaxholm:  Fraxinus, 542, abundant; osteraker: ostra 
Ryd, Bogesund, Ulmus, 550, sparse. 

B. Naegelii penetrates fairly deeply into the central parts 
of the investigated area and probably belongs to group 2 B .  

Biatorella De Not.  

B. moriformis (Ach.)  Th. Fr. 

Apparently ubiquitous in  Sweden. Occurs both on conifer 
bark and l ignum. Koskinen ( 1 955,  p .  1 5 1 ) describes the 
species as hemerophilous. 

Older occurrences: Du Rietz gathered the species in  Stock­
holm: Bromma, Alvik 1 9 '1 1  on Pinus. Th. M. Fries ( 1 874, 
p .  402) notes i t  from Graewe. 

The following occurrences have been noted: Lidingo: Hers­
by, Acer, 5 09, sparse; Soloa : Northern Cemetery, Acer, 357 ,  
sparse ; Stockholm:  Brii.nnkyrka, Orby Slott, Ulmus, 464, 
sparse ; H agersten, Acer, 456, sparse; Oscar's, Djurgarden, 
Acer, 403, sparse; Spanga, Bromsten, Ulmus, 4 1 1 ,  sparse ; 
Vasterled, Smedslatten, Ulmus, 42 1 ,  sparse. 

B. moriformis can probably be  assigned to group 2 B in 
the investigated area, possibly bordering on group 1 B.  

The species was probably overlooked formerly, and i t  i s  
therefore impossible to say whether any changes h ave oc­
curred in  the distribution pattern. 

Buellia De Not. 

B. alboatra (Hoffm.)  Br.  et Rostr. 

Belongs to the U. pustulata gwup. Prefers stone but i s  also 
found on l ignu m  and bark. 

Older occurrences: Thedenius describes Lecidea alboatra 

as rare in the Stockholm region ( 1 852,  p. 1 7 1 ;  1 859, p. 1 1 7) 
while Lecidea alboatra corticola i s  said to h ave occurred in 
several places ( 1 852, p. 1 70) and Lecidea murina (L. alboatra) 

to be common ( 1 85 2, p. 1 7 1 ;  1 859, p. 1 1 7).  Nacka: Danviks­
bergen, Thedenius ( 1 852, p. 1 7 1 ,  s.n. Lecidea alboatra) ; Solna:  
Karlberg, 1 85 2  (Cleve) ; Stockholm: Djurgarden, Thedenius 
( 1 862, p .  1 70, s.n. Lecidea alboatra v. corticola). 

Two occurrences in the investigated area :  Jarfalla :  Hen­
ningstorp, Fraxinus, 599; Sollentuna: Sol lentuna Churchyard, 
Fraxinus, 593.  

The species was clearly commoner i n  the outskirts of 
Stockholm a h undred years ago. 

B. disciformis (Fr.)  M udd. 

Probably ubiquitous i n  Sweden. I t  is very rare i n  north­
western Germany (Erichsen 1 957,  p .  3 7 1 ) .  Epiphyte, growing 
on both conifers and deciduous trees .  

Older occurrences: Thedenius  ( 1 852, p .  1 70;  1 859, p .  1 17) 
describes B. disciformis as fairly common o n  smo.oth deci­
duous-tree bark i n  the Stockholm region. Nylander ( 1 85 3 ,  
p .  9 7 )  mentions t h e  species. 



The following occurrences have been noted : Lidingo: Kol­
torp, Quercus, 528, spar e ;  Stockholm :  B rannkyrka, L\ngsjo, 
Alnus, 461 ,  sparse; Spfmga, G rimsta, Quercus, 1 29 ;  Tyre 6 :  
Fraxinus, 5 63,  sparse; osteraker:  b tra Ryd, Bogesund, Ulmus, 

550. 
Despite the scanty material, the species can probably be 

a S·igned to group 2 B. The species has obviously disappeared  
from many l ocalities in the  surroundings of Stockholm. 

B. griseovirens (Turn.  et Borr.) Almb. Syn . Buellia 

betulina (Hepp.) Th . Fr. 

Belongs to the U. pustulata group. The species seems to 
prefe r  smooth deciduous-tree bark. 

Older occurrences: Both by Malme 1 909-at Bo; Hamn­
dalen, and Sollentuna:  Tu reberg-Jarva. 

The following occurrences have been noted : Boo: Men­
attra, Quercus, 541 ,  sparse; H uddinge : Segeltorp, Quercus, 

5 72;  Lidingo: Norra St ickJinge, Fraxinus, 5 1 1 ;  Nacka :  Ersta­
vik, Fraxinus, 558 ;  Hellasgarden, Quercus, 565, spar e; Salt­
jobaden : Fraxinus, 556 ;  Sollentuna: Sodersatra, Quercus, 

595 ,  sparse ; Stockholm: Hagersten, Bredang, Quercus, 453,  
parse; Skarpnack, Pungpinan, Quercus, 496, sparse. 

B. griseovirens belongs to group 2 B. 

B. pharcidia (Ach . )  M alme 

Distribution i n  Sweden appears to be southern (Malme 1 927, 
p .  2 57) although Almborn 1 948 does not mention the species. 
Occurrs primarily on the bark of deciduous tree but also on 
l ignum. 

Older occurrences: Solna:  Karlberg, year unknown (Lind­
berg), Jarva 1 9 1 0  (Malme) ; Stockholm, Bromma 1 907 
(Malme), at  many places  in  the Stockholm region (Malme 
1 9 1 0 b, p. 1 64). Malme also state ( 1 927, p. 257) that Buellia 

pharcidia is commoner around Stockholm than B. alboatra. 

The following occurrences have been noted : Jarfal la :  Hen­
ningstorp, Fraxinus, 599; Lovo: Lovon, Lambarudd, Fraxinus, 

5 22, sparse; Sollentuna :  H aggvik, Acer, 594; Taby: RO­
hall,  Viggbyholm, Fraxinus, 580;  Osteraker, Ostra Ryd, Boge­
sund, Fraxinus, 549, sparse. 

The occurrences seem to indicate that P. pharcidia belongs 
to group 3 .  

The species has disappeared from many localities i n  the 
surroundings of  Stockholm.  

B. punctata (Hoffm. )  M ass. 

B. punctata seems to belong to the U. pustulata group. It 
appears on older isolated trees, stumps and lignum but also 
on stone, earth etc. The species belongs to group 2 B in  the 
present material (Fig. 1 8) .  

In the Stockholm region generally, on old  pines (Thede­
nius 1 852, p .  1 70, s .n .  Lee idea disciformis v. myriocarpa), 

fairly common (Thedenius 1 859, p. 1 1 7, s.n. Lecidea discifor­

m is myriocarpa). Older occurrences: Solna:  Haga Park, year 
u nknown (Akerman) ; Stockholm :  Bromma, Minneberg, Ul­

rnus 1 9 1 0 (Du Rietz) ; Sandvik 1 9 1 1  (Lundqvist s.n. B. my­

riocarpa) ; Brannkyrka, Nybohov, Tilia and Ulmus (Hf6eg 
1 934, p .  1 32, v .  chrolopolia). Bergielund, 1 906 (Malme s.n .  
B.  rnyriocarpa); Dju rgarden 1 85 2  (herb. C. F .  Nyman s.n. 
Lecidea chloropolia) ; Uggleviken, Alnus, 1 906 (Tackholm) ; 
Roslagstull, Tilia (Hf6eg 1 934, p. 1 32). 

The species has withdrawn somewhat during the last half­
century. 

B uellia sp. 

Tyreso: Fraxinus, 563, sparse. 
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Fig. 18. Buellia punctata. 

Calicium Pers. 

C. Floerkei Zahlbr. Syn. Embolidium italicum Sacc. 

Distribution in Scandinavia ubiquitous. Grows on bark and 
lignum. 

Two occurrences have been noted in the investigated area, 
both in Stockholm:  Hagersten, Malarhojden, Quercus, 452, 
spar e; Oscar's, Djurgarden, Alnus, 40 1 ,  sparse. 

No older occurrences have been noted. 

C. hyperellum Ach. Syn.  C. viride Pers. 

Distribution from Skane to Norrland (Santesson 1 949, p .  
1 76). Grows primarily on old oaks and spruces in  l ight  cop­
ses, parks and avenues. 

Older occurrences: Solna:  Karlberg (Thedenius 1 85 2, p. 
1 72), 1 859  (Cleve) ; Stockholm : K ungsholmen, Marieberg 
(Thedenius 1 85·2, p. 1 72; 1 859,  p. 1 1 8) .  Thedenius says (I .e .)  
that C. hyperel/um occurs i n  several places. C. viride, how­
ever, is  said to have been rare. Nylander ( 1 853,  p .  95) says: 
"Non est nisi varietas hyperel l i" .  

C. hypere/lum belongs to group 2 A (Fig.  1 9) .  
The species has apparently retreated from the i mmediate 

surroundings of Stockholm since the 1 850s. 

Caloplaca Th. Fr. 
C. aurantiaca (Lightf.) Th. Fr. 
Assigned to the U. pustulata group. Grows both on bark 
(especially on that of Populus tremula) and on tone .  Populus 

tremula, however, is almost excluded from the present m a­
terial. 

Older occurrences: Fairly common in the Stockholm region 
(Thedenius 1 852 ,  p. 1 67 ;  1 859, p .  1 1 5) .  Solna:  bverjarva 
1 9 1 0  (Hlilphers) ;  Frosundavik, Populus 1 907 (Tackholm) ; 
Stockholm :  Bromma, Sandvik, 1 9 1 1 (Lundqvist); Brannkyrka, 
Liljeholmen 1 89·7 (Malme) ; Enskede, Pungpinan, 1 9 1 0  (HUl­
phers), 1 8 37 (herb. Swartz) ; Rorstrands Hage, 1 841  (West­
berg). 

1 1  occu rrences were noted, all on Fraxinus except the two 
otherwi e i ndicated. The following occurrences have been 
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Fig. 19. Calicium hyperellum. 

noted:  Botkyrka :  Tull inge, 585; Huddinge : Vistaberg School, 
Populus ba/samijera, 570, sparse; Jarflilla :  Henningstorp, 
599; Lovo: Lovon, Lambarudd, 5 22; Nack a :  Erstavik, 5 5 8 ;  
Alta, 5 6 1 ; Sollentuna: Sollentuna Churchyard, 5 9 3 ,  sparse, 
not vital ; Stockholm:  H agersten, Bredang, 454; Tyreso: Rak­
sta, 59 1 ;  osteraker: Ostra Ryd, Bogesund, 546; Bogesund, 
Acer, 547, sparse. 

C. aurantiaca belongs to group 3. 
The pecie has apparently disappeared from large part of 

the uburbs of Stockholm. 

C. cerina (Ehrh.) Th. Fr. 

Distribution in  Scandinavia apparently ubiquitous. Grows 
mainly on the bark of isolated trees, especially Populus and 
Quercus. Seldom pa ses to lignum. 

Thedenius states ( 1 852, p.  1 67 ;  1 859, p .  1 1 5)  that the 
species is  common in the Stockholm region. Other occur­
rences: Danderyd: Djursholm,  Slott, Ulmus glabra 1 959 
( Hasselrot) ; Lidingo: Mission School , Populus 1 93 2  (Degelius) ; 
Sticklinge 1 926 (H akanson); Solna:  Jarva 1 9 1 0  (Malme); Ul­
riksdal 1 909 (Malme) ; H uvudsta, Populus 1 906 (Tackholm) ; 
Karlberg (Th. M .  Fries 1 87 1 ,  p. 49) ; Stockholm: Djurgarden 
1 890 (Kugelrl>erg). 

Occurrences in the inve tigated area: Botkyrka :  Norsborg, 
A cer, 575 ,  spar e; Tull inge, Fraxinus, 585 ,  spar e ;  Huddinge : 
Vistaberg School, Populus balsamifera, 5 70, sparse; Nack a :  
Er tavik, Fraxinus, 558 ,  sparse. 

C. cerina can probably be assigned to group 2 B (border­
ing on group 3) .  

The species h as withdrawn from the surroundings of Stock­
holm since the 1 9 1 0s. 

C. chlorina (Flot.) Sandst. 

Has a ubiquitous distribution in  Sweden but seems to be 
sparse to the north. It grows chiefly on stone, and occurs 
somewhat infrequently on dust-impregnated trees. 

Older occurrences: Degelius found the species in Stock­
holm: N .  Djurgarden, Stora Skuggan on  Ulmus 1 937.  

The following occurrences h ave been n oted :  Danderyd : 
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Djursholm, Quercus, 47 1 ,  spar e; J arfalla:  Church, Ulmus, 

5 1 9, par e ;  Stockholm:  Brannkyrka, Orby Slott, Ulmus, 464, 
sparse ; Hagersten, U lmus, 45 1 ;  Sankt Goran, M arieberg, 
Fraxinus, 73, spar e ;  Va terled, Appelviken, Salix jragilis, 9 1 ,  
sparse. 

C. chlorina belongs to group 2 B. 

C. luteoalba (Turn .) .  Syn. Candelariella luteoalba 

(Turn.)  Lettau, Callopisma luteoalba (Turn.) .  

The species eems to belong to the P. acetabulum group. 
Grows on isolated deciduou trees, exceptionally also on 
stone. One occurrence was noted in the investigated area. It 
belongs to the main form (f. ulmicola (DC) Lettau). 

o teraker: Bulle rhojden, Ulmus, 577 a, sparse. 
No older occurrences have been recorded. 

Candelaria Mass. 

C. concolor (Dicks.) Arn. 

Assigned to the U. pustulata group.  Apparently prefer i a ­
lated deciduous trees. 

Older occurrences: Solna:  Karlberg (herb. Thedenius) ;  
H aga 1 9 1 0  (Hi.ilpher ) ;  Haga-Jarva, Pinus, 1 9 1 0  (Hii lpher ) ;  
Northern Cemetery, Tilia (H�eg 1 934, p.  1 32) ; Stockhol m :  
Brannkyrka, Nybohov, Tilia, Ulmus glabra (H�eg 1 934, p .  
1 32) ; S .  Djurgarden, Ulmus glabra 1 9 3 7  (Degelius); E nskede, 
Skarpnack, Quercus robur 1 945 (Santesson); Lilljansskogen f 
M.argare'tavagen, A lnus, Rl()slagstull ,  Tilia; V alh allavagen, 
Acer platanoides, sparse ; Skan tull,  Gotgatan 1 1 1 , Fraxinus 

excelsior (H�g 1 934, p. 1 32) ; "Usque ad Holmiam" (Nylan­
der), Th. M. Fries ( 1 8 7 1 ,  p .  1 48). 

1 1  occurrences: Boo: Ormingelandet, Acer, 5 37,  spar e; 
Botkyrka:  Alby, Tilia, 583; Huddinge : Sundby Manor H ouse, 
Quercus, 5 86, abundant; Jiirfiilla: Saby Gard, Tilia, 597;  
Solna:  Ulriksdal, Tilia, 373 b;  Stockholm:  Bromma, Ulv­
sunda industrial estate, Fraxinus, 209, par e; Vasterled, 
1Smed !�ten. Ulmus, 42 1 ,  par e; Stock und: Danderyd, 
Stockby, Acer, 467, sparse; Tyreso: Kumla, Tilia, 590, sparse; 
osteraker :  ostra Ryd, Bogesund, Fraxinus, 548; Rydbo Salt­
sjobad, Fraxinus, 578 .  

C. concolor belongs to group 2 B, but  apparently borders 
on group 3. 

The pecies has clearly definitely retreated during the past 
30 years. 

Candelariella M till .  Arg. 

C. vitellina ( Ehrh.)  M ii l l .  Arg. 

C. vite/lina is ubiquitous in  Fennoscandia (Hakulinen 1 954, 
pp. 74, 1 04 ff.) .  I t  i s  primarily confined to siliceous stone 
and lignum, but occurs also on calcareous rock, bark and 
other substrates (I .e. ,  p.  1 05) .  

There are no records of older occurrences on growing 
trees in  the area. The species appears fairly commonly, how­
ever, in Sodermanland and Uppl and (Hakulinen 1 954, p .  75 ,  
fig. 9) .  

Three sparse occurrences have been noted in  the investi­
gated area :  Lidingo: Elfvik, Fraxinus, 5 3 1 ,  sparse ; Saltsjo­
baden : Neglinge, A cer, 5 57,  spar e ;  Osteraker : Bullerhojden, 
Ulmus, 577 a, parse. 

C. xanthostigma (Pers . )  Lettau 

H akulinen ( 1 954, p.  96) has a map showing the distribution 
of the species in  Fennoscandia. He writes: "Die Verbreitung 
der Art ist in  Fennoskandien e ng an das Auftreten der Laub-



baume gebunden." It is al o said to be ubiquitous in Fenno­
candia (I .e., p. 104) . I t  seem to prefer the trunks of de­

ciduous trees but occurs al o on l ignum and, in rare cases, 
on stone. 

Older occurrences : The species was observed mainly in the 
1 950s and 1 960s. Some older occurrences existed nevertheless. 
Malme observed the specie at Boo: Kummelnas in 1 909; 
Degelius in Ekero Churchyard on Tilia i n  1938. M alme found 
the species in  Kungsholmen, Stockholm, in 1 889, and Dege­
l ius in 1 937 on Tilia in Tyre o Slott Park, Tyreso. 

C. xanthostigma belongs to group 2 B in the inve tigated 
area (Fig. 20). 

Catillaria Th. Fr. 

C. Ehrhartiana (Ach . )  Th. Fr. 

Belongs to the V. pustulata group. Occurs on l ignum and on 
old deciduous trees, especially Quercus. 

Older occurrences: Stockholm region, in several places 
(Thedenius 1 852, p. 1 74 ;  1 859, p .  1 19, s.n. Cliostonum cor· 

rugatum). Solna : Karlberg (Thedenius 1 852, p. 1 74, s .n.  
Cliostonum corrugatum);  Stockholm: Brannkyrka, Quercus 

robur 1 9" 16  ( Hi.ilphers) ; Djurgarden 1 852  (Nyman, s .n.  Cliosto­

num corrugatum) ; Kastellholmen (s.n. Biatora Ehrhartiana); 

Kungsholmen,  Quercus robur, 1 838 (herb. C. F. Nyman, 
s.n. Cliostonum corrugatum);  Kungsholmstull ,  Quercus robur 

(s.n. Biatora Ehrhartiana); Djurgarden (Thedenius 1 852,  p .  
1 74, s .n .  Cliostonum corrugatum);  Djurgarden, Framnas, 
Quercus robur (Thedenius 1 859, p. 9, s.n. Cliostonum corru­

gatum. 

Two occurrences h ave been noted in the investigated area: 
at H uddinge : Quercus, 476, and at Nacka: Nyckelviken, 
Quercus, 554 .  

Even i f  i t  may sometimes be difficult to identify the specie , 
it is quite obvious what a difference there is in d istribution 
benween these older occurrences, more than a hundred years 
old, and the present one . 

C. globulosa (Flk . )  Th. Fr. 

Distribution in Scandinavia can practically be described as 
ubiquitous. Seems to prefer such deciduous trees as Acer, 

Fraxinus and Vlmus and appears in  cop es, avenues, parks etc. 
Older occurrences: Several places i n  the Stockholm region 

(Thedenius 1 852,  p. 1 69 ;  1 859, p. 1 1 6, s.n. Biatora anomala). 

Solna :  Jarva, 1 907 (Malme) ; Stockholm:  Brannkyrka, Jakobs­
berg 1 870 (S. Almquist) ; Liljeholmen, 1 897 (Malme) ; Blom­
mensberg, Quercus robur (Thedenius 1 852, p .  1 69 ,  s.n. Bia­

tora anomala). 

The following occurrences have been noted: Boo: Or­
mingelandet, Tilia, 5 3 8, abundant; Lovo: Lovon, oDrottning­
holm, Vlrnus, 426, sparse; Nacka: Nacka old cemetery, Acer, 

49 1 ,  s-parse ; Stockhol m: Spanga, Jarvafaltet, Tilia, 336. 
The species seems to belong to group 3. 

C. G riffithii (Sm. )  Malme 

Belongs to the V. pustulata group. Apparently grows mainly 
on deciduous trees, seldom on conifers. Prefers open planta­
tions, copses etc. 

Older occurrences (one only) : Stockholm :  Brannkyrka, 
Jakobsberg, 1 870, 1 87 1  (S. Almquist) . 

Only one occurrence was noted in the i nvestigated area: 
Stockholm: H agersten, Bredang, Quercus, 453,  sparse. 

I t  is  remarkable that the locations of these two occurrences 
are probably quite close to each other. 
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Fig. 20.  Candelariel la  xan:thostigma.  

C. prasina (Fr.) Th. Fr.  

Belongs to the V.  pustulata group. Seems to prefer deciduous 
tree to conifers; gwws also on lignum. 

Older occurrences: Boo:  Lovberga and Rensattra; both 
noted by M alme i n  1 908.  

One occurrence only :  osteraker: Bullerhojden, Vlrnus, 

577 a, sparse . 

Cetraria Ach. 

C. chloropylla (Wil ld . )  Vain. 

Belongs to the V.  pustulata group. G rows on  tree trunks and 
twigs, on  wooden fences and, though rarely, on stone 
(Magnusson 1 929, p. 93). Santesson ( 1 949, p. 1 98) says that 
the species prefers Betula, Picea and similar substrates. 

Older occurrences: Thedenius ( 1 852, p. 1 64;  1 859, p. 1 1 3)  
describes i t  as common i n  the Stockholm region. Lidingo: 
Common throughout the area (Hakanson 1 95 0, p .  225) ;  Solna 
H aga Park 1 9 1 0  ( Hi.ilphers) ; Bergshamra, Acer, and Ulriks­
dal, Tilia, 1958 (Hasselrot) ; Northern Cemetery, Tilia ( H9Seg 
1 934, p. 1 32) ; Stockholm: Royal College of Forestry, Quercus 

cerris, etc., 1 956 ( Hasselrot) ; Bergielund, 1 9 1 3  (Florin) ; En­
skede, Pungpinan 1 9 1 0  (Hillphers) ; Djurgarden, about  1 00 
metres west of the "Gotthem" restaurant (near station 395), 
Populus (H9Seg 1 934, p .  1 32). 

C. chlorophylla i s  assigned to group 1 B i n  this investiga­
t io n  (Fig. 2 1 ). 

It is hardly possible to ascertain any change i n  the distri­
bution area of the species if  a comparison is  m ade between 
older and more recent i nformation. The species h as possibly 
become sparser, but this is not certain either. 

C. glauca (L.)  Ach. 

Santesson ( 1 949, p .  1 98) writes: "On trees (especially b irch, 
spruce etc.), on bare wood, rocks etc., Skane-Norrland. Very 
common." M agnusson ( 1 929, p .  94) considers that the species 
is more sparse in the northern parts of Norrland.  

Older occurrences: Lidingo: Very common throughout the 
area with the exception of the densely built-up p arts (Hakan-
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Fig. 21 b. Cetraria chlorophylla. 

Fig. 21 a .  Cetraria chlorophylla.  
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son 1 950, p .  225); Nacka : Danviksbergen 1 907 (Tackholm) ; 
Solna: Ulriksdal, Tilia, sparse, 1 958  (Hasselrot); Stockholm :  
Ladugardsgardet 1 9 1 1 (Lundqvist) ; Stora Essingen 1 892 (Hes­
selman) ; N. Djurgarden, Uggleviken, on trees 1 905 (Tack­
holm) . 

C. glauca belongs to group 2 A. If there had been more 
conifers and birches among the phorophytes, the species 
would have turned up more generally in the outskirts of the 
investigated area. This i s  shown by Lundstrom's ( 1 966, p. 
54) report. Fig. 22 .  

By all appearances, C. glauca has disappeared from certain 
parts of  i ts old distribution area. 

C. pinastri (Scop.) S.  Gray 

Common on bark, etc. throughout Sweden (Sante on 1 949, 
p. 1 98). Grows most frequently on root collars and bases 
of trunks. Du Rietz ( 1 945 b, p. 1 58) states that the species is 
common, but often sparse on "poor bark". 

Older occurrences: Thedenius ( 1 852,  p .  1 64 ;  1 859, p .  1 1 3)  
describes the species as fair ly common i n  the Stockholm re­
gion. Lidingo: Common, especially i n  conifer areas on Pinus, 

Picea, Betula and other "poor bark" trees, as a r ule more 
or  less sparsely in the l ocalities (HAkanson 1 950, p. 226) ; 



Fig. 22. Cetraria glauca. 

Nacka:  Danviksbergen, Pinus, 1 907 (Tackholm), 1 9 1 0  (Hiil­
pher ); Stockholm: Bromma, Traneberg, on bark of decayed 
deciduous tree 1 907 (Tackholm), 1 9 1 0  (Du Rietz) ; Sandvik 
1 9 1 1 (Lundqvist) ; Brannkyrka, Liljeholmen 1 859 (Retzius); 
Royal College of  Forestry, Salix, 1 956 ( Hasselrot) ; Bergian 
Botanical Garde ns, Pinus, 1 944 (Grapengiesser); Enskede, 
Pungpinan, 1 9 1 0  (Hi.ilphers) ; Stora Essingen 1 892 (Hessel­
man). 

The species belongs to d istribution group 2 A.  Fig. 2 3 .  
I f  conifers a n d  other "poor bark" trees had been more 

general in the m aterial, C. pinastri would have occurred 
more generally in the outskirts of the investigated area. �hi 
i s  shown by Lundstrom's ( 1 966, p .  55) material . 

C. pinastri ha manifestly vanished from parts of its for­
mer di tribution area. 

Cladonia (Hi l l . )  Vain .  

C. coniocraea (Flk.)  Vain .  

Apparently ubiquitous in  Fennoscandia. Grows on bases o f  
trunks, primarily on conifers a n d  Betula, a n d  on stumps and 
moss. 

Older occurrences: H akanson ( 1 950, p .  2 19) mentions the 
spe cies as occurring on decayed stumps, moss-covered stones 
etc. common in Lidingo. Stockholm:  North Djurgarden, Sjo­
stugan, trunk base of Quercus, abundant, 1 958  (Hasselrot) ; 
Sofia, Sickla Point, base of Quercus, 1 965 (Ahlner) . 

The species is assigned to group 2 A in the i nvestigated 
area (Fig. 24). 

No great difference in distribution can be ascertained, as 
the species has only recently been recorded from the area. 

C. fimbriata (L. ) Fr. 

Ubiquitous in  Sweden. Santesson ( 1 949, p .  1 88) describes the 
species as common from Skane to Norrland. Grows on 
earth, decayed wood, bases of trees etc. 

Older occurrences: Lidingo: on varying substrates, com­
mon (H:i.J<.anson 1 95Q, p. 220) ; Stockholm:  South Djurgarden, 
near "Gotthem" restaurant (near station 395),  Ulmus ( H�eg 
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Fig. 23. Cetraria pinastri .  

1 934, p .  1 3 2) ; North Strandvagen, Ulmus (H�eg, l .c. ,  p .  1 34) . 
The following occurrences were noted: Botkyrka:  Tumba, 

Quercus, 5 84, sparse; H uddinge: Agesta, Quercus, 587; Sol­
lentuna: Sjoberg, Quercus, 5 1 7 ;  Stockholm:  Bromma, Blac­
keberg, Quercus, 1 33 ;  Oscar's, Djurgarden, Quercus, 398;  
Tyreso: Raksta, Fraxinus, 59 1 ;  Taby: Nasby Slott  Park,  Tilia, 

5 1 8, sparse. 
C. fimbriata belongs principally to group 3 .  
The specie seems t o  have disappeared from the inner 

parts of  the distribution area around Stockholm.  

Cladonia sp. 
Several stations with badly developed examples of epi­
phytic Cladonia h ave been l isted here. I n  all ea es  the oc­
currence is sparse to very sparse .  Mo t of them are probably 
C. coniocraea. 

Ekero: Gall tao, Ulmus, 524; H uddinge: Sundby M anor 
House, Quercus, 586;  Lidingo: Stockby, Acer, 5 29;  Lovo: 
Lovon, Drottningholm, Ulmus, 426; Nacka :  Nyckelviken, 
Quercus, 554;  Sollentuna: Sodersatra, Vasjo, Quercus, 595 ; 
Stockholm:  Spanga, Grimsta, Betula, 1 27 ;  Sankt Goran, Ma­
rieberg, Fraxinus, 77; M arieberg, Ralambshov, Pontoniars­
parken, Salix, 80; osteraker :  Ostra Ryd, Bogesund, Frosvik, 
Fraxinus, 548. 

Coniocybe Ach. 

C. hyalinella Nyl . Syn. C. nivea (Hoffm.) Arn. 

Belongs to the P. acetabulum group. Occu rs on bark of 
various kinds of  t rees. 

Older occurrences: Thedenius ( 1 852, p. 1 7 3 ;  1 859, p.  1 1 8) 
describes the species as fairly rare. Solna :  Karlberg Park 
1 948 (Sjogren) ; 1 886 (Kugelberg), Karlberg (Th. M. Fries 
1 852, p .  49; Thedenius 1 852, p.  1 7 3 ) ;  Stockholm :  Brannkyrka, 
Jakobsberg 1 87,1 (S. Almquist) ; Djurgarden (Thedenius 1 852, 
p. 1 73) ; Framnas, Quercus (Thedenius 1 859, p.  9). 

The following occurrences have been noted : H uddinge: 
Lanna, Ulmus, 588, sparse; Stockholm :  H agersten, Varberg, 
Fraxinus, 567, sparse; Spanga, Jarvafaltet, Tilia, 3 3 6, sparse; 
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Fig. 24. Cladonia coniocraea. 

Tyreso: Alby Rectory, Fraxinus, 592 a;  Osteraker : ostra Ryd, 
Bogesund, Vlmus, 550, sparse. 

C. hyalinella can apparently primarily be assigned to 
group 3 .  

The older occurrences seem t o  indicate that a hundred 
years ago the species appeared also at the edge of the city 
of  that time. The u rvival until at least 1948 in Karlberg 
Park should be noted. 

Evernia Ach. 

E. pnmastri (L.) Ach. 

Belongs to the V. pustulata group. Grows on tree trunk 
and branches, often on bushes (e pecially Prunus spinosa) 

on wood and-though rarely-on stone. 
Older occurrences: Thedenius ( 1 852, p.  1 63 ;  1 859, p. 1 1 2) 

describes E. prunastri as common in the Stockholm region . 
Stockholm:  Bromma, Alvik, Populus, 1 9 1 1 (H.  Du Rietz) ; 
"Holmiae" 1 837 (Nyman) ; 1 85 2  (Thedenius) ; Ladugardsgar­
det 1 9 1 1  (Lundqvist) ; Djurgarden, Froding statue, Populus 

(near station 400), east of "Gotthem" restaurant, Vlmus, 

sparse (near station 395), near the "I Tankar" statue (near 
station 3%), just outside Rosendal (near station 399) (HS!Seg 
1 934, p .  1 32) ;  vicinity of Djurgarden Theatre 1 859 (Thede­
niu. ) .  

E. prunastri belongs to group 2 B. Fig .  25 . 
The species has disappeared from many of i ts  previous 

localities. The changes have been striking in  the l ast 30 years 
alone. 

Hypogymnia (Nyl . in H ue) W . Wats. 

H. Bitteriana (Zahlbr.) Ras. Syn. Parmelia Bitteriana 

Zahlbr. , P. farinacea Bitter. 

Belongs to the V. pustulata group. Prefers pine bark and 
wooden fences, but also occurs on  other bark and on stone 
(Magnusson 1 929, p. 80) .  

Older occurrences:  Solna:  Ulriksdal, Tilia, 1 958  (Hasselrot) ; 
Jarva (Malme 1 907, p. 338) ;  Northern Cemetery, Tilia (HS!Seg 
1 934, p .  1 32) ; Stockholm:  Bromma, Alvik, Pinus (H.  Du 
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Fig. 25. Evernia prunastri. 

Rietz) ; N. Djurgarden, S.  Sjostugan, Quercus, 1958  (Hassel­
rot), Fiskartorpet 1 9 1 1  (Vestergren),  Uggleviken, Alnus, 1 9 '1 1 
(Vestergren) ; Enskede, beyond Hammarby Gard, Betula, 1 907 
(Tackholm) ; Djurgarden, Froding statue, Populus (HS!Seg 
1 934, p.  1 3 2) .  

Only four  occurrences have been noted in  t h e  mate rial for 
this thesis :  Botkyrka: Tumba, Quercus, 584, sparse; Dande­
ryd : Enebyberg Gard, Acer, 582 ;  Tyreso: Alby Rectory, Al­

nus, 592 b;  osteraker :  Bullerhojden, Betula, 577 b, abundant. 
In Lund tram's report ( 1 966) the species is not mentioned, 

and this supports the view tha·t group 3 is probably more cor­
rect than group 2 B .  However, there is  no doubt that H. Bit­

teriana is considerably more numerous in  the wooded parts 
of the investigated area's outskirts than the map i ndicate . 

The species thus penetrated much more deeply i nto the 
city until q uite recently, and i t  should be observed that its 
absence in  the pre ent material does not prove that i t  has 
disappeared entirely. Most of the older occurrences were on  
Pinus, with  some on Betula. 

H. physodes (L.)  W. Wats. Syn. Parmelia 

physodes (L.) Ach. 

Occurs throughout Fennoscandia. Grows on many d ifferent 
substrates. 

Older occurrences:  Lidingo: On bark and l ignum of  most 
l ignosa and on stone. Extremely common and community­
forming throughout the area (including the small i slands) ; 
also appears even in the most densely built-up parts (Ha­
kanson 1 950, p. 223);  Solna:  Karlberg, 1 857 (Cleve); Haga 
Park,  1 9' 10  (Hlilphers); Haga, 1910 (Hlilphers) ; Northern 
Cemetery, Tilia, sparse ( HS!Seg 1 934, p .  1 32) ; Stockholm :  
Bromma, M inneberg, with damaged cortical l ayer, 1 9 1 0  (Du 
Rietz); d itto c .  ap. 1 9 1 0  (H. Du Rietz) ; Nockeby, c .  ap. 
1932  (Vesterlund); Djurgarden, Betula, 1 926 (Degelius) ; S .  
Djurgarden, Acer pseudoplatallus, 1 937 (Degelius); Djurgar­
den, 1 86 1  (Henschen); ditto deciduous tree, 1 905 (Tackholm); 
d itto avenue between Djurgardsbrunn and "Manilla", 1 923 
(Vestergren); Enskede, Pungpinan, Betula, 1 9 1 0  (Hi.ilpher ) ;  
Skanstull, 1 8 64 (Dahlgren); S. Djurgarden, near  "Gotthem" 



Fig. 26 b. Hypogymnia phy ode . 

restaurant (near tation 395), Populus (Hjiieg 1 934, p. 1 32) ;  
d itto Ulmus (Hjiieg, I .e.);  N.  Strandvagen (near station 396), 
Ulmus (Hjiieg 1 934, pp. 1 32, 1 34) ; outside Rosendal (near 
stat ion 399), Acer (Hjiieg, J .c . ) ;  Margaretavagen, Betula, Alnus 

(Hjiieg 1 9 34, p. 1 32) ; along Mellanvagen, Picea (Hjiieg, l .c . ,  
pp. 1 32, 1 34); Ro J ag tull ,  Ti!ia (H�eg, 1934, p. 1 32); Skepps­
holmen, Acer pseudoplatanus + Fraxinus (Hjiieg 1934, pp. 1 32,  
1 34). 

Common in the Stockholm region (Thedenius 1 852, p .  
1 65 ;  1 859, p .  1 1 3) .  

H. physodes belongs to  the l ichens penetrating farthest 
into the investigated area. It thus belongs to group 1 A. 
Fig. 26. (See also Lund trom 1966, p .  72.) 

It is interesting to note that many of the older occurrences 
in Stockholm were also on  such deciduou trees as Fraxinus, 

Acer, Ulmus and Tilia. Some decline has apparently oc­
curred. 

H. tubulosa (Schaer) H avaas. Syn.  Parmelia 

tubulosa (Schaer) B i tter 

Ubiquitous jn  Scandinavia, but is  believed to become rarer 
t owards the north (Magnusson 1 929, p .  80) . Santesson ( 1 949, 
p. 1 94) describes it as common . Grows on thin branches and 
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Fig. 26 a. Hypogymnia  physodes. 
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Fig. 27. Lecanora carpinea. 

twigs of  conifer and deciduou trees, on trunks and wood, 
eldom on tone or earth. 

Older occurrence : Lidingo: On various kinds of trees 
(also on j uniper), both in natural vegetation and on road­
ides, etc. Sterile. Fairly common but mostly sparse ( Hakan­
on 1 950, p.  223);  Stockholm: Bromma, Alvik, 1 911 1 (Lund­

qvi t ,  Du Rietz); Fredriksberg, Minneberg (Du Rietz), Lill­
jans kogen, Margaretavagen, Betula ( H!iieg 1 934, p .  1 33),  Ber­
gian Botanical Gardens, 1 907 (Ridderstolpe) ; En kede, Pung­
pinan, 1 9 1 0 (Hi.ilphers). 

The following occurrences have 
Segeltorp, Quercus, 460, spar e ;  
Quercus, 560; Tyre 6: Kumla,  Tilia, 

Park, 1 ilia, 5 1 8,  par e.  
Belongs to distribution group 3 .  

been noted : Huddinge : 
Stockholm :  Skarpnack, 
590; Taby: N asby Slott 

The species is presumably considerably more common in 
the periphery of the investigated area than-because of the 
choice of phorophytes-this inve tigation shows. It formerly 
penetrated farther into the inner parts of the city than now. 

Lecanora Ach. 

L .  allophana (Ach. )  Nyl . 

Belongs to the U. pustulata group. According to M agnu son 
( 1 932, p. 79) the substrate is  mainly aspen bark . 

Older occurrences: Solna:  H aga, 1 959 (Retzius); larva, 1907 
(Malme) ; Overjarva, 1 9• 1 0  (Hi.ilphers) ; Stockholm:  Djurgar­
den, 1 86 1  (Thedeniu ); Ladugardslandet, 1 86 1  (Thedeniu ); 
Enskede, Pungpinan, 1 9 1 0  ( H i.ilphers) . 

Present m aterial : JarHil la :  Jarfal la Church, Ulmus, 5 1 9 ;  
Lidingo: Elfvik, Fraxinus, 53 1 ;  Lovo: Lovon, Lambarudd, 
Fraxinus, 522; Nacka: Bollmora, Fraxinus, 562; Al ta, Fraxi­

nus, 5 6 1 ;  Stockholm:  Skarpnack, Orhem, Fraxinus, 497 ; 
Spimga, Jarvafaltet, Fraxinus, 335 ,  376;  Vasterled, Nockeby­
hov, Acer, 425;  Osteraker: Ostra Ryd, Bogesund, Broknas, 
Ulmus, 550;  Bogesundslandet, Fraxinus, 543.  

The specie belongs to group 3.  
L. allophana has retreated from many localities in the 

urroundings of Stockholm.  
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Fig. 28. Lecanora cblarotera. 

L. carpinea (L . )  Vain.  

Belongs to the U. pustulata group. M agnus on ( 1 932, p .  86)  
suggest that L .  carpinea embraces "eine Menge von Formen 
und vielleicht auch Arten". In  the present material, too, the 
appearance of the species varie within q uite wide l imit . 
The name may therefore be regarded as a collective designa­
tion. L. carpinea occurs both on isolated deciduous trees and 
-although more rarely-on conifers and l ignum. 

Older occurrence : Solna: H aga, A lnus, 1 9 1 0  (Hi.i lpher ) ;  
Ulriksdal, 1 909 (Malme) ; 1 9 1 0 ( Hi.il phers); Overjarva (id .) ;  
Stockholm: Ulvsunda, Tilia, 1 927 ( Degel iu ) ;  Vibergslund, 
Corylus, yea r? (H. Du Rietz). 

Thedenius ( 1 852, p. 1 73) describes Pertusaria communis 

as fairly common in the Stock holm region and adds "but 
only terile = Lichen carpineus" common i n  Stockholm region 
(I .e., p. 1 67; 1 859, p .  1 1 4) s .n .  Parmelia a/bel/a f .  angulosa. 

L. carpinea belongs to group 3. Fig. 27 .  
L.  carpinea has retreated decidedly from the more central 

parts of the Stockholm area. 

L. chlarona (Ach.)  Nyl . 

M agnusson ( 1 932,  p. 8 1 ) believes that the pecies is not 
unusual i n  Scandinavia. Erichsen ( 1 957,  p .  295) consider 
that it is rare in  north-western Germany. L. chlarona i s  ap­
parently a deciduous-tree species. 

Older occurrences: Boo : Kummeln�i , 1 909, Lovberga, 1 906, 
Rensatra, 1 907, Huddinge : 1 908 (Mal me);  Solna: overjarva, 
1 9 1 0  (Hi.il phers). 

The following occurrences have been noted :  Boo: Anne­
berg, Tilia, 552;  Boo Church, Tilia, 534, spar e; Huddinge: 
Stuvsta, Acer, 474; Agesta, Quercus, 587 ;  Lidingo: Bodal, 
Quercus, 508; Boson, Aesculus, 530, abundant; Saltsjobaden: 
Fraxinus, 556, spar e ;  Sollentuna: Edsviken, Populus nigra, 

5 1 6; H aggvik,  Acer, 594; Stockholm :  Brannkyrka, Herr­
angen, Alnus, 459; Skarpnack, Pungpinan, Quercus, 496; 
Tyreso: Alby Rectory, Alnus, 592 b, abundant ;  Ti.i'by: Roball, 
Viggbyholm, Fraxinus, 580; o teraker :  Bullerbojden, Ulmus, 

577 a; Resaro, Ytterbystrand, Betula verrucosa, 576 b, sparse. 
The species can be assigned to group 2 B . 
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Fig. 29 b. Lecanora conizaeoides. (Also on stations 240,  244 and 246, compare Fig. 1 1  b.) 

The species was clearly overlooked formerly, and it  is 
therefore difficult to compare the present with the former 
distribution. 

L. chlarotera Nyl . 

M agnusson ( 1 9 32, p. 85) writes that L. chlarotera appears 
to be a common l ichen in central and southern Europe and 
that i t  extends in Sweden to at least as far as Uppsala. The 
species belongs to the P. acetabulum group. It seems to 
prefer deciduous trees. 

L. chlarotera belongs to group 3 in the present material. 
Fig. 28 .  

There are  no records of older occurrences. 

L. conizaeoides Cromb. Syn. L. pityrea Erichs. 

AJ mborn ( 1 948, p. 20) includes L. pityrea in the P.  ace­

tabulum group. It could now be more appropriately placed 
in the U. pustulata group, as occurrences of  L. conizaeoides 

h ave been noted as far north as in Angermanland (Mo­
berg 1 966, p. 40). However, it is  remarkable, as Ahti 
( 1 965, p. 9 1 )  shows, that the species is  apparently not found 
in Finland. I t  is thus a western species that occurs over large 
parts of western Europe (see for example Almborn 1 943 ; Fig. 29 a. Lecanora conizaeoides. 
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Fig. 30. Lecanora expallens. 

Fenton 1 960; Kershaw 1 963, p. 68; Degel iu 1 9 6 1 ,  1 966, p.  5 ;  

Barkman 1 963 ; Adelheid Schmid 1 957 ;  Laundon 1967, p.  292) . 

It is apparently expanding vigorously. 
L. conizaeoides appear on bark, l ignum and siliceous 

stone and i s  regarded by several writer , including Barkman 
( 1 95 8) as toxitolerant. 

The species belong to group 1 A. Fig. 29. 

No older occu rrences have been recorded in the Stock­
holm region . 

L .  crassula H .  M agn. 

Magnu son ( 1 932, p.  81) tates that L. crassula is certainly 
a common pecies in the outhern part of Sweden. I t  i as-
igned to the P. acetabulum group. L.  crassula is  a deci­

duous-tree pecies and seem according to Magnusson to 
prefer ites affected by dust. 

The following occurrences have been noted: Boo: Boo 
Church, Tilia, 5 34, sparse ; Boo Old Church, Ulmus, 5 5 1 ;  

Huddinge : Quercus, 476, spar e ;  Lidingo: Molna, Tilia, 526, 

par e;  Lovo: Lovon, Lindo, Quercus, 523 ;  Lovo Church, 
A cer, 52 1 ,  parse; N acka: Quercus, 5 5 3 ;  Hellasgarden, Que r­

eus, 565 ;  Stockholm :  Brannkyrka, brby Slott, V lmus, 464; 

Farsta, Fagersjo, Quercus, 4 1 8 ;  Skarpnack, Platen, Quercus, 

560, spar e; Spanga, JarvaHiltet, Acer, 573 ;  Tyreso: Tyreso-
and, Fraxinus, 5 64; Vaxhol m :  Fraxinus, 542; bsteraker:  

bst ra Ryd,  Bogesund, Acer, 547.  

The pecie can probably be assigned to group 2 B.  
No older occurrences in  the  investigated area have been 

recorded. 

L. expallens Ach. 

A signable to the P. acetabulum group. Occur on all k inds 
of tree in  not too illuminated situations (Almborn 1 952, p.  
25 1 ) . 

Older occurrence (one only): Sollentuna: Churchyard 1954 

(Sundell). 
The species belongs to group 2 B.  Fig. 30. 
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Fig. 31. Lecanora subfu ea coll. 

L. Hageni Ach. 

Ubiquitous in Sweden but seems to be spar e no rthward . 
Grows on all kind of bark, on lignum and (rarely) on stone 
etc. 

Older occurrences: Solna :  Ulriksdal, 1909 (Malme);  Stock­
holm:  Bromma, 1 9 1 4  (Du Rietz) ; Taby: Populus, 1 911 1 (Ve -
tergren). 

Occu rrences in the inve tigated area :  Botkyrka :  Alby, 
Tilia, 583 ;  Huddinge: Vistaberg School, Populus, 570, spar e; 
Lidingo; Elfvik, Fraxinus, 5 3 1 ,  spar e;  Stockhol m :  Spanga, 
Grimsta, Fraxinus, 1 32 ;  bsteraker :  bstra Ryd, Bogesund, 
Fraxinus, 545 .  

The species belong t o  group 3 ,  and h a  decl ined i n  the 
Stockholm area during the last 50 years. 

L. macu/ata ( Erichs . )  Almb. syn . Pertusaria 

maCLtlata Erich . 

Belongs to P. acetabulum. group. L. macu/ata i "frequent 
mainly on deciduous tree in  woods" (Almborn 1 952, p. 
25 1 ) .  

Older occurrences: Boo: Myrsjon, 1 9·10 ;  R e n  atra, Ulmus, 

1 9 1 3  (Malme), (Magnu on 1 937 a,  p. 1 32) ;  Myr jon, (Malme 
1 937, p.  1 78);  Rensatra (Malme, Le.) ;  bsteraker :  S .  Taljo, 
A lnus glutinosa, 1 95 8  (Hasselrot) ; Pata, Alnus glutinosa, 

1 961  (Hasselrot). 
The following occu rrences have been noted : Jarfal la:  Hen­

n ing torp, Fraxinus, 599, abundant; Jarfalla  Church, Ulmus, 

5 1 9 ;  H uddinge: Quercus, 476; Sollentuna: Sollentuna Church­
yard, Fraxinus, 593, sparse ; Stockhol m :  Hagersten, Skarhol­
men, Quercus, 5 66 ;  b terhaninge: Vendel o, Acer, 5 89, parse. 

The species can probably be assigned to group 3 .  

A compari o n  between older and more recent occurrences 
gives no indication of po sible changes in the distribution 
pattern .  

L .  subfusca col i .  (L.)  Ach. 

I n  many cases it was i mpossible to decide definitely which 
species within the L. subjusca group wa concerned. The 



Fig. 32. Lecanora subfuscata. 

designation L.  subjusca probably conceals primarily L. cras­

sula, L. chlarotera and L. subjuscata. Fig. 3 1 .  

A s  the m ap shows, i t  i s  mainJy a quest ion o f  sparse oc­
currence , frequently with small and i l l-developed specimens. 

H I/Seg ( 1 934,  p. 1 3 2) mentions L. subjusca on Tilia at 
Roslagstull and i n  Valhallavagen. Thedenius ( 1 852,  p. 1 66; 

1 859, p. 1 1 4) describes it ( .n. Parmelia subfusca) as common 
in the Stockholm region. 

H9Seg's two occurrence are situated nearer the city centre 
than at pre ent, which indicates a decl ine in present dist ribu­
tion of the L.  subfusca group. 

L. subfuscata H. M agn. 

Belongs to the U. pustulata group. M agnusson ( 1 932, p.  80) 

considers that the species has "eine weite Verbreitung und 
i t wenigstens in  Schweden bis Uppland eine haufige Flechte" . 
L. subfuscata occurs on trees of all k inds. 

The species belongs to group 2 B .  Fig. 3 2 .  

No older occurrences in t h e  Stockholm region have been 
noted . 

L .  symmicta Ach. Syn. Lecidea (Biatora) 

sym micta Ach. 

The species seems to belong to the U. pustu1ata group. 
L.  symmicta grows on bark and l ignum. 
Older occurrences: (only a few have been recorded) . 

M alme noted the species in 1 909 and 1 9 1 0  in Boo: Lov­
berga. Thedenius ( 1 852, p.  1 67 ;  1 859, pp. 1 14, 1 1 5) describes 
L. symmicta as fairly common in the Stockholm region. 

The following occurrences have been noted: Boo: Men­
sattra, Quercus, 541 , sparse ; H uddinge: Quercus, 476, sparse ; 
Stuvsta, Acer, 474, sparse ; Liding6: Boson, Aesculus, 530, 

sparse ; Stockholm:  Skarpnack, Flaten, Quercus, 560, sparse ; 
Spanga, Grimsta, Quercus, 1 29;  Vasterled, Acer, 409, sparse. 

The species probably belongs to group 2 B .  

L .  umbrina (Ehrh.) Rohl . 

Distr ibut ion in Sweden is u biquitous. L. umbrina occurs on 
lignum,  but  also grows on bark and stone. 
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Fig. 33. Lecidea olivacea. 

The follo•wing occurrences have been noted :  H uddinge :  
Vistaberg School, Populus, 510; Lidingo: Elfvik, Fraxinus, 

53 1 ;  Stockholm:  Bromma, S. Angby, Ulmus, 4 1 0 ; Spanga, 
Jarvafaltet, Acer, 573 ;  Stocksund:  Danderyd, Stockby, Acer, 

567, sparse; Tyreso: Alby Rectory, Alnus, 592 b, sparse; 
Taby: Ensta, Hastangen, Acer, 5 8 1 ,  sparse ; osteraker: ostra 
Ryd, Bogesund, Fraxinus, 545. 

The species probably belongs to group 3 .  

No older occurrences of L .  umbrina have been recorded 
in the Stockholm region. 

Lecanora sp. 

I t  has not  been possible to identify the following occurrences 
of Lecanora. In  all cases the occurrences were scanty and 
often with poor fertility. 

Lid ing6: Sodergarn, Fraxinus, 532; Solna:  Southern Ceme­
tery, Acer, 360; Norrbacka, Ulmus, 352; Stockholm :  Skarp­
nack, Quercus, 559; Sankt Goran, Marieberg, Fraxinus, 73 ;  

Spanga, Grimsta, Pinus, 1 2 5 ;  Jarvafaltet, Fraxinus, 335 ;  Ty­
res6 : Kumla, Tilia, 590. 

L ecidea (Ach . )  Th. Fr. 

Lecidea efflorescens (Hedl . )  Erichs. Syn. L .  he/vola 

(Koerb.) Th. Fr. f. efflorescens Hedl . 

Belongs to the U. pustulata group. Grows frequently on 
Quercus, etc., and according to Almborn ( 1 952, p. 252) is 
not infrequent (though hitherto overlooked). 

The following occurrences h ave been noted :  Boo: Orminge­
landet, Tilia, 538 ;  Liding6: Koltorp, Quercus, 528; Stockby, 
Acer, 529; H uddinge : Lanna, Ulmus, 588;  Nacka: Nacka Old 
Cemetery, Acer, 491 ; Erstavik, Fraxinus, 558 ;  Saltsjobaden : 
Neglinge, Acer, 557;  Solna :  Northern Cemetery, Acer, 357 ;  

Stockholm:  Engelbrekt, Brunnsviken, Alnus, 3 39, sparse ;  
Farsta, Quercus, 4 1 5 ;  Fagersj6, Quercus, 4 1 8 ;  Skarholmen, 
Quercus, 5 66, sparse; Oscar's, Djurgarden, Quercus, 398;  

Sankt Goran, M ar ieberg, Fraxinus, 7 3 ;  Vasterled, Alsten, 
Quercus, 423, sparse; Tyres6: Fraxinus, 563 ; R aksta, Fraxi­

nus, 59 1 ;  Osteraker :  Ostra Ryd, Bogesund, Tilia, 544. 
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Fig. 34 b. Lecidea scalaris. 

Fig. 34 a .  Lecidea scalari . 
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L. efjlorescens belongs to group 2 B.  
No older occurrences have been recorded .  

L. glomerulosa (DC) Steud.  Syn.  L. euphorea 

(Flk.)  Nyl . 

Ubiquitous in Sweden, but eem to become rarer toward 
the north. Grows on bark and wood.  

Older occurrences: Thedenius ( 1 852, p.  1 70;  1 859,  p. 1 17 ,  

s .n .  L. parasema) describes the species as common in  the 
Stockhol m region. Lidingo: Stockby, 1 926 (Hakanson);  Solna:  
l ngenting kogen, 1 907 (Tackholm); overjarva, 1 9 1 0  (Hi.il­
phers); Karlberg, 1 85 1  (Th. M. Fries) and 1 862 (Henschen); 
Stockholm:  Enskede, Pungpinan, 1 9 1 0  (H i.ilphers) ; J akobsberg, 
1 870 (S. Almquist); Dju rgarden, 1 890 (Kugelberg); Kung -
holmen, near Ralambshov on avenue trees 1 862 ( Henschen), 
around Stockholm Th. M. Fries ( 1 874, p.  546, s.n. L. e/aeo­

chroma Laureri (euphorea v. Laureri). 

The following occurrences were noted: Botkyrka: Tullinge, 
Fraxinus, 585 ;  H u ddinge: Agesta, Quercus, 587;  Nacka: 
Erstavik, Fraxinus, 558 ;  Tyre 6:  Raksta, Fraxinus, 59 1 ;  os­
teraker: Bullerhojden, Ulmus, 577, sparse ; Resaro, Ytter-

trand, Ulmus, 576 a ;  Ostr.a Ryd, Bogesund ,  Fraxinus, 548. 

All the occurrences were in  the "normal zone",  and the 



species should therefore prope rly be assigned to a group 4. 
It would also be possible to include for example Bacidia 

luteola in this group (see p. 30). 
In a comparison between the older and the more recent 

occurrences it  appears that the species has lost very much 
territory during the last few decades. All the older oc­
currences except one are more than 50  years old.  The oldest, 
from Karlberg and Kungsholmen, are more than 1 00 years 
old .  No occurrences have been noted since 1 926 despite the 
fact that the area has been thoroughly searched by several 
l ichenologists. 

L. helvola ( Kbr.) Th. Fr. 

The species i s  probably ubiquitous in Scandinavia. I t  appears 
to grow on bark o f  deciduous t rees. 

Older occurrences: Malme found L. he/vola on several 
occasions and at several different places in  Boo parish dur­
ing the years 1 907- 1 9 1 0  and in Nacka :  Nackanas, in 1 907. 

Only one occurrence has been noted : Sollentuna: Edsviken, 
Populus, 5 1 6, sparse. 

L. olivacea (Hoffm.)  M ass. 

Ubiquitous in  Scandinavia. Seems to prefer smooth bark but 
i s  also found on l ignum. Common. 

Older occurrences: Thedenius ( 1 852, p .  1 70;  1 859, p. 1 1 7, 
s .n .  L. dolosa (v. dolosa) describes the species as rare in  the 
Stockholm region. Lidingo: Kanada, 1 930 (Hakanson) ; Nacka: 
Nackanas-Lilla Sickla, Corylus, 1 9 3 1  (Degelius); Stockholm : 
Frescati, Museum of Natural  History, Populus, 1 956 (H assel­
rot). 

L.  olivacea belongs to group 3 in the investigated area. 
Fig. 3 3 .  

L .  quernea (Dicks.) Ach. 
Belongs probably to the P. acetabulum group. In southern 
and central Sweden i t  seems to prefer such deciduous trees 
as  Acer, Fraxinus, Ulmus etc. Almborn ( 1 952,  p .  252) de­
scribes L. quernea as "Rather frequent, mainly on deciduous 
t rees in not too i l luminated situations". 

Older occurrences: Only one has been noted-at Tyreso: 
Borgviken, Alnus, 1 948 (Magnusson & Hasselrot). 

The following occurrences h ave been noted:  Botkyrka :  
Alby, Tilia, 583 ,  sparse; Norsborg, Acer, 575 ;  Tumba, Quer­

cus, 5 84, sparse; Jarfalla :  Saby Gard, Tilia, 597;  Sollentuna:  
H aggvik, Acer, 594; Tyreso: Alby Rectory, Abws, 592 b;  

Kumla,  Tilia, 590,  sparse; osteraker: Resaro, Ytterstrand, 
Ulmus, 576 a; Ostra Ryd, Rydbo Saltsjobad, Fraxinus, 578 .  

L .  quernea can probably be assigned to group 3 .  

L. scalaris A,ch. Syn . L. ostreata (Hoffm.)  Schaer. 

Ubiquitous i n  Scandinavia. Santesson ( 1 949, p .  1 84) states 
"Skane-Norrland. Common". Grow on bare wood, stumps, 
wooden fences, barns, pine bases and the like (Le.) . 

Older occurrences:  Most of the records are only about 
10 years old. I t  is  mainly Hasselrot h imself who has noted 
them. The majority of the occurrences are from wooded sec­
tions in the outskirts of the investigated area and are there­
fore

. 
not so i nteresting. Hyieg ( 1 934, p. 1 32) however men­

tions the appearance of the species at  several places in 
Stockholm, and H akanson ( 1950, p. 2 1 6) several places i n  
Lidingo. Degelius gathered L .  scalaris in  1 937 in  Djurgarden, 
Blockhusudden, on Alnus, and at Fiskartorpet on an old 
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Quercus, in the same year i n  Sodermalm, Danvikslunden, on 
young Fraxinus and in  1 94 1  on Ulmus at the B io logical 
Museum, Djurgarden. Several other earlier finds in Djur­
garden, etc ., show that the species has passed to Acer, Fraxi­

nus etc. 

In  the more central parts of the investigated area it also 
occurs abund antly  on deciduous trees. In the peripheral parts 
it disappears from this substr.ate and occurs in the outskirts 
of the investigated area generally on pines.  (See also Lund­
strom 1 966.) Is  assigned to group 1 B (Fig. 34). 

Compared with Hyieg's notes of occurrences in 1 934, it 
appears that the species has withdrawn from some of the 
innermost localities, for example in the n ort hern part of the 
inner city. 

Lepraria Ach. 

L. candelaris (L.)  Fr. 

Common on bark and wood throughout Sweden (Santesson 
1949, p .  1 73).  Three occurrences have been noted-Hud­
dinge :  Varby, Fraxinus, 5 68, sparse; osteraker :  ostra Ryd, 
Bogesund, Tilia, 544; Ulmus, 5 50. 

All these occurrences l ie outside the external transitional 
zone and could therefore be assigned to a group 4 together 
with, for example, Lecidea glomerulosa and Bacidia luteola. 

Older occurrences: most of these date from the end of 
the 1 95 0s and were noted by H asselrot. Distribution of 
these recent occurrences cnincides well with those men­
tioned by me a:bove. The following occurrences may be of 
interest: Sollentuna: Tureberg, Alnus, 1 956 (Greta Sernander­
Du Rjetz); Ravalen, Quercus robur, 1 962 (Hasselrot) ; Solna :  
Haga Park, Quercus robur, 1 9 1 0  (Vestergren det .  H ultin) ; 
Ulriksdal, Quercus robur, 1 9 1 4  (Florin) . 

The species has very likely been dislodged from certain 
parts of its former distribution area.  

L. incana (L . )  Ach. Syn. L. aeruginosa (Wigg.) Sm . 

Apparently ubiquitous. Almborn ( 1 95 2, p. 253)  describes the 
species as "Very frequent, mainly i n  the crevices of rough 
bark, preferring shaded exposure". The species can also pass 
over to earth. Fig. 35 .  

In  the  investigated area, the  species belongs to group 1 B .  
Older occurrence : Stockholm :  Oscar's, Strandvagen-Karla­

vagen, Acer, 1 9 1 9  (Greta Sernander) .  Cf. also Hyieg ( 1 934, 
p. 1 32). 

Nephroma Ach. 
N. parile Ach. 

Magnusson ( 1 929, p .  42) describes the species as common 
in Sweden and says that it grows on mossy stones and tree 
trunks. 

Older occurrences :  Stockholm region, fairly cnmmon 
(Thedenius 1 85 2, p .  1 64 ;  1 859,  p .  1 1 3 ,  N. resupinatum papy­

raceum-according to Hasselrot this probably refers mainly 
to N. pari/e) . Boo: Lovberga, 1 909 (substrate?) (Malme) ; 
Stockholm: Bromma, Riksby, Fredriksberg, M asen, Populus, 

19' 1 1 (Du Rietz) ; Djurgarden (substrate?), 1 854 (Thedenius) ; 
Taby: north-east of the Grindstugan, Populus, 1 956 (Hassel­
rot); osteraker:  Knaborg, Populus, 1 959 (Hasselrot); ostra 
Ryd: southwest of  railway station, Populus, 1 9 5 5  (Hasselrot). 

One occurrence was noted-Tyreso: Raksta, Fraxinus, 59 1 .  
This i s  i n  the "normal area". 

Some of these occurrences are inside the now separated 
central transitional zone. 
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Fig. 35 b. Lepraria incana. 

Fig. 35 a. Lepraria incana. 
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Ochrolechia M as . 

0. androgyna (Hoffm.)  Arn . Syn. 0. subtartarea 

(Nyl .) M a  . 

Almborn ( 1 952, p. 253) describes the species as "Frequent, 
mainly on rough bark of deciduous trees". The pecie can 
go over to mos and lignum. 

No records of older occurrences in the Stockholm region 
have been found. 

0. androgyna belong to group 2 B in thi material. F ig. 36. 

0. microstictoides Ras. Syn . Pertusaria 

silvatica H .  M agn. 

Almborn ( 1 95 2, p. 254) write : "Frequent, mainly on wood­
t ree (non-eutrophiated bark)". 

No record of older occurrence in  the Stockholm region 
have been found. 

The species belongs to g roup 3. Fig. 37. 

0. subviridis (Hs6eg) Erichs. 

Seems to belong to the P. acetabulum group. Prefer isolated 
deciduous trees and copses. 



Older occu rrence (one only): Tyre 6: Hammarberget, Quer­

cus (one pecimen) 1954 (Degelius, Hasselrot, Lindahl). 
One occurrence in  the investigated area :  Stockholm: Farsta, 

Fagersjo, Quercus, 4 1 8, spar e. 

Opegrapha H umb. 
0 .  varia Pers . 
Almborn ( 1 948) does not include 0. varia among the southern 
pecie . Sante son ( 1 949, p. 1 76) states, h owever, that the 
pecie i s  frequent from Skane to Gastrikland. I t  prefers old, 

c racked bark-chiefly on uch deciduou trees as A cer, Ul-

11/US, Fraxinus, etc. 
Older occurrences: Solna: Haga Park,  on deciduous tree, 

1 906 (Tackholm);  Jarva, 1 907 (Malme) ; Karlberg Park 
(year?) (Stenhamrnar); Stockholm :  Dju rgarden, 1 894 (Romel l);  
L.  Skuggan, Quercus, 1 907 (Tackholm); Taby: Gribbylund 
avenue, Fraxinus, 1956 (Ha selrot) . 

Occurrences in the investigated area : Boo: Ormingelandet, 
Fraxinus, 5 3 5 ,  abundant; H uddinge : Uinna, Ulmus, 588 ;  Li­
d ingo: Elfvik, Fraxinus, 5 3 1 ,  par e; Lovo: Lovo Church, 
Acer, 5 2 1 ; Stockholm: Hagersten, Varberg, Fraxinus, 567;  
Spanga, Grimsta, Fraxinus, 1 32 ;  J arvafaltet, Tilia, 3 36; Tyreso: 
Rak ta, Fraxinus, 59·1 ; 0 teDhaninge: Vendelso, Acer, 5 89, 
parse ; Osteraker:  Bullerhojden, Ulmus, 571 a; 0 tra Ryd, 

Bogesund, Ulmus, 5 50; Fraxinus, 546, 549, parse ; Boge­
undslandet, Fraxinus, 543. 

The species does not appear until the "normal area" and 
should therefore be as igned to group 4. 

The species seems  to have left large territorie in  the more 
central parts of  the investigated area .  It is a well docu­
mented ea e of such a retreat. 

Opegrapha sp. 

Tyreso: Raksta, Fraxinus, 5 9 1 ,  sparse. 

Pachyphiale Lonnr. 

P. fagicola (Hepp.) Zw. 
From Skane to the northern most  part  of Sweden. I t  oc­
curs mostly on bark of deciduous trees (Acer, Alnus, Fagus, 

etc.).  
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Fig. 3 7. Ochrolechia microstictoide . 

No information has been obtainable regarding older oc­
currences in the Stockholm region. 

Occurrences in the inve tigated area : Osteraker:  Bullerhoj­
den, Ulmus, 571 a; Re aro, Ytter trand, Ulmus, 516 a, abun­
dant; Betula, 516 b, abundant. 

Both localities are in  the "normal area". 

Parmelia Ach. 

P. acetabulum (Neck .) Duby 

Greta Sernander ( 1 923) studied the ecology (incl. d istribu­
tion) of P. acetabulum and tated (I .e., p.  3 1 9) that the 
pecies with few exceptions is  to be found on trees by road­
ide and on trees in churchyards and parks. See also 

Du Rietz 1 945 b (p. 1 5 3) .  
Almborn ( 1 948, p .  1 7) applies P. acetabulum to de ignate 

a southern group of l ichens in  Scandinavia, which have 
their northern l imits l argely coinciding with the northern 
l imit for Quercus robur. Almborn publishes also a revised 
map showing d istribution in Scandinavia (Fig. 4, p .  1 9) .  

Older occurrence : Solna:  Overjarva, 1 9 1 0  (Hi.ilphers), 
Quercus robur (Greta Sernander 1 923,  p .  308) ; Bergsbamra, 
Acer platanoides, 1 95 8  (Hasselrot) ; Ulriksdal, Tilia, 1 95 8  
(Has elrot) ; Stockholm: Spanga, Hjulsta, Populus, 1 9 1 5  ( D u  
Rietz) (Greta Sernander 1 923,  p .  308) ; Bromma, Alvik, 
Fraxinus excelsior, 1 9 2 1  (Greta Sernander, I .e . ,  p.  307) ; 
Brannkyrka, Acer platanoides, Ulmus glabra, 1 9 1 9  (Greta 
Sernander, I .e . ,  p .  307) ; S. Djurgarden, Acer platanoides, 

1920 (Vestergren) (Greta Sernander, I .e . ,  p. 307) . 
The fol lowing occurrences were noted: Botkyrka :  Alby, 

Tilia, 583 ,  c.ap.; Danderyd : Enebyberg Gard, Acer, 5 82, 
sparse; Huddinge: Glomsta, Fraxinus, 569 ;  Snattringe, Quer­

cus, 5 7 1 ,  sparse; Sollentuna: Sollentuna Churchyard, Fraxi­

nus, 593 ,  abundant; Stockholm: Hagersten, Bredang, Fraxi­

nus, 454; Skarpnack, Platen, Quercus, 560, sparse, not  v ital ; 
Spanga, Jarvafaltet, Rinkeby, Acer, 574, sparse; Sankt Go­
ran, M arieberg, Ulmus, 74; Taby: Ensta, Acer, 5 8 1 ,  sparse; 
Hagby, Ulmus, 596, sparse; Osteraker: Ostra Ryd, B ogesund, 
Acer, 541, sparse; Rydbo Saltsjobad, Fraxinus, 578,  sparse. 

The species belong to group 2 B. 
A comparison between the present and the older occur-
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Fig. 38. Parmelia exas-peratula. 

rences gives one t he impression that the species has d isap­
peared from certain parts of its former territory. 

P. exasperata De Not. Syn. P. aspera M ass. ,  
P.  aspidota (Ach.)  Poetscb .  
Assigned to  the V. pustulata group. Grows on branches and 
trunks of deciduous trees, seldom on stone (Magnusson 
1 929, p. 85). Common. Santesson ( 1 949, p .  1 63) states tha.t 
the species is found in nearly all parts of Sweden. 

Older occurrences: Lidingo: On bark, especially if it i s  
young and  smooth, on trunks or (more frequently) branches 
and twigs of deciduous trees and deciduous bushes (ob­
served on Populus, Acer, A esculus hippocastanum), pre­
dominantly on localities exposed to dust impregnation. C. ap. 
in  several places (presumably fairly common) (Hakanson 
1 950, p. 223), Church, Acer platanoides, 1 949 (Hasselrot) ; 
i nnermost par.t of Kyrkviken, Acer platanoides, 1 950 (Has­
selrot) ; Sodergarn, Fraxinus excelsior, 1 949 (Hasselrot) ; Elf­
vik, Aesculus hippocastanum, 1 949 (Hasselrot); Stora Hog­
garn, Fraxinus excelsior, 1 949 (Hasselrot). At  many places 
in the Stockholm region on old, slightly shaded branches of 
aspen and apple t rees (Malme 1 9 1 0  a, p. 1 1 5) .  

Occurrences in the investigated area: Huddinge: Stuvsta, 
Quercus, 476, Acer, 474, sparse; Saltsjobaden: Neglinge, 
Acer, 557, sparse ; Sollentuna: Edsviken, Populus, 5 1 6, not 
vital ; Stockholm: Spanga, Hasselby Villastad, Fraxinus, 380; 
Jarvafaltet, Rinkeby, Acer, 574; osteraker: Bullerhojden, 
Vlmus, 577 a, sparse; Resaro, Ytterstrand, Betula, 576 b, 

sparse; bstra Ryd, Bogesund, Acer, 547. 
The species can probably be assigned to group 3. 
P. exasperata is retreating from the more central parts of 

the investigated area. 

P. exasperatula Nyl . 

Belongs to the V. pustulata group. Grows on tree trunks, 
especially of avenue trees, seldom on stone (Magnusson 1 929, 
p .  87). Santesson ( 1 949, p. 1 63) describes it as common on 
the trunks of deciduous trees etc. almost throughout Sweden, 
though rarer towards the north. 
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Fig. 39. Parmel ia fuliginosa. 

Older occurrences:  Hakanson mentions the species as oc­
curring in  several places in  Lidingo ( 1 950, p. 223), Hasselrot 
also-for example at the Church, on Acer 1 949, Kyrkviken, 
Acer 1 950. It was n oted in  Sollentuna on Acer 1 9'5 5  by Greta 
Sernander-Du Rietz, at Haggvik on Tilia in  1 962 by H assel­
rot. Solna: Jii.rva, 1 909 (Malme); Bergshamra, Acer and Ul­
riksdal, Tilia, 1 95 8  ( Hasselrot) ; Stockholm:  Frescati, M useum 
of Natural History, Fraxinus, 1 927 (Degelius) ; Enskede, 
Pungpinan, 1 9 1 0  (Hi.ilphers). 

P. exasperatula belongs to group 3. Fig. 3 8 .  
P. exasperatula is clearly withdrawing from the subu rbs o f  

Stockholm. 

P. fuliginosa (Duby) Nyl .  

Belongs to  the  V. pustulata group. The chief form i s  fairly 
frequent on stone and not uncommon on trees, while v. 
laetevirens is  frequent on t rees and rare on stone (Magnus­
son 1 929, p. 86). 

Older occurrences: Lidingo: Fjaderholmarna i slets (sou­
thern islet), common on bark, 1 937 (Degelius); several places 
(Hakanson 1 950, p .  223);  Nacka :  Langsjon l ake, apparently 
common but often small specimens, 1 9 3 1  (Degelius); Solna:  
Jarva, bark,  1 909 (Malme); Stockholm:  Bromma, Traneberg, 
1 9 1 1 (Lundqvist) ; South Djurgarden by the "I Tankar" 
statue, Vlmus (H!IIeg 1 934, p .  1 32). 

The species belongs to  group 2 B .  Fig. 39. 
P. fuliginosa has retreated to some extent. 

P. saxatilis (L.) Ach. 

Probably ubiquitous i n  Sweden. Grows on rock and stone 
extremely commonly, on tree trunks fairly commonly and 
occurring throughout Sweden (Magnusson 1 929, p .  89) . 
Similar information is given by Santesson ( 1 949, p. 1 96) . 

Older occurrences: Lidingo: Not uncommon also on tree 
trunks (especially the basal parts) (Hakanson 1 9 5 0, p. 224) . 

Occurrences in the investigated area: Huddinge: Agesta, 
Quercus, 5 87, sparse ; Lidingo: Stockby, Acer, 5 29 ;  Nacka: 
Erstavik, Fraxinus, 558, sparse; Hellasgarden,  Quercus, 565 ;  
Sollentuna: Sjoberg, Quercus, 5 1 7 ; Sodersatra, Vasjo, Quer-



cus, 595 ,  sparse ; Stockholm: Farsta, Farsta Gftrd, Betula, 

4 1 6  b, spar e; H ager ten, Skarholmen, Quercus, 5 66;  Spanga, 
Grim ta, Betula, 1 27, spar e ;  Vasterled, Alsten, Fraxinus, 

422; Taby: Na by Slott Park, Tilia, 5 1 8,  parse, dead;  b ter­
aker:  Bullerhojden, Ulmus, 577 a, Betula, 577 b. 

The pecies belong to group 3. 

P. subargentifera Nyl . 

Sante son ( 1 949, p. 1 63) write that P. subargentifera grows 
on avenue tree , etc., and that it i fairly frequent in outhern 
and central Sweden but rare in  Norrland. Grow also, though 
rarely, on stone (Magnusson 1 929, p .  88). Almborn ( 1 948) 
doe not include the pecie in  his group clas ification. 

Older occurrence : Lidingo: Hustegaholm avenue, Ulmus, 

1 949 (H asselrot), (Hakan on 1950, p. 225);  Elfvik, Fraxinus, 

1 949 (Ha  elrot); Churchyard, Acer, 1 949 (Ha  el rot); Ek­
holmsnas, Quercus and Acer (Hakanson); St. H oggarn, A cer 

and Fraxinus, 1 949 (Ha sel rot); Nacka:  Lilla Sickla, Tilia, 

1 9 3 1 ( Degel iu ); Solna: Jarva, 1 908 (Malme) ; H aga Park, 
1 9 1 0 ( H i.ilphers); between Haga and Jarva, Tilia, 1 9 1 0  
(Hi.ilphers); Jarva, Tilia (Malme 1 9 1 0  a ,  p. 122) ;  Stockholm:  
Bromma, Akeshov, Tilia, 1 9 1 1 (Du Rietz); Ulv unda,  Tilia, 

1 927 (Degeliu ); Church, Acer (Du Rietz). 
P. subargentijera belongs to group 3 .  Fig. 40. 
The specie previou ly extended farther into the inner 

city. 

P. subaurifera Nyl . 

Belongs to the V. pustulata group. Occurs on the bark of 
deciduous and coniferous trees (e pecially on branches) more 
rarely on wood and stone. 

Older occu rrence : Stockholm region on  deciduous tree 
rarer  on Pinus and on l ignum. Very frequent (Malme 1 9 1 0  a, 

p. 1 2 1 ) . Lidingo: Kyrkviken, Acer, par e, 1 950  (Has elrot), 
(Hakanson 1 950, p. 225); Tranholmen, Fraxinus, 1949 ; St. 
Hoggam, Fraxinus, 1 949 (Ha sel rot), (I .e .) . M ay be more 
common than the few record states (Hakanson, I .e.). Solna: 
Jarva, 1909 (Malme) ; Overjarva c .  ap. 1 9 1 0  (Hi.ilphers); Stock­
holm: Bromma, Populus tremula, Alnus, Quercus, Betula, Acer 

(Du Rietz); B rannkyrka, 1 9 1 0  (Hi.ilpher ) ;  Djurgarden, 1 9 1 0  
(Hi.i lphers); G rindshage, 1 962 (Henschen). 

Occurrences in  the inve tigated  area : Boo : L annersta, 
Quercus, 5 39, sparse; Huddinge:  Agesta, Quercus, 5 87 ,  sparse ; 
Stockhol m :  Farsta Gard, Quercus, 4 1 6  a, sparse ;  Spanga, 
Ha selby V.-stad, Quercus, 379. 

P. subauri/era belong to group 3. 
Small specimens of P. subaurifera may have been over­

looked by the pre ent auther. 

P. sulcata Tayl . 

The species is common throughout Sweden and grows both 
on tree trunks and on boulders. 

Older occurrences: Stockholm : Bromma, Ulmus, common 
on deciduous trees, Alvik, Fredriksberg, Johannelund, Min­
neberg, Traneberg (Du Rietz); Stockholm:  Tilia, 1 9 1 0  (Hi.il­
phers) ; "Gotthem" restaurant (near station 395) (Hj<Seg 1 934, 
p .  1 3 3) ; S. Djurgarden (near station 396), Ulmus, sparse 
( Hj<Seg, I .e. ,  p.  1 33) ;  Rosendal (near station 399), Acer (Hj<Seg, 
I .e., p. 1 3 3); Gotgatan 1 1 1 ,  Fraxinus ( Hj<Seg, I .e.) ; Tanto­
l unden, Ulmus, sparse (Hj<Seg, I .e.) ; Valhallavagen, Tilia 

( Hj<Seg, I .e. ,  pp. 1 3 3,  1 34), sparse. 
P. sulcata belongs to group 1 B.  Fig. 4 1 .  
This species also, which penetrates s o  far into the inner 

city, has manife stly di appeared from i ts innermost localities 
during the last 30 years. 
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Fig. 40. Parmelia subargentifera. 

Parmeliopsis Nyl . 

P. aleurites (Ach.) Lettau. Syn. P. pallescens 

(Hoffm. )  Zahlbr. 

Ubiquitou in  Sweden. Grows on pine bark, stumps and the 
like, and is fairly freq uent throughout Sweden ( ante son 
1 949, p.  1 60) . 

The pecies does not appear in the material that is the 
ba i of thi the i . H owever, i f  coniferous tree had been 
more abundantly repre ented among the phorophytes, P. 

aleurites would have been included in the periphery of the 
investigated area .  This i s  sho,wn by Lund trom' ( 1 966, p. 
76) m aterial . 

The species can probably be as igned to group 3 .  
Older occurrences: Fairly frequent in  the Stockholm region 

(Thedenius 1 852 ,  p. 1 65 ;  1 859, p .  1 33) .  Lidingo: Wooded 
area , mainly on Pinus, al o noted on Juniperus, Picea and 
Betula. Common (though formerly more than n ow), (Ha­
kan on 1 950, p. 222); Solna: H aga Park, 1 862 (Hen chen); 
Stockholm:  Bromma Alvik, 1 9 1 1 ,  Traneberg, Pinus, 1 9 1 2  
(Du Rietz) ; 1 9 1 2  (Lundqvist) ; fairly common, Pinus (Du 
Rietz .n. Cetraria a.) ;  Djurgarden, Pinus (herb. C .  F. Ny­
man) , Lilljansskogen, Pinus, 1 906, 1 907 (Tackholm) .  

The species has obviously d i  appeared from m any o f  its 
previous localities. 

P. ambigua (Wulf. )  Nyl .  

Ubiquitou in Sweden. Grows on bare wood, frequently 
decayed w ood, stumps, bark of growing trees and-although 
rarely-on stone. 

Older occurrence : Lidingo: on bark and l ignum of most 
l ignose , particularly abundant on trunk bases. Extremely 
common (Hakanson 1 950, p. 222) ; Nacka :  Nackanas, Pinus 

c. ap. (Malme); Solna: H aga Park, 1 862 (Henschen); Jarva, 
Pinus, c .  ap. 1 907 (Malme); Stockholm :  B romma, Sandvik, 
1 n 1  (Lundqvist) ; Traneberg, deciduous trees, 1 907 (Tack­
holm);  ditto Pinus, 1 9 1 2  (Lundqvist) ; Alvik, Fredriksberg, 
Johannelund, Minneberg, Riksby, Vibergslund (Du Rietz) ; 
Ladugardsgardet, 1 8 6 1  (Thedenius) ; Sandsjon, 1 85 8  (Cleve) ; 
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Fig. 41 b. P·armelia sulcata. 

Fig. 41  a. Parmelia sulcata. 
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Bergian Botanical Gardens, Pinus, 1 944 (Grapengiesser) ; 
Djurgarden, 1 85 2  (herb. C. F. Nyman) ; N. Dju rgarden, Sjo­
tugan, Quercus and Populus tremula, 1 95 8  (Hasselrot). 

P. ambigua belong to group 2 A in  this material (Fig. 42). 
I f  conifers had been more abundantly  represented among 
the phorophytes, the specie would have turne d  out to be 
considerably commoner in the peripheral parts of  the in­
vestig·ated area. Thi i shown by Lundstrom's ( 1966, p .  77) 
l i t .  

The species formerly penetrated farther into the inner 
city. 

P. hy peropta (A eh.) Arn. 

Common in  the north of Sweden, sparse towards the south 
(Hasselrot 1 953 ,  p .  95 and Fig. 25) .  The choice of subs.trate 
agrees with that of P. ambigua. 

Older occurrence s :  Lidingo:  On bark and l ignum, e pecially 
trunk bases, exte rnally running roots and stumps of Pinus. 

Formerly abundant on old wooden fences (Hakanson 1950, 
p. 223) ; Stockholm :  Bromma, Alvik, Fredriksberg, Johanne­
lund, Minneberg (Du Rietz, cf. Hasselrot 1 95 3 ,  p .  1 64);  
"Prope Holmiam ad radicem Pini'' c .  ap. 1 909 ( Magnusson); 



Fig. 42. Parmeliopsis ambigua. 

Bergian Botanical Gardens (Wittrock and J uel, 1 89 1 ,  p. 2,  s.n. 
P. diffusa) .  

One occurrence: Djursholm :  Danderyd, Quercus, 47 1 .  
The species i s  very scarce i n  Lundstrom' ( 1 966, p .  79) 

material also. All the occurrences of P. hyperopta are within 
an area with a radius of a few k ilometres. 

Many of the older occurrences were ob erved inside the 
present limit of  the species towards the inner city. 

Peltigera. Per 

P. canina (L.)  Willd. 

Ubiquitou i n  Sweden. Grows primarily on the ground, 
u ually among moss. When it  occurs on the trunk bases of 
J iving trees, i t  always grows on moss. �he pecies is  com­
mon in  its distribution area (less so in  the north). 

Two occurrences were noted, both on Fraxinus: Lovo: 
Karson, 427, par e ;  Lid ingo: Norra Stickl inge, 5 1 0. 

Both occurrences are in the "normal area" . 

Pertusaria D.C. 

P. albescens (H uds.) Cboisy et  R .  G .  Wern 
v .  corallina (Zahlbr . )  Laund. 

One occurrence only: Stockholm: Es inge, Stora Essingen, 
Quercus, 3 87, sparse. 

No older occurrence . 

P. amara (Acb .)  Nyl. 

Belongs to the U. pustulata group. Occurs on the bark of 
both deciduous and coniferous trees, more rarely on worked 
wood and on stone (Erichsen 1 936, p .  563). Common except 
in the northern part of i ts distribution area (Santesson 1 949, 
p. 1 92). According to Almborn ( 1 952,  p.  256) the species 
appears "mainly in rather il luminated situations". 

Older occurrences: Solna:  Haga Park, 1 91 0  (Hiilphers) ; 
Karlberg, Corylus, 1 906 (Hickholm);  Northern Cemetery, 
Tilia (H\(Seg 1 934, p. 1 3 3);  Stockholm :  Bromma, Alvik, Po-

4 - 68 1567 Skye 
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Fig. 43. Pertusaria amara. 

pulus tremula, Alnus, 1 9 1 1 (Du Rietz) ; Brannkyrka, Farsta, 
Marieberg, Tilia, 1 95 8  (Hasselrot) ; Uggleviken, Alnus, 1 905 
(Tackholm); d itto 1 91 1 (Vestergren); S. Djurgarden, North 
Strandvagen (near station 396) (H\(Seg 1 934, p. 1 34) ; i m­
mediately outside Rosendal (near station 399), Acer (H\(Seg 
Le., p. 1 3 3);  immediately outside Skansen, Ulmus (H\(Seg, I .e.) . 

P. amara belongs to group 2 B of the pre ent material. 
Fig. 43 .  

The species has  obviou ly d i  appeared from many place 
in Stockhol m.  

P. coccodes (Acb.) Nyl . v .  coccodes Almb. 

Belongs to the P. acetabulum group. Occurs especially on 
the bark of  older deciduous trees, i solated as well  as in  
thinly wooded areas. Rare on conifers. P. coccodes can  also 
appear on worked wood and-though extremely rarely-on 
stone (Erichsen 1 936, p. 3 54). Almborn ( 1 952, p. 256) writes 
that P. coccodes is "somewhat coniophilous". 

Older occurrences:  Stockholm :  S. Djurgarden, near Gron­
dal, A cer, 1 93 7  (Degel ius); Djurgarden, S. Djurgarden, near 
"Gotthem" restaurant (near tation 395), Ulmus, out ide 
Rosendal (near station 399), Acer (H\(Seg 1 934, pp. 1 3 3 ff.) . 

The species belong to group 3 in this m aterial. Fig. 44. 

The variety has withdrawn from localities nearest to the 
inner city. 

P. coccodes (Acb.) Nyl. v .  coronata (Ach .) Almb. 
Syn . P. coronata (Acb.) Th. Fr. 

P. coccodes v.  coronata has a southern d istribution in  
Sweden. Almborn ( 1 948) does not  mention i t ,  however. 
Erichsen ( 1 936, p. 396) states that P. corona/a grows on 
the bark of  deciduous trees and in  thinly wooded areas. It 
appears exceptionally on stone. 

There is only one occurrence in the investigated area­
Huddinge: Sundby M anor House, Quercus, 586. 

No older occurrences have been recorded. 
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Fig. 44. Pertusaria coccodes v. coccodes. 

P. g!obulifera (Turn.) M ass. v. discoidea (Pers.) 
Almb. Syn. P. discoidea (Pers.) M alme 

Belongs to t·he U. pustulata group. Grow on the bark of 
deciduous trees, seldom on conifer , and prefers open situa­
tion , particularly along roadsides (Erichsen 1 936, p. 666). 

P. globuli/era v.  discoidea belongs to group 3 in this in­
vestigation. Fig. 45. 

No records of older occurrence . 

P. globulifera (Turn.) Mas . v. globulifera Aim�. 
Syn. P. globulifera (Turn . )  Ma s. 

A igned to the P. acetabulum group. Grows on al l  kinds of 
deciduous trees, passing occasionally to mo , seldom to 
wood or stone. It prefers isolated trees at road ides but also 
occu r in thinly wooded area (Erich en 1 936, p. 657). 

Older occurrences :  Stockholm:  Bromma, Alvik, Populus 

tremula (Du Rietz) (s.n. Variolaria globulifera) ; S. Djurgar­
den, just outside Rosendal, Acer (H�eg 1 934, p. 1 3 3).  

The following occurrences were noted : Boo: Boo Church, 
Tilia, 5 34,  parse ; JarHilla :  Jakobsberg, A cer, 520; Lidingo: 
Sodergarn, Fraxinus, 532, spar e; Lovo: Lovo Church, Acer, 

52 1 ;  Sollentuna: H aggvik, Acer, 594; Solna:  H aga, Acer, 

438;  Stockholm: Brannkyrka, Herrangen, Quercus, 458, abun­
dant; Essinge, Stora E singen, Quercus, 383 ;  Tyre 6: Kumla, 
Tilia, 590, sparse; Taby: Na by Slott Park, Tilia, 5 1 8 ;  bster­
aker:  bstra Ryd, Rydbo Saltsjobad, Fraxinus, 578, parse. 

P. globulifera v.  globulifera belongs to group 2 B. 
The species has very l ikely disappeared from the inner 

parts of the Stockholm region. 

P. lcio;lac� (Ach. ) DC. 

Belongs to the U. pustulata group. Occurs on mooth bark, 
especially on that of young deciduous trees, seldom on 
conife rs (Erichsen 1 936, p. 475). 

Older occurrences : Nacka: Nackanas-Lilla Sickla, Corylus, 

1 93 1  (Degel ius) ; Saltsjobaden: Gasolandet, Fraxinus, 1 954 
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Fig. 45 . Pertusaria globulifera v. discoidea. 

(Ha selrot) ; Solna:  larva, 1 9 1 0  (Malme) ; Stockholm:  B romma, 
Johannelund, Sorbus (Du Rietz) . 

Only one occurrence has been noted-H uddinge: Segel­
torp, Quercus, 572 (outer tran it ional zone). 

The species has withdrawn from its formerly innermost 
localities in the surroundings of Stockholm. 

P. /eprarioides Erichs. Syn. P. silvatica H. Magn. 

Belongs to the P. acetabulum group. Erichsen ( 1 936, p.  679) 
tates laconically "An Rinden". 

Three occurrences: Huddinge: Quercus, 476; Lidingo: 
Norra Sticklinge, Fraxinus, 5 1 1 ;  Stockhol m:  Ulvsunda, Que r­

eus, 208, sparse. 
The specie penetrates far into the inve tigated area, but 

i t  is impossible to decide from the scanty m aterial whether 
it belongs to group 1 B or 2 B. 

No older occurrences have been noted. 

P. lutescens (Hoffm.)  Lamy 

Belong to t·he P. acetabulum group. Occurs on the bark of 
deciduous trees, especially Quercus and Fagus, seldom on 
conifers. Prefers well-lighted habitats in wooded areas (Erich­
sen 1 936, p. 65· 1 ) . Almborn ( 1 952, p. 258) describes i t  a 
"frequent", Sante on ( 1 949, p. 1 59) as fairly common. 

Older occurrences : Stockholm: Bromma, M argretelund,  
Quercus, year? (Du Rietz) ; Djurgarden, Quercus (Thedenius 
1 852,  p. 1 73, s.n.  P. Wulfenii v. variolosa); Framnas d istrict , 
Quercus (Thedenius 1 859, p. 9, s .n. P. Wulfenii v. vario­

losa) ; Stockholm region, rare (Thedenius 1 852, p. 1 7 3 ;  1 859, 
p. 1 1 9 ;  s.n. P. Wulfenii v.  variolosa). 

The fol lowing occurrences were noted :  Boo :  Boo Old 
Church, Ulmus, 55 1 ;  Ekero:  Gallstao, Ulmus, 524; Sollen­
tuna: Sjoberg, Quercus, 5 1 7 ;  Stockholm:  Es inge, Stora E -
singen, Quercus, 383 ;  Skarpnack, Flaten, Quercus, 560, 
sparse ; Orhem, Fraxinus, 497 ; Tyreso: Tyresosand ,  Fraxinus, 

564;  bsteraker:  bstra Ryd, Bogesund, Ulmus, 550; Rydbo­
holm, Fraxinus, 579.  

P. lutescens belongs to group 3 .  



Fig. 46. Phlyctis a rgena. 

The species apparently penetrated formerly more deeply 
into the inner city. 

P. perrusa ( L.)  Tuck. 
Belongs to the P. acetabulum group. Grows on all koinds of 
tree , rarely on  l ignum. Common. 

Older occurrences: Lidingo : Staleb�, 1 93 3  (H akanson); 
Stockholm: Bromma, Populus tremula, everal pl aces (Du 
Rietz, .n.  P. communis); S. Djurgarden, Acer, sparse (H�eg 
1 934 p. 1 3 3, s.n. P. cf. communis) . 

One occurrence was noted in the investigated area: Stock­
holm: Farsta, Fagersjo, Quercus, 4 1 8 . 

Ph/yetis (Wallr .)  Flot. 

P. argena (Ach. )  Flot. 

Assigned to the V. pustulata group. Grows on the bark of 
deciduous trees and is common in its distribution area (San­
tesson 1 949, p. 1 60) . 

Older occurrences: Solna: H aga (H�eg 1 934, p. 1 33) ;  H aga 
Park southern gates, old park trees, here almost the only 
lichen (H�eg 1 934, p.  1 3 1 ) ;  Northern Cemetery, A cer (H�eg 
1 934, p. 1 3 3) ;  Stockholm:  Bromma, Ulvsunda, Quercus, 

1 927 (Degelius) ; Lillsjonas, 1 907, Populus tremula (Malme 
1 926, p.  7); Brannkyrka, Nybohov, Tilia, Vlmus (H�eg 1 934, 
p. 1 3 3);  Djurgarden 1 89 1  Leg.?; South Dju rgarden, c .  1 00 
me·  r�s east of "Gotthem" restaurant (near station 395) ,  ditto 
No rthern Strandvagen, ditto immediately o utside Rosendal, 
Acer (ne�r station 399), Lilljansskogen, M argaretavagen, Val­
h allava:;e:l c. 1 5  metres from street, Acer, sparse, Sodermalm, 
Ringvagea, Acer, sparse, Ringvagen-Rosenlundsgatan, Acer, 

Skanstull ,  Gotgatan  1 1 1 , Fraxinus (H�eg 1 9 34, pp. 1 3 3 ,  1 34); 
at many places in the Stockholm region, m ainly on  old Po­

pulus tremula, less often on Quercus, Juniperus and Betula. 

Apothec. by no m�ans rare (Malme 1 9 1 0  b). 

Belongs to group 2 B in  the present m aterial. Fig. 46. 
The species ha disappeared since the 1 930s from the 

inner parts of i ts  former distribution area around Stock­
holm. 
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Fig. 47. Physcia ascendens. 

Physcia Vain .  

Ph. aipolia (Ehrh.) H ampe. 
Occurs on the bark of deciduous trees (especially avenue 
trees and Populus tremula) and is common throughout 
Sweden (Santesson 1 949, p .  204). 

Older occu rrences: Lidingo: Hustegaholm, Popu/us tre­

mula, 1 949 (Hassel rot), (Hakanson 1 950,  p. 228);  Solna: Nor­
thern Cemetery, Tilia ( H �eg 1934, p. 1 33 ) ;  Stockholm:  
Bromma, Alsten, Populus tremula, 191 3 (Du Rietz) ; Populus 

tremula, Vlmus (Du Rietz) ; Stockholm (Thedeniu ) .  
The following occurrences were noted: Boo: Orminge­

landet, Fraxinus, 5 3 5 ;  Botkyrka :  Tullinge, Fraxinus, 585 ,  
abundant; Huddinge : Varby, Fraxinus, 568;  Jarfalla :  Hen­
ningstorp, Fraxinus, 599; Jarfalla  Church, Vlmus, 5-19 ,  sparse; 
Lovo: Lovon, Lambarudd, Fraxinus, 5 22,  abundant;  So!Jentuna: 
Sollentuna Churchyard, Fraxinus, 593; Stockholm:  H agersten, 
Bredang, Fraxinus, 454, sparse; Spanga, Grimsta, Fraxinus, 

1 32; Jarvafaltet, H agerstalund, Fraxinus, 3 3 5 ;  Kista avenue., 
Tilia, 336;  Stora Tensta Gard, Acer, 574; Tyreso: Alby Rec­
tory, Fraxinus, 592 a, sparse; osteriiker:  Resaro, Ytterstrand, 
VIm us, 576 a, sparse ; ostra Ryd, Bogesund, Frosvik, Fraxi­

nus, 548; Roskar, Fraxinus, 549, sparse; Rydboholm, Fraxi­

nus, 579; Rydbo Saltsjobad, Fraxinus, 578 .  
Ph. aipolia belongs to group 3 .  
The species has noticeably lost territory. 

Ph. ascendens Bi tter 
Belongs to the V. pustulata group. Fai rly  common in its 
di tribution area. Grows on bushes and wood, sometimes also 
on stone (Santesson 1949, p .  1 7 1 ) .  

Older occurrences: Commo n  in the Stockholm region 
(Thedenius 1 852, p. 1 65 ;  1 859, p. 1 1 4). Lid ingo: Elfvik, 
Acer, 1949 (Hasselrot) ·  St. Hoggarn, Acer, 1 949 (Hakan­
son 1 9·50, p .  228) ; Solna:  Jarva, 1 9 1 0  (Malme) ; Bergshamra, 
Acer, 1958 ;  Ul riksdaJ,  Acer, 1958 (H asselrot) :  Stockholm:  
Brannkyrka, Liljeholmen, 1 862 (Henschen) ; Stockholm (The­
denius, s .n.  Parmelia stellaris), Djurgarden, on wood, 1 862 
(Henschen, s.n. Ph. stellaris v. tenella). By the road to  Ma-
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Fig. 48. Physci·a d ubia. 

rieberg 1 862 (Henschen, s.n. Ph. stellaris), Skanstull, Got­
gatan 1 1 1 , Fraxinus (HySeg 1 934, p .  1 33) .  

Ph. ascendens belongs to group 3 .  Fig.  47. 
The species apparently penetrated more deeply into the 

inner city previously. 

Ph. caesia (Hoffm.) H ampe 

Ubiquitous in Sweden. Common, occurring mainly on stone, 
especial ly  if  it is dust-impregnated or  calcareous (Santesson 
1 949, p .  204). Also occurs on the bark of growing trees, 
especially roadside trees, particularly at  the base of the 
trunk. 

Older occurrences:  Species not previously noted on the 
bark of growing trees. 

The fol lowing occurrences were noted: Botkyrka: Alby, 
Tilia, 583 ,  sparse ; Huddinge: Fullersta, Ulmus, 475 ;  Nacka: 
Bollmora, Fraxinus, 562, sparse; Sol lentuna: Sollentuna 
Churchyard, Fraxinus, 593, sparse; Stockholm: Spanga, Jar­
vafa!tet, Tilia, 3 36; osteraker: Bullerhojden, Ulmus, 577 a, 

sparse ; ostra Ryd, Bogesund, Fraxinus, 548. 
The species probably belongs to group 4, i .e .  Ph. caesia 

on the bark of growing trees is found almost exclusively 
in the "normal area" . 

Ph. dubia (Hoffm.) Lynge. Syn . 
Ph. tribacea (Ach.) 

Frequent throughout Sweden. Grows on stone (high rocks 
frequented by birds), avenue trees and the like (Santesson 
1 949, p. 1 72) . 

Older occurrences: Lidingo: On rocks and boulders subject 
to dust impregnation or bird excreta, occasionally also on 
roadside trees (Hakanson 1 950, p. 228) ; Sollentuna: Ture­
berg, Tilia, a few examples, 1956 (Greta Sernander-D u  
Rietz). 

The species belongs to group 2 B.  Fig. 48. 
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Fig. 49. Physcia entheroxantha. 

Ph. entheroxantha Nyl. Syn. Ph. grisea 

(Lam.)  Lettau p .p .  

Probably assignable to the  U. pustulata group. I t  i s  com­
mon on roadside trees, at least i n  eastern Svealand. 

The species belongs to group 2 B. Fig. 49. 
There are no record of older occurrences in  the in­

vestigated area.  

Ph. farrea (Ach . )  Vain. Syn. Ph. grisea 

(Lam.) Lettau p.p .  

AI o probably assignable to the U .  pustulata group. Appar­
ently r ather more sparse than Ph. entheroxantha, at least in 
eastern Svealand. Its h abitat-requirements coincide largely 
with those of  the l ast-mentioned species. 

Ph. farrea belongs to group 3. Fig. 50.  
No older occurrences i n  the investigated area h ave been 

noted. 

Ph. nigricans (Flk.)  Stiz. 

Assignable to the U. pustulata group. Occurs on  t rees and 
stones by roadsides and is  fairly frequent (Santesson 1 949, 
p. 1 73) .  

Older occurrences: Lidingo: Ekolmsnas, Acer, 1 949 (Has­
selrot), (Hakanson 1 950, p. 228); Elfvik, Fraxinus, 1 949 (Has­
selrot) ; Stockholm: Bromma, Alvik, Acer, 1 920 (Du R ietz). 

The follo,wing occurrences were noted in the i nvestigated 
area: Danderyd: Enebylberg Gard, Fraxinus, 582; Huddinge : 
Fulle rsta, Ulmus, 475 ,  sparse; Glomsta, Fraxinus, 569, sparse; 
Vistaberg School, Populus, 570, sparse; Jlirfal la :  east of 
Church, Ulmus, 5 1 9, sparse; Lidingo: Elfvik ,  Fraxinus, 5 3 1 ,  
sparse; Solle ntuna: overby, Fraxinus, 601 ,  sparse; Stockholm: 
Brannky.rka, orby Slott, Ulmus, 464, sparse; Tyreso: Alby 
Rectory, Fraxinus, 592 a. 

The species belongs to group 3 and has manifestly retreated 
from large parts of its former dist ribution a rea. 



Fig. 50. Physcia farrea. 

Ph. orbicularis (Neck.)  D R  

A igned to the U. pustulata group. Occur o n  t h e  bark o f  
avenue trees and the l ike, on stone (mainly calcareous stone) 
and i common throughout the investigation area (Santes-
on 1 949, p.  1 73). 

Older occurrences: Rare in the Stockhol m region (Thede­
n ius 1 859,  p.  1 1 4, s.n. Parmelia virella). L idingo: Ekholmsnas, 
A cer, Hu. tegaholm avenue, V!mus, Elfvik, Acer, 1 949 (Has-
elrot); Stock by, 1 85 5  (Thedenius, .n. Parmelia obscura) 

(Hakan on 1950  p. 228); Stockholm:  B romma, M inneberg, 
Populus tremula (Du Rietz) · Brannkyrka, Nybohov, Ulmus 

(H�eg 1 934, p. 1 33) ;  S. Djurgarden, Blockhusudden, Tilia, 

1 937 (Degelius) ; Experimentalfaltet, Ulmus, 1 956  (Hasselrot); 
Ringvagen road at point of departure for road to Eriksdal 
Baths, Acer ( H �eg 1 934 p. 1 33) ;  found in the Stockholm 
region by Weber according to Wikstrom's flora, 1 840, p. 1 5 5 

(Thedeniu 1 852, p. 1 66 s.n. Parmelia virella). 

The species belongs to group 2 B. Fig. 5 1 .  

The specie has d i  appeared from the inner parts of its 
former d i  tribution area around Stockholm. 

Ph. pulverulenta (Schreb). H ampe 

Belongs to the U. pustulata group. Grows on the bark of 
deciduou tree , especially on avenue tree . Frequent, but 
become rare northwards (Santesson 1949, p. 204). The 

pecies can exceptionally pass over to stone. Du Rietz ( 1 945 b, 

p.  1 83) describes Ph. pulverulenta as a typical "rich-bark" 
pecie . 

Older occurrence : Common in the Stockholm region 
(Thedeniu 1 852,  p. 1 65 ;  1 859, p. 1 1 4, Parmelia p.). Ditto 
fairly common (Thedenius 1 852, p. 1 6 5 ;  1 859,  p. 1 1 4, v. 
venusta s.n. Parmelia pulverulenta venusta). Lidingo: On 
road ide and park tree , i alated or on Populus tremula and 
Fraxinus, etc., in thinly wooded country. Not especially 
common, and often with urprisingly low abundance. Almost 
entirely absent in the mo t densely built-up areas. C. ap. or 
sterile (Hakanson 1 950, p. 229). Solna:  H aga Park, 1 854 

(Thedenius); H aga, 1 906 (Tackholm); H aga Park, 1 9 1 0  

( H li lphers v.  argyphaea); Nytomta, Fraxinus, 1 906 (Tack-
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Fig. 5 1 .  Physcia orbiculari . 

holm); Stockholm:  Traneberg, Ulmus, Alvik, Fredriksberg, 
Lillsjonas, Minneberg, Vibergslund (Du Rietz) ; Brannkyrka, 
1 910  (Hi.ilphers v .  a/lochroa); Farsta, Marieborg, Tilia, 1958 

�Hasselrot) ; Nybohov, Populus (HS(Ieg 1 934, p.  1 3 3) ; Kraft­
riket, 1 R57 (Cleve) ; Fre cati, Museum of Natural H istory, 
Populus nigra v .  italica, 1 956 (Has elrot) ; 1 837 (herb. C.  F. 
Nyman);  1 880 (Thedenius) ; 1 9 1 7  (Lundqvi t); Djurgarden, 
1 9 1 0  { H i.ilphers); Skan tull,  1 86 1  (Hen chen) . 

Ph. pulverulenta belong to group 3. Fig. 52 .  

Many older occurrence were noted on  the inner ide  of  
the  present l imit  towards the inner city. 

Ph. stellaris (L.) Nyl . 

Common throughout Sweden (Santesson 1 949, p. 1 7 1 ) .  Grow 
on the bark and twigs of deciduous trees. 

Older occurrence : Mostly from branches and twigs of  
Populus tremula. Sub trate not stated in  some ea es .  Tack­
holm mentions it as occurring at Norrtull Station in 1 9 1 0 

on Tilia or Acer. 

The following occurrences were noted: H uddinge : GJOmsta, 
Fraxinus, 569,  sparse ; osteraker:  Ostra Ryd, Bogesund, Acer, 

547.  Both localities are in the "normal area".  
The occurrences would presumably h ave been more nu­

merous if  the epiphyte of the twigs and branches had been 
i ncluded. 

The occurrence seems however to indicate a great reduc­
t ion in  d i  t ribution around Stockholm.  

Ph. tenella (Scop.)  Bitt .  

Belong to the U. pustulata group. G rows o n  b ark and stone 
(Santesson 1 949, p.  1 72) . Ph. tenella i s  frequent in  its d istribu­
tion area. 

Older occurrences: Lidingo: On various deciduou trees 
(noted on  Populus tremula, Fraxinus, Ulmus, Acer, Populus 

nigra v. italica, Aesculus hippocastanum) m ainly in localitie 
expo ed to dust impregnation . Usually terile. Could prob­
ably be described a common (Hakanson 1 950, p. 229). 

Stockholm: Bromma, Populus tremula and other coniophilous 
deciduou trees, common (Du Rietz) ; Stockholm, 1 8 62 (Hen-
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Fig. 52. Physcia pulverulent-a. 

schen) ; on deciduous trees, 1 906 (Tiickholm) ; Enskede, Pung­
pinan, 1 9 1 0  (Hi.ilpher ); Lilljansskogen, Margaretaviigen, Be­

tula, Ro lagstul l ,  Tilia, Tantolunden, Ulmus, sparse, Val hal la­
viigen, A cer, sparse, d it to c. 1 30 metres from street, Tilia, 

parse, Ringviigen-Ro enlundsgatan, A cer, sparse ( H �eg 1 934, 
pp. 1 33 ,  1 34). 

The pecies belongs to group 2 B .  Fig. 5 3 .  
The pecies h a s  manifestly di appeared from several of 

i ts  former localities i n  Stockholm.  

Physcia p.  

One unidentifiable Physcia appear i n  the  collected m aterial. 
It wa found at Nacka: Saltsjo Duvnas, Tilia, 5 5 5 ,  spar e,  
not vital .  

Pseudevernia Zopf 

P. furfuracea (L . )  Zopf. Syn. Parmelia 

furfuracea (L . )  Ach. 

Belongs to the V. pustulata group.  Very common i n  i t  
di tribution area. Grows on branches and trunks, mostly of  
conife rs, but a! o on l ignum and stone (Santes on 1 949, p .  
1 94). Du Rietz ( 1 945 b, p.  149) says that P. furfuracea i s  one 
of the commonest l ichens on "poor bark", porimarily on 
trunk and branche of Pinus, Picea and Betula in  the more 
outhern parts of Scandinavia. It is  also common on  sili­

ceou rock . 
Older occurrence : Lidingo: H akanson ( 1 950, p. 224) de-

cribe the specie a common in  coniferous areas and men­
tions that it wa ob erved in everal place on avenue tree , 
etc., but that it is absent or par e i n  the more densely 
populated areas. Solna: Northern Cemetery, Tilia (H�eg 
1934, p.  1 32) ; Stockholm:  Bromma, Traneberg and Sandvik, 
1 9 1 1 (Lundqvist) ; Djurgarden, Betula, 1 89 1  (Hamb erg) ; Tilia, 

1 9 1 0  (HUlpher ); Blockhusudden, Alnus, 1 897 (Lindblom) ; 
Enskede, Pungpinan, 1 9 1 0  (HUiphers) ; M argaretaviigen,  Be­

tula (H!<1eg 1 934, p. 1 32). 
Occu rrences i n  the investigated area :  Djursholm: Dande­

ryd, Tilia, 468, sparse; Fraxinus, 469; H uddinge: Sniittringe, 
Quercus, 57 1 ;  Jarfal la:  Siiby Gard, Tilia, 597,  sparse; Lovo: 
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Fig. 53. Physcia tenell a. 

Lindo, Betula, 523  b; Salt jobaden:  Neglinge,  Acer, 557 ;  
Solna: Norrbacka ,  Tilia, 353 ,  sparse; Tyreso: Alby Rectory, 
A lnus, 592 b, sparse ;  osteraker :  B ullerhojden, Betula, 571 b, 
abundant; Resaro, Ytterstrand, Betula, 576 b, sparse. 

P. /ur/uracea belongs mainly to group 2 A. 
If conifers and Betula 'had been more abundant among 

the phorophyte , there i s  no doubt that the species would 
have been more numerous in the outskirts of the i nvestigated 
area. Lundstrom { 1 966, p .  70) gives support to such an im­
pre ion in hi pecification, and o do the nurnerou oc­
currence noted by H asselrot and others of the species in 
coniferous area around Stockholm. 

The specie ha withdrawn from l arge parts of its former 
di tribution area around Stockholm.  

Ramalina Ach. 

R .  farinacea (L.)  Ach. 
Belongs to the U. pustulata group. Occur on trunks and 
branche of deciduous t rees, mainly on roadsides and i n  
fields, but  also i n  woods. Frequent i n  t h e  di tribution area. 

Older occurrences: Common in the Stockholm region 
(Thedenius 1 852,  p. 1 63 ;  1 859, p .  1 1 2) .  Lidingo: Appears 
with a remarkably low frequency and abundance in the 
area .  Observed only a sterile (Hakanson 1 950, p. 227) ; Solna: 
H aga, 1 8 9 1  (Hesselman) ; Ulriksdal ,  Tilia, 1 922 (Ostman), 
Tilia, sparse, 1 95 8  (Hasselrot); Stockholm:  Bromma, Populus 

tremula, frequent, Alvik, Johannelund, M inneberg, M asen, 
Traneberg, Vibergslund (Du R ietz) ; Briinnkyrka, Liljeholmen 
Park, 1 85 5  (Thedenius) ; Enskede, Pungpinan, 1 9 1 0  (H UI­
phers); S. Dju rgarden, A cer ( H!<1eg 1934, p. 1 33) .  

The species belongs to group 3 i n  this m aterial . Fig.  54. 
The species penetrated farther into the i nner city formerly. 

R. fastigiata Ach. 

As igned to the U. pustulata group.  The habitat-requirement 
of the species agree quite well with those of R. farinacea. 

Older occurrences: " Holmia" (Thedenius, Th. M. F rie 
1 87 1 ,  p. 36). Lidingo: Stickl inge,  avenue t ree (Hakanson), 
Elfvik, Acer, St. Hoggarn, Fraxinus, 1 949 (Ha elrot), (Ha-



Fig. 54. Ramalina farinacea. 

kanson 1 950, p .  227) ; Solna:  H aga, 1 89 1  (Hamberg); Ulriks­
dal avenue, 1 906 (Tackholm); Stockholm: Bromma, Populus 

tremula, several places, Johannelund, Populus tremula, c .  
a p .  (Du Rietz); Djurgarden, Populus tremula, 1 87 1 ,  1 87 3 ,  
d itto t ree t runks 1 873  (Dusen). 

The following occurrences were noted: Danderyd: Eneby­
berg Gard, Fraxinus, 5 82, parse ; Nacka: Erstavik, Fraxinus, 

5 5 8 ;  Stockholm:  Skarpnack, Orhem, Fraxinus, 497 ; Spanga, 
JarvafaJtet, Tilia, 336;  <:>steraker: Bullerhojden, Ulmus, 577 a, 

parse. 
R. fastigiata belongs to group 4, i.e. all occurrences are in 

the "normal area". 
The species has disappeared from many local ities in the 

more central parts of the investigated area. 

R. fraxinea (L. ) Ach. 

Belongs to the U. pustulata group. Generally speaking, the 
pecies has the same h abitat-requirements as R .  farinacea. 

Older occurrences: Frequent in the Stockholm region 
(Thedenius 1 852, p. 1 63 ;  1 859, p .  1 12) .  L id ingo: Sticklinge, 
Avenue trees ( Hakanson 1 950, p.  227) ;  H ustegabolm avenue, 
Acer, sparse and sterile, 1 949, Elfvik, Acer, 1949, H a rsby, 
Fraxinus, 1 sterile example 1 949; Stockby, 1 poorly de­
veloped sterile example ( Hakanson, l .c.) ; Solna: H aga, 1 8 9 1  
(Hamberg) ; Ulriksdal avenue, 1 906 (Tackholm) ; Stockholm :  
Bromma, M argretelund, Acer, 1 9 10,  several localit ies, de­
ciduous t rees, c .  ap., Alvik, Johannelund,  M inneberg, Trane­
berg (Du Rietz) ; Friesens Park, 1 859  (Thedenius & Cleve) ; 
Enskede, Pungpinan, 1 9 1 0 (Hiilphers) ; Djurgarden (vicinity 
of Djurgarden Theatre and villas) (Thedenius 1 859, p.  7) .  

R .  fraxinea belongs to group 3 but  borders on group 4.  
Fig. 5 5 .  

The species is disappearing from the transitional zone. Un­
identifiable R amalina vestiges are presumed to be m ainly R .  

fraxinea. 

R. pollinaria Ach. 

Fairly common throughout Sweden (Santesson 1949, p.  1 68) . 
Grows on rocks and tree trunks, preferring shaded habitats 
(Du Rietz 1 945 b, p. 1 73).  

Composition and distribution of the epiphyte flora 55  

Fig. 55. Ramalin.a fraxinea. 

Older occurrences : Several places in the Stockholm region 
(Thedenius 1 852,  p .  1 63 ;  1 859,  p .  1 1 2) .  Lidingo: Hustega­
holm avenue, Tilia, 1 949 ( Hasselrot) ; Elfvik, Fraxinus, sparse, 
1 949 (H asselrot), (Le.) ; St. H oggarn, Fraxinus, sparse, 1 949 
(Hasselrol), (H akanson 1 950, p .  227); Nacka: (Thedenius 1 85 2, 
p. 163) ,  near Nacka Bridge (Thedenius '1 859, p. 56);  Solna:  
J arva, 1907 (Malme) ; Stockholm 1 837 (herb. C. iF. Nyman) 
(Thedenius, Th. M. Fries 1 87 1 ,  p.  39),  Kungsholmen, Ra­
lambshov (Thedenius 1 859, p. 35) .  

Occurrence in  the investigated area :  Botkyrka :  Norsborg, 
Acer, 575 ;  Jarfalla: east of Church, Ulmus, 5 1 9 ;  L ovo: 
Lovon, Drottningholm, Ulmus, 426;  Lovo Churoh, Acer, 

5 2 1 ;  Stockholm:  Spanga, Grimsta, Fraxinus, 1 32 ;  Taby: 
Nasby Slott Park, Tilia, 5 1 8, sparse, not vital ; <:>steraker: 
<:>stra Ryd, Bogesund, Fraxinus, 546, sparse; 549, abundant ; 
Bogesundslandet, Fraxinus, 543,  sparse. 

R. pollinaria belongs to group 3 in this material . 
The pecies penetrated more deeply into the inner city 

formerly. 

Ramalina sp. 

Quite a large part of  the Ramalina m aterial from this investi­
gation is so scanty and badly developed that i t  was impossible 
to identify it. However, most of the examples found probably 
belong to R. fraxinea. I t  was possible to identify poorly­
developed R. farinacea with the aid of thin-layer chroma­
tography. According to Hale ( 1 96 1 ,  p. 60) , the species con­
tains salasinic acid, which colours K + red and P + orange. 

Occurrences in the investigated area: Boo: K ummelna , 
Ulmus, 5 36; Botkyrka: Tullinge, Fraxinus, 5 8 5 ;  Tumba, Quer­

cus, 5 84 ;  Danderyd : Acer, 472; H uddinge: G!Omsta, Fraxinus, 

5 69 ;  Uinna, Ulmus, 5 8 8 ;  Snattringe, Quercus, 5 7 1 ,  not vital ; 
Sundby Manor House, Quercus, 5 86;  Vistaberg Sohool, Po­

pulus, 570, not vital ; Varby, Acer, 473;  Agesta, Quercus, 

587 ;  Jarfalla:  Henningstorp, Fraxinus, 599; Jakobsberg: Acer, 

5 20, not vital ; Kallhlill, Quercus, 600; Lidingo: Gashaga, 
Tilia, 5 27 ;  Hersby, Acer, 509; Sodergarn, Fraxinus, 532 ;  
Yttringe, Fraxinus, 5 3 3 ,  not  vital ; Sollentuna : Haggvik, Acer, 

5 94, not vital ; Sodersatra, Vasjo, Quercus, 59'5 ; Solna:  Bergs­
hamra, Acer, 374; H aga, Acer, 438;  Ulriksdal, Tilia, 373  b; 
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Stockholm:  Bromma, Blackeberg, Quercus, 1 3 3 ·  S . .Angby, 
Vlmus, 4 1 0 ;  Farsta, Hokarangen, Quercus, 479; Hagersten, 
Malarhojden, Quercus, 452, not vital ; Skarholmen, Quercus, 

566; Varberg, Fraxinus, 567, not vital ;  Oscar's, Djurgarden, 
Quercus, 398; Skarpnack, Flaten; Quercus, 560; Spanga, 
Grimsta, Quercus, 1 29;  Hasselby Gard, Quercus, 3 8 1 ;  Vaster­
led, Nockebyhov, Acer, 425; Ulvsunda, Quercus, 208, dead 
ve tige ; Tyreso: Fraxinus, 563 ;  Taby: Enebyberg, Acer, 5 2 5 ;  
Hagby, Vlmus, 5 9 6 ;  bsterhaninge: Vendelso, Acer, 589 .  

Rinodina S. Gray 

R. exigua (Ach.)  S. Gray 

Belongs to the V. pustulata group. Grows on the bark of 
deciduous trees. 

Older occurrences: Thedenius ( 1 852, p.  1 66;  1 859, p .  1 1 4) 
mention Parmelia confragosa v. metabo/ica as occurring at 
everal place in Stockholm,  but it is not clear which species 

is referred to. Sollentuna: Church, Fraxinus, 1 954 (Sundell) ;  
Stockhol m: Bromma (M agnusson 1 947, p .  285);  Akeshov, Ti­

lia (Du Rietz) ; Rorstrand woods, Pinus, 1 859 (Cieve, s .n .  
Parmelia confragosa v.  pinicola), Kraftriket, 1906 (Malme); 
f.  scanica (Magnus -on 1 947, p .  285).  

Four occurrences were noted: Botkyrka :  Norsborg, Acer, 

575 ;  Huddinge :  Segeltorp, Quercus, 460, sparse; Lovo: Lindo, 
Quercus, 5 2 3 ;  Lovo Church, Acer, 5 2 1 .  

Three o f  t h e  occurrences were in  area 7, t h e  fourth in 
area 4 (Fig. 1 a). This means that all of them were in the 
south-western part of the investigated area. One of t he oc­
currences is from the outer part of the transitional zone; the 
others from the "normal area". 

The species has greatly declined in  t·he Stockholm area. 

Usnea Wigg. 

U. hirta ( L. )  Wigg. 

Belongs to the V. pustulata group. Common throughout 
Sweden. Grows on roadside trees, l ignum, etc., but prefers 
Pinus according to Santes on ( 1 949, p.  1 69). 

Older occurrences: Common in  the Stockholm region (The­
denius 1 85 2, p.  1 6 3 ;  1 859, p. 1 1 2) .  Lidingo: several places 
(Hakanson 1 950, p. 227) ; Nacka : SaltsjO-Storangen-Sickla, 
Pinus silvestris, 1 9 3 1  (Degelius) ;  Solna: Ulriksdal, Pinus sil­

vestris, 1 9· 1 4  (Florin det. Motyka 1 929) ; Northern Cemetery, 
Ti/ia, spar e (H!!?eg 1 934, p. 1 33) ;  Stockholm:  Bergian Bota­
nical Gardens (Wittrock and Juel 1 89 1 ,  p .  1 ) .  

Occurrences i n  the investigated area: Boo: Lannersta, Quer­

cus, 539, sparse ,  not vital ; Botkyrka: Tumba, Quercus, 5 84, 
sparse; Huddinge: Snattringe, Quercus, 5 7 1 ,  sparse, not  vital;  
Sundby M anor House, Quercus, 5 86, sparse; Varby, Fraxinus, 

568, sparse; Lovo: Lovon, Drottningholm, Vlmus, 426, sparse ; 
Lindo, Quercus, 5 23 ,  sparse ;  Karson, Fraxinus, 427, sparse ; 
Saltsjobaden : Neglinge, Acer, 5 57 ,  sparse ; Sollentuna:  Soder­
satra, Vasjo, Quercus, 595,  sparse; Stockholm:  Skarpnack, 
Flaten, Quercus, 560, sparse ; Spanga, Hasselby Gard, Quer­

cus, 3 8 1 ,  sparse ;  Hasselby Villastad, Fraxinus, 380, sparse ; 
Tyreso: Kumla,  Tilia, 590, sparse; bsteraker: Bu!lerhojden, 
Betula, 577 b;  Resaro, Ytterstrand, Betula, 576 b;  bstra Ryd, 
Bogesund, Acer, 547, sparse. 

V. hirta belongs to group 3. If more Pinus trees had 
been examined in  the outskirts of the investigated area, the 
species would h ave probably been more abundantly repre­
sented there. Lundstrom ( 1 966, p. 80) does not distinguish 
V. hirta, but all his Vsnea occurrences except one are out-
ide the central transitional zone as defined in the present 

inve tigation . 
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Fig. 56. Xanthoria fallax. 

The distribution area of V. hirta seems to h ave been 
greatly reduced since the early part of this century. M ost of 
the occurrences I have noted are sparsely situated, i.e. there 
are few and generally small individuals per  station. Also, at 
a few of the stations the appearance of V. hirta has been 
such that I have designated i t  "not vital". 

Usnea sp. 
It has not been possible to identify some of the Usnea oc­
currences, namely those from Boo : Anneberg, Tilia, 5 52; 
Stockholm:  H agersten, Skarholmen, Quercus, 566; Taby: 
Nasby Slott Park, Tilia, 5 1 8 . 

These may very possibly be V. hirta also, but  the material 
was far too scanty for an identification to be made. One 
of the occurrences is  in the central transitional zone, the 
others in the outer t ransitional zone. 

Xanthoria Th. Fr. 

X. candelaria (L.) Arn.  

Ubiquitous in  Scandinavia.  Grows on stone (especially big 
boulders frequented by birds), bark (trunk bases, etc.) or 
wood, and is common (Santesson 1 949, p.  204) . 

Older occurrences: Thedenius ( 1 852, p. 1 6 5 ;  1 859,  p. 1 1 3) 
describes X. candelaria as frequent in the Stockholm region . 
Lid ingo: Kyrkviken, Acer, 1 950 (Hasselrot), (Hakanson 1 950, 
p .  227) ; Solna: Karlberg, 1 857  (Cleve);  Stockholm :  Kungs­
holmen (Afzelius); Bergian Botanical G ardens (Wittrock and 
Juel 1 89 1 ,  p .  2). 

Occurrences in  the investigated area: Boo : Boo Old Church, 
Vlmus, 5 5 1 ;  Danderyd: Acer, 472, sparse ; H uddinge :  Segel­
torp, Quercus, 460; Sundby Manor H ouse, Quercus, 5 86, 
sparse; Jarfalla :  Saby Gard, Tilia, 597 ;  Lovo: Lovon, Drott­
n ingholm, Vlmus, 426; Lambarudd,  Fraxinus, 522;  Sollen­
tuna: Edsviken, Populus, 5 1 6 ,  sparse; Stockholm: E ngelbrekt, 
Brunnsviken, Quercus, 344; Johannes, Vasastaden, Acer, 1 2 1 ,  
sparse, n o t  vital ; Spanga, Bromsten, Vlmus, 4 1 1 ,  sparse; 
H asselby Gard, Quercus, 3 8 1 ,  abundant ; Tyreso: Alby Rec­
tory, Alnus, 592 b, sparse; Kumla, Tilia, 590, sparse; Taby: 
Hagby, Vlmus, 596; bste raker: bstra Ryd, Rydbo Saltsjobad, 
Fraxinus, 578, abundant. 



Fig. 57. Xanthoria parietina. 

The species belongs to group 1 B. 
The species is admittedly scarcer than usual in the in­

vestigated area, but penetrates in any case far into the 
inner part of the transitional zone. No major change in the 
extent of the distribut ion area seems to have occurred.  

X. fal/ax (Hepp.) Arn. 

Assigned to the U. pustulata group. Grows on bark,  especi­
ally of deciduous tree , particularly avenue trees. 

Older occurrence : Lidingo: Hakanson ( 1 950) mention 
the species as occurring in  everal places; Nacka: Sickla, 
1 920 (Vestergren), (Du Rietz 1 921 , p.  1 88) ;  Nackanas, avenue 
t rees, 1 9 3 1  ( Degeliu ) ;  Soln a: Bergshamra, A cer, sparse, Ul­
riksdal, Tilia, A cer, 1 95 8  ( H as el rot) ; 1920 (Vestergren), (Du 
Rietz 1 92 1 ,  pp. 1 88-1 89) ; Stockholm :  Bromma, Ulvsunda, 
Tilia, 1 927 ( Degeliu ) ;  Alvik, Sandvik, Traneberg, 1 920 ( Du 
Rietz 1 92 1 ,  p. 1 88);  Bromma Church, 1925 (Du Rietz 1 925,  

p. 82) ; Brannkyrka, Nybohov, Tilia (H�g 1934, p. 1 33) ;  

Frescati, Museum of Natural H i  tory, Populus, 1 95 6  (H as-
el rot) ; Bergian Botanical Gardens, A cer, abundant, 1 964 

(Ahlner); Albano, 1920 (Du Rietz 1 92 1 ,  p. 1 88) ;  Sodermalm, 
Tantolunden, Ulmus, sparse, Ringvagen, corner of Rosen­
lundsgatan, Acer, spar e (H(6eg 1 934, p.  1 3 3).  

The species belongs to group 2 B .  Fig. 56. 

X. fal/ax has disappeared since the 1 920 from the Ulv­
sunda area, for example, and al o from other parts of its 
former distribution area. 

X. parietina (L.) Th. Fr. 
Belongs to the U. pustulata group. Very common except 
in  innermost northern Scandinavia (Magnusson 1 929) . Ac­
cording to Du Rietz ( 1 945 b, p. 1 8 1 )  X. parietina is the most 
characteristic species of "rich-bark" trees, and he defines 
the boundary between "rich-bark" and "poor-bark" vegeta­
tion according to its frequent presence in the former . The 
species is favou red by the effect of  d ust, but also occurs 
in dust-free localitie . Du Rietz points out that the species 
can appear in quantity around road and farms not only on 
"rich-bark" trees but also, i f  the dust effect i s  sufficiently 
great, on " poor-bark" tree such as Pinus, Picea and Betula, 

especially in calcareous areas. It also occur  on calcareous 
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Fig. 5 8 .  Xanthoria polycarpa. 

boulders and on siliceous stone, but only when thi l atter is 
affected by calcareous dust, sea water or  bird excreta. 

Older occurrences: Lidingo: the species i s  absent or ex­
tremely sparse in  the most den ely built-up areas, otherwise 
it is more or less usual on many deciduous tree and deci­
duous bu hes, including-in l ocalitie affected by dust­
even Quercus (Hakanson  1 950, p. 228). Hasselrot, too, has 
gathered the pecies in everal place . Nacka :  N ackanas, 1 9 3 1  

(Degel iu ) ;  Dammtorp, Cemetery, Acer, 1 9 6 1  (Ha elrot) ; 
olna: Karlberg, 1 857  (Cleve);  H aga, 1 895 (Nordst rom) ; Stock­

holm:  Bromma, Traneberg ( H .  Du Rietz) ; Briinnkyrka, Ny­
bohov, Ulmus (H(6eg 1 934, p. 1 33) ;  Enskede, Pungpinan, 
1 9 1 0  (Hi.il phers); Skarpnack, 1 9 1 1 (Lundqvist) ; Sodermalm, 
1 86 1  (Hen chen); Djurgarden c .  1 00 metres  west of "Gott­
hem" restaurant (near station 395), Populus (Hf<?eg 1 934, 

p. 1 3 3) . 

X. parietina belong to group 2 B in this m aterial .  Fig. 57 .  

The species has disappeared from parts  of  i t  former 
d i  tribution area. 

X. polycarpa (Ehrh.) Rieber 

Belong to  the U. pustulata group. Prefers twigs of  bushes 
and trees, but also occurs on trunks. Frequent in its distribu­
tion area (Santesson 1 949, p. 1 7 1 ) . 

Older occurrences: Fairly common in the Stockholm area 
(Thedenius 1 852, p. 1 65 ;  1 859, p.  1 1 3) .  Lidingo: on deci­
duous trees and deciduous bushes in open ituations. Fa­
voured by dust impregnation general ly c. ap, ( Hakanson 
1 950, p. 228) ; Ekholmsnas, A cer, 1 949 ( Hasselrot) ; Church, 
A cer, 1 949, Elfvik, Acer, Fraxinus, abundant, 1 949 ( Hassel­
rot) ;  Solna :  Overjarva, 1 9 1 0  ( H i.ilphers); Stockholm:  Bromma, 
fairly common on young branche of  various bushes and 
deciduous trees, 1 9 1 0 (Du Rietz); Frescat i, M useum of Na­
tural History, Populus nigra v. italica, 1 927 (Degelius) ;  ditto 
1 956 (Ha selrot) ; Experimental faltet, Salix and Populus 

(Tackholm); Kung holmen opposite Sabbatsberg, year? (Af­
zel ius) .  

The species belongs to group 3 i n  this material . Fig. 5 8 .  

The specie has disappeared from the more central parts 
of the investigated area. 
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MOSSES 

Thanks to the fact that Docent Erik Sjogren of 
U pp ala has identified the mosses for me, i t  h as 
been possible to i nclude a report on the m oss ma­
terial col lected. 

In  making a selection of station t rees when field 
work was carried out, attention was paid chiefly to 
the occurrence of l ichens. If  otherwise equivalent 
station trees were available, those richest in l ichens 
were always selected. The m aterial therefore con­
tains no special "moss trees". This should be borne 
in  mind when a study i s  made of the occurrences of 
mosses in this i nvestigation. 

Lundstrom also ( 1 966, pp. 8 1  ff .)  i ncluded the 
mosses occu rring at  h is l ichen stations. In addi tion 
to five of the species reported below, he  found also 
Ptilidium ciliare (on Pinus), A ulacomnium androgy­

num, Lophocolea sp. ,  Plagiothecium denticulatum 

(on Picea). All  these species occurred only at one or  
a few stations.  

For general distribution i n  the area, reference i s  
made to von Krusen tjerna ( 1 964) . 

Hepaticae 

Ptilidium Nees. 

Pt. pulcherrimum (Web.) Hampe 

Ubiq uitou in Sweden, but a cends rarely above the upper 
l imit of the birch in  the h igh mountains. It i common 
throughout the coniferou zone (Arnell 1 956, p. 44) . 

The following occurrences were noted in the investigated 
area: Djur hol m:  Quercus, 47 1 ;  JarHilla :  Kallhall, Quercus, 

600; Lidingo: Hersby, Acer, 509; Norra Stickl inge, Fraxinus, 

5 1 0; Nacka:  Nacka Old Cemetery, Acer, 49 1 ;  Stockholm: 
Farsta, Farsta Gard, Betula, 416 b ;  Spanga, Grimsta, Pinus, 

1 25 ;  Pie ea, 1 26;  Betula, 1 27 ,  1 30; Hasselby Villastad, Que r­

eus, 379, parse; osteriiker: Bullerhojden, Betula, 577 b .  

·L undstrom ( 1 966, pp. 82 ff.) found t h e  species at 1 6  sta­
t ions (Pinus and Picea) at Taby, Danderyd and Djursholm. 

The species belongs to distribution group 2 B. 

Radula Dum. 

R.  complanata (L.) Dum. 

Common throughout Sweden except in the alpine areas. 
Grows on cliffs and boulders and on trunks of deciduou 
trees. 

Occurrences in the i nvestigated area: Boo: Orminge landet, 
Fraxinus, 5 3 5 ;  Botkyrka:  Norsborg, Acer, 575 ;  Ekero: G a.Il­
stao, Ulmus, 5 24; Nacka: Nacka Old Cemetery, Acer, 49 1 ;  

Stockholm: Spanga, Jarvafaltet, Acer, 574; Taby: Nasby Slott 
Park, Tilia, 5 1 8 ;  osteraker: Ostra Ryd, Bogesund, Acer, 547; 

Bogesundslandet, Fraxinus, 543. 

R. comp/anata belongs to distribution group 3. 
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M usci 

A mblystegium Br.  Eur.  

A. serpens (Hedw.) B r. and Sch. 

Ubiquitous and common throughout the territory. Grows on  
soil or rock on calcareous as  well as  on acid ground, on 
tree trunks, roots,  decaying wood etc.  i n  moist  and shaded 
habitats from the lowlands to the subalpine region of the 
mountains (Nyholm 1 965 , p.  484) . 

The following occurrences were noted in the investigated 
area: Solna:  Frosvik, Ulmus, 3 6 1 ;  Ulriksdal, Acer, 3 7 2 ;  

Stockholm: Sp1'mga, Hasselby Villastad, Fraxinus, 3 80;  Taby: 
Na by Slott Park, Tilia, 5 1 8.  

A .  serpens probably belongs to distributioon group 2 B.  
Von Krusenstjerna ( 1964, p.  101)  describes i t  as common 

throughout the Stockholm region. 

A mblystegiella Loeske 

A .  subtilis ( Hedw.) Loeske 

Southern in  Sweden. Grow on trunks or roots of tree , 
rarely on rocks. 

The following occurrences were noted i n  the i nvestigated 
area: Sollentuna :  Sollentuna Churchyard, Fraxinus, 5 9 3 ;  

Stockholm: H agersten, Varberg, Fraxinus, 5 6 7 ;  Tyreso: Alby 
Rectory, Fraxinus, 592 a; Vaxholm: Fraxinus, 542; Osteraker:  
Ostra Ryd, Rydboholm, Fraxinus, 579. 

Practically all occurrences are i n  the "normal area". 
Von Krusenstjerna ( 1 964, p.  1 01 )  writes that A. subtilis 

often grow in fairly dense carpet at the bases of tree 
trunks (Ulmus, Fraxinus, Acer, Tilia) . The species i s  rare in 
the Stockholm region. 

Barbula Hedw. 
B. vinealis Brid. 

Nyholm ( 1 956, pp. 1 1 8 ff.) tates that B. vinealis i s  southern 
in  Sweden. The main specie i found only i n  the outhern­
most calcareous provinces (Skane, oland, Gotland). It 
grows on calcareous, more or le s sandy soil, on walls, etc . 

V. cylindrica (Tay! .) Boul.  is more common i n  Fenno­
�candia than the type and with a wider di tribution. I t  ex­
tends to the comparison area immediately north of  the in­
vestigated area. 

Occurrences in the investigated area:  Stockholm :  H ager­

ten, Sagatun, Ulmus, 45 1 ;  Va terled, Nockebyhov, Acer, 

409. 

One of the sites is in the central, the other in  t he outer 

transitional zone. The distance between the two stations i 
only 4 km. 

Von Krusenstjerna ( 1 964) does not mention the species as 
occurring in  the Stockholm region. 

Brachythecium Br. Eur.  

B. velutinum ( Hedw.) Br .  and Sch.  

The species is  common i n  the  southern and central part of 
the territory, scattered or  rare towards the north and in 
the mountains. B.  velutinum grows on tree trunks (Nyholm 
1 965, p. 538),  more seldom on the ground. 

The following occurrence were noted: H uddinge : Lanna, 
Ulmus, 588; Jarfalla:  Bjorkeby, Tilia, 598; Stockholm: 
Bromma, Tilia, 4 1 2 ;  Johanne , Vasastaden, Betula, 1 1 6 ;  

Spanga, Gr·imsta, Quercus, 1 29. 

The species probably belongs to group 1 B. 
Von Krusenstjerna (1964, p. 97) does not mention the 



pecies as occurring on bark but only on dry sandy soil 
beneath conifers, mostly at  the edges of woods. In the 
Uppsala area, h owever, i t  grows on stumps and tree roots 
(von Krusenstjerna 1 945). B. velutinum is common in the 
Stockholm region. 

B. salebrosum (Web.  & Mohr.) Br. and Sch.  

Ubiquitou distribution in  Sweden.  Grows on o il ,  t ree 
bases, stumps and boulders in wooded areas, from the low­
lands to high up in the mountains. B. salebrosum is  freq uent 
throughout the distribution area (Nyholm 1 965, p.  5 54) . 

One epiphytic occurrence in the investigated area :  oster­
aker : ostra Ryd, Rydbo Saltsjobad, Fraxinus, 578.  

The ite i in the "normal area". 
Von Kru enstjerna describes the species as common in 

the whole of the Stockholm region. 

B. glareosum (Bruch.) Br. and Sch. 
Southern distribution in Sweden.  Favours limestone and 
grows mainly on rocks or  calcareous soil. Nyholm ( 1 965, 

p. 556) describes the species as "widespread in suitable 
l ocalities". 

One occurrence in the investigated area-Osteraker :  Ostra 
Ryd, Bogesund, Fraxinus, 548. 

The locality is  in  the "normal area" .  
Von Kru  enstjerna ( 1 964, p.  94) writes tha t  B. glareosum 

i to be found throughout the Stockholm region on cal­
careous clayey soil, occasionally on boulders or  slabs of 
primaeval limestone, but that i t  is unfrequent. There are no 
records of any occurrences on  the bases of growing trees. 

B. populeum (Hedw.) Br. and Sch. 

Nyholm ( 1 965, p. 539) describes the species as "common, 
often frequent in the south and central part of the territory, 
rare or  ab ent in  the north". Grows on rocks, t runks and 
roots olf tree , ometimes on soil, chiefly i n  the lowlands. 

The following occurrences were noted in  the investigated 
area: Nacka:  Bollmora, Fraxinus, 562; Stockholm: Farsta, 
Far ta Gard, Betula, 4 1 6  b ;  Johannes, Vasastaden, Acer, 1 23 ;  

0 car's, Djurgarden, Quercus, 398 ;  Spanga, Grimsta, Fraxi­

nus, 1 32; JarvaHiltet, Acer, 573 ;  Vasterled, Traneberg Strand, 
Ulmus, 85. 

B.  populeum probably belongs to group 1 B. 
Von Kru enstjerna ( 1 964, p. 95) writes that in the Stock­

holm area the specie grows on boulders and low slabs 
beneath deciduous trees and is fairly frequent throughout 
most of the area. 

Bryum Hedw. 
B. capillare Hedw. 

Ubiquitous in  Sweden. Nyholm ( 1 958,  p.  243) describes i t  as 
"common or nearly so throughout the territory". Grows on 
forest humus, in rock crevices on boulders or  on tree trunks. 

Occurrences i n  the investigated area: Boo: Ormingelandet, 
Fraxinus, 5 3 5 ;  Danderyd: Acer, 472; Lovo: Karson, Fraxinus, 

427 ; Stockholm :  Spanga, Jarvafaltet, Fraxinus, 362; Vasterled, 
Olovslund, Acer, 424; Taby: Ensta, H astangen, Acer, 5 8 1 .  

B .  capil/are belong t o  distribution group 3 i n  this in­
ve tigation. 

Von Krusenstjerna ( 1964, p. 70) mentions the species as 
occurring in  the Stockholm region on rocks and boulders, 
occasionally on park tree and mostly in  localities not ex­
ce sively exposed to unlight. Common to fairly frequent 
throughout the area. 
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Ceratodon Brid. 

C. purpureus (Hedw.) Brid. 

Cosmopolitan and, according to Nyholm ( 1 954, p.  26) 

"Common from the l owlands to high up in t he mountains". 
Grows on  all kinds of substrate, especially on  open, sandy 
or  burnt soil. 

One occurrence, on  a growing tree (on the trunk base), 
was note d  in  the inve tigated area-o teraker :  Re aro, Ytter­
strand, Betula, 576 b. 

The site is in the "normal area". 
Von Krusenstjerna ( 1 964, p. 48) describes i t  as very 

common throughout the whole of the Stockholm area. 

Dicranum Hedw. 

D. scoparium Hedw. 

Nyholm ( 1 954, p. 64) describes the species a common 
throughout Sweden.  Grows usually on rocks and boulders 
or on the ground in  conifer woods and on heaths, but  also 
often in  deciduous woods. Occurs also on tree roots, stumps 
and trunk bases. 

The following occurrences were noted in  the i nvestigated 
area:  Lidingo: Molna, Tilia, 526; Norra Stickl inge, Fraxinus, 

5 1 0;  Stockholm: Farsta, Farsta Gard, Betula. 4 1 6  b; Spanga, 
Grimsta, Betula, 1 30;  Hasselby Villastad, Quercus, 379, 

sparse ; Sankt Goran, Marieberg, Salix, 80. 

L undstrom ( 1 966, p.  82) found D.  scoparium at two 
places (Pinus) and (Picea) in  Taby. 

D.  scoparium belongs to group 2 B. 
Von Krusen tjerna ( 1 964, p .  54) describes the pecies a 

very common, occurring for example on the ba e of Betula 

trunks in the Stockholm area. 

Drepanocladus Roth 

D .  uncinatus (Hedw.) Warnst. 

Ubiquitou in Sweden. According to Nyholm ( 1 965, pp. 
430 ff.) it is "common, often frequent, throughout the ter­
ritory". It grows in moist or wet habitats, on soil, rocks and 
tree trunk , from the lowlands up to the high-alpine belt of 
the high mountains. 

One epiphytic occurrence was noted in  the investigated 
area, in Stockholm:  Spanga, H asselby Villastad, Quercus, 

379. 

The locality is in  the outer transitional zone. 
Von Krusenstjerna ( 1 964, p.  1 08) describes D. uncinatus 

as common in the Stockholm area, even in the outermost 
skerries of the Archipelago . I t  grows on boulders, rocks and 
tree roots in  moist situations. 

Hypnum Hedw. 

H. cupressiforme Hedw. 

According to Nyholm ( 1 965, p. 586) i t  i s  cosmopolitan and 
occurs almost throughout Sweden. I t  is  common, often 
frequent in the southern and central parts of t he territory, 
rare or absent in  the far north and in  the high m ountains. 
Grows on soil, rocks, tree trunks and rotten wood i n  dry 
or moist habitats, on acid or calcareous ground.  It is a low­
land and subalpine plant (Nyholm, I.e.). 

Lundstrom ( 1 966, p. 82) found H. cupressiforme at  5 

stations (Picea) in Taby. 
H. cupressijorme as an epiphyte belongs to group 2 B 

(Fig. 59). 

Von Krusenstjerna ( 1 964, p.  1 1 3) describes the species as 
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Fig. 59. Hypnum cupres iforme. 

very common on rocks and boulders, tree trunks and tree 
roots in  the whole of the Stockholm area. 

Leucodon Schwaegr. 

L. sciuroides (Hedw.) Schwaegr. 

The species i s  ubiquitous. Nyholm ( 1 %0, p .  373) wri tes that 
L.  sciuroides is  "widespread in  the lowlands, rare in  the 
mountain and towards the north". I t  grows on tree trunks 
in the southern part of the territory, usually on r ocks in 
the northern part. 

The species belongs to group 3 (Fig. 60). 
According to von Kru en tjerna ( 1 964, p. 90) L.  sciuroides 

occurs in the Stockholm area commonly on old park trees 
and avenue trees throughout the region, but with dimini shing 
frequency towards the Archipelago. 

Mnium H edw. 

M. cuspidatum H edw. 

Nyholm ( 1 958 ,  p .  27•1 )  states that M. cuspidatum "occurs on 
shaded, damp ± sandy soil in  woods, on t ree stumps, w alls 
and rocks e-tc .  a t  lower altitudes" . I t  i s  common i n  suitable 
localities throughout the territory (Nyholm, I .e .) .  

The foll()IWing occurrences were noted :  Lovo:  K a rson, 
Fraxinus, 427; Lidingo: Norra Stickli nge, Fraxinus, 5 10;  
Nacka :  Bollmora,  Fraxinus, 5 62; Stockholm: Johannes, Vasa­
staden, Betula, 1 1 6 .  

M. cuspidatum may probably be assigned to group 2 B.  
Von Krusenstjerna ( 1 964, p. 78) mentions the species as 

occuTring on boulders in  shady parks and groves, on tree 
trunk bases,  stumps, etc., throughout the area and ex­
tending to the outer skerries of the Archipelago. He con­
siders that M. cuspidatum is  not common but is to be found 
occasionally on  churchyard walls .  

Orthodicran um Loeske 

0. montan u m  (Hedw.) Loeske 

Ubiquitously distributed in Sweden. Nyholm ( 1 964, p .  72) 
writes that it is  "Common in  forests from the lowlands to 

Acta Phytogeogr Suec 52 

Fig. 60. Leucodon sciuroides. 

h igh i n  the mountains, but rarely above the fore t line; 
Sweden, NoTway, Finland throughout the territory". Grows 
on decayed wood, t ree trunk bases, rocks and boulders and 
-although very rarely-on the ground as wel l .  

The following occurrences were noted: Lidingo: Koltorp, 
Quercus, 528; Stockhol m :  Farsta, Fagersjo, Quercus, 4 1 8 ;  
Farsta Gard, Betula, 4 1 6  b;  Oscar's, Djurgarden, Quercus, 

398;  Span�a, Grimsta, Betula, 1 30;  Sankt Goran, M arieberg, 
Salix, 80. 

Lund tram ( 1 966, p. 82) mentions the species a occurring 
in  3 l ocal ities (Pinus and Picea). 

0. montanum belongs to distribution group 2 B .  
In  the  Stockholm area the  species is common throughout 

the region, especially in wooded parts. If there had been 
more conifers and such deciduous trees as Betula and Alnus 

in the investigation, i t  is probable that the occurrence noted 
would have been more numerous. 

Orthotrichum H edw. 
0 .  affine Brid. 

According to Nyholm ( 1 960, p .  3 33), a variable and dif­
fuse species in  Scandinavia. It has a southern distribution 
in  Sweden. Grow on the trunks of deciduous t ree , rarely 
on rocks. 0. affine i s  common in  the southern part of  the 
territory, rare or scattered towards the north according to 
Nyholm.  

The following occurrences were noted i n  the  investigated 
area: Danderyd: Enebyberg Gard, Fraxinus, 582,  not vital ; 
Lidingo: Hersby, Acer, 509; Sollentuna: Sjoberg, Quercus, 

5 1 7 ;  Stockholm: Sptmg.a, Jarvafaltet, Fraxinus, 3 76. 
0. affine belongs primarily to group 2 B .  
V o n  K rusenstjerna ( 1 964, p. 84) includes t h e  species in  0 .  

octoblephare B rid. in  h is flora of  t h e  Stockholm region.  On 
trunks of decideous trees, rather common (von Krusen­
stjerna, I .e.) .  

0 .  pal/ens Bruch i n  Brid. 

H as a southern distribution in  Sweden. Grows o n  deciduous 
trees, rarely on rocks (Nyholm 1 960, p .  343) . 



The following occurrence were n oted : Sollentuna:  Sollen­
tuna Churchyard, Fraxinus, 593 ;  osted'lker: ostra Ryd, Rydbo 
Salt jobad, Fraxinus, 578.  

Both occurrence .are in the "normal area" . 
V on Krusenstjerna ( 1 964, p. 85) describes 0. pal/ens a 

very rare in the Stockholm region. It grows on park trees or 
on tone beneath them. The species does not appear to have 
been encountered previou ly in the present i nvestigated 
area. 

0. pwnilum Schwaegr. Syn .  0. fallax Bruch. 
Southern distribution in Sweden. Grows on the older trunks 
of uch deciduous t rees as Fraxinus, Ulmus, etc. and else­
where, and is  described as widespread in  the lowlands (Ny­
holm 1 960, p .  345) . 

Two occurrences were noted:  Lovo: Lovon, Lambarudd, 
Fraxinus, 522; osteraker: B ullerhojden, Ulmus, 577 a. 

Both occurrences are in the "normal area". 
Von Krusenstjerna ( 1 964, p. 84) describes the species as 

rather uncommon, especially in the Archipelago. Grows in 
the Stockholm area on deciduous trees, mainly on Fraxinus, 

Ulmus, Acer, and Tilia in parks and avenues and i n  church­
yards (I .e.).  

0. speciosum N. 

Found throughout Sweden except in  the northernmost parts. 
Rarer towards the north and in the mountains (Nyholm 
1 960, p. 3 33).  Grows mainly on deciduous trees, seldom on 
boulder . 

Occurrences in the investigated area: Hoo: Ormingelandet, 
Fraxinus, 5 3 5 ;  Danderyd: Enebyberg Gard, Fraxinus, 582;  

Lidingo: Sodergarn, Fraxinus, 532 ;  osteraker :  Resaro, Ytter­
trand, Ulmus, 576 a. 

0. speciosum could probably be assigned to group 3. 

According to von Krusenstjerna ( 1964, p. 85),  0.  specio­

sum i common throughout the Stockholm area. It grows 
on the trunks O!f sundry deciduous trees, but occasionally 
also appears on dead conifer twigs. In rare cases it may be 
found on siliceous boulders beneath deciduous trees. 

0. stramineum Hornsch.  in Brid. 

Southern distribution in  Sweden. Grows mainly on  such 
deciduou trees as Fraxinus, Acer, etc. and on Populus tre­

mula, eldom on stone . Frequent in the southern and south­
western part of the d istribution area. 

One find in  the investigated area-Stockholm:  Spanga, 
Jarvafaltet, Fraxinus, 3 62. 

The locality is  in the centre of the transitional zone, on 
the border of the outer transitional zone . 

Von Krusenstjerna ( 1 964, p. 85) describes the species as 
rare in the Stockholm region. 

Orthotrichum sp. 

Boo : Boo Old Church, Ulmus, 55 1 ;  Ormingelandet, Fraxinus, 

535 ;  Botkyrka: Alby, Tilia, 583 ;  Norsborg, Acer, 575 ; Tul­
linge, Fraxinus, 585 ;  Danderyd : Enebyberg Gard, Fraxinus, 

582;  Huddinge: Glomsta, Fraxinus, 569;  Vi taberg School, 
Populus, 570; Varby, Acer, 473 ; Fraxinus, 568; Jarfi:illa:  
Henning torp, Fraxinus, 599;  Saby Gard, Tilia, 597;  Lidingo: 
Ga haga, Tilia, 527; M olna, Tilia, 5 26; N acka: Bollmor.a, 
Fraxinus, 562; Sollentuna: overby, Fraxinus, 6{H ; Solna:  
Bergshamra, Acer, 374; Ulriksdal, Acer, 372;  Stockholm: 
Bromma, Tilia, 4 1 2 ;  Hagersten, Bredang, Fraxinus, 434; 

Varberg, Fraxinus, 567; Johannes, Vasastaden, Betula, 1 1 6 ;  

Spanga, Jarvafaltet, Fraxinus, 376;  Tyreso: Raksta, Fraxinus, 
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59 1 ;  Taby: Ensta, Hastangen, Acer, 58 1 ;  N asby Slott Park, 
Ti/ia, 5 1 8 ;  Vaxholm:  Fraxinus, 542; osteraker: Bulle rhojden, 
Ulmus, 577 a;  Resaro, Ytterstrand, Ulmus, 576 a ;  ostra Ryd, 
Bogesund, Acer, 547; Fraxinus, 549. 

Plagiothecium Br. Eur. 

P. silvaticum. (Brid . )  Br. Eur. 

A southern species, occurring scattered i n  t he southern and 
central part of the territory. Extends northwards to about as 
far as the investigated area (Nyholm 1 965, p .  645) .  M ainly 
on boulders and t ree bases in forests. 

Occurrence in  the investigated area: Stockholm : Johannes, 
Vasastaden, Betula, 1 1 6 ;  Sankt Goran, M arieberg, Acer, 75 ,  

parse. 
Both localities are in the central transitional zone. 
Von Krusenstjerna ( 1 964, p. 1 1 2) indicates that P. silva­

ticum has not been gathered in the Stockholm region, and 
that i t  is  primarily P. succulentum, but also P. denticulatum 

etc., that are concealed in the herbaria under the name. 

Pohlia Hedw. 
P. nutans Lindb. 
Grows on dry or  wet siliceous soi l ,  in  rock crevices, on 
heaths, decaying wood, etc .  The species i s  common through­
out Sweden (Nyholm 1958 ,  p.  205) .  

Epiphytic occurrences in t h e  investigated area: Huddinge: 
Stuvsta, Acer, 474; Lovo: Karson, Fraxinus, 427 ;  Lovon, 
Drottningholm, Ulmus, 426; Stockholm:  Farsta, Farsta Gard, 
Betula, 4 1 6  b ;  Oscar's, Djurgarden, Quercus, 398;  Spanga, 
Jarvafaltet, Fraxinus, 362; Vasterled, Olovslund, Acer, 424; 

o teraker:  Resaro, Ytterstrand, Betula, 576 b. 

Lund trom ( 1 966, p. 82) mentions the species as occurring 
at one station (Pinus) i n  Taby. 

P. nu tans as an epiphyte belongs to group 2 B. 
Very common in the Stockholm region on dry acid soil 

of various k inds, mostly in  conife rous woods, decayed 
stumps, peaty soi l ,  etc. (von Krusenstjerna 1 964, p. 76). No 
occurrences on the base of growing trees seem to have been 
noted. 

Pohlia sp. 
Unidentifi able mosses of the genus Pohlia were gathered at 
the following stations: Lidingo: Molna, Tilia, 526; Solna:  
l(.arlberg, Quercus, 1 39 ;  Ulriksdal, Pinus, 373  a; Stockholm:  
Johannes, Vasastaden, Acer, 1 2: 1 ;  Ulmus, 1 24;  Sankt Goran, 
Marieberg, Ulmus, 74. 

All the occurrences are in the centre of  the t ransitional 
zone. 

Pseudoleskeella Kindb. 

P. nervosa Brid. 

The species occurs i n  nearly all  parts of Sweden. I t  is  com­
mon in some districts, scattered in  others. It grows on 
calcaTeous stones and rocks, but also on t ree trunks in the 
lowlands to the low alpine belt of the mountainous regions 
(Nyholm 1 960, p .  394). Sjogren ( 1 96 1 ,  p.  45) describes it as 
continental. 

The following occurrence were noted in the inve tigated 
area: Boo: Ormingelandet, Acer, 537 ;  Botkyrka: Norsborg, 
Acer, 575 ;  Ekero: Gallstao, Ulmus, 524;  Huddinge: Varby, 
Acer, 473 ;  Jarfalla :  Ulmus, 5 1 9 ;  Lovo: Karson, Fraxinus, 

427; Lovon, Drottningholm, Ulmus, 426; Tyreso: Raksta, 
Fraxinus, 59, 1 ; Tatby: Ensta, H astangen, Acer, 5 8 1 ;  osteniker: 
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Fig. 6 1 .  Pylaisia polyantha. 

Bullerhojden, Ulmus, 577 a; o tra Ryd, Bogesund, Frosvik, 
Fraxinus, 548; Bogesundslandet, Fraxinus, 543.  

P. nervosa can probably be as igned to distribution group 3.  

Von Krusenstjerna ( 1 964, p. 93) writes that the species 
occur throughout the Stockholm region but becomes rare 
in the Archipelago. I t  grows mainly on the trunks of park 
and avenue t rees and on boulders underneath them. 

Pylaisia Bruch et Schimp. 

P. polyan tha (Hedw.) Br. Sch . 
Widespread, sometimes common in the central and southern 
part of the territory, rare towards the north and in  the 
mountains. It is  found on deciduous as well a coniferous 
trees and on shaded rocks (Nyholm 1 965,  p. 576). 

The pecies belong to group 2 B (Fig. 6 1 ) . 

P. polyantha occurs commonly throughout the Stockholm 
region, but seems to diminish ea twards and to be absent i n  
everal parts of the Archipelago (von K r u  enstjerna 1964, 

p. 1 1 4) . I n  the area it grows (I .e.) mostly on "park trees" 
and Populus tremula, in rare case on stones and if  so 
beneath trees. 

Stroemia H ag. 

S. gymnostoma (Bruch) H ag. 

Southern distribution in Sweden. Grows on deciduous trees, 
almo t exclusively on old Populus tremula (Nyholm 1 960, 

p. 350) . 

One occurrence in the investigated area-Osteraker: Resaro, 
Ytterstrand, Ulmus, 516 a. 

This station is i n  the "normal area". 
According to von Krusenstjerna ( 1 964, p. 86) the species 

is somewhat uncommon in  the Stockholm region, but has 
probably been much overlooked. 

S. obtusifolia ( Brid .)  H ag. 

Occurs throughout Sweden except in the northernmost part . 
Grow on deciduou trees, chiefly Populus tremula, rarely 
on rock (Nyholm 1 960, p.  350) . 
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Occurrences in the investigated area : Boo: Ormingel andet , 
Fraxinus, 535;  Jarfalla:  Ulmus, 5 1 9 · Nacka : Bollmora, Fraxi­

nus, 562; Sollentuna:  overby, Fraxinus, 601 ; Stockhol m :  
Spanga, Jarvafaltet, Fraxinus, 376; Taby: Ensta, Ha tange:1 ,  
Acer, 5 8 1 ;  bsterhaninge: Vendel o ,  Acer, 589, parse; b ter­
aker :  o tra Ryd, Boge und, Acer, 547; Fraxinus, 549. 

The pecie belong to d i  tribution group 4, i .e .  i t  occur 
almo t exclusively in the "normal area". 

Common in  the Stockholm region  except in  the Archi­
pelago, where it is rare. Found on uch deciduou tree a 
Fraxinus, Ulmus, etc., and on Populus tremula by road ide 
and garden a well a in woods (von Kru en tjerna 1 964, 

p. 86). 

Tortula H edw. 

T. pulvinata (Jur.) Limpr .  

Southern distribution in Sweden (Nyholm 1 956, p .  1 1 1 ) .  Not 
previously gathered a far north as in the Stockholm region . 
T. pulvinata grow on deciduou trees, rarely on haded 
rocks. 

Occurrences in  the investigated area: Botkyrka:  Nor borg, 
Acer, 515; Huddinge: Segeltorp, Quercus, 460; Stockhol m :  
Hagersten, Bredang, Fraxinus, 454; Skarpnack, Orhem, Fraxi­

nus, 497; Spanga, Grim ta, Fraxinus, 1 32 ;  Jarvafaltet, Fraxi­

nus, 3 3 5 ;  Tilia, 3 36;  Taby: Nasby Slott Park, Tilia, 5 1 8 ;  

bsteraker :  Ostra Ryd, Bogesund, Fraxinus, 545. 

The species belongs to distribution group 3. 

Von Krusenstjerna ( 1 964) does not  mention the occur­
rence of the species in the Stockholm region. 

T. ruralis (Hedw.) Crome 

Ubiquitou in Sweden.  Common throughout the territory 
from the lowland to high up in the mountain . I t  grow on 
trunk of trees, on damp shaded rocks or walls (Nyholm 
1 956, p. 1 08). 

Only two occurrences i n  the investigated area: Lovo: 
Karson, Fraxinus, 427; J arfalla :  Henningstorp, Fraxinus, 599. 

Grows on haded boulders, rocks and walls i n  parks or 
underneath deciduous trees in  woods, also on t he bark of 
"park trees". Common throughout the area (von Krusen­
stjerna 1 964, p. 59) . 

FUNG I  

Trees that have been visibly attacked b y  s tem-para­
si t ic fungi have, with one exception, been rejected 
as station trees. The fungi l isted below are therefore 
excl usively those which l ive as saprophytes on bark. 
The material has been scanty and the avai labi l i ty of 
fully developed spores very smal l ,  and therefore only 
the genus has been stated in  most cases. Otherwise, 
the remarks made concerning mosses apply l ikewise 
to fungi . They have been "thrown in" and I have 
devoted only secondary attent ion to them. The re­
port below therefore m akes no cl a im to completeness. 
Docent  Lennart H olm and Rol f Santesson h ave been 
kind enough to check my ident ifications on a few 
occasions. 



Dasyscy ph a Fries 
Dasyscypha sp. 

One occurrence in the outer transitional zone-Huddinge: 
Snattringe, Que reus, 57 1 ,  par e. 

Hysteriwn Walbg. 
H. pulicare Fries 
Nannfeldt ( 1 949, p. 326) de cribe the species a common 
on the bark of deciduou trees, especially Alnus and Betula. 

H. pulicare belo ng to group 2 B in this investigation. 
Fig. 62. 

Leprosphaeria Ces. et  De Not. 

Leprosphaeria sp. 

The following three find were noted i n  the inve stigated area: 
H uddinge: Lanna, Ulmus, 588 ;  Solna:  Bergshamra, Acer, 

374; Stockholm, Skarpnack, Quercus, 559. 

All these occurrences are outside the inner transitional 
zone (group 2 B). 

Metasphaeria Sacc. 
M. grisea (Korb.)  Vain.  

One occurrence in  the central transitional zone: Stockholm :  
Sankt Goran, M arieberg, Fraxinus, 7 3 .  

Metasphaeria sp. 

One occurrence in  the normal zone-Huddinge: Lanna, Ul­

mus, 588 ,  sparse. 

Pleospora Rabenh. 
Pleospora sp. 

Ten occurrences :in the investigated area:  Botkyrka :  Tullinge, 
Fraxinus, 585 ;  Danderyd : Acer, 472; Enebyberg Gard, Fraxi­

nus, 582;  Lidingo: Elfvik , Fraxinus, 5 3 1 ;  Sollentuna :  Soder-
atra, Vasjo, Quercus, 595 ;  Solna: Jarva, Fraxinus, 375 ; 

Stockholm: H agersten, Bredang, Fraxinus, 454; Spanga, Jar-
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Fig. 62. Hy terium pulicare.  

vafaJtet, Fraxinus, 376; Tyres6: Alby Rectory, Fraxinus, 

592 a; 0 teraker:  Ostra Ryd, Bogesund, Fraxinus, 548. 

All these occurrences are outside the central t ransitional 
zone (group 3). 

Trematosphaeria Fuckel 

Trematosphaeria sp. 

Seven occurrences, all of them outside the inner tran itional 
zone (group 2 B). 

Botkyrka: Norsborg, Acer, 575 ;  H uddinge: Stuvsta, Acer, 

474; Jarfalla :  Jakobsberg, Acer, 520; Nacka:  B ollmora, Fraxi­

nus, 562; Solna:  Northern Cemetery, Acer, 360; Stockholm: 
Spanga, Vallingby, Quercus, 3 82;  Vasterled , Nockebyhov, 
Acer, 409. 
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I l l . ANA L Y S I S  O F  T H E I M PORTAN CE 

O F  S O M E  E N V I RO N M E N TA L  FACT O RS 

F O R T H E  D I S TRI B U T I O N PAT TERN 

Introduction 

The envi ronmental conditions of the epiphytic cryp­
togams have been thoroughly studied by Barkman 
( 1 958),  who also gives an exhaustive bibliography. 

As far as Sweden is concerned there are several 
works deal ing more or less exhausti vely with the 
ecology of corticolous l i chens, i ncluding those of 
Sernander ( 1 9 1 2), Greta Sernander-Du R ietz ( 1 923 ,  

1 926, 1 957), Degel ius { 1 935 ,  1 964), Du R ietz 
( 1 945 a), Ahlner ( 1 948), Almborn ( 1 948,  1 95 3 ,  1 955). 

The ecology of epiphytic mosses is dealt wi th by 
Waldheim ( 1 944), von Krusenstjerna ( 1 945), Sjogren 
( 1 96 1 )  and others. 

In the present  work, the ecological factors wi l l  be 
analysed on the basis of the differe nces existing be­
tween the habitat conditions in the agricultural l and-
cape and i n  the innermost part of the i nvest iga­

tion area. The aim is to try to evaluate these dif­
ferences with respect to the effect they h ave on the 
distribution of the epiphytes, primarily of the l ichens, 
in the investigation area. Thus the purpose is  not to 
endeavour to give a complete account  of the ecology 
of the epiphytes. 

The Atmospheric Factors 

G ENERAL 

Our knowledge of the chemistry of the atmosphere 
is admittedly stil l  very i nadequate, but Table 3 

nevertheless gives an idea of the chemical composi­
tion of the troposphere. The m ixture constituting the 
atmosphere normally incl udes solid and l iquid par­
ticles. 

In addition there is a large number of gaseous and 
solid organic compounds which have not yet been 
sufficiently studied. Coniferous forests, for i nstance, 
probably supply l arge quantities of organic substances 
of the terpene type to the a tmosphere. Land a reas 
also add organic particles such as pollen and gases 
from the biological turnover to the atmosphere. Large 
amounts of particles also come from wind-eroded 
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areas. G reat quantit ies of sea salt and other com­
pounds are carried u p  in to the air  from t he sea. 
Volcanic activity enriches the air with gases and 
particles. 

The t imes spen t  by d iffere n t  substances in the 
atmosphere are of greatly varying length. G ases 
mostly remain longer than p articles, and certain 
gases stay permanently or apparently so (e.g. nitroge n )  
whereas others are gradually depleted (e.g.  sulphur 
dioxide). 

The size of the particles occurring i n  the air varies 
within wide l imi ts. Those remaining there for some 
considerable t ime, however, are smaller than 1 0  

micrometres. The total number o f  suspended p articles 
varies within such wide l imits as 1 00-1 00,000 per 
cm3. Liquid particles are usually formed by the 
conden ation of water vapour on easily soluble par­
ticles. Such condensation-nuclei play an i mportant 
role i n  the formation of clouds and p recipitation. 
The size of the particles in this case i s  n ormally be­
tween 0.00 1 and 0. 1 micrometres (Statens offentliga 
utredningar 1 967:  43) .  

The gases that  are chiefly of in terest for this  
inquiry are sulphur dioxide and n it rogen compounds, 
also including ammonia. Carbon monoxide is added 
especially i n  u rban environments. 

Sulphur d ioxide is  i ncluded in the sulphur cycle. 
It  is estimated that the approximate amount of 80 

mill .  tons normally formed annually as a result of 
the burning of sulphur-containing fossil  fuels forms a 
minor part of this cycle (l .c. s. 1 4) .  Other i n termediate 
compounds present i n  the air are sulphates and sul­
phuretted hydrogen.  

Ni trogen oxides, primarily n it rogen d ioxide, are 
formed-as also is ozone-in the course of photo­
chemical processes in the u pper atmosphere. 

Ammonia is formed in connection with the bio­
logical turnover of n itrogen compounds. Non-acid 
soils can lose ammonia to the air, and the l argest 
supply to the air is probably derived from well ­
fertil ized agricultural l and. Locally, ammon i a  is  ad­
ded to the atmosphere around certain types of che­
mical works. The effect of th is is deal t with later, 
on p. 8 3 .  
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Table 3. Chemical composition of the troposphere ( 1  atm. pressure). 

After Eriksson ( 1 96 1 ,  p. 202). 

Partial 
Compounds Formula pressure (atm) 

Nitrogen N2 0 . 7 8 I O I  
Oxygen 02 0. 20946 
Water H20 "' 0.02 
Argon Ar 0.009 1 7  
Carbon dioxide C02 3.3 X I 0-4 
Neon Ne 1 . 8 2  x I o-5 
Helium He 5.24 X I 0-8 
Methane CH, J . 5 X } 0-8 
Krypton Kr l . I 4  X I 0-8 
Nitrous oxide N20 5 X 1 0-7 
Hydrogen H 2 5 x 1 o-7 
Ozone Os ,..., 5 X I 0-7 
Carbon monoxide CO 1 X } 0-7 
Xenon Xe 8 . 6  X } 0-8 
Sulphur d ioxide so2 I X I 0-9 
Ammonia H 3N ,..., 5 X } 0-9 
Hydrochloric acid HCI ,..., t o-8 
Nitrogen dioxide N02 ,..., 1 0-9 
I odine 1 2 ,..., 2 x 1 o-1 3 
Chloride CI -

Sulphate sulphur so, - s  
Ammonia nitrogen H 3N - N 
Nitrate n i trogen N03 - N  
Sodium Na+ 
Calcium Ca2+ 
M agnesium Mg2+ 
Potassium K+ 

DISTINCTIVE FEATU RES OF THE 

CITY CLI MATE 

The climate of ci t ies has been studied by many 
wri ters. There are exhaustive bibliographies i n  Krat­
zer ( 1 95 6) and Geiger ( 1 96 1 ) . Facts concerni ng the 
present i nvestigation area and i ts surroundings are 
to be found summarized in Angstrom ( 1 958) .  The 
cl i mate of the Stockhol m  area is  being i nvest igated , 
and data deal ing with the precipi tation have so far 
been published by Moden and Nyberg (part 1 ,  

1 965).  According t o  information received , part 2 

exists complete i n  manuscript form. Geiger ( 1 96 1 )  

emphasizes the difficul ty of determining the effect 
of the city on the cl imate. He bel ieves that there are 
two methods of i nvestigating this effect. One is to 
s tudy real ly long series of measurements and ob­
servations for a town which has developed i nto a 
large c i ty in recent years (cf. Fig. 73) .  The second 
method is  .to c arry out measurements, as did Sund­
borg ( 1 9 5 1 )  and others, during journeys in the city. 
Angstrom ( 1 958 ,  p. 1 26) also e mphasizes the d if­
ficulty of surveying the differences between the urban 
dimate and that of the surrounding agricultural  
landscape.  M any di fferent  factors, which i n  some 

5 - 68 1567 Skye 

Concen-
tration 
(micro grams 
per m3) Remarks 

Constant 
Constant 
Very variable 
Constant 
Somewhat variable 
Constant 
Constant 
Constant 
Constant 
Constant 
Constant 
Very variable 
Variable 
Constant 
Somewhat variable 
Variable 
Variable 
Variable 
Variable 

I "'  Very variable 
] "'  Very variable 
1 ,..., Very variable 
I "'  Very variable 
1 ,..., Very variable 
I "'  Very variable 

"' 0. 5  Very variable 
"' 0. 5  Very variable 

cases cooperate with and i n  others counteract one 
another, en ter the picture. The densi ty and extent  
of the built-up area and the existence of parks, 
gardens and w atercourses probably play an im­
por-tant role in this connection. 

The city is  warmer than its environment .  I n  the 
summer, this is reflected i n  the fact that the nigh t  
temperature is higher i n  t h e  bui l t-up area t h a n  i n  the 
green areas, partly because radiation is obs.tructed 
by the screening e ffect of the b ui ldings (cf. below). 
In large ci ties (M unich, London, etc.)  the minimum 
temperature is about 2 oc higher than i t  i s  i n  the 
surrounding rural areas.  The addi tional w armth i n  
the winter i s  probably mostly d u e  t o  arti ficial heat­
ing. I t  must certainly be a factor of some i mportance 
in  the summer too. 

Geiger also draws attention the l arge cupola of 
haze (Dunsthaube) which l ies over the  city and 
which absorbs an appreciable part of solar and ce­
lest ial radiation (cf. also Grunow 1 936,  p.  70). The 
city sky is  for example  whiter  than normal  (Geiger 
1 965,  p. 492). When i nward radiation i s  predominant,  
e .g. during the hours around noon, the haze cap­
tures some of the heat. Especially during the autumn 
and the spring, the midday temperature may rise i n  
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the city. I n  some cases, however, it has been possible 
to confirm precisely the opposite effect. More u n­
mistakable is the protection against outward radia­
tion formed by the h aze. At n ight, and particularly 
in the wi nter, the big city is i n  consequence warmer 
than i ts surrounding . 

The great built-up area of the city warms up 
slowly and cools down slowly. I n  high summer, 
therefore, morn ings i n  the ci ty are cool and evenings 
mild. A study of temperature and wind i n  the out­
ski rts of a l arge city has been carried out by Berg 
( 1 959, pp. 9 ff.) .  

The additional heat  received by the c i ty prevail­
ing partly as the result  of the screeni ng effect and 
of art ificial beating, certainly affects only the l ower 
strata of the air. The vertical temperature gradient 
m ust therefore be considerably steeper over the inner 
parts of a city than i t  i s  over the surrounding rural 
areas. Heat is  then removed m ore easi ly from the 
heart of the city by means of air movements. 

The city heart may thus form a circulation system 
of i ts own, and this i s  most pronounced d uring warm, 
almost windless summer m iddays (cf. however Gm­
n ow 1 956) .  The city's outskirts ·thus obtain an  addi­
tional supply of fresh air from the surrounding r ural 
areas. In  such cases, cumulus clouds may form over 
the city. The amoun t  of cloud reflects the particular 
conditions existing in the air i n  other ways too. The 
h aze supplies an abundance of condensation-nucle i 
to high-lying clouds. On the other hand, low-lying 
clouds sometimes dissolve ove r  a large city because 
of the lower atmospheric humidi ty prevail ing there. 

The summer maximum of relative humidity oc­
curs (according to Mentzler 1 93 5  quoted by Geiger) 
at about 6 a .m. in the heart of the city, approximately 
8 hours l ater than in the country.  The v alue is also 
aibout 1 0 %  lower. The 24-hour average is accord­
ing to the schedule in  Geiger ( 1 950) as far as Han­
nover is concerned 5 %  lower than for the surround­
i ng rural areas. The city climate is  thus drier than 
that of the country, this being explained by the ab­
sence of evaporating surfaces and the s peedy removal 
of rainwater. I n  Stockholm, however, the l arge water 
areas in  particul ar, but also parks and u ndeveloped 
land, form important evaporating surfaces. 

In spite of its drier air, the city is  foggier than 
the country. It is believed that the abund ance of 
condensation-nuclei i n  the ci ty air i s  the reason for 
this. Fog often arises first of aH in the vicinity of 
smoke-producing factories, railway yards, etc. 

The l arge city thus has a certain i n fl ue nce on the 
quantity of precipitat ion. Labilization and the supply 
of condensatio n-nuclei to an atmosphere that is  al­
ready prepared for precipi tation can bring about an 
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increase in the rainfal l .  Local ized drizzle that is never 
recorded is probably not unusual .  

A comparison m ade by Angstrom ( 1 958 ,  p. 1 4 3 )  
is o f  in terest for this inquiry. He compares annual  
temperature, J ul y  and January temperatures and 
annual precipitation in the years 1 860- 1 957  for 
Lund in the southernmost part of  Sweden , Stock­
holm, and the smal l town of Haparanda in the nor­
thernmost part of the country.  Though these cities 
and towns are so d ifferent,  a remarkable paral lelism 
is evident in the developmen t  of annual temperatu re 
and precipitation . Stockholm d oes not  seem to differ 
from the rest of the country in these respects. 

The climate of a l arge city is also characterized by 
the air's content of p articulate and gaseous i npurities 
(Geiger 1 96 1 ,  Angstrom 1 958 ,  p .  1 26) . Local ly, the 
addi t ion of particulate impurit ies  from combustion 
and i ndustrial activity m ay be very l arge. 

I f  there are l ight winds or a calm,  three strata of 
air pol lut ion can be discerned in the ci ty .  There is  a 
s tratum near the ground, consist ing of particul ate im­
purit ies from street traffic and of heavy smoke­
clouds. An in termediate stratum at a height of about 
20-30 metres derives its i mpuri ties m ainly from the 
chimneys of bui ldings .  A n  upper stratum, often at a 
height of 50-60 metres, is suppl ied with air pol lution 
from tall  faotory-chimneys and large central-heating 
pl ants. Turbulence and strong winds mix the im­
purities, and so  in  most  cases there is an  un tratified 
mass of air over the ci ty.  

THE CHEM ICAL N ATU RE OF 
STOCKHOLM A I R  

In vestigations carried out 

The impuri ties existing in  Stockholm air h ave been 
studied since 1 962. In 1 962-63 there were 1 0  meas­
uring stations i n  operation, distribute d  over the cen­
tral part of Stockholm and i ts suburbs. These in­
vestigations were begun by the National Institute of  
Public Heal th .  M e asurements wer·e made of con­
centrations of sulphur dioxide, n itrogen dioxides and 
dust. Some m easurements were m ade of the contents 
of benzopyrene also. The measurements showed that 
the normally occurring contents-fairly low in com­
parison with such c ities as London and New York­
increase very rapidly during the quite n umerous 
periods of atmospheric stagnation (Aim, Cederlof, 
Dalhamn, Friberg and others 1 963) .  M obile sampl ing 
apparatus h as been i n  use since 1 963-65, and with 
i ts  aid i t  h as also been possible to t ake samples from 
Stockholm h arbour and from the waterways around 
Lidingo. There have been two stations in Solna, 
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Fig. 63. Mean figure of four-week median for du t, 02 and 
N02 respectively during year o.f act ivity 1 962--63. Stations 
A-D are in  the l ichen-free zone, H-K in  the t ran itional zone . 
(After Alm, Cederlof et al. 1 963 Fig. 1 4.) 

situated in  the neighbourhood of the presen t  stations 
363 and 3 65 respect ivel y. A permanent station for 
measurements at heights of 2 metres, 25 metre and 
1 00 metres above ground level was establ ished in 
St.  Clara Church in central Stockholm and in an 
adjacent bui lding (adjoin ing  the present  stat ions 3 7-

39)  i n  September 1 963 (von Ubisch and Ni lsson 
1 966 ·  ee also Ni lsson 1 964) . With regard to ap­
paratus, methodology etc . ,  reference is m ade to the 
above-mentioned l it·erature. Despite the fact that the 
data obtained from 1 962-65 are few and that the 
sampl ing period has been short, certain tendencies 
can be ascertained. 

In St. Clara Church, distance-reading thermometers 
were set up at  heights of 5,  40, 65 and 1 00 metres 
above ground level . The data obtained do not seem 
to have been processed , h owever. On acoount of 
inadequate grants, unfortunately no m easurements 
could be m ade during the unusually cold winter of 
1 965-66. I n  September 1 966, air pollut ion i nvestiga­
tions were resumed at the permanent station in St .  

N 
T X j5 ''• - I 

i 0 pphm 5 0 2  

N 

i • 90 '1. - i l  

Fig. 64. Wind diagram f o r  S t .  Clara Church H 1 964-65 
(above) and 1 963-64 (below). (After von Ubisch and Nilsson 
1 966 Fig . 50 and 5 3 .) 

Clara Church, this t ime under the direction of the 
Board of Public H ealth i n  Stockhol m. 

In cooperation with the Stockholm Board of 
Public Heal th and on the i nitiative of one of the 
Stockholm daily newspapers (Svenska Dagbladet) I 
tarted a long-term i nve tigation in an area at Spanga. 

The i nvestigat ions are in tended to show the changes 
in  the contents of sulphur dioxide, nitrogen dioxides 
and dust  which are the consequence of b u ild ing 
development i n  the area. Sampl ing and analyses are 
bei ng attended to by the Stockholm Board of Publ ic  
Heal th, and are being carried out on the same l ines  
as  those used in  the  1 962-63 inquiry.  The sampl ing  
locations at  Spanga adjoi n station 376 (Spanga 
Church) and 573 (Stora Tensta farm). Samples are 
taken during a fortn ightly period four t imes a year, 
and at the same time from the central part of the 
ci ty. 

The S02 contents are determined i n  al l  these in­
vestigations accord ing to the  so-called TCM m ethod ; 
NO:.. , which is used here as a common designation 
for nitrogen dioxides according to Salzman's method 
(Salzman 1 949). As the absorption of N02 i s  only 
half as l arge as of S02, the values S•tated below for 
N02 must be expected to be rather too l ow;  o n  the 
other hand, the variation pattern i s  probably correct.  
The dust contents are evalu ated with a reflectometer. 
(Cf. Aim, Cederlof, et al. 1 962.)  
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Fig. 65. Comparison between S02 contents of air in centre 
of Stockholm, at Spanga Church  and at Tensta during the 
period 1 5th  April-24 April 1 966. During periods with very 
high so2 contents in the c ity centre , the values rise in the 
Spanga-Tensta area also, but the l ichen vegetation has not 
yet been so much affected that i t  has been possible to 
a certain any changes. 

Horizontal distribution of air pollution 

During the sampling period 1 9 62-63 ,  an attempt 
was made to gain an idea of the horizontal d istribu­
tion of air contaminants. It was found that the whole 
of central Stockhol m had approximately an equally 
high content of sulphur d ioxide in the air .  It was 
also found that the variations for the n itrogen oxides 
in central Stockholm were very smal l but that on the 
other hand the content of dust varies widely (Aim, 
CederlOf, Dalhamn, Friberg and others 1 963 ,  Fig. 
1 4) .  In the western part of Kungshol men, the content 
of so2 begins to fall rapidly, and i n  Blackeberg the 
values are even l ower. The N02 contents fall more 
slowly (Fig. 63) .  

The stations i n  Sol na show S02 contents which 
can be compared with those for Blackeberg (von 
Ubisch and Ni lsson 1 966). They reach approximately 
one-th ird of S tockholm's and correspond to those 
for a quite clean suburb of Stockholm.  With regard to 
N02 contents and dust, however, i t  is considered 
that the greater in tensity of  traffic in Sol n a  m akes 
i ts presence fel t .  The values here are comparable 
with the 25-metre l evel of Stockholm. 

Measurements of the S02 contents carried out 
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Fig. 66. Seasonal relationships between S02 and temperature 
for two stations. Drottninggatan (station B in Fig. 63, p. 67) 
and St. Clara low. (After von Ubisch and Nilsson 1 966 
Fig. 22.) 

from boats in Stockholm h arbour and around the 
isl and of Lidingo in d ifferen t  wind condit ions ap­
parently confirm that the pol l ution of the air in the 
i nner harbour of Stockholm and in Li l la  Vartan i s  
"identical ly  correl ated" with that of t h e  i n n e r  city. 
The contents of impuri ties are relatively high o n  
the east-western straits around Lidingo, b u t  l ow on 
the  east, i . e .  the  leeward s ide  of Lidingo .  This phe­
n omenon is  explained by von Ubisch and N ilsson 
by the theory that t he air  fol l ows the strai ts, while i n  
passi ng over the land the a i r  m asses are spread by 
t u rbulence, and in the e circumstances greater ab­
sorption of S02 can also occur. 

Djurgarden shows contents which are 40 % -50 % 
of the i nner-ci ty level during those parts of the year 
in  which the vegetation does not actively absorb 
S02. 

The results of the measurements at Spanga are not 
d irectly comparable with those mentioned above, as 
of course merely random samples are concerned , 
but show nevertheless that the so2 contents are 
fairly l ow, while N02 and dust  still show fairly high 
val ues. The tendency is  thus the same as that shown 
i n  the 1 962-63 i nquiry. In Fig . 64-65 a compari on 
has been made between some of the results gained 
hi therto from the i nvest igation . 
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Temporal variation of air pollution 

The chronological report on air pol lut ion in Stock­
holm is based on four-week periods. This form, ac­
cord ing to von Ubisch and N ilsson ( 1 966) is thor­
oughly suitable for studies of seasonal variations as 
well as for m aking comparisons between different  
stations and between different heating-seasons. 

I n  the 1 962-63 report (Aim, Cederlof and others 
1 963) i t  is pointed out that the curves showing four­
week mean values for sulphur d ixide and dust show 
a clear seasonal trend for all the stations. Attention i s  
also drawn to t h e  simil arity between t h e  so2 curve 
and the temperature curve, although differences of 
detai l  occur. It appears, the report says, reasonable 
to a sume that the main part of the variation in the 
four-week mean val ue for so2 emanate from similar 
variations in the intensity of domestic heating. I n  
any case the seasonal variations i n  the ventilation 
condit ions of the atmosphere probabJy cannot ac­
count for the great variation observed in the mean 
number for so2. 

Von Ubisch and Ni lsson ( 1 966) s tate that a 1 ° C  
fal l in  temperature i s  connected with an i ncrease i n  
the sulphur dioxide contents b y  about 0. 3 pphm. 
Even at  about 0 ° C  there is  so m uch heating that  
the sulphur dioxide contents exceed the medical 
control value of 5 pphm.  

Heat ing and traffic show both a weekly and a dai ly 
rhythm. The meteorological factor also h ave a dai ly 
rhythm. As regards the weekly rhythm, the curve i n  
von U bisch and Ni ls  o n  i s  difficu l t  t o  i nterpret ,  
partly because of the sampl ing technique employed . 
With respect to the dai·ly variat ions,  the course of 
the curve seems to be rather more d istinct. A mi­
n imum i n  the  sulphur dioxide contents dur ing the 
cold sea on of the year seems to appear i n  the after­
noon, and a secondary minimum in the l ater part of 
the n ight. Between the e, there is a maximum i n  the 
forenoon and one in  the evening and before mid­
n ight.  A corresponding tendency can be d iscerned 

also during the warmer season of the year, i.e. at the 
start of the heating season i n  the autumn. There does 
not appear to be any clear vari at ion as far as the 
ni trogen oxides are concerned. On the other hand 
the dust contents seem to be higher i n  the daytime 
than at n ight. 

Vertical distribution of air pollution 

Establishment of the measuring stations in St. Clara 
Church have rendered it possible to make some 
studies of the vertical distribution of air pol l ution. 
Thus for example von Ubisch and N ilsson show 
that the sulphur dioxide contents at a height of 
1 00 metres above ground level average 7 5 % of the 
contents registered at a height of 25 metre . A 25-
metre .J evel i s  at the same height as the roofs of the 
buildings in surrounding blocks. The du t contents 
show a s imi lar tendency, while the n itrogen dioxide 
are only i nsignificantly h igher at the 25-metre level 
than they are at the 1 00-metre level. At  a height of a 
few metres above the ground, the contents i n  some 
cases are very much higher than they are at the 25-
metre level (Fig. 68) .  

Other impurities 

The air of Stockhol m contains i n  addit ion to the 
impurities mentioned a good m any others, even i f  
sulphur dioxide i s  the commonest and c a n  therefore 
serve as an i ndex of air pol l ution. Automobile ex­
haust gases alone are estimated to contain 1 50 or 
200 di fferent  substances (Gerhardsson 1 966, p .  1 3) .  
As the result of the combustion of organic s ub­
stances, carbon monoxide and carbon dioxide are 
formed, for example.  The content of c arbon mon­
oxide in Stockholm streets i s  i n  certain cases disturb­
ingly high (Friberg 1 966, pp. 37 ff. ) .  The carbon 
dioxide contents are h igher i n  the central parts of 
the i nvest igation area than in its outski rts-a fact 
that should be to the advantage of vegetation in the 
bui l t-up area. 
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Fig. 68. Vertical  d istribution of air pul lution (S02, N02 and dust) as shown by measurements in St .  Clara Church, Stockholm ( 1 964-
65). "Kiara H" = l OO meters above ground level. " K i ara L" = 25 meters above ground level, and " Kiara V" =  2 meters above street 
level (equ ivalent to ground-level height at the church). (After von Ubrich and Ni lsson 1 966. ) 

Origin of air pollution 

The Stockholm area seems to obtain i ts air contamin­
ants from two main sources: domestic heating and 
motor vehicle traffic .  The variations in the sulphur 
dioxide content as they appear in the i nvestigations 
ind i·cate that domesti·c heating is  responsible for m os-t 
of this pol lution. The n i trogen d ioxides and the 
particulate impurities mainly emanate from or are 
affected secondarily by motor t raffic. However, i t  
has been impossible t o  obtain rel iable measurements 
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from traffic as a source of air poll ution. Unsuccess­
ful attempts have also been m ade to distinguish the 
dust from motor tyres and h ighway surfaces from 
other dust  and oot (von Ubisch and Ni'lsson 1 966, 

p. 1 0) .  
O n  the  occasion of  the  changeover to right-hand 

driving in Sweden on 3 rd September 1 967, all  motor 
traffic in Stockholm with the exception of pol ice c ars 
and a certain amount of other i ndispensable transport 
was prohibited from 1 0  a .m.  on 2nd September unt i l  
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3 p.m. o n  3 rd September. I n  connection with t hese 
traffic restrictions, measurements were made of the 
extent of ai r pol lution at  differen t  heights above 
ground level in central Stockholm during three con-
ecutive weekends: 26th-27th August, 2nd-3rd Sep­

tember and 9th-1 0th September. For practical re­
asons, the mea urement were restricted to the meas­
urement of sulphur dioxide and soot (part icles and 
dust). 

The mea urement revealed that the content of 
sulphur dioxide i n  the ai r during the 24 hours in 
which motor traffic was very spar e corresponded to 
the value that are normal for a 24-hour Saturday­
Sunday period. The sulphur d ioxide originates over­
whelmi ngly from dome tic heating  etc., and the ab­
sence of the minor proportion emanating from d iesel­
driven vehicles i s  not noticeable in the numerical 
data. The soot content, however, fel l greatly. The 
table below hows the average figure obtained by 
the reflectometer method for the periods from 1 0  
a .m. o n  Saturday unti l  3 p .m.  o n  Sunday. 

Table 4.  Measurements of the extent of dust at dif­
ferent heights above ground level in central Stock­

holm during three consecutive weekends in 1 967. 

Time 

26th-27th  August 
2nd-3 rd September 
9th-I Oth September 

Height above ground level 

2 ma I 0 mb 1 8  me 

7 .0 
3 .0 
9 .0  

2 .5  
1 .0 
3 . 0  

4. 5 
2 . 5  
5 . 0  

Measurin g  stat ions:  a Stal lgatan 3 ;  b Torkel K nutssonsgatan 
20;  c Klarabergsgatan 33 .  ( I nformation obtained from Press 
Bulletin from the Board of Health,  issued 1 9th  Septem ber 1 967 
p. 20.) 

The reflectometer method measures the degree of 
darken ing of a dust ample .  It thus gives no i ndica­
tion of the quantity of dust but  merely of the amount  
of dark dust  and soot. 

The i nve tigation gives a certain i ndication of the 
proportion of  dust derived from motor traffic. 

L IGHT AN D VIS I B I LITY 

The effect of l ight on l ichens h as been stud ied by 
Almborn ( 1 948, 1 95 3 ,  1 955) ,  Barkman ( 1 958), De­
gel ius ( 1 93 5 ,  1 965), Ertl ( 1 95 1 ) , Stalfe l t  ( 1 939) and 
others. 

Light h as a certain i mportance for the d istribution 
of the epiphytes. It i s  stated for example that there 
are photophilous, phototolerant and photosensitive 
s pecies among both l ichens and mosses. See for ex­
ample Almborn ( 1 95 3 ,  1 955)  and Waldheim ( 1 944). 

It is necessary to distinguish here between the effect 
of sunlight and of di ffuse dayl ight, and this i s  not 
easi ly done.  I t  i s  also difficu l t  to d ifferen tiate be­
tween the direct i n fluence of l ight on vegetation and 
the indirect influence of i rradiation, v ia  temperature 
and moi ture. Thu for example Sjogren ( 1 96 1 ,  p. 69) 
confirms that a moss covering is  absent on  the parts 
of the trunks most strongly exposed to l ight when no 
other factors al leviate de iccation. 

The specie deal t with i n  this treat ise-because of 
the st ructure of the work-are photophilou and 
phototolerant ones.  The l ight factor m ay be of i m­
portance here for the location of the l i chens on the 
trunk, probably in conjunction with the factors of 
temperature and humidity, cf. AJmborn ( 1 948, p. 
2 1 9) and Degel ius ( 1 965, p. 7) .  

Number of hours of sunshine and 

total inward radiation 

Fig. 69 how a comparison between the n umber of  
hour of sun  h ine  per month  for Stockholm, K arlstad 
and Er ken (Swedish Meteorological and Hydrological 

Institute (SMHI), Yearbook 2: 2, supplement, 1 960-
6 1 )  and refer to the years 1 95 7-59. Erken, which 
i a thoroughly rural station situated about 60 km 
NNE from Stockhol m, shows mani festly l ower 
figures than Stockhol m, while Karlstad in certain 
cases how omewhat h igher val ues than Stockhol m. 

Fig.  70 shows a compari on between the total  i n­
ward radiation in cal j cm2 from un and sky on a 
h orizontal surface for Stockhol m, Karl stad, Erken 
and Ultuna.  In this respect, Stockhol m  i surpa ed 
by Karlstad but hows higher val ues than Erken .  I t  
is hardly possible from these scanty d ata,  considering 
the regional cl imatic differences, to demonstrate any 
di fference between the l arge city, the smal l  c i ty and 
the countryside, but i t  is worth noticing that the 
val ues for Stockholm are not at  the b ottom of the 
table. 

Visibility conditions 

A comparison by months for the years 1 93 8-4 1 and 
1 950-60 between the visibi l i ty conditions in Stock­
hol m, Linkoping (about 204 km south-west) and 
Karl stad (about 3 1 0 km west of Stockhol m) i s  shown 
in Fig. 7 1 .  The visibi l i ty condit ions are throughout 
worse in  Stockholm than i n  Karlstad and even worse 
than i n  Linkoping, except as far as the best visibi l i ty 
is concerned . The di fferences are biggest in the winter 
months, which cannot merely be explained by the 
somewhat higher frequency of fog in Stockhol m  (Fig. 
76) during this period. 

I t  is di fficult to m ake a complete evaluation of 
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Hour 

4 9 57  --------
4 9 5 8 - - - ­
i 9 5 9 ---

the ecological effect of this phenomenon. The h aze 
cupola (K ratzer's Dunsthaube) typical of l arge ci ties 
exi ts apparently over Stockhol m too. I ts  effect on 
the temperature cli mate ha al ready been mentioned 
(p. 65). 

It eems less probable that the changes in light 
intensity would have any effect  on the l ichen flora. 
The changes are not of that scale of m agnitude, and 
should the l ight in tensity fal l so that the photophilous 
species were to disappear, i t  would be reasonable to 
a sume that they would to some extent be replaced 
by sciophi lous species. The investigation area offers, 
moreover, so many di fferent l ight-conditions that a 
general dimi nution in l ight would have highly varied 
consequences. The extent to which possible changes 
in  the composition of l ight may contribute towards 
making the c i ty poor in  l ichens cannot be appraised , 
but this does not appear to be l ikely ei ther. 

TEM PERATU R E  

The a i r  temperature  i n  t h e  Stockholm area is  shown 
in Fig. 72 ,  in which the monthly mean values 
from Stockhol m (Observatorielunden), Stockhol m 
Ai rport (Bromma), Experimental fal tet, Beckomberga, 
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Fig. 69. Number of hours of sun­
shine in  Stockholm, at Erken and 
in Karlstad, 1 957 ...... 59 .  Erken is a 
typical rur.al station, w hile Karl­
stad is a small city compared with 
Stockholm. 

Farsta and Kar ta are given. The val ues are taken 
from the SMHI Yearbook and refer for Stockholm 
to 30  years ( 1 93 1 - 1 960), for Stockhol m Airport to 
2 1  years ( 1 940- 1 960), for Experimental fal tet to 30 
years ( 1 93 1 - 1 960), for Beckomberga to 4 years 
( 1 957- 1 960), for Farsta to 30  years ( 1 93 1 - 1 9 60) and 
for Karsta to 8 years ( 1 95 3- 1 960). 

A the figure shows, the course of the curve d i f­
fers for the various stations during the winter and 
summer months, while the pring and autumn seem 
to be similar with respect to the temperature c l imate. 

The mildest winters occur  i n  the inner c i ty of 
Stockholm (Observatoriel unden) and at Experimen­
ta1 fal tet .  The curves for these two tations are almost 
identical . Farsta and Beckomberga h ave a winter 
temperature that is,  generally s peaking, 0 .5 °C l ower. 
It i s  somewhat colder still at Stockholm Ai rport, and 
the severest winter c l imate is at Kar ta, which js 
1 . 5 ° C  colder than Stockhol m. ( I t  should be noted, 
however, that the recordi ngs cover a period of only 
8 years . )  

Angstrom ( 1 958 ,  p .  1 3 8) points o u t  that t h e  mean 
vat ue for a 1 0-year period can not be expected to 
coincide exactly with the mean figure for  another 
1 0-year period. The probable di fference i s  in the 
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Fig. 70. Total inward radiation in Stockholm, Karlstad, Ul­
tuna (near  UppsaJa) and at Erken. 

region of 0 .5 ° C  to 1 .0 ° C. The J anuary temperature 
in Stockhol m for the 1 0-year period 1 9 1 1 -20 i s  for 
example 1 . 6 ° C  lower than the mean value for t he 
1 0-year period 1 90 1 -1 0. 

The summer temperature is highest i n  central 
Stockhol m, Stockholm Airport , Beckomberga and at 
Experi mental flil tet. Farsta and Karsta have a some­
what l ower temperature. The difference is a matter 
of about 1 .0 ° C  for Karsta and of about 0.6 o c  for 
Farsta. According to these figure , central S tockhol m 
is no warmer in the summer than are the suburb , 
but  is between 0.5 ° C  to 1 .0 ° C  warmer than the sur­
round ing countryside. 

Angstrom ( 1 958 ,  p. 1 23)  emphasizes t hat on a 
sunny summer's day the temperature over an asphalt 
roadway can rise some tens of degrees C above the 
temperature in an open park in the vic ini ty. At  the 
ame time the temperature in the shade of large 

blocks of bui ldings can be considerably l ower than 
in  the park. (Cf. for example Grunow 1 93 6, p .  70.) 

A comparison between the m aximum and minimum 
temperature i n  Stockhol m and Nykopi ng from 1 9 1 9  
unti l  1 96 1  i s  shown i n  Fig. 7 3 .  The figure seems to 

9 

4 

STOCKHOLM 
J F M A M J J A S 0 N D 

KA RLSTAD 

90 
80 
70 
60 
50 
40 
30 
20 
10 

. 90 

. 80 

. 70 
60 

I - �  7 · 40 :��- ��. ' !� 
� 1 0 

L INKOPING 
9 �----------= 

90 
80 
70 
60 
5 0  

· 40 
3 0  
2 0  
1 0  

Fig. 7 1 .  Visibility conditions in  Stockholm, Karl tad and 
Linkoping, expre ed in a nine-grade scale. The curves show 
percentile di tribution throughout the months of the year.  
(Mean val ues for the years 1 930-6 1 .) The vi ibility condi­
tions during the winter half of the year are decidedly worse 
in Stockholm than in the other two cities. 

show that the mtmmum temperature i n  Stockholm 
has risen by 1 . 5 °C to 2.0 ° C  since 1 920. The m axi­
mum temperature has u ntil the most recen t  years 
been sl ighl'ly higher in Nykoping than in Stockholm.  
Whether these di fferences are  due to the  u rban en­
vironment,  however, i s  difficult to say. 

Angstrom ( 1 958 ,  p. 1 40) shows how winter tem­
perature i n  Stockholm h as risen by 2 oc since the 
middle of the 1 8th century, while the summer tem­
peratu re on the other hand h as remained practically 
unchanged (see also Bergsten 1 930, pp. 252 ff. ). The 
annual temperature has risen by about 0.5 ° C  but the 
i ncrease began , general ly speaking, at  the turn of 
the century. The rise i n  the winter temperature i s  
believed t o  b e  due t o  the fact that extremely cold 
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c 

Fig. 72 . Air temperature expressed as monthly mean value . 

1 = Stockholm Airport (Bromma), 2 = Beckomiberga, 3 = 
Stockholm (Ob ervatorielunden), 4 = Experimenta! Hiltet, 5 = 
Farsta, 6 = Kar ta.  

winter have become rarer, and appl ies not only to 
Stockhol m but to the country as a whole. 

From the avai lable data, it i s  difficul t  to obtain 
an exact idea of the extent to which the temperature 
cli mate of Stockholm differs from that of it sur­
rounding . The add itional heat apparently prevails 
mainly in the cold season of the year. During the 
warm part of the year i t  is l ess pronounced. I f  
temperature (as a feature o f  macro-cl imate) i s  of 
any importance for the origin of the di tribution pat­
tern, it is therefore the winter  temperature that is 
decisive. 

Temperature and lichens 

The importance of temperature for l ichens h as been 
studied by several writers. In addi tion to the works 
mentioned by Barkman ( 1 958,  p .  6 1 ) , the fol lowing 
may be mentioned: Bertsch ( 1 966), Bl iss and Handley 
( 1 964), Lange ( 1 965 ) .  

Lange ( 1 953 )  has  stud ied the  reactions of  l i chens 
to high temperatures and found that sciophytic forms 
of air dry A lectoria implexa show a sharp decl ine i n  
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Fig. 73. Maximum and minimum temperatures in Stockhol m 
and Nykoping, 1 9 1 9-61 .  

respiration after a heat shock o f  70 ° C  i n  half  an 
hour. An 80 ° C  shock almost ki l l s  the l ichen.  Al l  
A lectoria and Usnea species are sensitive, but  a l l  
Lange's pecimens survived 5 hours at  5 8  °C.  After 
3 hour at 66 ° C  the respi ration of  Evernia prunastri 

(from an oceanic region) was greatly i nhibited. With 
A lectoria implexa, Evernia prunastri and Usnea dasy­

poga, alga and fungus eem to be equally sensitive, 
but with L obaria pulmonaria and Pseudevernia fur­

furacea the alga i i njured before the fungus. On the 
other hand the fungus is  more sensitive than the alga 
i n  Ramalina farinacea and Usnea florida. Lange al o 
shows that the l ichens are con iderably m ore sen­
sitive to heat i n  a moist condition than in dry air. 
Species that are ensitive to dry heat are also sen­
sitive to moist heat. 

He  al o say (p. 73) "Die Beobachtung an  Flechten 
wei en eben fal ls auf e inen i nneren Zusammenhang 
zwischen der Resistenz gegen feuchte und t rockene 
H i tze und gegen Aus'trocknung hin" .  

Lange ( 1 95 3 ,  p. 83 )  notes that  i t  appears from 
climatological data and from determi nations of water 
content in natural h abi tats that prolonged period 
of drought never occur  in our climatic region, even 
i n  dry habitats. Even during rainless periods the 
l ichen thal l i  absorb sufficient moistu re from damp 
or fog or dew for them to be able to assi milate. After 
h aving noted that the l onge t dry period in Gottingen 
during the period 1 898- 1 95 1  was 40 days (p. 82) 
he notes (p. 9 1 )  that: "Keine der u ntersuchten Flech­
tenarten kann an irgendeinem natUrl ichen Standort 
(unseres Kl imagebietes) von so langen Trockenperio­
den betroffen werden,  dass eine unmit telbare Trok­
kenschadigung eintreten u nd dadurch ihre Verbrei­
tung eingeschrankt werden konnte". This h owever 
does not excl ude a selective i n fl uence of the varying 
response towards h igh temperatures and prolonged 
desiccation, when the competition between species i s  
considered . 
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De iccated mos es behave in the same way a 
de iccated l ichens. 

BUnning ( 1 94 7) ob erved a parallel betwe n re­
sistance to heat and resistance to sulphur  dioxide i n  
tropical algae, and bel ieved that there i s  a connec­
tion between the two. Bogen ( 1 948) regarded heat­
re i tance as a special case which can be explained 
by a general re istance in the plasma, determi ned by 
it tructure. 

The epi phyte encounter extremely varying tem­
perat ure condi t ions in  the ir  n atural habi tat . Sun­
exposed thal l i  of epigeic pecies can be subjected to 
a temperat ure ly ing 40 ° C  above the air temperature. 
No uch h igh temperatures have been measured i n  
the ea e o f  epiphytes. I n  one o f  Lange's experi ments, 
Pseudevernia furfuracea received a max. temperature 
of 26.9 ° C. The air temperature wa then 20 ° C. 

As Sjogren emphasized in 1 96 1 ,  i t  is d ifficult  to 
d i  t inguish the d i rect infl uence of the temperature 
on re pi ration and transpi rat ion, from the i ndirect 
influence on the other habi tat-factors. Lange's ex­
periment however, seem to give upport to the view 
that the air  temperature i n  summer cannot cause 
uch a carcity of l ichens a that existing in Stock­

holm, and also that it c annot be regarded a a 
contributory cause of this carcity. M oreover, Stock­
hol m di ffers far too l i ttle from i ts surrounding agri­
cul tu ral land cape. 

The mild winters in the built-up parts of the city 
probabl y cause the vegetation period to be pro­
longed in autumn.  Light is  of course then greatly 
red uced , at the fairly high l at i tude of Stockholm,  
and in October-November the t ime dur ing which 
re p iration prevail  is much l onger than the t ime 
when photosynthe i is also possible. During the 
sea on concerned (especially in  the l ate autumn) 
there is usually a sufficient supply of water for the 
l ichen . Barkman ( 1 958,  p. 1 7) poin ts out that the 
l ichen do not need very strong l ight during the cold 
sea on of the year in  order to be capable of as imi la­
t ion.  The temperature for a m aximally effective 
photo ynthesis fal ls from 1 7  °C to 5 ° C  when the 
length of the day changes from 1 8  to 3 hours. 

Stal felt  ( 1 9 3 9) worked with Cetraria glauca, Ever­

nia prunastri, Hypogymnia physodes, R amalina fari­

nacea, R .  fraxinea, Usnea dasypoga and other species, 
and found that the prod uction apparatus of these 
species is  so adjusted that i t  operates i ntensively i n  
the winter and extensively i n  the summer. The winter  
i s  not  an absol ute resti ng-period for the mosses either 
(H agerup 1 935 ,  p .  64).  Most growth, however, oc­
cur chiefly i n  the autumn and spri ng (Romose 1 940, 
pp. 73 and 1 03) .  

The relatively mi ld  winters i n  the c i ty thus  lead to  

increased activity i n  l ichen and mo se d uring the  
part  of the  year when air pol l ution i s  at i t  h ighest­
a circumstance which is certainly not  without sig­
n i ficance in  this connection, but which h as to some 
extent doubtle ly  been d i  regarded in the discussion 
on l ichens and the urban environment .  

EVAPORATION 

Evaporation from bui ldings and paved streets i 
minimal d ur ing the ummer, while from ground 
covered by vegetation it i generally of the same 
magnitude a from a water surface. 

Evaporat ion represents a removal of heat from 
the ground urface of the same magnit ude a the heat 
surplu (inward radiation-outward radiation) which 
is suppl ied from the un and the sky onto the same 
ground sur face. 

Evaporation urfaces in the form of large water 
a reas and undeveloped ground in the central parts of 
Stockholm are shown in  Figs. 1 a and 1 b.  In Stock­
hol m these areas are extraordinarily large and have 
a clear effect on the local cl imate. 

PREC I P ITATION 

The dryness of the ci ty cl imate (Geiger 1 96 1 ,  p .  5 1 2 ) 
ha been held responsible by some writer for the 
death of the l ichen (see for example Rydzak 1 95 3 ,  
Klement 1 958 ,  1 966, a n d  Natho 1 964) . There are 
therefore reason for deal ing with the water factor i n  
somewhat more detai l .  

Lichen acquire water in  the form of rai n,  dew, 
fog and atmospheric humidity. Rain, however, i s  the 
most i mportant factor for the supply of l i chens with 
water. 

Prec ipitation cond it ions in the Stockholm area 
have been tudied by Moden and Nyberg ( 1 965) .  The 
i nvest igation shows that Stockholm (Observatorie­
kullen) has a mean an nual value of 555 mm (for 
the period 1 93 1-60), which i s  33 mm l ower than the 
mean val ue for the whole of Sweden.  (For the pe­
riod 1 88 1 - 1 920, precipitation amounted to 548 mm 
accord ing to Bergsten 1 930 . )  The eastern and south­
ern parts of the Stockholm area have a heavier 
annual precipitation than the western and northern 
parts. This d issimilarity appears primarily in the 
distribution of precipitation during the autumn (Sep­
tember-November) and winter  (December-February) . 
For the rest of the year, precipitation i s  more evenly 
d istributed over the whole area except in  July and 
August, in which the western parts of the area 
halVe the heaviest precipitation. The spring i s  drier 
than the other seasons of the year.  Precipitation 
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condi tions in  the investigated region are shown i n  
Fig. 74. 

I n  the summer months, rain fall s  m ainly i n  the 
middle of the day. M aximum precipi tation then 
coincides with maximum temperature. A secondary 
m aximum occu rs i n  the l ater part of the night. O f  
t h e  t w o  min ima thus occurring, t h a t  i n  t h e  evening 
hours i s  the most marked. (Cf. relative humidity, 
Fig. 75.) During other seasons there are relatively 
small variations i n  the distribution of precipitation 
over the v ar ious hours of the day and n ight. 

The mean in tensity of precipi tation-i .e.  the pre­
cipi tation, measured in mil l imetres, which h as fallen 
per precipitation hour-has a daily periodici ty which 
is  l i tt le marked during the winter and spring. I n  the 
summer, h owever, the variations are considerable. 
The greatest in tensity in precipi tation is  attained at 
the same time as the m aximum for the quantity of 
precipitation, i .e .  between noon and 2 p.m. The 
minimum is reached in the mornings between 6 a.m. 
and 8 a .m. ,  which is rather l ater than the time for 
the secondary minimum of the quantity of precipita­
t ion. During the autumn, maximum precipitation i n­
ten ity occurs between 4 p.m. and 6 p. m . ,  while the 
minimum value is  reached between midnight and 
2 a.m. 

As regards the duration of precipitation, M oden 
and Nyberg note that the winter-not u nexpectedly 
-is the season when the duration of precipitation 
is  at its greatest. In  the winter  hal f  of the year, l ight 
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Fig. 74. Monthly mean values of 
precipitation in the Stockholm area .  
1 = Stockholm (ObservatoTielunden), 
2 = Experim entalfiiltet, 3 = Stock­
holm Airport (Bromma), 4 = Li­
dingo, 5 = Skansen, 6 = Ulvsunda, 
7 = Barkarby, 8 = Farsta, 9 = Satra 
gard, 10 = Tyreso, 1 1  = Norsborg, 
12 = Berg.aholm, 1 3  = osteraker, 
14 = VaJlentuna, 15 = Nyckelby, 16 = 

Lyckas, 1 7  = Roskar, 1 8  = Karsta. 

snowfall or l ight drizzle m ay be very persistent and 
yet give only small  q uantit ies of precipitation. Dur­
ing the summer the d u ration of precipitation is short. 
However, in this season too there i s  occasional 
drizzle which gives such small quantities of precipita­
tion that no registration occurs. I n  the summer, rain 
usual ly fal l s  in the form of qui te short showers (see 
also Ang trom 1 958 ,  p. 69). The heavy afternoon 
showers which sometimes occu r  i n  Stockholm during 
the summer are probably due to the l arger vertical 
temperature gradient and thus to the more labile 
stratification which appears in air l ayers over the 
city as compared with i ts surrounding. Local down­
pours may also possibly appear i n  places where n o  
regi stration is  made {see p .  66). O n  t h e  other hand, 
the greater dryness of the air  in the densely bui l t-up 
areas must counteract the occu rrence of showers. 

In addit ion to precipitat ion, an  important part is 
also played by dew, fog and atmospheric h umidity 
for the w ater economy of the l ichens. Dew and fog 
occur when the l owest air strata h ave cooled down 
below dewpoint, and water is  then deposited in  the 
form of particles. The moister the air, the l ess cool­
ing-down is  required in order that dewpoint shall be 
reached. 

Dew as a suppl ier  of water to lichens  i n  the heart 
of the city is  probably a factor of i m portance pri­
mari ly  in park areas such as Tantolunden,  Skinnar­
viksparken, Humlegarden and Lil l jansskogen, and i n  
the islands o f  Skeppsholmen a n d  Kastellholmen. I n-
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Fig. 75 . Monthly mean v·alues of relative h umidity (RH) in  
Stockholm and  Karlstad at 6 different time during the  day 
and night (7, 8 ,  1 3 , 1 4, 18 and 21 hrs.) .  

formation regarding the occurrence of dew is scanty 
in the SMHI Yearbook, probably because the dew 
vanishes very early in  the morning, but experience 
s uggests that August and September are p robably 
the ummer months in which dew frequency i s  
greatest .  

The frequency of fog is shown i n  Fig. 76 .  The 
summer months are the least foggy ones, whi le No­
vember and December have a h igh fog freq uency 
as compared for example with K arlstad , and a con­
siderably higher one than for example brebro, J on­
koping and Gothenburg (Angstrom 1 958 ,  p .  87, 
Fig. 3 5) .  

Atmospheric humidity depends on temperature,  
wind conditions and precipitation. Presumably i t  is  
less i mportant than precipitation for supplying the 
epiphytes w i th water .  

Although Karlstad Airport can be regarded as a 
"rural station" (si tuated abou t  3 km SW of the centre 
of Karlstad) its relat ive humidity averages only about 
1 %  lower than Stockholm.  As regards humidity 
pressure, the Stockholm values are about 0.05 mm 
Hg higher than the values from Karlstad . Whether 

6 --.------.-------r----,.J- - - STOCKHOLM 
5 I - ; 30.4 D. / / - KARLST AD 
· �------��----�--��� ��7--. -� "- 0' / 33. t D. 
3 - · ., � ',, '\ 

�>...- - · -LINKOPING 
2 .... ..... \' A 26.1 D. 
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Fig. 76. Frequency of fog in Stockholm, Karlstad and Lin­
koping. Stockholm has 30.4 foggy days per year. Not u n­
expectedly, autumn is the foggiest season. 

this small di fference is  significant or not i s  bard to 
judge, as i t  seems difficult  to obtain rel iable figures 
for atmospheric humid ity. 

July and August seem in fact to be the only months 
in  which the humidity p ressure varies throughout all 
the hours of the day and night.  The highest values as 
far as Stockholm is  concerned are reached at 8 a .m.  
and 9 p .m . ,  the  lowest at 1 p.m.  I n  Karlstad the 
highest value is attained at  9 p . m . ,  with a secondary 
maximum at 8 a.m. The lowest value is reached at 
1 p.m.  The values at 2 p.m. are also higher than 
those at 7 p .m.  

As regards relative humidity, i t  i s  mainly during 
the morning hours that the two stations differ. At  
th is  t ime Stockholm i s  noticeably d rier than Karlstad, 
and this i s  especially marked in M ay (7 % )  and J u ne 
(5 % ), Stockhol m  also shows l ower val ues at 1 p .m.  
in May, J une, and  J uly (see also Fig. 75 ) .  

Apparently Stockhol m does not-j udging from the 
numerical data-show the features that according to 
Geiger distinguish a l arge ci ty with respect to at­
mospheric humid ity (cf. p. 66). With respect to rela­
t ive humidity, Stockhol m in al l p robabil ity does not 
differ appreciably from other meteorological stations 
in  the eastern part of the province of Svealand. N at­
urally of course the values for some parts of the 
bui l t-up area of the c i ty probably differ from those 
measured, p recisely as is the c ase with respect to 
temperature, but  it is not possible to ascertain this 
from the SMHI official figures. The reason for the 
favourable humidity clim ate may possibly be the 
relatively large evaporation areas existing in the re­
gion , but as p reviously pointed out the values are 
man ifestly somewhat unrel iable. 

The different types of precip itation vary somewhat 
in their reaction to air impurities. Berge ( 1 963) points 
out for example that rain and snow l ower the con­
tent of gaseous, smoke-l ike and p articulate i mrnis­
sions, while fog i ncreases it. In other words, the air 
is cleaned when the precipi tation fal l s  to the ground. 
In the case of fog, the water droplets are kept i n  
suspension and the concentration of air pol luti-on 
rises. One of the results of this i s  that in dry air 
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Table 5 .  Some epiphyte lichens' and mosses' water-

absorptive capacity as percentages of fresh weight .  

Number 
Mean Mean of 

Species nu mber errors samples 

Hypogymnia physodes 549. 2 1 07 . 2  6 
Parmelia 

su lcata 4 3 1 . 7 1 3 1 .9 6 
acetabulum 3 2 5 . 8  1 1  1 . 3 2 
subargentifera 249 . 6  1 
saxati l is  4 5 0 . 2  1 
ti l iacea 362 . 1 1 

Ramalina 
fraxinea 3 2 8 . 7  5 5 . 5  8 
farinacea 4 1 3 . 6  5 5 . 5  3 

Evernia prunastri 405 .8  8 5 .6  5 
Anaptychia cil iaris 424.0 7 1 . 1  7 
Cetraria glauca 449 . 3  46. 7 6 
Physica pulverulenta 2 8 1 .0 1 2. 5  2 
Pseudevernia furfuracea 4 1 3 . 2  4 5 . 5  3 
Xanthoria pariet ina 5 2 5 . 6  48 .4  3 
Alectoria jubata 1 1 44 .8  56 .9  2 
Usnea sp. 660 .4  1 

Hypnum cupressiforme 8 3 1 . 5 
Leucodon sciuroides 1 1 9 5 . 3  
Tortula ruralis 7 1 0. 5  

completely harmless concentrations o f  sulphur d i­
oxide, for example, can cause severe damage to vege­
tation if  the atmospheric humidity increase . 

Lichens receive water from yet another source, 
namely the stem flow. During and after rain, qu i te 
large quantit ie of water run  from the t reetop d own 
the t runk.  Thi flow of water i of great importance 
for both the water economy of the l ichens and their  
distribution. These p roblems wil l  be dealt  with later 
(p. 1 03) .  

Lichens and precipitation 

The water economy of the l ichen ha been deal t 
with by many writers. Barkman ( 1 95 8) give a l ist .  
In addition some l ater authors m ay be mentioned: 
Beschel ( 1 958) ,  Ried ( 1 960), Lange and Bert eh 
( 1 965),  Bertsch ( 1 966), Rao and Le Blanc ( 1 966) . 

Lichens can ab orb water in quantit ies of u p  to 
several ti mes thei r own weight (see Table 5) .  F ray­
mouth ( 1 928) h as i nvestigated Hypogymnia physodes 

and found that a water content of 200 % in relation 
to the dry weight is optimal for assimilation. If the 
lichens are excessively full of water, gas exchange is 
h indered. 

Among the species which penetrate deeply i n to 
the central parts of the region of i nvestigation, Hy­

pogymnia physodes i s  notable.  It is  regarded as 
resistant to drought. Ensgraber ( 1 954, p. 472) s ays 
that the p l asma in this species i s  resistant to dryness. 
His opinion is also that the metabol ism i s  not quite 
negl igible even d uring long dry periods, but that a 
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conversion of carbohydrate to fat takes place. He also 
notes that l i chen thal l i  which h ave been moist on a 
particular day l ower their i ntensity of assimilation 
much more quickly if they are thoroughly moi tened 
again on the fol lowing day. Accord ing to E n  graber 
the resistance of the l ichens to d ry ness manifests 
i tsel f as a hort rest itution phase which permits the 
utilization of short moist periods,  and in  the degree 
and length of end urable periods of dryness. 

The table below shows the water-contai ning 
capacity of some epiphyte l ichens. The l ichens were 
air-dried for 24 hours in a laboratory at a tem­
perature of about + 2 1  °C, after which a sample was 
extracted, weighed and soaked for 4 hours. It was 
then removed from the water, dried with fi l ter  paper 
for a few seconds and then weighed . All the samples 
were taken at the same t ime, so that the RH of the 
l aboratory air was the same in all cases. 

Lange ( 1 95 3 ,  p. 68) shows that A lectoria sarmen­

tosa and Usnea dasypoga, for example, can resist 
40 weeks in an almost ent irely waterless envi ron ment 
and yet after sat u ration reach up to between 75 % 
and 50 % of normal respiration. Evernia prunastri 

is not affected by 24 weeks wi thout any water, w h ile 
A lectoria implexa can overcome 32 weeks in a dry 
environment without being affected. All these pe­
cie are de cribed by Lange (p. 72) as sensit ive to 
desiccation. I t  is therefore in terest ing to see how long 
the dry periods are that occur in Stockholm.  In an 
examination of the SMHI Yearbooks for 1 930-62 
( 3 3  year ) it ha been noted that the longe t con­
tinuous period without precipitation of more than 
1 mm was 6 weeks (4 1 days) in  September-October 
1 95 1 .  A continuous dry period of between 5 and 6 
weeks (35-42 days) occurred only 4 t imes during the 
33 years i nvestigated . During the 4 1 -day period 
without precipitation of more than 1 mm, fog was 
noted on 8 occasion , and dew on 1 occasion . The 
period was thus not ent irely waterless for the l ichens. 
The same appl ies to the other 3 periods of fair 
weather las.t ing longer than 5 weeks. On at least some 
occasions dur ing each of them, there was p recipita­
tion of less than 1 mm.  There were also h aze, fog 

Table 6. Water-containing capacity of some epiphyte 

lichens. A ir-dried sample = 1 .0.  
Hours 

0 2 3 4 5 6 7 24 

Alectoria jubata 6 . 3  3 . 8  2 . 7  1 . 9 1 . 4 1 .0 
Anaptychia ci l iaris 5 . 3  3 . 3  2 . 8  2 .4  2 . 0  1 .0 
Evernia prunastri 3 . 9  3 . 2  2 . 8  2 .4  2 . 0  1 . 7 1 . 5  1 . 3  1 . 0 
Hypogymnia physodes 4 . 8  3 . 7  3 . 2  2 .9  2 . 6  2 . 4  2 .  I 1 . 9 1 .0 
Parmelia saxatilis 5.9 4 . 3  3 . 4  2 . 9  2 . 5  2 . 2  1 .0 
Parmelia sulcata 4. 3 3 . 2  2 .9  2. 7 2 . 6  2 . 4  2 . 3  2 . 1 1 .0 
Pseudevernia furfuracea 4 . 3  3 . 0  2 . 5 2 . 1 1 . 8 1 . 5 1 .0 
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and l ight snowfal l on several occasions. Thi appl ies 
also to al l period of fai r weather lasting l onger than 
3-4 weeks. 

Dryness obviou ly is  a factor of some importanc 
as far as l ichens are concerned. Pear on and Skye 
( 1 965. p .  1 60 1 )  show that Hypogymnia physodes 

and X anthoria parietina which h ave been kept in a 
thallotron for more than 4 months in relatively dry 
conditions h ad a photosynthesis which was equivalent  
to that of fresh speci mens, whi le  specimens which had 
been kept for the some length of time u nder moist 
conditions changed i n  appearance and consistency 
and showed a quite different pattern with re pect to 
photosynthesis. 

WINDS 

The wind has a direct influence on the epiphytes as 
a dissipator and as a transportation agent for abra­
sives such as sand, ice crystals, etc. , as wel l as for 
soot and ga eous air contaminants. 

Wind also h as the effect of i ncreasing evaporation 
and thus of desiccation . This effect i s  strong es­
pecially for epi phytes on isol ated trees and trees 
borderi ng woods and parks. The effect  of wind j 
weaker inside parks and copses. 

The wind diagram for Stockhol m, Fig. 77 (data 
compiled from the SMHI Yearbooks for 1 93 1 -60) 
how that south-west, west and south wind are the 

dominant ones, while east winds h ave the l owest 
frequency (only hal f of that of the south-west winds). 
I n  Fig. 78 the wind diagram has been div ided up for 
the different easons of the year. Note that in this 
figure the diagrams show the direction in which the 
wind blow, unlike Fig. 7 7  which shows the direction 
from which the winds come (i .e. as al l tradi tional 
wind diagrams do). Wind diagrams rotated 1 80 °  are 
more sui table than the traditional ones for compar­
i ng with the distribution pattern of di fferent or­
ganisms. 

The four  seasons h ave an al most equal ly  l arge 
number of wind i ncidence . The windiest season is  
the summer, the calmest the autumn and winter. No 
account i s  then taken of wind strength. South-west 
wind are somewhat l ess freq uent during the autumn 
and pring than they are i n  the other seasons, and 
north winds are more usual during the spring than 
at other t i mes ; otherwise the figures are fai rly s imilar .  

Angstrom ( 1 952, p. 432) h as a table showing the 
number of i ncidences of wind strength of 7 metres 
per second and more per month, on a n  average for 
a ten-year period .  The table shows that the period 
N ovember-January has most incidences of s t rong 
wind . Strong wi nds are least frequent in J une to 
August  i nclusive. 

N 

N W  

S E  

s 
Fig. 77. Wind frequency in Stockholm (years 1 9 3 1-60) . 

Local wind conditions at street l evel probably dif­
fer i n  some cases quite considerably as far as drirec­
tion (and trength) are concerned , from the officially 
stated values. 

During periods of calm or l ow wind velocity, the 
content of sulphur d ioxide rises considerably in 
Stockhol m.  Accord ing to von Ubisch and Ni lsson 
( 1 966) du t contents are less affected by changes in 
wind trength .  In the case of west winds, a perceptible 
reduction in  contents of sulphur dioxide ha fir t been 
noted i n  Djurgarden and Lidingo, a the city air i s  
t ransported eastward. 

Wind seems to have increased over western Eu­
rope during the pa t 30 years, with increased evapo­
rat ion i n  consequence. Klement ( 1 966) points out 
that certain species of l ichens h ave disappeared from 
northern Germany and that desiccation may have 
caused this. To our k nowledge, no such overal l ef­
fective de iccation as the resu l t  of wind has been 
ascertained in the case of epiphyte vegetat ion in 
Sweden.  With regard to changes in the Swedish cl i­
mate,  ee Angstrom ( 1 958,  pp. 1 36 ff. ) .  

Ful ly  evident, h owever, i s  the  change i n  the  pH of  
water that has occurred i n  recent  years. Barkman 
( 1 958 ,  p.  1 1 0) states the normal val ue for pH in rain­
water to be 5.5. (See also Statens offentl iga utred­
ningar 1 967:  43, pp. 1 22 ff.) During the summer of 
1 967, for example ,  such l ow pH values as 2.8 h ave 
been recorded i n  rainwater on the west coast of 
Sweden .  Fig. 79 ,  see also Oden 1 968.  

AIR CI RCULATION 

No figure from measurements of air circu lation i n  
Stockholm have been avai lable. A s  a general rule, 
air at  street l evel in a city o n  hot summer days is  
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S E P - NOV 

more labile than in the agricultural l andscape. Thi 
could possibly give rise to local winds blowing i n  
from the outskirts into the heart o f  the city. See for 
example G runow ( 1 93 6, pp. 7 1  ff. ) .  The n octurnal 
temperature-inversion occurs rather l ater i n  the even­
i ng but lasts l onger i n  the morning. In the win ter 
there is sometimes i nversion in the daytime also. 
When i nversions occur, the air is stably s tratified 
and the vertical movements are greatly reduced (see 
for example Schmidt, i n  Wijk 1 963 ,  p. 347) .  O n  
these occasions t h e  S02 contents e tc .  rise very quickly 
to many t imes higher figures than n ormal (Figs .  65 
and 67). 

Accord ing to Hogstrom (von Ubisch and N ilsson 
1 966, p. 9) temperature i nversions extending through 
deep air strata and down to ground level are r are i n  
the centre o f  S tockholm.  H owever, such i nversions 
occur on an average of 30 % of all of the time, for 
example at Bromma and Agesta, i .e .  in the outski rts 
of the city. In the win ter, the i nversions have a thick­
ness of 500- 1 000 metres and can in some cases l ast 
over several days. The l abile air i n  the heart of the 
ci ty extends to a heigh t of approximately 1 00 metres. 
During i nversion  situations in the e nvirons, the cen­
t ral part of the city can in rare cases be up to l 5 ° C 
warmer than the envi rons. 
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Fig. 78. Wind frequency during dif­
ferent seasons of the year in  Stock­
holm (years 1 9 3 1-60). In contrast 
to the conventional wind diagram 
(Fig. 77) these diagrams show the 
direction towards which the wind 
blows (see arrows). 

A I R POLLUTION AND LICHENS 

This review of the atmospheric factors seems to show 
that i t  is only the chemical composition of the air 
that differs drastically from the normal conditions. 
It also appeaTs to be the only factor which may 
conceivably operate over such a l arge area and 
over one which shows such great variations as far 
as habitats are concerned. 

It might therefore be expected that a parallel ism 
between contents of air i mpurities and the occur­
rence of l ichens would be eviden t  i f  the above argu­
ment i s  correct. 

Fenton ( 1 962, see also 1 964) says that he  is  the 
fi rst to have succeeded in correlating the i ncidence 
of certain species of l ichen with current quanti tie3 
of measured pollution. He also shows d iagrams of 
particle quantit•ies and sulphur  dioxide contents at 
increasing distances from a source of pollution.  The 
amount of particles i s  stated in tons per sq. mile and 
the S02 content in mgjm3• Fenton conclude from 
the numerical d ata that no l ichens can tolerate smoke 
and so2 contents " in  excess of 3 . 5  parts per 1 00 
mill ion respectively". Thus Lecanora conizaeoides 

appears outside this "l ichen desert zone". Parmelia 

saxatilis is the first fol iose l ichen to appear. The 
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pol lution val ue "does n ot exceed 1 0  m g  per 1 00 
cubic metre , and the so2 concentration is probably 
not in  exce s of 0.5 parts per 1 00 mi l l ion". Wel l­
developed fruticose l ichens do n ot appear u ntil the 
air  is pure. 

I was my elf  occupied with the problem of S02 
contents ver us the occurrence of special Hchen spe­
cies when I was m aking i nvestigations at Kvarntorp 
in the early 1 950s. I found, however, that it was 
very diff icult  to e t abl ish such a correlation as that 
stated by Fenton. Even if the source of poll ution 
has a constant emission, i mmissi on varies with wind 
and weather. The sensit ivity of the plants also varies 
according to weather, the t ime of the day, etc. Berge 
( 1 963) has ad mirably i nvest igated the d ifficulties men­
tioned with regard to the va  cular plants. I contented 
mysel f with showing (Skye 1 958 ,  p .  1 59) h ow the 
number of l ichens and their v i ta l i ty increases as so2 
contents fal l ,  without making a more detailed effort 
to quant i fy the problem. This appl ies also to the 
d iagram on p. 3 30 i n  Skye 1 964 (see below). 

As regards this i nvest igation, it appear from e.g. 
von U bi eh and N i lsson ( 1 966) and from measure­
ment m ade in the inner city of Stockhol m and at 
Sptmga and Stora Tensta that the contents of a ir  
impuritie i n  one and the ame pl ace vary within 
wide l imi t  . If  the ampl ing t ime were horter than 
two hour , the variation would a ppear even more 
strongly. We do not yet know what the h ighest 
contents of i mpurit ies are that are harmle to l i chens, 
nor do we know what the importance i of the 
short-term peak figure , the t ime factor, the weather, 
etc. 

Gi lbert ( 1 965,  p. 43) shows that Parmelia saxatilis 

contained 2870 ppm of sulphur at a station where 
the yearly mean figure for sulphur dioxide (as S) i s  
0.02 ppm, 695 ppm at a tation wi th  a yearly mean 
figure of 0 .0 1 4  ppm, and 225 ppm where the air 
val ue were even l ower. Parmelia saxatilis thu con­
tains considerably more ulphate ions than i t  needs 
for it metabol ism. An effort to obtai n an idea of 
the sulphur content in vegetat ion ha been made for 
the Stockholm region. The methods used agree largely 
with those of Gilbert ( 1 965) .  The result hows that it 
would be much too hazardous to try to draw any 
isopleths. 

When the first i nvestigation wa made of air pol­
l ut ion in Stockhol m, the pre ent writer m ade an at­
tempt to roughly paral le l ize impuri ties and the oc­
currence of l ichen (Skye 1 964, p. 3 3 0). The first 
l i chens appear in the vic in ity of the station showing 
a sulphur d ioxide content of 1 5  pphm in averages 
of 4-week median . When the content subsequently 
fal l s  to 1 0  pphm, the n umber of species of l ichen 

6 - 6  1 567 kye 

Fig. 79. Curve-fitted annual mean values for degree of acidity 
of precipitation in Europe, 1 962. (After E.  Erik on and 
S. Oden, Statens offentliga utredningar 1 967: 43 .)  

i ncreases to 1 1 , which h owever is  not a normal 
number for the substrate concerned. Adjacent  to 
station No. 10 (Kanaan) i n  the air i nvestigation 
(station K in Aim, Cederlov, etc. , 1 963)  analyse 
wer,e made of everal d ifferent  phorophyte (stat ions 
1 25- 1 3 1 )  from an area of 1 k m2 in the ea tern part 
of Grimsta park, in order to obtain a compari on 
between measured contents of i mpuri ties and the 
compo ition of the l ichen flora on di fferent sub­
strates. The region appears in  the maps a an ac­
cumulation of dots (see for example Fig. 26 a). Un­
fort unately the measuring station wa not  i n  opera­
tion, so no value for sulphur dioxide contents are 
in existence. 

Von Ubisch and Nil son ( 1 966) publ ish a n umber 
of wind diagrams for dust, sulphur d ioxide and 
ni trogen dioxide from for various years and height 
in  St. Cl ara parish, central Stockholm. The air pol­
lution values in  relation to the wind directions 
supply information as to the bearing and signi ficance 
of the dominant sources of pol lut ion a seen from 
the place of observation, in this case St. Clara 
Church. An attempt has been made to correlate the 
d istribution of l ichen vegetation in the Stockholm 
region (Skye 1 967) with these wind diagram . Von 
Ubisch and Nilsson say :  "The regio n  w ithout l ichen 
vegetation has a quadrangular structure which al so 
seems to exi t in Fig. 53 for St. Clara H'  (Fig. 64 i n  
this treatise). " I f  the source strength p e r  surface uni t  
is approximately constant i n  the area concerned ,  such 
a resul t is reasonable. In the present case, the element 
of uncertainty i s  very large-this i s  ev ident when 
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for purposes of comparison figures are also incl uded 
from the previous heating-season, Fig. 50." 

The m ap wi th which von Ubisch  and Ni lsson 
compare their val ues has been formed in accordance 
with the n umber of species per station, regardless of 
the pecies composit ion etc. This means that it is 
not pos i ble to draw very far-reaching conclusions 
from the pattern on the m ap.  A comparison with 
the di tribution of each particular species i nvolved 
would perhaps have been more elucidating. How­
ever, it is  inadequate to compare the result of air pol­
lu tion measurements from one part icular year with 
the distribution pattern of uch l ong-l ived slowly­
growing organi ms as l ichens, unle s-as von Ubi eh 
and Ni lsson point out-the source strength per sur­
face unit and the wind cond it ions are approximately 
constant in the area over a l ong sequence of years. 

A comparison was carried out between the occur­
rence of l i chen and air pol l ution in the Spanga-Stora 
Tensta area. Station 376 (Spanga Church, Fraxinus 

excelsior of faiPly great age) has 2 1  pecies of l ichens, 
while station 573 (Stora Tensta farm, A cer platanoi­

des) has 1 9  species; in all 28 species have been noted 
i n  the e two stations. 1 2  species are found in both 

tations. The two tations h ave, general ly speaking, 
a normal ly developed vegetation belonging to the 
X anthorion federation. Station 376 wa anal ysed i n  
J u ne 1 964 and station 573  i n  September 1 965 .  

Analyses from the air  ampl ing stat ion at  Spanga 
Church and Stora Tensta farm are avai lable for four 
pre umably typical period from December 1 964 to 
October 1 965. Unfortunately the anal yses from the 
city centre are in most ea es not contemporaneous, 
and not taken in  a constant place. The comparison is 
therefore rather inaccurate. However, the t rend for 
much higher values in the city centre is  unmi take­
able ( ee Fig. 65) .  

During the sampl ing period 8th December-20th 
December 1 964, S02 contents of between 0. 1 and 
0. 5 pphm were mea ur,ed at  Stora Tensta. The h ighest 
val ue i s  reached at n oon on 1 5th December. The 
station is not in operation on 1 6th December. The 
mean N02 contents are somewhat higher than the 
so2 conten t  

' 
but the maximum values are equal .  

At Spanga Church the S02 contents are generally 
over 0.5 pphm. The m aximum occurrs on  1 6th 
December between 8 and 10 p.m. with 4.6 pphm. 
A secondary m aximum of 3.6 pphm appears between 
4 and 6 p .m.  The N02 contents are below 1 pphm 
except in the night between the 1 2th and 1 3 th. The 
corresponding period shows for the inner city of 
Stockhol m (Gotgatan 22, at a height of 1 0- 1 2 metres 
above ground level) conS<iderably h igher values. The 
maximum for S02 contents occurs between 6 and 
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8 a .m. on 20th December and reaches 1 7 . 8  pphm, 
and val ues of around 1 1  pphm are reached on 3 
occasions. On 1 6th December (when Spanga Church 
had a maximum) the station ceases to operate at 
8 a .m . ,  but the value for the 2-hour period from 6 
to 8 a .m.  is 7 . 9  pphm.  The Spanga val ue for thi 
t ime i between 2 and 2 1 /2 pphm. The N02 con­
tents for the i nner c i ty are throughout h igher than 
for Spanga, being around 1 pphm. 

The ampl i ng period from 30th M arch to 1 4th 
April 1 965 shows as far as the S02 contents are 
concerned that the curves for Spanga and Stora 
Tensta resemble each other qui te strongly, but  Stora 
Ten ta i s  throughout a few tenths pphm l ower. The 
Spanga curve h as a m aximum in the night between 
9th and l Oth Apri l  of 3 . 9  pphm, which l acks a cor­
respondence at Stora Tensta. A secondary m aximum 
of 3 .5  pphm at Spanga i m atched by a val ue of 
2 pphm at Stora Tensta. The N02 curve are identical 
in long section . There are unfortunately no measure­
ments from the i nner city of Stockholm,  but the 
period from 8th to 1 4th M arch (Drottninggatan 45, 
15 metre above ground level) shows that al l the 
val ues are higher than 1 1  pphm. The m aximum 
val ue of 23.9 pphm is reached on 8th M arch be­
tween 6 p .m .  and 8 p .m .  The N02 contents were 
around 1 . 5 pphm. 

The period from 20th J uly to 6th August 1 965 
show val ues below 0.4 pphm for Stora Ten ta. The 
Spanga t at ion reaches 0.5 pphm on one occasion, 
but is  otherwise at  the same low l evel . A t  Stora 
Tensta the N02 curve reaches 0.6 p ph m  on 2 1 st 
J uly, but stays otherwise at between 0. 1 and 0 . 3 .  
A s  regards Spanga, t h e  val ues are between 1 . 1  and 
0. 1 ,  but mostly below 0.5 pphm.  From the i nner c i ty 
of Stockhol m  (Master Samuelsgatan 69, about 4 
metres above ground l evel) there are measureme nt 
for the period from 4th to 1 5 th August. A m aximum 
val ue of 7 .3  p phm is measured on 1 1 th  August. On 
5 occasions the contents are over 4 pphm. The lowest 
value measured i s  0.6 pphm. The N02 contents osci l­
l ate between 2 .5  and 0 .5  pphm. 

During the peri od from 1 3 th to 24th October 1 965 
too, the values are very l ow for Spanga and Stora 
Ten ta.  At Stora Tensta, 0 .4 pphm is reached on 1 8th 
October and the curve is  fairly straight. The station at 
Spanga Church shows a simi lar curve, but one that is 
throughout some tenths pphm higher. The m aximum 
occurs on 1 6th October and reaches 0.6 pphm. The 
N02 contents are two or three tenths pphm. From 
the i nner c i ty of Stockholm (Torkel K nutssonsgatan 
20, 7 metres above ground l evel) there are values 
from the period 25th October to 2 nd N ovember 
1 965. The maximum, 7.5 pphm, occurrs on 2 5 th 
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October between 6 and 8 p.m. A mtmmum on the 
curve, 1 . 6 pphm, i recorded on the 28th between 
6 and 8 a.m. Val ue of over 5 pphm are recorded 
on 9 di fferen t  occa ions-the N02 curve o cil lates 
between 1 and 0.2 pphm. 

With regard to the su lphur dioxide contents, the 
curves for Stora Tensta are thus somewhat l ower 
than those for Spanga, but both tations h ave low 
val ues compared with the i nner city. During the 
heating season, the Spanga tation can reach v alue 
up to 5 pphm;  Stora Tensta does n ot do so .  In  the 
summer and the first months of autumn, t he sulphur 
dioxide contents are very l ow. The i n ner c i ty of 
Stockhol m show high to very h igh values dur ing t he 
heat ing season .  I n  the summer and autumn months 
the values are ti l l  h igh enough to surpas the winter 
val ues of the Spanga station. 

The ni trogen dioxide curves for Spanga and Stora 
Tensta are very similar, bowing l ow values through­
out. In the i nner city of Stockhol m,  the values are 
throughout con iderably h igher, with substantia11y 
greater fl uctuations. 

With re pect  to both l ichens and to air  pol l ution 
the ampling l ocations at Stora Ten ta and Spanga 
Church may mainly he regarded a "normal sta­
tion ". 

Biological Habitat Factors 

G EN ERAL 

In this i nvest igat·ion, the biological h abitat  factor 
other than the substrate, which is  of course b iological 
m ateria l ,  have been dealt with only in p assing, i f  
w e  except the activit ies of  m a n  and their i n fluence 
on epiphyte vegetat ion and substrate. The s ubstrate i s  
deal t with in more detai l  on p. 86. 

The influence of l i chens on one another and on 
their surroundings h as been studied by several write rs. 
See the l ist in  Barkman ( 1 958) .  We can also mention 
M alme ( 1 90 1 ) , Schutz ( 1 93 1 ) , Degel ius  ( 1 935)  and 
others. 

MAN AN D DOM ESTIC ANIMALS 

The i n fl uence of man on l ichen vegetation is l i ttle 
known.  Several writers-in Scandinavia Sernander 
( 1 926), Rasanen ( 1 927),  Degel ius  ( 1 935)  and Ahlner 
( 1 948) have dealt  w i th  the question from different 
poi nts of view. Rasanen's observations on the relation 
of l ichens to culture di ffer i n  several respects from 
my own. He says for example (p. 1 75) that "am-

monophi le" l ichens appear on any substrate as soon 
as ammonia i available. "Auch Birken und Fichten 
erhal ten z. B. in den Park der Stadte, e inen ganz an­
deren Flechteni.iberzug als in Waldern mit reiner 
Luft .  Die u rspri.ingl ichen Epiphyten verschwinden 
und ammonophile A rten treten als Kultur flechten an 
ihre Stel le ." As example of "ammonophile Flechten'· 
he adduces (p. 1 77) first and foremost Physcia tri­

bacea ( = Ph.  dubia) Xanthoria parietina and X. po­

lycarpa. As weaker ammonophiles he i ncludes "fol ­
gende kulturholde oder synanthrope Flechten (zu 
denen auch die vorigen gehoren)" namely Physcia 

pulveru!enta v. allochroa, Ph. grisea, Ph. aipolia v .  
anthelina and v. acrita, Ph .  caesia and A naptychirr 

ciliaris ( ee also pp. 25 ff). 
Be chel ( 1 958) states (p. 1 8) that Physcia orbicu­

laris, Ph . ascendens, Candelaria concolor and Lepra­

ria aeruginosa ( = L. incana) are to be found on 
bark in the whole of Bregenz (2 1 ,094 i nh abitants) .  
With regard to Dornbirn (2 1 ,800 inhabi tants) he 
says (p. 2 1 )  that "Trotz der Grosse der Stadt fehl t  
ihr e ine innere Kampfzone und mit  ihr  das Dominie­
ren von Physcia orbicularis auf Rinde". I n  t he cen­
tral parts of Salzburg ( 1 02,292 i nha!bi tants) the neu­
trophile communit ies ("neutrophi le Verei ne") are 
developed . Commonest is Physcietum ascendentis. 

Thi community changes to Physcietum orbicu­

laris farther i n to the heart of the city. In the l ichen­
free or almo t l ichen-free central part of the c i ty 
only Lepraria aeruginosa ( I .e . ,  p. 28) occu r  . The 
same appl ies to In nsbruck (97 ,884 i nhabitants) (p. 
36) .  In the i nnermost part of the transit ional zone 
remnant appear here of Physcietum ascendentis 

with species uch a Physcia ascendens and Ph. orbi­

cularis. Strongly affected are Physcia aipolia and 
Ph. stellaris as well as Parmelia sulcata. Only Phys­

cietum orbicularis attains any appreciable degree of 
coverage. I n  I nnsbruck, however, there appears Le­

canoretum Hageni, which has not  been n oted for 
the other cit ies. 

In the comparison area for this i nvestigat ion, some 
of the species of the Xanthorion federat ion, for ex­
ample Xanthoria parietina, can appear m ore abund­
antly than normally in garden and fields w here the 
effect of agricu ltural  dust and other particles i s  l arge. 
There i s  no record of any similar reaction at p resent 
in Stockholm, in the data which form the basis of 
this invest igation. The trees i n  the parks and along th .... 
sidewalks of the streets are frequented by dogs. The 
trunk bases in particular obtain i n  this way a not 
inconsiderable addit ion of various n utrients (which 
might emit ammonia). However, this has not had the  
effect indicated by Rasanen. O n  the  contrary, the 
"canine zone" is  poorer in vegetation than the other 
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Table 7. L ife form and principal method of distribution of the lichen species nwst frequently occurring 

in this investigation. Species arranged according to number of occurrences. 

Species 

Lecanora con izaeoides 
Lecidea scalaris 
Hypogymnia physodes 
Lepraria incana 
Bacidia chlorococca 
Cetraria chlorophylla 
Parmel iopsis ambigua 
Parmel ia sulcata 
Lecanora expallens 
Cetraria pinastri 
Lecanora subfusca col i .  
Alectoria jubata 
Cladonia coniocraea 
Phlycti s  a rgena 
Evernia prunastri 
Physcia tenella 
Lecanora subfuscata 
Parmelia fuliginosa 
Candelariella xanthost igma 
Cetraria glauca 
Lecanora carpinea 
Buell ia punctata 
Cal icium hyperel lum 
Ochrolech ia  microst ictoides 
Lecanora chlarotera 
Physcia dubia 
Pertusaria globulifera v .  d iscoidea 
Ochrolech ia  androgyna 
Physcia ascendens 
Xanthoria polycarpa 
Pertusaria amara 
Physcia 

pulverulenta 
o rbicularis 

Parmelia subargentifera 
Xanthoria parietina 
Parmelia exasperatula 
Physcia entheroxantha 
Lecidea olivacea 
Xantboria fallax 
Ramalina farinacea 
Physcia farrea 
Ramalina fraxinea 
Anaptych i a  ci l iaris 
Bacid ia  l uteola 
Pertusaria coccodes 

Thallus 

Crustose 
Squamulose 
Foliose 
Crustose 
Crustose 
Frut icose 
Foliose 
Foliose 
Crus to se 
Foliose 
Crustose 
Lianoid 
Frnticose 
Crustose 
Frut icose 
Foliose 
Crustose 
Foliose 
Crustose 
Frut icose 
Crustose 
Crustose 

Crustose 
Crustose 
Foliose 
Crustose 
Crustose 
Foliose 
Foliose 
Crustose 

Foliose 
Foliose 
Foliose 
Fol iose 
Foliose 
Foliose 
Crustose 
Foliose 
Fruticose 
Fol iose 
Fruticose 
Frut icose 
Crustose 
Crustose 

So red ia  

Common 
Common 
Common 
Common 

Common 
Common 
Common 
Common 
Common 
Rare 
Common 
Common 
Common 
Common 
Common 

Common 

Common 
Common 
Common 
Common 

Common 

Common 
Common 

Common 

Common 
Common 
Common 

parts of the trunk. In some cases, even algae seem 
to shun the tru n k  base. The conditions depicted by 
Rasanen can probably be relegated to the "horse and 
buggy" era. 

The first species that enter the transitional zone i n  
present day Stockholm are certainly n o t  "nitrophytic" 
or "ammonophile Flechten" either (see Tables VI­
XIV).  Gilbert '( 1 965,  p. 3 8) points out that i n  the 
Tyne val ley Lecanora conizaeoides often comes first, 
also Cladonia coniocraea fol lowed by Buellia p unc­

tata, Physcia tenella, Parmelia sulcata, Hypogymnia 

physodes and Xanthoria parietina. (Of. also e .g .  Fen­
ton 1 960, 1 962, 1 964 and Laundon 1 967.) 

It i s  d i fficul t to say whether the i nfluence of man 
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I sid ia  

Common 

Rare 

Common 

Common 

Fruiting 
bod ies 

Common 

Common 

Rare 
Rare 

Common 

Common 

Sparse 

Common 
Common 
Common 

Common 

Common 

Common 
Sparse 

Common 

Common 

Common 
Sparse 
Common 

Remarks 

G ranules "leprose" 

on l ichen vegetation is other than an indirect one 
via impuri ties, cl imatic changes, spraying-for ex­
ample of frui t  trees-etc. I n  an area such as Stock­
holm, a certain amount of wear is of course exerted 
on bark i n  parks, especial ly around playgrounds. The 
fact that this wear can l ocal ly  h ave an  almost de­
vastating effe� t  on l ichens and mosses cannot be 
denied, but this can hardly expl ain the distribution 
pattern as a whole .  Trees with very badly damaged 
bark h ave been avoided in the i nvestigation, and the 
great majority of station trees h ave bark which does 
not show perceptible evidence of damage (see p. 2 1 ) . 

Trees h ave al so been avoided whose bark m ay be 
suspected of h aving been sprayed. 
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LI FE FO R M S  OF L ICHENS AND THE I R  

DIST R I BUTION CON DITIONS 

Fenton ( 1 960, 1 962, 1 964) h as found i n  h is  in­
ve tigation i n  Northern I reland that  the l i fe forms 
of l ichens are of importance for distribution in an 
area with air pol l ution. He con iders that the crustose 
l ichens are the most re i tant, after them the folr iose 
and final ly  the fruticose l ichens. He state ( 1 962) 

that no l ichen can tolerate a sulphur dioxide con­
centration of 3.5 pphm. Lecanora conizaeoides is  
the f irst  species that appears outside this "l ichen 
de ert zone".  In the area where i t  covers 50 % of 
the ubstrate, the sulphur dioxide concentrat,ion is 
about 1 . 5 pphm.  Fol iose l ichen do not appear unt i l  
there are concentrations of about 0.5 pphm. Wel l  
developed fruticose l i chens d o  not appear unt i l  the 
air  is qu ite pure. The first specimens to appear of 

Lecanora conizaeoides are said to be "poorly devel­
oped and always sterile". They frequently appear at 
the base of t rees. I n  the work from 1 964 (p. 1 55)  

i t  i a lso said that the species is often reduced to a 
"sterile sorediate form". K ol umbe ( 1 927) considers 
that strongly sored iose and isidiose forms absorb 
water vapour more easily than glabrous forms of the 
ame species. See also Ni lsson ( 1 903 ,  p. 1 7) .  D u  Rietz 

( 1 924, p.  393)  says that h igh humidity-contrary to 
what was formerly believed-does not favour t he 
production of soredia.  H owever, he bel ieves he can 
confirm t hat for example Physcia orbicularis, Xan­

thoria fallax, Pseudevernia furfuracea and Usnea hirta 

can obtai n  abnormal ly t rong production of soredia 
or i idia through the infl uence of air  pol l ution. Un­
favourable h abitat conditions seem i n  general to 
favour the formation of sored ia or is idia in  p reference 
to that of apothecia.  Al mborn ( 1 952 ,  p .  24 1 )  points 
out that  l ichens that are spread by sored ia and isidia 
are favou red by dust-impregnated h abitats in prefer­
ence to species that are pread only by spore . Ser­
nander-Du R ietz ( 1 957) finds with respect to Par­

melia tiliacea that the formation of apothecia is as­
sociated with the l ate summer and needs warmth and 
precipitation before i t  can begin.  I n  certain species, 
for example the l ianoids, the fragmentation of  thal l i  
is the most  important way of dispersal (Ah lner 1 93 1 , 
p. 400). 

In Table 7 I have made a comparison between 
the ways of dispersal among the l ichens deal t 
with i n  this  t reatise. From these data i t  is d ifficul t 
to say in general terms that any particular species is 
inh ibited within the area because of  its di stribu­
tion condit ions. However, from field work I h ave 
gai ned the impression that usual 1y  fert i le species are 
often sterile or sparsely ferti le in their i nnermost 

location . This appl ies to Lecanora conizaeoides, Xan­

thoria parietina, Ramalina fraxinea, etc. A certain 
over-repre entation of usual ly  non...fertile species i n  
the u pper part o f  the table may perhaps be noticed , 
but i t  may be caused by factors (see Almborn, 
above) other than the special envi ronmental condi­
tions prevai l ing in  the i nvestigation area. However, 
there doe not appear to be any l ack of dia pores of 
di fferent kind in the area. 

CON DITIONS FO R LICHENS AS REGARDS 
COM PET ITION AND G ROWTH 

Some attention has been paid to mutual competition 
between l ichens and to competition between l ichen 
and algae or mo se . In a clo ed epiphyte vegeta­
tion, the opportuni ties of the di fferent species for 
growth seem to be fairly l imited. M al me ( 1 90 1 )  gives 
an indication, however, of an i nternal h ierarchy. 
Where the l ichens are affected by some factor which 
causes some species to be i nhibi•ted more than others 
(or to be favoured more than others) i t  happens that 
the mo t favoured prevail over the others. Whether 
the speed of growth for that reason becomes h igher 
depend on the extent to which the survivi ng specie 
i t  e l f i s  inh ibi ted. Thu for example Hypogymnia 

physodes and Cetraria chlorophylla can in some cases 
(see for example stations 422, 556, 560, 57 1 ,  576 b 

and 5 7 7  b) entirely or almost entirely dominate the 
epiphyte vegetation. Lecidea scalaris appears abund­
antly in  the environ of Stockhol m  even on sub­
strate which do not normally show this species. 
However, the reason for this is  certai nly n ot merely 
the l ack of competition (see p. 1 06). Lecanora coni­

zaeoides appears in the otherwise l ichen-free area of 
the central parts of the i nvestigated area. The 
species appears on both conifers and deciduous 
trees. O n  revi i t ing after four years a number of 
stat ions in the otherwise l ichen-free area and in the 
inner parts of the t ransitional zone I noted that the 
species is manifestly spreading in  the central parts 
of the i nve tigated area. It is  remarkable also that 
H �eg ( 1 934) did not find i t  i n  Stockholm (see p.  39) 

and that i t  had not yet been observed in  Finland 
(Ahti 1 965, pp. 9 1 -92), while a single local ity wa 
found i n  an S02-affected area as  far  nor th  as  in  
Angermanland (Moberg 1 966, p.  40) .  Barkman 
( 1 95 8 ,  p.  364) says "The Lecanoretum pityreae 

develops fast", which could possibly agree with my 
observations that the species is spreading in the cen­
t ral  parts of the invest iga<t:ed area. 

I t  h as been noted i n  six stations that some l ichens 
h ave been overgrown by algae. Al l these stations are 
i n  the i nner part of the transitional zone, and are 
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characterized e ither by very scanty l ichen vegetation 
with very few species, or by obviously damaged such 
vegetation, i .e. the l ichens blacken at the t ips of the 
thal l i  or are simil arly affected . I t  i s  mostly Hypo­

gymnia physodes and Parmelia sulcata that are over­
grown by algae. The data available are scanty, but 
it seems nevertheless possible to asser t  that the l ichen 
species in q uestion are more easi ly overcome by 
green algae when they find themselves at the l imit  
of their  area towards the city centre than other­
wise. There may be several reasons  for this phe­
nomenon. I t  need not necessarily merely be the case 
that the l ichens have less vitali ty than normal .  The 
situation may also be due to the fact that the algae, 
in  consequence of ni trogenous air-contaminants, are 
more vi tal than they are in  the natural landscape. A 
combination of these factors seems to be even more 
l ikely. A factor to be taken into account, however, is 
that the field work was largely undertaken during a 
t ime of the year when the algae are not particularly 
act ive . 

In the central part of the transitional zone i t  can 
be noted here and there on deciduous trees such as 
A cer, Fraxinus, etc. , that Hypogymnia physodes 

grows over other l ichens, i ncluding Parmelia sulcata. 

Several observations have been m ade i n  the un­
aHected area  that  certain species grow over others, 
but i t  seems to be more or less coincidental which is 
more v ital and which i s  weaker. 

The m utual competit ion between differen t  epi­
phyti-c organisms determines to an important exten t  
t h e  composition o f  vegetation, but  c a n  only t o  a 
small extent explain the distribution pattern i n  general 
in the i nvestigated area. 

L ICH ENS AN D A RTH ROPODA 

The importance of the l ichens as an incubation site 
and a vital environment for a number of arthropoda, 
including beetles, spiders and mites, has been n oted 
during field work. Thus for example it h as been re­
corded that the spiders l iving for example in Cetraria 

glauca are also active during the winter  if the inward 
radiation gives a sufficiently high temperature. G naw­
holes have also been noted on some l ichen thal l i  on 
several occasions. Beschel ( 1 958 ,  pp. 8 1  ff.) remarks 
on damage to several species of l ichens caused by 
the gnawi ng of mites. He also says that the damage 
increases noticeably i nwards towards the ci ty. No 
similar observation has been made in the Stockhol m 
area. Nothing exists to i ndicate that the activity of 
these animals has anything to do with the scarcity 
of l ichens in  the ci ties. O n  the contrary, the absence 
of the epi phytic l ichens presumably denotes n ot only 
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the enforcement of an evol ution towards i ndustrial 
melanism but also the absence of a vital environ­
ment for a l arge number of organisms. The c i·ty's 
epiphytic arthropoda are affected, by all appearances, 
thoroughly. However ,  according to the records m ade 
some species seem to be favoured by the fact that 
others disappear. 

The Substrate 

Phorophytes 

As p reviously mentioned (p. 8) rthe investigation 
includes a relatively l arge number of those kinds of 
deciduous t rees that have a southern distribution and 
prefer good soi ls .  One reason for this i s  to obtain 
stat ions that by p roviding as good condi tions as 
possible for epiphytic  growth are m utual ly  compar­
able, the l ichen vegetation not being appreciably 
hampered by factors other than those rel ated to the 
urban inrluence. O n  the bark of these deciduous trees 
in open locations there appears a vegetation refer­
able to the Xanthorion federation (Ochsner 1 928,  p.  
53;  Du R ietz 1 945 a,  p.  1 48 ;  von Krusen tjerna 1 945,  

p. 94; Almborn 1 948, pp. 8 3  and 22 1 ,  1 95 3, p .  8 1 5 , 

1 955 ,  p. 1 3) .  Almborn ( 1 955 ,  p. 1 3) considers that 
Xanthorion consists of photophilous, moderately aci­
d iphilous (ci rcumneutrophile) communities and that 
they occur mostly on naturally eutrophic or auxotro­
phified bark. He describes as good i ndicators A nap­

tychia ciliaris, Parmelia acetabulum, P. exasperatula, 

and species of Physcia and Xanthoria. 

On the other hand, the Physodion federation oc­
curs on conifers and b irch (Waldheim 1 944, p. 90; 

Du R ietz 1 945 a,  p .  1 47 ;  von Krusenstjerna 1 945, p. 
90; Almborn 1 948, pp. 47 and 22 1 ,  1 95 3 ,  p.  8 1 5 , 

1 955 ,  p. 1 3) .  According to Almborn ( 1 955,  p. 1 3 ) 

Physodion consists of photophilous communities on 
n on-eutrophic bark. Hypogymnia physodes is as a 
rule a good ind icator, and other ordinary species are 
Parmelia subaurifera, P. sulcata and Evernia pru­

nastri. It i s  also characteristic that several of the 
X anthorion species are lacki ng. 

Sernander ( 1 9 1 2, pp. 850 ff. ) noted the similarity 
in the composition of l ichen flora on bi rd-ferti l ized 
stone and on avenue t rees. The l ichens appearing in  
such h abitats were called by h im "nitrophi lous" and 
he believed that they benefited by the addit ional 
n i trogen supplied by bird excreta and dust i mpregna­
t ion, at that time effected by horse rather than motor 
traffic. Three genera, Xanthoria, Physcia and Calo­

placa, were particul arly benefited (Sernander 1 9 1 2, 

p. 852) .  O n  the basis of i nvestigations m ade by 
Nienburg ( 1 9 1 9, p. 1 ), Rasanen suggested ( 1 9 27, 

p. 1 77) that Sernander's term "n it rophilous" should 
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Fig. 80 b. The distribution of stations with Acer platanoides (circle ) a n d  A .  pseudoplatanus. 

be changed to "ammonophilous". To the best of my 
knowledge, no i nvestigation has been made to show 
whether n i trogen or for exampl e  phosphorus (see 
Du Rietz 1 93 2, p. 1 07) or any other qui te differen t  
factor o r  complex of factor is  decisive for the com­
posit ion of the l ichen vegetation, although the pH 
factor has been emphasized (see D u  R ietz 1 945 a ) .  

Al mborn ( 1 948, p .  2 2 3 )  used Sernander's term "co­

niophi lous" for l ichen vegetation on d ust-impregnated 
roadside trees and "coniophobous" for l ichen vegeta­
t ion on dust-free trees. Dust was st i l l  l argely agri­
cul tural dust or dust from dirt roads. It seems pre­
mature to attach a label to a phenomenon before i t  
has been i nvestigated properly i n  aU i ts aspects. I n  
more recent t imes, t h e  composit ion a n d  i nfluence of 
road dust must have changed rad ical ly, especial ly  
after horses disappeared from the roads and even 
farm transport became fully motorized. 

When conifer  bark or birch bark i s  auxotrophified, 
X anthorion species often immigrate to this substrate 
too. This also happens around some k inds of i n-

Fig. 80 a. The distribution of stations with Acer platanoides 

(circles) and A. pseudoplatanus. (Symbols see also Fig. 1 1 .) 
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dustrial establ ishments, for example at Koping and 
BorHi.nge, and in calcareou areas, e.g. on  the i sl ands 
of bland and Gotland (see for example Degelius 
1 93 6, p. 9 1 ,  1 945,  pp. 3 8  and 40,  etc.) .  

Below is  a comparison of the  occurrence of  l ichen 
and moss on different k inds of tree . This comparison 
will serve as a commentary on Table V I-X IV.  Not 
vital specimens = circles on Figs. 1 4-62 and ( )  in 
Table V I-XIV.  

A cer platanoides 

The maple plays an important part a an avenue 
tree and park tree in the i nvestigated area and the 
comparison area.  Fig. 80 shows how the m aple 
stations are distributed over the i nvestigated area. 
As the map show, the distribution is fairly eve n .  I n  
the comparison area, the bark o f  maple h as a pH 
val ue of 5 . 1 -6 .2 ,  while in l ichen-free tations in the 
central parts of Stockholm it shows a pH value of 
2.9-3 .7 .  In the transitional zone with fairly sparse 
vegetation, the pH value is  3 . 2-4.5 .  With reference 
to methods used for pH determination, see p .  1 05. 

NormaHy, older isolated maples h ave a rich l ichen 
vegetation belonging to Xanthorion . Table VI shows 
which species of l ichens occur on A cer platanoides. 

Lecanora conizaeoides appear on 49 of the 7 3  l ichen­
bearing stations, and is  the sole pe9ies in 17 of 
them. Hypogynwia physodes occurs at 43 s tations 
and i the sole species at 1 of them. While L. coni­

zaeoides primarily occur i n  the tran i tional zone, 
H. physodes also appears i n  the very richest stations. 
Lecidea scalaris, which normally appear on parts of 
pines near the ground, when growi ng on  maple 
shows the same kind of distribution as L ecanora 

conizaeoides, but  does not penetrate o far i nto the 
centre as the l atter does, and thus becomes far rarer 
(20 stations). 

Of Xanthorion dominants, A naptychia ciliaris is 
found ± sparsely at 8 stations, Parmelia acetabulum 

sparsely at  3, and P. exasperatula at 1 3-in one of 
which it i s  abu ndant, while at  6 it occurs sparsely. 

Among the mo ses, Hypnum cupressiforme i e pe­
cial ly noticeabl e ;  it occurs at 1 3  stations. 

A cer platanoides thus h as, in the more central 
parts of the i nvestigated area, a l ichen vegetation 
qu ite di fferent from that found under normal condi­
tions. 

Tilia 

The heading "Tilia" normal ly covers primarily T. 

vulgaris, which is a common park tree i n  Stockholm 
( ee for example Sernander 1 926, pp. 94 ff.) but  also 
T. cordata. The l ime is  a very common tree in the 
more central parts of Stockholm,  but it is l ess 
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common in the outskirts, and i t  i s  mainly t here that 
the wild-growing small  leaved l ime (Tilia cordata) i s  
found. Distri bution of the  l ime i n  the  i nvestigated 
area is shown on Fig. 8 1 .  Normally, i olated older 
trees have an abundant l ichen vegetation belonging 
to X anthorion . 

I n  the agricultural l and cape, Tilia bark has a pH 
of 4. 1 -4. 7 ,  i n  the central parts of Stockholm at l ichen­
free station 2 .4-2.9.  I n  the transitional zone, on 
trees with rather poor l ichen vegetation, the pH i s  
2 .8-3 . 3 .  

O f  the i nvestigated stations, Table V I I , there i s  
l ichen a t  3 7 .  A s  on  A cer platanoides, i t  i Lecanora 

conizaeoides that penetrates farthe t towards the 
centre of the city. The species i found at 1 7  stations, 
at 5 of the e a the only species. Lecidea scalaris 

occur at 1 8  tations. It i the sole species at only one 
tation .  The pecies penetrates a lmo t as far in  to­

wards the centre as L. conizaeoides, but is absent from 
the very richest stations. The commonest species, 
however, is Hypogymnia physodes with 24 stat ions. 
Common species are also Lepraria incana ( 1 5) ,  Cetra­

ria chlorophylla ( 1 3 ) ,  Phlyctis argena ( 1 5) ,  Lecanora 

expallens ( 1 1 )  and Candelariella xanthostigma ( 1 1 ) . 
Xanthoria parietina (4), A naptychia ciliaris (2), 

Parmelia acetabulum ( 1 )  and P. exasperatula (4) are 
very rare on Tilia and are found only in fairly rich 
to rich stations. 

Among the mosse , Hypnum cupressiforme i the 
commonest, with 1 1  stations. However i t  does n ot 
appear unle s the l ichen vegetat ion i at l east mo­
derately rich.  

To sum u p, in  the more central parts of the in­
vestigated area, Tilia shows a l ichen vegetation that 
is quite different from what i s  fou nd u nder n ormal 
conditions. A great many stations in the m ost central 
part are entirely without l ichens. 

Ulmus 

The elm, too, is a rel atively common park tree i n  
t h e  Stockhol m region. Distribution of the stations 
at which elms appear is  shown on Fig. 82. Lichens 
occur at 4 7 of the 1 05 stations i nvestigated (Table 
V I I I ) .  I n  normal conditions, isolated elms have a 
rich l ichen vegetation belongin g  to the Xanthorion 

federation. 
The pH val ue of elm bark varies withi n wide l imits  

i n  the comparison area (4.7-7 . 1 ,  mean value 5 .7) .  
In  the central parts of the i nvestigated area at l ichen­
free stations, pH values of 2 .4-2. 9  have been meas­
ured, while i n  the transitional zone the p H  vaiue is 
3 . 1 -3 .9 .  

As  before, Lecanora conizaeoides is the  species 
that penetrates farthest in towards the centre of the 



Importance of environmental factors for distribution pattern 89 

Fig. 8 /  b. The di tribu(jon of tations with Tilia. 

i nvestigated area. It appear at 27 stations and i s  the 
ole pecies in 1 5  of these. The next commonest 

species are Parmelia sulcata ( 1 9  tations) and Hypo­

gymnia physodes ( 1 8  stations). Lecidea scalaris oc­
cur comparatively rarely (6 stations) and so does 
Bacidia chlorococca (7 stations). Numerous, however, 
are stat ions with Candelariella xanthostigma ( 1 5), 

Ph/yetis argena ( 1 4), Physcia tenella ( 1 4), Ph. enthe­

roxantha ( 1 3) ,  Lepraria incana ( 1 2) and Buellia punc­

tata ( 1 2) .  

The usually dominant species of  X anthorion are 
relatively well  represented. Xanthoria parietina i s  
found at 1 0  stations, A naptychia ciliaris a t  7 stations, 
Parmelia exasperatula at 6 stations, while Parmelia 

acetabulum appears onJy at 2 stations. 
Hypnum cupressiforme i s  the commonest m oss (9 

stations) w i th Pylaisia polyantha (5 stations) taking 
second place. 

With regard to l ichen vegetation, what has been 
said of A cer and Tilia i s  equally true of Ulmus. Fig. 81 a. The di tribution of stations with Tilia. 
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Fig. 82 b. The distribution of stations with Ulmus. 

Fig. 82 a. The distribution of stations with Ulmus. 
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Quercus robur 

I n  the i nvestigated area, there are 1 00 stations con­
taining oak. 80 of them carry l ichens. Distribution 
of the oak stations is shown on Fig. 83. It wil l  be 
observed that most of the stations are in the outlying 
parts of the i nvestigated area, and this explains why 
so many stations bear l ichens. The oak is  more com­
mon in the southern parts of the area than in the 
northern-a fact that is also reflected i n  the distribu­
tion pattern. Table IX.  

Normally, the oak--especi al ly  isolated example 
of the t ree-is rich in l ichens. In the comparison 
area, i .e .  in the agricultural landscape, the pH of oak 
bark is 3 . 8-4.5 .  In the more central parts of the in­
vestigated area at l ichen-free stations, pH values of 
2.4-2 .8  h ave been measured ; in the transitional zone 
2 . 6-3 . 2 .  

Lecanora conizaeoides appears at 4 0  stations. A t  
6 of these i t  i s  t h e  sole species found. I t  frequently 
appears together with Lecidea scalaris. At 7 stations, 
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Fig. 83 b .  The distribution o f  stations with Quercus robur. 

only these two species are fou nd .  Lecidea scalaris 

occur at 34 stations, and, l ike the former species, 
it becomes rarer towards the periphery of the i n­
vest igated area. The commonest species of l ichen on 
oak is Hypogymnia physodes, which i s  to be found 
at 64 stations. Other common species are Lepraria 

incana (38  stations), Parmelia sulcata (33  stations), 
Parmeliopsis ambigua (32 s tations), Cetraria chloro­

phylla (27 stations), Pertusaria amara (26 stations), 
Evernia prunastri (25 stations), Parmelia fuliginosa 

(22 stations) and Ph/yetis argena (2 1 stations). The 
species of the Physodion federat ion are obviously 
wel l  represented in this material . 

Hypnum cupressiforme occurs at 22 stations. 
O f  the dominant species of the Xanthorion federa­

tion, Physcia entheroxantha i s  commonest, with 6 

tations (cf. Almborn 1 955,  p. 1 3) .  Ph. tenella i s  
found at 5 stations, Parmelia exasperatula at 4,  

Physcia ascendens at 3 and Parmelia acetabulum at 
2 stations. Only 1 station has A naptychia ciliaris, Fig. 83 a. The distribution of stations with Quercus robur. 
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Fig. 84 b.  The d istribution of stations with Fraxinus excelsior. 

Fig. 84 a. The distribution of stations with Fraxinus excelsior. 
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and the same is true of Physcia pulverulenta. Xan­

thoria parietina is not found at all on any oak trunk.  
Al mborn ( 1 955 ,  p. 26) notes also that Xanthoria pa­
rietina very rarely m akes i ts way onto oak, this being 
eq ual ly true even when the bark is strongly auxo­
troph i fied, and it appl ies also to several others among 
the normal constituents of the Xanthorion federa­
t ion. 

Lichen vegetation on oak thus u ndergoes a change 
-and primarily an i mpoverishment-the more closely 
one approaches the centre of the i nvest igated area. 
This change does not, however, become quite so 
thorough as among the phorophytes previously deal t 
with,  s ince the normal vegetation on Quercus often 
belongs to the Physodion federation. 

Fraxinus excelsior 

Fraxin us appears as a station tree at 74 stations. 
M ost of these (59) have l ichens .  The distribution of 
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Fig. 85. The distribution of stations with Aesculus hippocastanum. 

the Fraxinus station hown on Fig. 84. In the 
central parts of the investigated area, Fraxinus i 
rather uncommon and hard ly appear at al l  as a park 
tree. Table X. 

The bark of the ash has a pH value of 5 . 4-5.9 i n  
the comparison area. I n  the l i,chen-free part o f  the 
i nve tigated area, a pH of 2.9-3 . 5  h as been measured · 
in the t ransit ional zone 3 . 5-4.9 .  

Normal ly, Fraxinus excelsior i s  a tree on which 
l i chens are abundant, with a v egetation, on i olated 
tree , belonging to the X anthorion federation. 

As on the p reviously mentioned phorophytes, Le­

canora conizaeoides penetrates most deeply in to­
wards the centre of the investigated area. The species 
appear at 1 5  station , i the sole pecies at  5 of 
them, and occurs together with Lecidea scalaris at 3. 

Bacidia chlorococca also appears far i nto the i n ­
vest igated area. A l l  three species di sappear, however, 
when one m oves into areas where the l ichen flora 
on ash t rees is richer. Parmelia sulcata i s  found 
at mo t of the stations (43) ,  the  n ext commonest 
bei ng Phlyctis argena (39). The subsequent order of 
freq uency is Physcia pulverulen ta (36) ,  Candelariella 

xanthostigma and Physcia entheroxantha (32), Xan­

thoria parietina (3 1 ), A naptychia ciliaris and Leca­

nora subfuscata (29), Hypogymnia physodes (23),  

Physcia ascendens and Ph. orbicularis (22),  Ph. far­

rea (2 1 )  and Parmelia fuliginosa (20). Parmelia ace­

tabulum is  rare (2), somewhat commoner is  P. exas­

peratula (9), but in general the spec ies of the Xan­

thorion federation are well represented, i n  contrast 
to the cond it ions on Quercus. 

As far a the mosses are concerned, Fraxinus 

shows the greatest variety of species. No fewer than 
23 species have been n oted . The commonest of them 
are Hypnum cupressiforme (25 stations), Leucodon 

sciuroides ( 1 3) ,  Tortula pulvinata and Pylaisia poly­

antha (6) . The Orthotrichum genus is also found, but 
because of the d i fficulty of determin ing the species 
in part of the material , they have been omitted from 
this li t .  

The l ichen vegetation on the Fraximts growing i n  
the more central parts o f  the i nvestigated area thus 
d iffers strikingl y  from that found on Fraxinus in the 
periphery of the i nve tigated area and in the com­
parison area. 
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A esculus hippocastanum 

A esculus hippocastanwn is relatively uncommon as 
a park t ree i n  the i nvestigated area. The distribution 
of the A esculus stations is  shown on Fig. 85, Table 
X I I .  In all, 34 stations contain ing this t ree have been 
investigated . Only 4 stations have l ichens. At  3 of 
them, Lecanora conizaeoides i s  the sole species.  O n  
t h e  fourth t ree there is  a composition o f  species 
domin ated by those of the Physodion federation.  I n  
the agricul tural l andscape, o n  t he other hand, the 
Xanthorion federation is  dominant i n  n ormal cases. 
Despite the scanty material, the same condit ions can 
thus be noted as in  the cases of the previously men­
tioned k inds of t rees. 

No an-alysis was made of the bark's pH val ue. 

Pinus silvestris 

Pine is n ot particularly abu ndant i n  the central parts 
of the i nvestigated area. Sernander ( 1 926, pp. 1 6 1  ff. ) 
poi nts out that the pine tolerates city air better than 
spruce does, which might be explai ned by t he fact 
that i t  retains i ts needles for only 3 years, whi le the 
spruce keeps them more than twice as long. Pinus 

occurs at 1 6  stations (Fig. 86, Table X I ). At 7 of  
these there is  l ichen vegetation. 

Pine bark in the comparison area h as a pH of 3 . 1 -

3 .4, while i n  the investigated area's central parts i t  
i s  2 .5-2.9  and i n  the t ransitional zone 2 .  7-3 .0 .  

As expected, the l ichen vegetation belongs to the 
Physodion federation. Lecidea scalaris i s  represented 
at most of the stations (6) . I t  i s  the sole s pecies at 
one station. Other i mportant representatives are Le­
praria incana and Hypogymnia physodes, each with 
5 stations. (Under normal conditions, this species is 
present on every pine t ree.)  Lecanora conizaeoides, 

on the other h and, is very r are, being found at onl y  
o n e  station. 

Two moss species were noted . 
Thus no general change i n  the composition, but a 

marked limitation of the l ichen vegetation on pine 
has occurred . The closer a station i s  to the centre of 
the investigated area, the more marked i s  the rari ty of 
occurrence and the change i n  dominance conditions. 
The innermost stations are entirely without l ichens. 
See also below ("Special examination of conifers"). 

Populus 

The Populus genus is represented by no fewer than 
4 species. Of these, only one i s  common in the 
comparis·on area, n amely Populus tremula. I t  i s  q ui te 
rarely found, however, as a park t ree i n  the central 
parts of the i nvestigated area. Populus nigra v. italica 

Acta Phytogeogr Suec 52 

i s  found here and there in the investigated area, b u t  
i s  rather unsuitable a s  a station t ree s ince i t  l acks a 
disti nct bole. Nevertheless I have deemed i t  necessary 
to include this t ree at  some stations. 

No determination of the pH value of Populus bark 
was m ade. 

Distribution of the Populus stations is shown on 
Fig. 87,  Table X I I .  At  the 14 stations, l ichens a re 
found at 6. 

The commonest species are Lecanora conizaeoif:les 

and Hypogymnia physodes (4 stations) . Lecidea sca­

laris appears at only one station-together with 
abundant examples of Lecanora conizaeoides. There 
is an in terest ing d ifference i n  the compo ition of 
l ichen vegetation between station 5 1 6  Populus nigra 

and station 570 P. balsamifera. The former h as vege­
tation belongi ng to the Physodion federation, whi le  
the latter shows a typical Xanthorion combination. 

A lnus glutinosa 

The common black alder seldom occurs as a park 
tree in the central parts of the i nvestigated area. I n  
the out k irts, i t  i s  found here and there b y  l akesides 
and in similar locations. Distribution of the 1 2  A ln us 

stations is shown on Fig. 87 .  Lichen has been n oted 
at 1 1  of  them, Table X I I I .  

I n  the agricultural l andscape the bark of the com­
mon alder has a pH of approximately 3 . 5 ;  pH 2.6 has 
been measured in the i nvestigated area. 

Lecanora conizaeoides occurs at 8 station and is 
the sole species at one of them. Hypogymnia physo­
des i s  also found at 8 stations. Lecidea scalaris ap­
pears at 5 stations and is  the only species at  one of 
them. Lepraria incana is found at 6 stations, but l i ke 
Hypogymnia physodes is not  the sole species at any 
of them. 

The alder bark epiphytes are members of the 
Physodion federation in cases where there is a com­
paratively ample supply of l ight,  and of Leprarion on 
the north side of the trunk or where the l ight  condi­
tions are less favourable (see e .g. Almborn 1 95 5 ,  

p .  1 5) .  Species of t h e  Xanthorion federation  are r are 
in the m aterial available. 

There are no mosses at  the i nvestigated stations. 
With regard to changes in the l ichen vegetation, 

the same remarks can be made as with respect to 
Pinus. 

Salix 

Salix is qui te an important  elemen t  i n  the investigated 
area. Planted forms are i n  many cases h ybrids (see 
p. 1 4) ,  and therefore only the  genus is stated . For 
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Fig. 86 b. The distribution of stations with Betula verrucosa (sq uares), B. pubescens (squares P) and Pinus (circle ). 

example, stations 1 and 2 consists of Salix babylo­

nica, while station 80 is Salix fragilis. 

Salix occurs at 1 1  stations, and l ichens appear at 
8 of these. Distribution is shown on Fig. 87 and 
Table X I I .  

N o  determ ination has been m ade o f  the p H  value 
of Salix bark. 

L ecanora conizaeoides occurs at 6 stations and is 
the sole species at 4 of them. Hypogymnia physodes 

is also found at 6 stations, but  is not the sole species 
at any of them. Cetraria pinastri occurs at 5 stations. 
Lecidea scalaris i s  quite rare and appears at only 2 

stations. Only two stations h ave one l ichen species, 
the other 6 stations having 6-8. The composition of 
species i ndicates that the l ichen vegetation belongs 
to the Physodion federation. None of the character­
ist ic species of the Xanthorion federation h as been 
noted. In the comparison area, es'Pec ial ly  in dusty 
locations, such species normal ly occur. The changes 
in the epiphyte vegetation thus seem to be far­
reaching. 

Fig. 86 a. The distribution of statiOns with Betula verrucosa 

(squares), B. pubescens (squares P), Pinus (circles) and Picea. 
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Fig. 87 b. The di tribution of tation with Populus nigra (squares), P. alba ( quare a), P. tremula (squares t), P. 

balsamifera (squares b), Salix (circle ) and Alnus glutinosa. 

Fig. 87 a. The distribution of stations with Populus nigra 

(squares), P. alba (square a), P. tremula (squares t), P. 

balsamifera (squares b), Salix (circles) and Alnus glutinosa. 
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Betula 

Betula verrucosa and B. pubescens are grouped here 
u nder the j oin t  headi ng of Betula. The station t ree 
consist of Betula at a total of 8 stations. All  8 of them 
bear l ichens. Di tribution is shown on Fig. 86 and 
Table X IV. Birch i s  found more or less everywher� 
in the invest igated area, but is rel atively scarce as a 
park tree, al though it doe occur, at least i n  the 
larger parks. 

Birch bark in the comparison area maintains a pH 
val ue of 3 . 3-4.5 ,  in the i nvestigated area's central 
and l ichen-free p arts 2.7-4. 1 ,  and i n  the transitional 
zone 2.8-3 . 6. 

Hypogymnia physodes occurs at 7 of the 8 sta­
t ions. I t  i s  abundant at 5 of these. Parmeliopsis am­

bigua is the next commonest (5  stations). Lecanora 

conizaeoides is found at 4 stations b ut is not  the sole 
species at any of them;  nor i s  Lecidea scalaris. 

As expected, the l ichen vegetation belongs mostly 
to the Physodion federat ion, t hough Xanthorion also 
appears occasionally, for example at station 576 b. 
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Fig. 88 b. Vegetat ion cover. Small dots = scanty vegetation ( < 20 %), large dots = rather scanty to abundant vegetation (20 %-80 %). 

Ptilidium pulcherrimum i s  the commonest of the 
m osses. 

The remarks concerning l ichen vegetation on Pinus 

apply also to Betula. 

A cer pseudoplatanus 

A cer pseudoplatanus is omewhat scarce i n  Stock­
hol m  parks. The pecies i s  practically entirely absen t  
from t h e  comparison area. Distribution of t h e  sta­
tion trees, 4 in number, is shown i n  Fig. 80. Of 
t hese 4 stations, only 1 has l ichens, namely station 
350 (see Table VI). The species occurrin g  are Leca­

nora conizaeoides, Lecidea scalaris, Hypogymnia phy­

sodes and Bacidia ch!orococca. 

No analysis wa made of the bark's pH. 

Picea abies 

Spruce is rare in the central parts of Stockholm (see 
Sernander 1 926, pp. 1 6 1  ff. ) .  Only one Picea abies 

(stat ion 1 26) w as investigated, the i mmediate reason 
being to obtain a comparison with other k inds of 
trees in the same place- ee Fig. 86 a.  

N o  determination of pH was m ade. 

7 - 681567 Skye 

Fig. 88 a. Vegetation cover. Small dots = scanty vegetation 
( < 20 % ),  medium dots = rather scanty to abundant vegeta­
tion (20 %  -80 % )  and large dots = very abundant vegetation 
( > 80 % ) .  
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Special examination on conifers 

H ans Lundstrom, B.A. ,  u ndertook a special examina­
tion i n  the i nvestigation area of the epiphytic l ichen 
flora on Picea abies and Pinus silvestris along a 
profile ranging from the borough of Taby to the 
n orthern part of the i n ner ci ty of Stockholm. The 
profile, w hich fol lows longi tude 1 8  o 5' as closely as 
possible, has four minor cross-profiles. Lundstrom 
i nvestigated 1 26 stations, mainly following the method 
used for this work (Lundstrom 1 966). He identified 
a total of 25 species of lichen,  9 species of moss and 
6 species of algae. However, the l atter group has not 
been processed in the same way as the others. 

Table XI shows a l i s t  of species and the occur­
rence of l ichens and mosses on Pinus i n  Lundstrom's 
examination area. The Pinus stations i ncluded in the 
present investi gation are also reported in this table .  

The commonest species i s  Hypogymnia physodes, 

with 97 stations. Lecidea scalaris h as been noted at 
96 stations. Parmeliopsis ambigua has been observed 
at 59 and Lepraria incana at 5 8 .  Tolerably well 
d eveloped Cladonia coniocraea h as been stated to 
occur at 56 stations. Lecanora conizaeoides occurs 
at only 1 9  stations. These are i n  the southern part 
of Lundstrom's examination area. For comparison, it 
may be mentioned that A lectoria jubata appears at 
2 1  stations, but these are in  the northern part of the 
area. Lecidea scalaris also is found far to the south, 
i .e .  towards the centre of Stockholm.  Hypogymnia 

physodes also appears near the i n ner city, but  be­
comes clearly affected and scarce. Lecanora conizae­

oides normally occurs together with Lecidea scalaris 

and Hypogymnia physodes. The species is alone only 
a t  2 stations. Lecidea scalaris, on the other hand, ap­
pears as the sole species at 9 stations. Lecidea scalaris, 

Hypogymnia physodes and Lepraria incana are not 
uncommon either. All these combinations of merely 
a few species occur in the outskirts of the l ichens' 
distribution area. 

Lundstrom's examination also shows that some 
of the species of the Physodion federation, e .g. A lec­

toria jubata, Cetraria pinastri, Hypogymnia physodes, 

Lecidea scalaris, Parmeliopsis ambigua, P. aleurites, 

Pseudevernia furfuracea, Usnea sp. etc . ,  are com­
moner in the peripheral parts of the i nvestigated area 
than is indicated by the present i nvestigation.  This i 
a consequence of i ts structure, concentrated as it is on 
trees of the type found in  c i ty parks, etc. 

Comparisons between different substrates 

Pinus, Picea, Betula and Quercus usually h ave an 
epiphyte vegetation belonging to the Physodion fede­
ration.  I t  may therefore be i nteresting  to compare 
growth on the various phorophytes i n  a restricted 
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geographical area ( i n  this case t he G rimsta area). 
With respect to the n umber of species, such a com­
parison gives the fol lowing results: 

Table 8 .  Comparison between some different  sub­

strafes with respect to n umber of species of epiphyte 

lichens and mosses in a limited geographical area. 

Species Species 
of l ichens of moss 

Pinus silvestris 6-7 1 
Picea abies 5 1 
Betula pubescens 7 1 
Quercus robur 1 2  1 
Betula verrucosa 6 3 

Altogether, 2 1  differen t  species are concerned at 
these 7 stations. O f  the species, 9 are noted o nly on 
Quercus robur, 2 on Betula pubescens only, and 1 on 
Pinus silvestris only. Five species are found at more 
than h al f  the n umber of s tat i'Ons. 

Pinus, Picea and Betula are thus more or less on 
an  equal footing as regards the n umber and com­
posit ion of species. But Quercus shows a consider­
aJble divergence in both of these respects. If we turn 
to the prevalence of species, we find the fol lowing 
circumstances. (Betula shows more Lecanora species 
than do the conifers . )  

Table 9 .  Occurrence of the commonest epiphyte lichen 

species at 7 stations in a limited area (Grimsta) . 

Species 

Hypogymnia physodes 

Lepraria incana 

Parmeliopsis ambigua 

Cladonia coniocraea 

Cetraria chlorophylla 

Lecidea sca/aris 

Cetraria pinastri 

Lecanora expallens 

Number of stations with species 

7 Stations ( i .e.al l  of them) 
6 
5 
5 
4 
3 
3 
2 

I n  the same way, Fraxinus, Ulmus and A cer are 
probably almost equivalent  as a s ubstrate and could 
therefore replace one another. 

This material gives no i ndication of the way i n  
which other k inds o f  trees are placed from thi 
poin t  of v iew. 

LIC H ENS AND SUBSTRATE 

It i s  difficult to form an impression of the i mport­
a nce  of the substrate as far as the l ichens are con­
cerned . M any physical factors i n  both the bark and 
the atmosphere h ave an effec t  together wi th  the 
bark's and the air's chemical composit ion.  Tobler 
( 1 925) considers for example that l ichens l ive in part 
as saprophytes on bark. S everal other scientists have 
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also expressed doubts as to the autotrophy of the 
l ichens (see e .g. Stalfelt 1 939,  pp. 27 ff.) .  Stalfelt 
finds, however, that the l ichens are autotrophic and 
h ave a well adapted prod uction apparatus. 

The l ichens' choice of substrate gives some idea 
of the i mportance of the substrate for them. Among 
the species that are of current  in terest in this in­
vestigation, the following classification can be m ade: 

A. Obl igate epiphytes 
B .  Epi phytes-epixyls 

C.  Epiphytes-epil iths 
D. Epiphytes-epigeans 
E. Bpi pbytes-epixyls-epil iths 
F. Epi phytes-epil i ths-epigeans 
G. Epiphytes-epixyls-epi l i ths-epigeans 

The result i s  show n  in Table 1 0. In certain cases, 
however, it has been doubt.ful to which group a 
particular species should be referred . Sources h ave 
been Al mborn ( 1 952), Erichsen ( 1 957) and M agnusson 

Table 1 0. Substrates principally chosen by the lichen species included in this investigation.  

A.  Obligate epiphytes (40) 
Alectoria implexa 

Arthonia radiata 

Arthopyrenia alba 

A rthopyrenia biformis 

Arthopyrenia fallax 

Arthopyrenia sphaeroides 

Bacidia Beckhausii 

Bacidia chlorococca 

Bacidia luteo/a 

Bacidia Naegelii 

Buellia disciformis 

B. Epiphytes-epixyls ( 15) 
Biatorella moriformis 

Buellia pharcidia 

Caloplaca aurantiaca 

Caloplaca cerina 

C. Epiphytes-epiliths (26) 
Alectoria jubata 

Anaptychia ciliaris 

Buellia alboatra 

Caloplaca chlorina 

Cetraria glauca 

Nephroma pari/e 

Parmelia exasperata 

D. Epiphytes-epigeans (1 ) 
Lepraria incana 

Bue/lia griseovirens 

Calicium hyperellum 

Candelariella xanthostigma 

Coniocybe hya/inella 

Lecanora al/ophana 

Lecanora chlarona 

Lecanora chlarotera 

Lecanora crassula 

Lecanora expal/ens 

Lecanora maculata 

Lecanora pinastri 

Candelariella vite/lina 

Catillaria Ehrhartiana 

Catillaria Floerkei 

Catillaria globulosa 

Parmelia exasperatula 

Parmelia fuliginosa 

Parmelia saxatilis 

Parmelia subargentifera 

Parmelia sulcata 

Parmeliopsis hyperopia 

Physcia ascendens 

E. Epiphytes-epixyls-epiliths ( 18) 
Buellia punctata 

Candelaria concolor 

Cetraria chlorophylla 

Evernia prunastri 

Hypogymnia bitteriana 

Lecanora conizaeoides 

Lecanora Hageni 

Lecanora umbrina 

Ochrolechia androgyna 

Parmelia acetabulum 

F. Epiphytes-epiliths-epigeans (2) 
Cetraria pinastri 

Peltigera canina 

G. Epiphytes-epiliths-epixyls-epigeans (4) 
C/adonia coniocraea 

Cladonia fimhriata 

7 * - 6 8 1 567 Skye 

Hypogymnia physodes 

Hypogymnia tubulosa 

Lecanora subfuscata 

Lecidea efflorescens 

Lecidea olivacea 

Lecidea quernea 

Lecidea sca/aris 

Ochrolechia microstictoides 

Ochrolechia subviridis 

Opegrapha varia 

Pachyphiale fagicola 

Parmelia subaurifera 

Pertusaria coccodes 

Catillaria Gri//ithii 

Catillaria prasina 

Lepraria candelaris 

Lecanora carpinea 

Physcia caesia 

Physcia dubia 

Physcia entheroxantha 

Physcia farrea 

Physcia nigricans 

Physcia orbicularis 

Physcia pulverulenta 

Parmeliopsis ambigua 

Pertusaria amara 

Pertusaria g/obulifera 

v. globulifera 

Physcia tenella 

Pertusaria discoidea 

Pertusaria leioplaca 

Pertusaria leprarioides 

Pertusaria lutescens 

Ph/yetis argena 

Physcia aipolia 

Ramalina calicaris 

Ramalina fraxinea 

Rinodina exigua 

Lecanora symmicta 

Lecidea glomerulosa 

Pertusaria albescens 

Usnea hirta 

Physcia stellaris 

Pseudevernia furfuracea 

Ramalina farinacea 

Ramalina fastigiata 

Xanthoria fallax 

Ramalina pollinaria 

Xanthoria candelaria 

Xanthoria parietina 

Xanthoria polycarpa 
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North side 

Low l ight i n tensity, short 
l u m i nance t i me. 
Relatively small  temperature 
a m pl itudes. 
Relatively low summer 
tem perature. 
Slow desiccation. 
Smaller exposu re. lower tran­
s p i ration than on south and 
west side. 

c:: 
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] 
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> 8 
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South s ide 

High l ight i n tensity, long 
l u m i nance t ime.  
Large tem perature am p l itudes 
(especial ly  d u ri ng late w i nter 
and spring).  
Fast desiccation. 
Large exposu re, high tran­
s p i ration. 
High tem peratures d u r i n g  
summer h a l f  o f  year. 

Relatively low 
evaporation d u e  to 
shelter from w i n d .  
R e l a t i v e l y  l o w  l i g h t  
i n tensity. 
Large temperature 

�:
p

:�� -

)'\.-

Relatively long period of snow cover. 

These factors become more extreme i n  the case of isolated trees than of trees in 
parks or wooded areas. 

Fig. 89. Environmental conditions on different parts of a 
straight tree-trunk. 

( 1 929). Such a classification could possibly give an 
idea of the ecological ampli tude of the d ifferent 
species. A pecies with a wide ampli tude should, i t  
would be reasonable t o  assume, b e  able t o  accom­
modate itself more easi ly than others to the condi­
tions in the central parts of the i nvestigation area. 
However, this does not appear to be the ea e at al l .  
Among the  specie i n  group G,  we note admittedly 
Hypogymnia physodes and Cladonia coniocraea, 

which both extend far into the i nvestigated area and 
are common, but neither Hypogymnia tubulosa nor 
Cladonia fimbriata plays a role of any i mportance. 
Lecanora conizaeoides belongs to group E, while  
Lecidea scalaris has been referred to group A. To 
this latter group also belongs Lecanora expallens, 

while for example Lepraria incana is to be found in  
group D, Parmelia sulcata i n  C and Bacidia chloro­

cocca in A. The species in group C, epiphytes­
epil i ths, are often plentiful ly  represented in the data, 
this being probably due to the fact that they are 
favoured by the selection of stations. Roadside trees 
and trees in d usty locations obtain an abundant ad­
d i tion of mineral particles, which these species ob­
v iously desire (cf. Barkman 1 95 8 ,  p.  1 02). It seems 
also as if the most sparsely occurring species belong 
to groups A and B. 

A comparison has also been m ade between the 
choice of phorophytes made by t he various species. 
Some interesting  information can be obtained from 
the data. Bacidia chlorococca avoids Fraxinus excel­

sior; Calicium hyperellum does not occur on Tilia or 
Ulmus. Bacidia luteola, Pertusaria globulifera v. dis-
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coidea and Ochrolechia microstictoides have never 
been found on Tilia. X anthoria parietina, Physcia 

orbicularis, Ph . farrea and Ph. dubia h ave never been 
taken from Quercus robur. The fungus Hysterium 

pulicare on the other hand seems to prefer oak, is 
found though rarely on A cer platanoides b u t  avoids 
other deciduous trees. Although t he composi ti on of  
the  l ichen flora is  tolerably similar on  A cer, Fraxinus 

and Ulmus; Tilia and Quercus robur thus differ, each 
in its particular fashion, from the others. 

As regards kinds of trees other than t hose dealt 
with above, i t  should be pointed out that  t he ir  
number is much less, which means that  t he resu l ts 
are not directly comparable .  However, if we add the 
stations analysed by Lundstrom, Pinus silvestris ap­
pears in comparable numbers, w hile Picea abies is 
st i l l  sparsely represented. As expected, a large n u mber 
of species are absent  on coniferous trees and on s uch 
deciduous trees as  Betula and A lnus. On the other 
hand a l l  the "conifer species" are to be fou n d  on the 
other type of deciduous trees (A cer, Fraxinus and 
Ulmus), except the Parmeliopsis aleurites ( 1 8  sta­
tions) ,  Cladonia flabelliformis (2  stations) and Leca­

nora pinastri (1 stat ion), all found by Lundstrom. 
If one investigates which species are m ost fre­

quently present among the various kinds of trees, d is­
regard i ng their abundance ent irely, i t  wi l l  be found 
that in the present  material Hy pogymnia physodes 

is the commonest l ichen on Tilia, Quercus robur 

and Betula. Lecanora conizaeoides i s  the commone t 
l ichen on A cer platanoides, Ulm us glabra and A escu­

lus hippocastan um. On Populus, A lnus glutinosa and 
Salix both these species are equally frequent, th is 
being presumably due to the small n umber of sta­
tions of t he kinds of trees concerned. Lecidea scalaris 

has the greatest frequency of occurrence among the 
species found on Pinus silvestris. 

The d istribution pattern on the maps i ndicates, 
however, that the resul t  will be q uite d ifferent  if a 
comparison is made between stations in the t ransi­
t ional zone and stations in the normal area, and if 
abundance is also taken into account. Such a com­
parison can be made in  Tables V I-XIV for each 
phorophyte separately. 

The tables show that  the l ichens' choice of s ub­
strate is  considerably changed in the  transit ional zone. 
One reason for this may be reduction of competi­
tion as the resu l t  of some species h aving d isappeared 
through desiccation. Those resistant get a chance to 
colonize even such substrates as are not  n ormally 
available to them. Another reason m ay be that the 
substrate has changed so that it su i ts species other 
than t hose in an u naffected area. What h appen 
is  that the Xanthorion federation species normally 
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found on ome deciduous trees are replaced by t hose 
of the Physodion federat ion. In the i nnermost part 
of the tran i t ional zone a community of  p lant ap­
pears which is  very remini cent of Barkman's ( 1 958 ,  

pp. 363 ff. ) Lecanoretwn pityreae . 
I n  the l ichen-free part of the inve t igated area, n :l  

new colon ization has been observed, with the ex­
ception of what has already been said about Leca­

nora conizaeoides. With the wind's hel p, however, 
the central parts of the i nve tigated area are in all 
l ikel ihood con tantly upplied with d ia  pore from 
the surrou nd ing . A i t  appears from Table 7, i t  is 
not merely a que tion of ored ia and is id ia  but also 
of  thal lu  fragment and spores. The rea on why 
no new colonization takes place m ay e i ther be that 
the dispersed units d ie or l ose their  germinating 
power very quickly, or that the substrate i s  n o  l onger 
sui table for l ichens. A combination of these causes is 
also conceivable. 

PHYSICAL NATU R E  OF S U BSTRA TE 

A t ree trunk offers epiphytic vegetation several d if­
ferent combinations of envi ronmental factors. A 
compari on has been made i n  Fig. 89.  G eiger ( 1 950, 

p .  2 3 1 )  says for example regarding micro-cl imate:  
"Auch der Baum hat seine 'Wetterseiten', die manch­
mal am M oos- oder Flechtenbelag hervortreten". 

Normal ly, for example, the north side of the t runk 
receives a much smaller share of sunl ight  than  the  
south side. The day temperature in  sunshine i s  there­
fore not so h igh there as it i s  on the south side of 
the trunk. The maximum i ntensity of l ight also oc­
curs at a di fferent time of the day. Krenn ( 1 933) ,  

bows however that the south s ide of  the t runk 
receives i ts  strongest radiat ion d uring the spring. 
Seeholzer ( 1 935)  draw attention to the risk of bark 
damage because of the strong i ncom ing rad iation 
i n  the early spring when the a ir  temperature is 
t i l l  below freezing point .  The bark of Betula, for 

example, but  also of species with rough bark, often 
cracks in the spring owing to the violent  v ariations 
in temperatu re. X anthoria parietina can be found in 
the vicinity of  such cracks on Betula verrucosa in the 
comparison area. Similar observations h ave been 
made on old Ulmus i n  Djurgarden.  The temperature 
ampl i tude during sunny winter days is  p robably con-
iderably greater on the trunk's south side than on 

the north side.  

The epi phytes and their substrate desiccate more 
qu ickly on the south side than on the n orth side. The 
l ast parts to dry are the strips of moisture which 
usually occur on the trunk after more or l ess per-

Fig. 90.  Station 9, old Populus alba on Helgeand holmen islet 
in the centre of Stockholm.  Lecanora conizaeoides is  growing 
on the u pper ide of the trunk. 

sistent rain .  The appearance of the top of the tree 
and thus also the kind of tree are of great i mport­
ance for the t runk's moi ture-conditions, both during 
and i mmediately after rainy weather. 

These factors become more extreme for i solated 
t rees than for t rees in parks or woodland.  

The condit ions at the base of the trunk differ i n  
everal respects from those o n  the trunk.  The base: 

at l east in some situations, i s  protected by snow for 
a considerably longer t ime than are the other parts 
of the trunk. The l ight in tensity i s  often l ower. The 
temperature cl imate i probably qui te a d i fferent 
one. Evaporat ion i n  consequence of wind i s  also 
lower than it i s  for the rest of the trunk.  It is prin­
c ipal ly the algal vegetation that reacts towards these 
d i fferences in the environment (Lehtsaar 1 963), but  
the epiphytic moss vegetation (Sjogren 1 96 1 )  and 
the  l ichens a lso  do o.  D u  Rietz ( 1 945 a,  p .  1 48)  de­
scribes for example Cetraria pinastri, Parmeliopsis 

ambigua and P. hyperopta as tolerant of snow, whi le  
certa in  Parmelia species, for  example,  are  s tated to 
be sensitive to snow. 

In wel l -developed epiphytic vegetation, especial ly 
on spruce, the finer boughs are also overgrown with 
l ichen-a circumstance that makes it possible to draw 
certain conclusions regard ing the speed of coloniza­
tion and growth. For practical reasons, however, th i s  
investigation has been concentrated on trunk-dwel­
l ing  epiphytic communit ies. An account fol lows 
below of some of the physical condit ions prevai l ing 
with respect to the substrate. 
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As regards its hardness and thickness, the epi­
phytic substrate varies greatly in different species 
of  trees. In many kinds of trees the bark also changes 
considerably as the tree ages. At many stations i n  
the investigated area i t  has been noted that the 
normally hard bark of the oak (containing sclereids, 
"stone cells") and the l ikewise usually rough basal 
part of  birch bark have been loose. The usually 
medium-hard barks of l ime, maple, elm and alder 
also sometimes n oticeably show sl ight desquamation. 
With regard to pine bark, see p. 1 4. At certain sta­
tions, for example in Kungstdidgarden Park, l ime 
bark also seems to be pitted ; this has not been ob­
served outside the heart of the city. The bark at the 
base of the trunk seems always to be looser than the 
rest of the bark. 

The structure of the bark seems to have only a 
l imi ted effect on the l ichens' powers of colonizing 
the phorophyte in the n atural l andscape. In the urban 
l andscape, however, it plays some part. Beschel ( 1 958 ,  

p. 83)  considers for example that  glabrous bark be­
comes less colonized than normally in areas where 
any factor has an inhibiting effect. Birch i n  the 
transitional zone of the investigated area is  often 
stiH bare for example when most other deciduous 
trees h ave epiphytic vegetation, and this confirms 
Beschel's observations. With regard to the colonizing 
capacity of the mosses, see Sjogren 1 96 1 ,  and others. 

Primarily, however, the structure of the bark is 
of importance for the water-containing capacity of 
the substrate. 

With regard to the distribution of ages among the 
phorophytes, reference should be made to the table 
on p .  20. 

The i nclination of trees i s  of importance for the 
development of the epiphytic flora (see for example 
Sjogren 1 96 1 ,  pp. 87 and 8 8) .  On inclined trees with 
a smooth bark, part of the rainwater runs from the 
upper side down the sides and collects in drops on 
the underside. Young trees in age group 1 -2 there­
fore have l ichens on the u nderside of the trunk also. 
When the bark becomes older and furrowed, the 
rainwater often follows the furrows down the trunk, 
and the underside remains  dry or receives consider­
ably less precipitation than the upper side. Lichen 
vegetation on  these trees is  more or less concen­
trated on  the upper side. The upper side desiccates 
more thoroughly and is exposed to stronger light 
than the other parts of the trunk. Horizontal branches 
on old oaks, for example, in the transitional zone 
can have a relatively abundant vegetation of Hypo­

gymnia physodes even when the trunk is quite bare. 
The fact that the epiphytes prefer the upper side of 
the trunk is presumably d ue to several cooperating 
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factors such as light and moisture, and cannot be ex­
plained merely by the water factor. 

In  the course of field work, s trongly i ncl ined trees 
h ave been avoided as much as possible. 

Sharply i nclined trees occur only in station No. 9 

(Fig. 90) . Slightly inclined trees occur i n  the sta­
tions included in Table 1 1 . Other stations h ave more 
or less vertically growing trunks, which makes them 
more comparable with respect to i n fluences derived 
from their e nvironment (see also the table on pa 2 1 ) . 

Differen t  sides of a tree's trunk receive varying  
quantities of energy through radiation from sun  and 
sky. Fig. 9 1  and 92 have been drawn up after Ang­
strom 1 95 8, and show a comparison between i nward 
radiation and i l lumination on (a) a horizontal surface 
and (b) vertical surfaces exposed to different  points 
of the compass. The total i nward radiation from un 
and sky during one year on a horizontal surface 
amounts in Stockholm to 76,000 (gram-)calories per 
cm2• A southward-facing vertical surface receives 
6 1 ,000, an eastward-facing one 52,000, a westward­
facing one 47,000 and finally a northward-facing 
vertical surface i n  Stockholm receives 2 5,000 calories 
per cm2 and year. The values admittedly refer to flat 
smooth surfaces, but they nevertheless give a clear 
indication of the enormous differences in climate 
that prevail on different  sides of a tree trunk. 

During the summer the trunk usually receives i ts 
maximum il lumination only i n  the morning  and 
evening, while the foliage prevents insolation in the 
middle of the day. This also means that the northern 
side of the trunks in moderately dense p ark and 
woodland areas is maximally warmed only during 
the morning and evening hours. This i s  true mainly 
of trees in parks and plantations, but also of isolated 
trees whose crowns are relatively l ow-lying or in  
which downward-hanging boughs screen the trunk. 
In the t able on p. 22 an attempt has been made to 
express the exposure of the phorophyte. This gives 
some indication of the admission of l ight to the 
trunk, but disregards effects such as those coming 
from hanging branches, etc. The flow of l ight is at 
i ts greatest in the autumn and spring when the trees 
are bare. The process outlined does not refer to the 
conifers. As far as Pinus silvestris is concerned, the 
differences between the seasons are less, as the top of 
the tree often begins at  such a great height above 
ground level that it does not affect its own trunk, 
and the i n fluence from surrounding pines also hardly 
varies according to the prevail ing season.  

The importance of moisture for epiphytic vegeta­
tion is emphasized by Sjogren ( 1 96 1 ,  p. 8 6) and 
others. Mosses colonize trunks i n  a special order. 
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Table 1 1 . Distribution of lichen vegetation on inclining phorophytes in the investigated area. 

Inclining 
Station Kind of tree Age towards 

2 Salix babylonica 6 E 
9 Populus alba 6 N 

64 Pinus silvestris 5 SE 
1 1 6 Betula verrucosa 6 s 
1 1 8 Fraxinus excelsior 5 N 
1 20 Alnus glutinosa 5 NW 
1 23 Acer platanoides 3-4 s 
1 42 Salix fragilis 3-4 s 
1 8 7 Acer platanoides 5 s 
2 2 1  Acer platanoides 6 SE 
222 Salix babylonica 6 s 
3 1 3  Acer platanoides 3-4 w 
3 20 Salix sp. 6 
327 b Salix sp. 6 
396 Populus alba 7 
4 2 5  Acer platanoides 6 
486 Ulmus glabra 3-4 

Note. Most of the stations are in the transitional zone. 

Young trunks have moss communities resistant to 
dryness, which change from mesohygrophi le to 
hygrophile with i ncreasing age (Sjogren 1 9 6 1 ,  p.  87) .  

Barks with a similar capacity for retaining moisture 
should, i f  the moisture factor were decisive, show 
similar epiphytic vegetation. Other factors s uch as 
l ight, wind and dust impregnation, as well as incl ina­
tion, manifestly play such an important role that the 
parallelism in the epiphytic vegetation between bark 
moisture and the groups of kinds of  t rees concerned 
is  only a weak one (cf. Barkman 1 95 8 ,  p. 43). 

M oss vegetation often retains moisture for a long 
time, and the bark beneath the moss becomes looser 
and also retains moisture longer than normal ly (Sjo­
gren 1 96 1 ,  p. 8 8). Something similar h as been ob­
served under coverings of Parmelia sulcata on Fraxi­

n us excelsior, Ulmus glabra and A cer platanoides. 

M ost lichens, however, probably h ave a l imited in­
fluence on the moisture conditions of the bark. Algal 
vegetation on the tree trunks is neatly zoned accord­
ing to the moisture conditions (Schmidt 1 927, Leht­
saar 1 963). While the genuine aerial algae on tree 
trunks, for example Pleurococcus v iridis, do not ab­
sorb rainwater, or absor.b it in only to an i nsignificant 
extent, the Prasiola crispa of the trunk bases s ucks 
u p  water very quickly. I f  the q uantity of precipita­
tion is smal l ,  the trunk covered by algae remains 
d ry, but the parts on which there are n o  algae be­
come moist, l ike the l ower part of the trun k's base. 

Curiously enough, l ichens in the i n ner part of the 
transitional zone are not found particularly often in 
or adjoining the rain- or water-tracks of the trunks, 
which could be expected if  moisture were the de-

Remarks 

Algae on N side 
Lecanora conizaeoides on E, S,  W side 
4 lichen sp. + algae on upper side 
6 lichen sp. + algae on upper side 
2 lichen sp. + algae on upper side 
2 lichen sp. + algae on S side 
15 lichen sp. on upper side 
8 lichen sp. + algae on upper side 
5 lichen sp. + algae on upper side 
Algae on N side 
Lecanora conizaeoides + algae on upper side 
Lecanora conizaeoides + algae 
6 lichen sp. + algae on upper side 
6 lichen sp. + algae on upper side 
2 lichen sp. + algae 
20 lichen sp. 
Algae over whole of  trunk 

cts1ve factor. On the other hand it i s  possible to 
observe lichens on the upper side of large branches i n  
t h e  tops of otherwise l ichen-free trees. The i r­
regularity in the substrate's moisture conditions prob­
a!bly becomes eviden t  in the composition of l ichen 
vegetation on a trunk, even i f  there are n o  i nvestiga­
tions to show this. A tmospheric h umidity, h owever, 
has an equalizing effect, and moreover all other 
factors (not least, pH) also operate in different direc­
tions, so that it is probably difficult  to isolate the 
importance of substrate moisture. Yarranton ( 1 967) 

shows that the dist,ribution of certain l ichens fol lows 
the "microrelief" of the bark. 

On singl e  trunks, however, water seems to play 
an important role as a transporter for diaspores. 
Hypogymnia physodes, Parmelia sulcata etc. occur 
often for example in more or less vertical strings on 
trunks. This phenome non h as frequently been i nter­
preted to mean that l ichens can only survive i n  these 
tracks because of the dryness of the city climate, 
for example. Another interpretation is that the supply 
of diaspores from already established thal l i  higher up 
on the trunk or in the top of the tree i s  greater i n  
these tracks than i t  i s  o n  other parts o f  the trunk. 

While the snow is  melting, the bases of the trunks 
sometimes remain moist for several weeks. However,  
i t  has not been possible to observe any positive ef­
fect on l ichen vegetation for this r eason. 

I n  rainy weather quite large quantities of w ater 
can be transported along the trunk. The trunk flow 
is great i n  trees with acute branch-angles, and less 
in trees with horizontal ly extended or hanging 
branches such as spruce, for example. B .  Nihlgard 
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Fig. 9 1 .  Total and diffuse radiation (in gcalf cm2) and monthly 
mean temperature ( 1901-30) in Stockholm. (After Ang tram 
1 958 .) 

h as orally  informed me that he h as found the fol ­
l owing values for trees i n  woods (investigations m ade 
in the south of Sweden): 

Fagus silvatica in winter > 30 % ,  in summer, l ight 
rain ( < 1 0  mm) 7 % ,  heavy rain ( 1 5-25 m m) 1 6 % .  

Picea abies, l ight rain 0 % ,  heavy rain 5 %  stem 
flow. Barkman ( 1 958 ,  pp. 64 ff . )  discusses the water 
factor and gives the fol lowing values for stem 
flow: Fagus silvatica 1 2 . 8 % ,  A cer platanoides 5 .9 % ,  

Quercus robur 5 .7 % ,  and Picea abies 1 . 3 %  ( after 
Bbermayer 1 897,  quoted by Hi l i tzer 1 925) .  It i s  
obvious that t h e  water-absorbing capacity o f  the b ark 
plays an i mportant part. The development of the top 
is also of importance. The reason why some conifer 
l ichens (belonging  to Parmelietum furfuraceae) are 
usual ly  l acking on spruce i s  expla ined by Barkm an 
by the weak stem flow, which seems to be a rather 
far-fetched expl anation, however. 

The water content and water capacity of the bark 
h ave been investigated by several researchers (see 
l i terature in B arkman 1 958 ,  p. 72),  and different  
methods h ave been used for the purpose. I n  the 
present work, i n terest has been m ainly concentrated 
on determining whether t here are any perceptible d i f­
ferences i n  water capacity and water-contai ning ca­
picity between differen t  phorophytes and within the 
same kind of tree in d ifferent p arts of the area n ow 
concerned . The bark lay i n  dry l aboratory air (RH 
20 % ± 3 % ,  + 21 o c  ± 1 ° C) .  Weighing proceeded so 
long that  a constant weight was obtained. The varia­
tions within each kind of tree are large, and i t  h as 
not yet been possible to ascertai n  any rel iable tendency 
regarding possible changes i n  water capacity etc .  i n  
the i nvestigated area. A s  far as differences between 
different kinds of trees are concerned, the variations 

Acta Phytogeogr Suec 52 

2 

IY 
w \ 

l O O O O  
·' ) \ '  

\ I \\ c: / ./ 

� � � 1 \  
l I '� !"-. \ \  
I' l I \\ . I I 'j I 

� Jw \ _) \ • f-'-'-
/i •I � ,, I /; f.---

5 000 

1/j I I \ ���� ·, \ 
j / 1/ � \I:\ I 1 -

�·�� I � 1'-..'\l� f--V N 
0 J F M A M J J A 5 0 N D 

Fig. 92. Total inward radiation in gcal fcm2 on a horizontal 
surface (H) and on vertical surfaces towards different points 
of  the compass (S = south, W = west, N = north, E = east) in 
Stockholm. (After Angstrom 1 958 .) 

between the di fferent kinds of trees are also too l arge 
for i t  to be possible to i ndicate any rel iable tendency. 
In order to obtain a correct picture of the import­
ance of water capacity, attention should al o be paid 
according to Barkman (p. 73) to the thickness of the 
bark . 

The water content i n  the bark changes accord ing 
to the height above the ground , and becomes con­
stant above a height of about 1 .5 metre ( Bil l ings 
and Drew 1 93 8 ,  quoted by Barkman,  p. 73) .  Accord­
ing to Barkman, this fact i s  reflected in the epiphytic 
vegetation.  The water content, h owever, is l iable to 
great changes because of variations in evaporation as 
the result  of ris ing temperature, wind, etc. 

Accord ing to the wind d iagram, Fig. 77, the 
south-west, west and south side of the trunks, i n  
that order, are most exposed to t h e  wind. The n orth 
and south-east sides are m uch l ess exposed. Further 
protected are the north-east and north-west side, 
while the east side i s  the best protected (half as ex­
posed as the south-west side). It would be reason­
able to assume that this would be of importance for 
both temperature and m oisture. 

I t  i s  often asserted that l ichens in c ities are m ai nly 
found on the n orth s ide of t ru nks and that this i s  
due t o  the moisture conditions ( Rydzak 1 95 3- 1 959 b, 

N atho 1 964, etc . ) .  
There are record ings from 5 1  stations i n  the 

transi t ional zone that l ichen vegetation i s  l imited 
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to one s ide of the trunk. I n  four cases i t  h as been 
noted that the l ichen flora is more abundant on the 
south side than on the other sides or that it occurs 
there only.  At 29 stations ( i .e .  abou t  5 3 % )  the l ichen 
vegetation is l imited to the north side of the trunk, 
but at practical ly al l  5 1  stations there are l ichens on 
the northern half of the tree, if the western and 
eastern p osit i'Ons are included . Whether this i s  due 
to the m oisture conditions or not  has not  been in­
vest igated . Trees wi th  smooth bark seem to have 
l ichen vegetation more concentrated on the trunk 
than trees with rough bark. However, the scantiness 
of the data m akes it impossible to express a defini te 
opinion on that point .  It should also be noted that 
the trees concerned are m ostly i n  the more central 
parts of the i nvestigated area. In the agricultural 
l andscape there i s  seldom any perceptibl e scarci ty of 
l ichen on the southward-facing side of the trunk. 

In  some cases the l ichen vegetati·on has been con­
centrated on a certain part of the trunk, usually  the 
base and parts of the trunk near the base. 7 s uch 
notes h ave been m ade, 4 of them on Quercus. In 4 
cases l ichen vegetation h as appeared only on root­
collars. A l l  4 notes refer to Quercus. In two cases, 
the l ichen vegetation was concentrated on the u pper 
parts of the trunk and in the crown of the t ree. 
Cases in which the trunk was free from l ichen but i n  
which t h e  crown had l ichen vegetation were n ot 
noted , but  i t  h as been observed on several occasions 
that such cases exist. 

CHEMICAL NATURE OF SUBSTRATE 

Barkman ( 1 958 ,  pp .  95 ff.) gives a specification of 
the bark's chemical composit ion. Beschel ( 1 958 ,  p.  

83) says that i t  i s  primarily the pH condi tions that  
are of in terest , and that they are more i mportant than 
the presence of certa in ions. Barkman ( 1 958 ,  p.  1 07) 
gives a detailed bibliography of works deal ing with 
pH i nvestigations of bark with or without epiphytes. 
In Sweden Sjogren ( 1 96 1 )  has dealt with q uestions 
relevant to this subjeot in recent years. No chemical 
analyses of bark have been u ndertaken i n  the presen t  
i nvest igation. However, I h ave i nvesti gated t h e  pH 
of the bark on phorophytes i n  the comparison area, 
i n  the transitional zone and in the l ichen-free part of 
the i nvestigated area. All the trees are more or less 
affected by d ust. 

The samples of bark h ave been col lected a t  a 
height of 1 - 1 . 5  metres above ground level .  One a nd 
the same sample includes bark from different sides 
of the trunk and from moisture-tracks as well as 
from dry parts. Samples have been taken from 
middle-aged to older trees, i .e .  the age-groups that 
are predominant in my data. When the bark was 
c-ol lected, efforts were made to obtain s l ices of bark 
that were as thin as possible. This was easy as far as 
Pinus silvestris was concerned, and in many cases 
also e .g. Tilia and Fraxinus but i t  was always d if­
ficu l t  in the case of Quercus robur. 

The samples col lected were al lowed to dry i n  air 
for at  least 24 hours i n  the l aboratory. The bark was 
then ground, and three s ub-samples ea'Ch of 2 .0 
grams were taken. Twice i ts volume of disti l led water 
was added to each of two of these samples. The third 
sample was placed in a drying oven for 24 hours at 
+ 1 05 °C. The two wet samples were left i n  a m ix­
ing  apparatus for 24 hours. After this period the 
samples were taken out, the sample from the drying 
oven allowed to cool i n  an exsiccator and then 
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weighed, while the wet samples were tested for their 
pH value. 

The pH determination was made electrometrically 
with a glass electrode, a Beckman Zeromatic pH 
M eter being used. As a buffer solution for pH 4, a 
biphthalate buffer (pH 4.00 ± 0.02 at 25°C) was used 
and for pH 7 a phosphate buffer (pH 7.00 ± 0.02 at 
25 o C) both of P-H Tamm m ake. The pH determi na­
tion was m ade direct in the bark suspension without 
previous filtrat ion. The result is shown in the Fig. 93.  

Sjogren 1 96 1  (p. 1 02) discusses the difference in  
pH for samples of small and l arge pieces of bark 
respectively. He says that samples of small p ieces of 
bark ( < 1 cm2) show a l ower pH value than samples 
of larger pieces of bark. He also considers that these 
latter samples show better agreement with pH i n  
bark i n  natural conditions. B y  pulverizing the samples 
one would obtain slightly i ncorrect pH v alues (Hale 
1 955 ,  quoted by Sjogren 1 96 1 ,  p. 1 02). Sjogren's pH 
values for bark are all also higher than the values 
published here ; this m ay partly be due to the size of 
the pieces of bark, but also and primarily because 
Sjogren's investigation area is on an island with a 
ba e of l imestone bedrock , while the area now i n  
question is  a primary rock area w i t h  moraine and 
clay soils .  

If we compare in  tead Du Rietz's ( 1 945 a) tated 
calorimetric pH val ues, we find such good agree­
ment that Hale's fears eem rather exaggerated . Du 
Rietz states (p. 1 48) for pine bark extract a pH of 
3 .4-3 .8 ,  for spruce bark of 3 . 85 ,  for dust-free birch 
bark of 4. 1 -4. 3 ,  for alder bark of 4.2-4. 6  and for 
oak bark of 3 . 6, occasionally of 4.3-4. 8 .  Dust­
protected ash bark has a pH of 6.4-5 . 3-5.0, maple 
of 6.9-6. 1 ,  and l ime of 5 . 6-4. 8 .  The values for 
maple and l ime are from stations affected by salt 
water (Jungfrun island in Kalmar Sound) which give 
a h igher pH than for inland stations. For elm bark 
from Vardsatra outside Uppsala, he s tates a pH of 
5 .4-5 . 3  (cf. also e .g. von Krusenstjerna 1 945, p. 
239 ;  Barkman 1 958, p. 1 08 ;  and Beschel 1 958 ,  p. 87). 

Gilbert ( 1 965, p.  44) states from Newcastle that 
pH from the rich barks is reduced to a level that i s  
more typical for t h e  most acid conifers. As the 
lowest value for Fraxinus excelsior he states 3 .4, and 
for A cer pseudoplatanus 3 . 1 .  He also points out that 
these values for the pH of the bark are not  too low 
for l ichen to be able to grow there. Pinus silvestris, 

whose pH is normally i n  the region of 3 .4, has 4-5 

species of l ichen at distances of 1 9  km from the cen­
tre of Newcastle. A d ifference between Stockholm 
and Newcastle i s  that bark in the central parts of the 
former ci ty obtain considerably l ower pH val ues 
than in the l atter location. In Newcastle, the pH i n  
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the centre of the i nvestigated area is even higher 
than i t  i s  4 km farther away. G ilbert explains thi 
by the fact that the trees become sootier in the centre 
and that soot has a pH of about 6. One h as the 
impres ion that the Stockholm air i s  considerably 
freer from soot than that of Newca tie when one has 
stayed for a t ime in both places. The greater ex­
posure to ea  salt i n  Newcastle may be of some 
importance, too, possibly i ncrea ing the pH values .  
(In Stockholm ,  spray from the sheltered brackish 
straits to the east i s  a negl igible factor.) 

As the same sampl ing technique h as been u ed 
throughout for all the samples t aken in this i nvestiga­
tion, the val ues are probably mutually comparable.  

I t  i true of all the different  kinds of trees in the 
i nvestigation (see f ig.  on p. 1 05) that t he bark h as a 
lower pH-in some cases a considerably lower p H  
- i n  t h e  transitional zone t h a n  i n  t h e  normal zone. 
The reduction in pH is  proportionally greater for 
trees which normally h ave a high pH, than for trees 
with a low pH. Trees l ike A cer, Tilia, Ulmus h ave a 
pH ·On the bark corresponding to the normal values 
for "trivial" deciduous trees l ike Betula and A ln us 

and for conifers. The l ichen vegetation also changes 
from a more or less typical Xanthorion federation 

i n  the periphery of the i nvestigated area to a m ixture 
with less Xanthorion spp. and more and more i n­
clusions of Physodion,  the more deeply one pene­
trates into the transitional zone. 

The l ichen-free or almost l ichen-free part of the 
i nvestigated area has a pH so low that it seldom 
occurs i n  n ature. For comparison it may be s tated 
that Barkman's ( 1 958 ,  p. 1 08) absolutely lowest 
measured pH value is  2.9 and refers to a Quercus 

growing near a canal in Leiden (p. 1 1 1 ). He believes 
that the low value i s  due to hydrogen sulphide from 
the canal . 

I n  the innermost part Physodion is replaced, as 
already pointed out on p. 85, by a Lecanora coni­

zaeoides community. The Lecanoretum pityreae de­
scribed by Barkman ( 1 958 ,  pp. 363-365) i s  strongly 
remin iscen t  of this communi ty.  Barkman describes 
i t  as "the strongly acidi- and toxitoleran t  counter­
part of the Lecanoretum carpineae. Both are pioneers 
on smooth bark, but u nl ike the l atter the present as­
sociation mainly occurs on  very acid bark, i n  the 
Netherlands on Betula pubescens, Fagus, young La­

rix, Hippophae, Ligustrum, Crataegus and Myrica 

occasionally on Picea. On rich-bark trees l ike Fraxi­

nus and Ulm us it is usually replaced by Lecanora 

expallens both in the Netherlands and England 
(Laundon, Le.) ." Barkman says later (p. 364) : "Yet 
the association is nei ther xerophilous n or acidiphilous. 
I also found it in d amp stations . . .  " and "In town 
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the Lecanoretum pityreae is found on various trees 
with subneutral bark". 

The statement that the association is not xero­
phi1ous is i n teresting, but the evidence that i t  is not 
acidiphilous ei ther seems rather weak,  s ince very 
l ikely the "subneutral bark" i n  the cities is probably 
no longer subneutral but made acid as the case is 
in Stockhol m. M agnusson ( 1 930, p .  476) stated al­
ready that there are few l ichens that can stand up 
to air pol lution so well as Lecanora conizaeoides. 

The results of the pH i nvestigations in Stockholm 
seem to show clearly that the pH of the bark alone 
m akes l ichen vegetation next to i mpossible in the 
central parts of the i nvestigated area. The only ex­
ception is  Lecanora conizaeoides which in the present 
h abitat ampl it ude seems n ot to be affected by air 
pollution or the pH of the s ubstrate. There are 
grounds for assuming that acidification is st i l l  con­
t inuing, and the older val ues are therefore not com­
parable with the n ewer ones. The speed of acidifica­
t ion is probably affected by the buffer capacity of 
the b ark, i ts dust impregnation etc. 

BUFFER CAPACITY IN SOM E  EPIPHYTES 
AND TH EI R SU BSTRATES 

As well as bark samples (see p. 1 05) a number of spe­
cimens of l ichens and mosses h ave been collected for 
pH determination from the normal area. The samples 
have been tested in the same way as the bark samp­
les, wi th the exception that they have been finely 
d ivided by hand. 

If  we compare the loss of l iq uid in d ifferent  
samples after 24 hours at  a temperature of + 1 05 °C,  
we f ind that the values vary somewhat. Ineq ualities 
i n  the RH of the laboratory air are probably one of 
the reasons for this.  Thus the air-dry samples con­
tain somewhat different  quantities of water, which 
means a source of error when t hey are weighed 
out. 

The pH value of the d istil led w ater also varied 
during the testing period within q ui te wide l imi ts.  A 
comparison has been made (Fig. 94) to show whether 
the pH of the sample was affected by that of the 
d istil led water. As the figure shows, any such effect 
hardly  seems to exist. See also Fig. 1 00. 

The buffer capacity of the i nvestigated l ichens 
and m osses is shown in Figs .  95-98.  The i nvestigation 
was carried out by adding 0. 1 mole N aOH and 
0. 1 m ole HCl respectively to two s amples, each of 
2 .0 grams, which had been provided with twice t heir 
volume of d istilled water and shaken for 24 hours. 
The pH was determined directly in the suspension 
after 1 0  minutes' stirring. In certa in cases it proved 

L i chen 
p H  
7 

6 

5 

4 

3 

2 2 

� 

3 4 5 

• 
• 
• 

t• 

-

.. 

6 

lt 
• • 
• 

• 
• 

• 

EXon t h or-io 
por-iet i n o 
A no ptychio 
ci l i or i s  
Hyp ogym nio 
physode s 

Fig. 94. Relationship between pH values i n  some lichen 
suspensions and the d istilled water in which t he l ichen sample 
h as been suspended. 

difficu l t  to make a reading, as the value s tabil ized 
very slowly. This i s  particularly true of Xanthoria 

parietina, Parmelia acetabulum, Ramalina fraxinea 

and R. farinacea. At the commencement of the ex­
periment, the pH was measured for every tenth of a 
mil l i l i tre, later for every mil l i l i tre unt i l  1 0  mi l l i l i tre 
of the base and of the acid respectively had been 
used. The method of procedure was partly obtained 
from Hesselman ( 1 926, pp. 2 5 1 ff.). 

I t  has also proved in teresting to ascerta in the ex­
tent to which the pH of the epiphytes and the phoro­
phytes agree. Fig. 99 gives an idea of this.  Epiphytes 
and bark are from the same locality and were i n­
vestigated separately. Surprisingly enough, l ichens 
and mosses seem to be relatively i ndependent in re­
la,tion to the substrate. 

Coker ( 1 967) h as i nvestigated how buffer capa­
cities and i on exchange in the bark of A cer pseudo­

platanus are affected by different  infl uences of sul­
phur d ioxide. He finds that both fall ,  generally speak­
ing, in accordance with the degree of poll ution . 

In this i nvestigation, I m easured the buffer capa­
city of bark samples of A cer platanoides, A ln us glu­

tinosa, Betula verrucosa, Fraxinus excelsior, Pinus 

silvestris, Tilia and Ulmus. Five samples of each 
were taken from the comparison area, the transitional 
zone (primarily from the inner and central parts) and 
from the l ichen-free area in Stockholm .  

Figs. 1 0 1 - 1 08 show t h e  buffer capacity determined 
i n  the way previously mentioned. The more closely 
the curve approaches that of d istilled water, the 
weaker is the buffer capacity. Betula bark d iffers 
clearly from other k inds of bark. Its buffer capacity 
is  very small. For al l the samples, the buffer capacity 
for acid is less in the transitional zone than it i s  i n  
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the comparison area. As far as the alkal ine side is 
concerned , the dispersion is greater in  the transi­
tional zone than in the comparison area. For all  
phorophytes, the bark in  the trans itional zone ob­
t ains a greater buffer capacity against alkal ine sub-
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stances than in the comparison area. This tendency 
is strengthened in the l ichen-free area. The buffer 
capacity of Betula bark is affected only sl ightly by 
the environmental conditions i n  the transitional zone. 
If we also take i nto consideration the values from 
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the l ichen-free area, we find that the alkal ine buffer 
capacity of Betula bark deteriorate rather than im­
proves towards t he City centre .  

Pinus silvestris, Tilia, Quercus robur and A lnus 

glutinosa have somewhat s imilar curves. The buffer 
capacity of bark from the compari on area is quite 
high as far as alkal ine substances are concerned, 
rather lower in  the ea e of acid substances. On the 
acid ide, the Tilia curve how the greate t buffer 
capacity, the Pin us curve the lowe t .  On the alkaline 
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Fig. 101 . Buffer capacity in  bark samples from A cer plata­

noides in the comparison area - - - from the transitional 
zone --- and the lichen-free zone - - - - - - . 
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Fig. 100. Compari on between pH in some bark su pensions 
and the d i  tilled water used. 

ide the s i tuation i s  precisely the opposite.  A lnus 

closely resembles Pinus, Quercus resemble Tilia. 

For al l  these species, the pH of the in i t ia l  sample 
does not exceed 4.5 .  

Fraxinus excelsior and A cer platanoides h ave al­
most identical curve . This is  true both in  the com­
parison area, in  the transi t ional zone and in  the 
l i chen-free area. The curves for Ulm us show quite 
d ivergent  and inexpli'cable val ues at 3 station in  the 
comparison area. The three stations are i tuated in 
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Fig. 1 02.  Butifer capacity i n  bark samples from Tilia i n  the 
comparison area and from the transitional zone and the 
l ichen-free zone i n  Stockholm. 
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Fig. 1 03.  Buffer capacity in bark samples from Ulmus in the 
comparison area and from the transitional zone and the 
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Fig. 1 05. Buffer capacity i n  bark samples from Fraxinus 

excelsior i n  the comparison area and from the transitional 
wne and the l ichen..free zone in Stockholm. 

different  parts of  the comparison area, and new 
samples were t i trated from these without any change 
in the curve h aving been obtained. I f  we d isregard 
the d iverge n t  curves, the Ulmus curves are re­
miniscent of those of A cer and Fraxinus, although 
Ulmus shows a greater buffer capacity against  alkali 
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Fig. 1 06.  Bwffer capacity i n  bark samples from Pinus sil­

vestris in the comparison area and from the transitional zone 
and the lichen-free zone in Stockholm.  

in  the l ichen-free area than the others. Compared 
with Tilia, these 3 phorophytes have a rather l ower 
buffer capacity on  the acid side and a considerably 
lower one on the alkal ine side. The curve therefore 
follows a steeper course. 

The phorophytes more or less lose their identity 
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Fig. 1 07. Buffer capacity in bark samples from Alnus glu­

tinosa in the comparison area and from the transitional zone 
and the l ichen-free zone in Stockholm. 

as substrates in  the transitional zone and in the 
lichen-free area, Betula s till forming an exception. 
For example,  the A cer curves from these areas are 
reminiscen t  to a great extent of the Pinus curves 
from the comparison area. It is interesting that the 
lichen vegetation also definitely changes in  the same 
direction . The rise i n  alkaline buffer capacity to­
wards the City centre shown by bark of all species 
except Betula, and involving the greatest change for 
those barks that are normal ly substrates for "rich" 
lichen vegetation i s  interpreted by me as an ac­
cumulation of acid substances in  the bark. 

A comparison between the buffer capacity of some 
substrates and some l ichens and mosses-all samples 
from the comparison area-gives the foll owing re­
sul ts. Evernia prunastri, Parmelia saxatilis, Hypo­

gymnia physodes, Pseudevernia furfuracea, Cetraria 

glauca, A lectoria jubata and Usnea sp. h ave titration 
curves which are reminiscent  of the Pinus-A lnus 

curves. However, the buffer capacity is greater in  
the  case of the  l ichens than  i n  that  of the  bark. 

A naptychia ciliaris, Parmelia acetabulum, P. sub­

argentifera, Physcia pulverulenta, Ramalina fraxinea 

and Xanthoria parietina h ave curves reminiscent of 
the A cer-Fraxin us curves. 

There is thus an interesting difference in the buf­
fer c apacity between the species of the Physodion 

federation and those of the Xanthorion federation in  
the  investigated material. 
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Fig. 1 08. Buffer capacity in bark samples from Betula in  
the  comparison area and  from the  transitional zone and  the 
lichen-free zone in  Stockholm. 

Between these two groups there i s  a transitional 
group consisting of Cetraria chlorophylla, Parmelia 

sulcata and Ramalina farinacea. I n  this group the 
buffer capacity against alkali is rather l ower than in 
the Pin us bark, and the course of the curve agrees 
fairly well with the curves of Quercus-Tilia. 

Three species of moss were i nvestigated in this 
way. Tortula ruralis was most closely associated with 
the A cer group (though there is  only one s ample ! ) ,  
Hy pnum cupressiforme and Leucodon sciuroides d o  
n o t  fi t into a n y  o f  t h e  groups. Their b uffer capacity 
against acid substances seems to be considerable. I n  
these cases too, however, only one sample o f  e ach 
exists. The mosses general ly seem to h ave a greater 
buffer capacity against both acid and alkaline sub­
stances than h ave the lichens. This can perhaps be 
explained by the possibility that the s amples con­
tained dust, or by a higher ionic exchange capacity, 
but the material is too small for further comments. 

If we consider fin al ly the group assignment with 
regard to the distribution pattern (pp. 2 3  ff.) we 
find that the species having curves recal l ing that 
of Pinus l argely belong to the groups 1 A and 2 B .  
The species with a titration curve reminiscent  of 
A cer belong to groups 3 and 2 B, while those which 
have a "Quercus curve" l argely belong to group 1 B .  
(Ramalina farinacea, however, t o  3) .  

For the lichens i n  the "Pinus group", the pH falls 
by one-third to two-thirds of a unit with the addition 
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of 1 rnl of acid. ( In  the case of Cetraria glauca, by 
1 unit .) For the li chens in  the "A cer group" the ad­
dit ion of 1 ml of acid leads to a reduction in pH 
of between 1 and 2 uni ts, and for the "Tilia group" 
fi nally by between half a un i t  and 1 unit .  

O f  the invest igated species, i t  is thus with a few 
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exceptions the species h aving the lowest buffer 
capac ity for acid substances that disappear f irst when 
we proceed from the normal area in towards the 
l ichen-free area. The species occurring in the inner 
part of the transi t ional zone h ave the greatest acid 
buffer capacity. 



I V . M O R P H O L O G I CA L  AN D P H Y S I O L O G I CA L  CHAN G E S 

I N  E P I P H Y T E S  A F F ECT E D  B Y  S U L PH U R  D I O X I D E  

Introduction 

The question of the way i n  which sulphur d ioxide 
affects the physiology of l ichens is to some extent  
outside the scope of this i nvestigation .  As there are 
even a few researchers ( Rydzak, Natho, Klement, 
and others) who doubt whether l ichens are appreci­
ably damaged by sulphur dioxide, some experiments 
were carried out i ntroductorily i n  order to i nvestigate 
the matter. It was also thought desirable to be able 
to study whether any morphological changes occur 
when l ichens are exposed to pollut ion.  

Morphological Changes 

I n  August and September 1 963 a s imple field ex­
periment was made i n  a p ark area immediately south 
of U ppsala. The questions to be answered were :  

1 .  Are l ichens damaged at a l l  by sulphur dioxide? 
2 .  'I f they are, what i the appearance of the 

damaged l ichens? 
3 .  How long do such l ichens remain on the t runks? 
4. H ow long is it before new l ichens colonize the 

bare trunks? 

The experiment was made quite simply by allowing 
ulphur d ioxide to leak out of a steel cylinder and 

mix with the air. The steel cyl i nder, which con­

tained 50 kg of S02, l ay on the ground with i ts 

valve poin ting towards a Quercus robur at a distance 

of 2 metres. During the course of the experiment 

the grass vegetation surrounding the valve of the cyl­

inder turned yellow. 
Attempts to determine immission by taking air 

samples for analysis failed, partly because the samp­
ling a pparatus failed to function satisfactorily. It was 
at least clear, h owever, that the effl uxion speed was 
higher at the beginning of the experiment than at 
the e nd, and that the content was therefore higher 
at the beginn ing than at the end. The weather was 
fine during the first week of the experimental pe­
riod, but mist and fog appeared for several days 

towards the end. When the cyl inder was e mpty, 
which took about two weeks, the experiment was 
d iscontinued. It was originally in tended that it should 
be fol lowed by field experiments carried out under 
m ore closely control led conditions. For economic 
reasons, however, these further experiments were 
n ever carried out. That a report is given on the ex­
periment despite its shortcomings is due to the fact 
that i t  produced some interesting results never­
theless. 

The only observable d amage to vegetat ion when 
the experiment was discontinued was the already 
mentioned damage to the grass vegetation around 
the upper part of the steel cyl inder. H owever, ap­
proximately a month l ater clear changes had ap­
peared with regard to the epiphytic l ichen flora. The 
l ichen vegetation on the n earby t rees showed some 
morbose changes, but was damaged perceptibly only 
on the "experimental" tree. Parmelia sulcata occur­
ring abundantly on Quercus robur h ad acquired a 
reddish-violet colour which could be seen from a 
considerable distance. Parmelia juliginosa seemed 
corroded and was difficult to identify. Hypogymnia 

physodes had •whi tened but  showed n o  other changes 
except that clearly observable brown l obe tips h ad 
appeared on some examples. The fruticose l ichens 
Evernia prunastri and Ramalina farinacea h ad 
blackened and curled up in their apical parts. 

During the winter the l ichens dropped oH, primar­
i ly from the parts of the trunks facing the source of 
pollution, and by the spring these parts of the trunk 
i n  the case of the "experimental" tree were quite 
bare. Neither the tree n or the bark seemed to h ave 
suffered from the experiment. The l ichens that dis­
appeared i ncluded A naptychia ciliaris, Candelaria 

concolor, Cetraria chlorophylla, Evernia prunastri, 

Hypogymnia physodes, Parmelia fuliginosa, P. sub­

aurifera, P. su/cata, Ph/yetis argena (discoloured re­
sidues remained), Physcia entheroxantha, Ph . tenella, 

Ph . pulverulenta, Ramalina farinacea, R. fraxinea, 

X anthoria fa/lax and X. parietina. Four years after 
the experiment (i .e .  in October 1 967) no colonization 
had yet t aken place. 

In connection with acute damage caused by ac-
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Fig. 109. Pseudevernia furfuracea and Hypogymnia physodes from the normal area a n d  the t ran itional zone i n  Lund­
trom' i nve t igat ion.  

cidents or e rrors in industrial establ ishments I h ave 
sub equently ob erved that Hypogymnia physo:ies 

for example, can die and drop off pine bark within 
a week or  o. The thal l us loosens fir t i n  the d istal 
parts, and the lobes turn outwards at an angle of 
90 o to the trunk.  

Thus no morphological changes apart from the 
fact that the apical  parts of some species blackened 
and rol l ed u p  could be observed in these cases. I n  the 
transitional zone of the investigated area, h owever, 
morphological changes appear in some species. Hypo­

gymnia physodes, for example, turns to a dark steel­
grey to green ish-grey in colour, the thal l us wrinkles 
and the thal l us edges disappear. In  Parmeliopsis am­

bigua and P. hyperopta the whole of the thallus is 
dissolved in soredia. Pseudevernia furfuracea be­
comes strongly is idiose while at the same time the 
thal lus changes from fruticose to almost fol iose, i .e .  
the lobe tips d i  appear. (See Fig. 1 09,  and M oberg 
1 966, p.  47.) Ramalina and Evernia also lose their 
thal lus t ips, and frequently nothing remains but some 
fragments of thal lu a centimetre long. 

A series of  Parmelia sulcata from the comparison 
area and the tran i tional zone were sect ioned and 
the resul t showed that the thickness of the l ichen 
thal lus changed in the transi tional zone. The thal l us 
of P. sulcata ( in the comparison area) was normally 
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fairly thick, but  in  the transit ional zone i t  became 
very thin in  certai n cases. Moreover, i n  the sample  
coming from the  comparison area  the  thickne s in ­
creased through the  fact that  the lobe edges were 
superimposed i n  several layers, to a far greater extent  
than  i n  the  case of  the speci mens from the  t ran  i ­
t ional zone. I t  would be  possible  to expl a in th i s  by 
the fact  that  the competi t ion in  a closed epiphyte 
vegetation compels the l ichens to grow, so to speak, 
vertical ly  i nstead of sideways. When the p ressure 
from an ind ividual growi ng arou nd i t  l ightens, the 
l ichen can grow laterally instead . A comparison be­
tween the growing condit ions in the transit ional  zone 
in  U ppsala (Slott backen) and the comparison area 
gives an i ndication that this would be the case. 

The sections also showed that the algal l ayer i n  
the l ichens i n  the comparison area was i n  certa in  
cases twice a thick as and greener than in  the 
l i<chens from the t ransit ional zone.  A fai rly l arge 
number of brown algal cel l s  occurred in the l atter. 
These observations l ed to the Warburg experiments 
which were reported in Pearson and Skye ( 1 965,  

p. 1 60 1 ). 

Chlorophyll  determinations with a spectrophoto­
meter were also carried out, both from the com­
parison area and from Slottsbacken, U ppsala. The 
intention was to ascertain whether there was any dif-



ference i n  the chlorophyl l content between l ichens 
from the comparison area and from the transi t ional 
zone. Each sample of l ichen was first ground i n  fine 
sand :n a mortar with 10 ml of acetone, then with 
1 0  m: of ether and further with 5 ml of acetone. 

The ether-acetone mixture was fi ltered once and the 
aceto e washed away with the help of distil led water 
and a eparating funnel . About 5 w ashings sufficed . 

The chlorophyll sol ut ion w as d i luted wi th pure 
e ther to 25 ml and the ext inction of the solution 
thu btained was measured i n  a spectrophotometer. 
A rezd ing w as made every tenth n m  between the 
w avelength 400 and 700 m,u .  To obta in  comparative 
figures for the t otal chlorophyl l  content, the formulas 
u ed were those i n  Ko ki ( 1 950, p .  3 39) .  I n  the 
comparison area, Hypogymnia physodes and Parmelia 

sulcatx probably h ave practical ly  equal contents of 
chlor phyl l  a, but the val ues for the l atter species 
seem to vary more than for the former. However, 
there was no statistically demonstrable d ifference i n  
the scanty material i f  a comparison was m ade be­
tween samples from Slott backen, Uppsala, and from 
the comparison area. Parmelia sulcata which during 
the field experiment had been exposed to sulphur 
d ioxice i m mission was analysed after the end of the 
experunent and proved to have n oticeably l ower 
value than i n  fresh cond i t ion. 

How Sulphur Dioxide Affects Green Plants 

The armful effect of sulphur d ioxide on green 
p lant has been studied by a very l arge n umber of 
researchers. Reference is made here only to Thomas 
( 1 96 1 ), Berge ( 1 963),  and Garber ( 1 967) and the 
l iterature mentioned by the e. Various theories have 
also been advanced . 

I t  as been possible to show, for example, that 
relatively h igh contents of sulphur dioxide disturb 
the p.asm a  movements i n  the cell .  Not infrequently, 
pl asmolysis occurs. The cel l content  dissolves and 
form a more or less homogeneous m ass. Changes 
in co:our occur as a resul t  of the fact that chloro­
phyl l etc. are destroyed. The i nj urious effects on 
the chlorophyll igerous cells i n crease if there is an 
i ncreasing supply of l ight and a constant i mmission­
concentrat ion (Berge 1 963,  p. 9). 

Berge d ifferentiates between i nd irect or d irect 
chronic efifect and acute effect of sulphur d ioxide. 
I n  the case of chronic effect, according to him, the 
normal or complete transference of phot ochemical 
energy to carbon dioxide is prevented. Berge (l . c . ,  
p .  1 2 ) says "dass wahrend des Lichtstadi ums die pho­
tochemische Energie von ihrem normalen Akzeptor 
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Kohlend ioxid abgelenkt u nd zu einem photooxyda­
tiven Angriff auf die Chlorophyl lfarbstoffe und auch 
auf d as Zel lp la m a  gefUhrt wird". This deflection 
would be due to ferriferous compou nds in the 
chloroplast bei ng changed by the sulphur dioxide. 
He gives no indication as to the n ature of thi 
change. Accord ing to Berge, the acute effect of 
sulphur dioxide i to be regarded as a direct acid 
attack on the p lasma. 

Rao and Le Blanc ( 1 966) show that l ichens that 
have been exposed for 24 hours to 5 ppm of 
sulphur dioxide develop a long series of divergences 
from the normal tate. I t  was ascertai ned for ex­
ample that the chlorophyll was bleached i n  the algal 
cell ( Trebouxia was the algal  symbiont i n  all ex­
periments), that a permanent p l asmolysis appear 
and that brown spots occur  on the chloroplast. These 
spots were more numerous in l ichens that h ad been 
exposed to sul phur dioxide at a h igher humidity. I t  
is  also shown that chlorophyll a decomposes to 
phaeophyti n  a accord ing to the formula :  

Chlorophyl l a +  2 H+ -+ phaeophyti n  a +  Mg2+ 
This experiment was repeated for m osses by Coker 
( 1 967). He summarizes his i nvestigations as follows: 
"The destructive effects of su lphur d ioxide pol lut ion 
on epiphytic bryophytes i s  seen to be due to chloro­
phyll degradation and the i mpairment of cell struc­
ture and function through plasmolysis". 

The supposition made by Pearson and Skye ( 1 965) 

after having carried out their Warburg experiment , 
that "Thus some k inds of l ichens m ay be absent 
from city environments because of atmospheric pol­
l utants which destroy chlorophyl l "  thus proves to be 
a wel l -founded possibil ity and applies also to epi­
phytic mosses. 

The fact that the hyphae of fungi are also damaged 
by sulphur dioxide is  shown by McCallan and Weedon 
( 1 94 1 )  and others in a serie of laboratory experi­
ments. Scheffer and Hedgcock ( 1 955 ,  p. 1 0) state that 
certain fungi on trees had almost entirely disappeared 
from an area with air pol lut ion, while they were 
common outside i t .  The d istribution of Hysterium 

pulicare i n  the Stockholm area is shown in Fig. 62 . 

The species belongs to group 2 B. Saunders ( 1 966) 

tudies Diplocarpon rosae Wolf. , a fungus causing 
blackspot on roses, and finds (p .  1 1 3)  that "The 
field survey revealed an i nverse relationship be­
tween atmospheric so2 and infection that is  also 
characteristic of the distribution of some l ichens 
around sources of pol lution (Gilbert 1 965, Skye 
1 965) .  Such l ichens have been used as ind icators of 
atmospheric pol l ut ion (Skye 1 965). I t  m ay be possible 
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to use D. rosae i n  a s imi lar manner, and the pos­
sibil i t ies of control of  blackspot by this toxicant 
may well be worth tudying." 

I n  higher pl ants respiration increases through the 
effect of sulphur dioxide, and this can lead to  a 
d irect stimulat ion of dissimi lation. Transpirat ion i n­
creases in the beginn ing but then fal l back . Osmosis 
and permeabi l i ty are affected, and the far-reachi ng 
changes in the structure of the protopla m affect 
metabol ism in the t issues. The hydrogen ion con­
centration does not change until  the l ater stages 
during acute so2 i mrnission, this being attributed to 
the cell sap's buffer capacity. The change i n  pH 
brings about coagulation of plasma prote in .  Experi­
ments with water plants (Thomas and eo-workers 
1 943, 1 950, quoted by Berge, p.  1 5) show that the 
pH of the med ium in which the plants live is of i m­
portance. The toxicity of the sulphur dioxide i s  
greater, the  lower the  pH va lue  of the  medium. 

A nother theory concerning the affect of sulphur 
dioxide on green plants i s  put forward by Spaleny, 
Kutacek and Oplist i lova ( 1 965, pp. 525 ff.) .  A study 
was made of the metabol ism of S5302 in the leaves 
of caul i flower (Brassica oleracea v.  botrytis L.) and 
it was found that S5302 was i ncorporated as an i n­
tegral part of the gl ucobrassic in molecule and was 
not merely pre ent  as a resul t of sulphate group ex­
change. In  the view of these writers there is there­
fore reason to assume that sulphur dioxide in pol­
lu ted air may enter the plants and be i ncorporated 
into thioglycosides. I t  is also said that "Some of 
the degradation products of such th ioglycosides are 
strongly anti -thyroid and goitrogen ic". It is of great 
i nterest in this connection that "Some of these break­
down products are known for their b acteric idal ,  
fungicidal o r  herbicidal effect, and may b e  im­
portant i n  u nderstand ing the  mechanism of  the  toxic 
effect of S02 on plants" (Le. ,  p .  525). 

Obviously no ful l  i nquiry has yet been made i nto 
what goes on in the plant.  

Physiological Changes in Lichens and Mosses 

Smith ( 1 960, p. 1 83) says "If  Peltigera and other 
l ichens possess strong powers of absorption u nder 
natur al cond itions, and if it proves to be generally 
the case that absorbed substances are ut i l ized at a 
slow rate, this would suggest certa in  features about 
the biology of l ichens in nature". As l ichens lack 
special absorption organs, presumably the absorp­
tion of nutrients from a water solution takes place 
over the whole surface of the thal l us. The slow rate 
of uti l ization of the nutrients is regarded by Smith 
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as a necessary adaptation to enable the l iche n  to 
survive long periods of starvation. Smith also poi nts 
out (Le. , p. 1 84) that "I t  i s  possible that the marked 
sensi tivity of l ichens and other epiphytes to atmos­
pheric pol lution may be due partly to the possession 
of h ighly efficient mechanisms for accumulat ing 
substances from very di l ute solut ions, and partly to 
the fact that these plants h ave to rel y  almost en­
t irely for n utrients on substances carried d ow n  in  the 
rainfal l  from above." He a lso bel i eves that a s imi lar 
explanation can be given of the c i rcumstance noted 
by Gorham ( 1 959) that mos es and l ichens ac­
cumulate more radioactive substances than angio­
spermae. (See al o Brodo 1 964. ) 

Gilbert ( 1 965, p. 43) shows that the sulphur con­
tent of Parmelia saxatilis growing on sandstone was 
2870 ppm (as S) at a d istance of 6 km from the 
centre of pol lut ion, that at a distance of 14 k m  the 
quantity was 695 ppm and that at a d istance of 
34 k m  it was 225 ppm. Parmelia saxatilis thus con­
tains considerably greater quantit ies of sulph u r  i n  
the i mmediate surroundings o f  the c i ty than farther 
a�way. In the whole profi le,  the quant i t ies are sub­
stantial ly  higher than the species can conceivably 
need for its metabol ism. Physiol ogical activi ty in the 
l ichen thallus is, as has previously been pointed 
out, dependent upon a rel atively h igh water content 
(see also Smith 1 962, p. 548), Gilbert (Lc.) considers 
that this also means that the longer a l ichen thal lus 
i s  moist, the more t ime the l ichen h as to oxidize 
sulphur dioxide to less toxic forms. " By favouring 
the damper h abitats in pol lu ted areas, the l ichens 
wi l l  dry out more s lowly and be capable of carrying 
on the conversion for a longer period" (Gi lbert 1 965, 

p. 43). It  would be reasonable to assume that l ichens 
having a relatively l arge and rapid water-absorptivity 
absorb more poll utants than other l ichens. I f  such 
polutants then accumulate in the thal lus  (see Smith 
1 962, p. 549) and i f  the loss of w ater i s  a lso r apid 
(see Fig. 1 1 0) the l ichen thallus, i f  this theory i s  really 
correct, wil l  receive greater quantities of toxic sub­
stances than a l ichen thallus  with slower water-ab­
sorptivity and water loss. Accord ing to my measure­
ments, the l i anoid l ichens correspond to the f irst­
mentioned type, while m any fol iose l ichens are more 
l ikely to belong to the second category. As previously 
pointed out, the l ichens are active even during a part 
of the year when the content of pol lut ion i n  the city 
air i s  very h igh . 

Why Lichens? 

Is there any reasonable explanation why l ichens i n  
particular should b e  more sensit ive t o  air poll ution 
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Fig. 1 1 0. Some epiphyte l ichens' water-absorptive capacity. 
The curves show that the l ife form is important for the 
w ater economy (note, however, that the material is scanty) . 

than other plants? I n  the central parts of Stockholm 
aerial algae, for instance, grow on all t ree trunks i f  
t h e  moisture condi tions are suitable. Nevertheless 
R ao and Le Blanc,  for example,  assert that it is 
precisely the algal l ayer in the l ichen that i s  damaged. 

The answer to the question is perhaps to be found 
in  the special l i ving-condit ions of the l ichens. Smith 
( 1 964, p.  249) summarizes the results of h is  experi­
ments on the nutrit ion of l ichens as fol lows: 

(a) "The fact that they l ive i n  b arren h abitats has 
m eant that they h ave evolved highly efficient 
mechanisms for n utrient absorption." 

(b) "They h ave evolved slow rates of growth so as 
n ot to outstrip their nutrient supplies, and so that 
. . . they can store up food when i t  i s  avail­
able . . .  " 

M oreover, for l ichens the autumn and spring are 
the most favourable periods-partly because of the 
humidity condit ions-while summer is sometimes not  
so favourable. The l ichens are thus at the ir  most 
active when the air poll ution is  great. 

Morphological and physiological changes in epiphytes 1 1  7 

I t  is primarily i n  the algal l ayer that the metabol ic 
activity is  at i ts  greatest. The algal layer h as also, 
com pared with the medulla, more efficient mechan­
isms for absorbing nutrients. The medulla, on the 
other hand, can hold more water and may accord­
i ng to Smith (I .e. ,  p. 250) function as a region of 
storage. Smi th ( 1 960), as mentioned on p. 1 1 5 ,  has 
expressed certain views on the sensitivity of l ichens 
to air pollution. 

Drew and Smith ( 1 966) show that Nostoc in Pel­

tigera polydactyla produces glucose in photosyn­
thesis, and that this leaks rapidly out of the cells 
and is  then absorbed by the fungus. M any other 
species with blue-green phycobionts m ay conform 
to this pattern (l . c . ,  p.  20 1 ). Richardson and Smith 
( 1 9 66) exami ned Xanthoria aureola and found that 
the carbon .fixed in photosynthesis by Trebouxia 

moves from alga to fungus mainly i n  the form of 
ribitol ( I .e . ,  p. 203). I n  both cases the photosynthetic 
product was converted i nto mannitol by the fungus. 
This substance then accumulates in the thallus. When 
the phycobiont is  d i rectly isolated from the thal lus, 
caPbohydrate leaks out of the cel ls ,  but  it dimi nishes 
after a period in culture. The Nos toe phycobiont 
then bears a closer resemblance to cultures of free­
l iv ing Nostoc m uscorum. I bel ieve that these experi­
ments show that the alga in the l ichen thallus has 
qui te a different  communication with its environment 
than the free-l iving alga. I ts  protection against in­
jurious substances which for example are stored in 
the medulla i s  considerably less than the protection 
that the free-living aerial algae have against h armfui 
substances in the air and rainwater. If the degrada­
t ion products then acquire a fungicidal effect be­
cause of the occurrence of sulphur d ioxide, i njury 
is caused to both the algal and the fungal component. 
Saunders' i nvestigation shows that sulphur dioxide 
as such is harmful to certain fungi and can thus 
conceivably i njure the fungal component direct. 

T'he i nvestigations m ade by the present  author in 
S tockholm show also that acid i fication of the s ub­
strate final ly m akes it i mpossible for the Xanthorion 

federation species to l ive there. Whether the species 
of the Physodion federation will primarily have to 
yiel d  because of acidifi cation or because of the 
toxic effect of sulphur dioxide, has not yet been 
investigated in ful l .  
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I l l  020 236 

1 2 1  030 1 30 2 

I l l  0 3 1  1 S7 -

I l l  0 1 0  350 -

I l l  030 259 -

l l 2  020 1 3 9  -

I l l  0 1 0  1 7 0  -

I l l  020 lOO -

1 2 1  0 3 0  0 1 0  -

1 2 2  0 0 0  3 8 7  -

3-4 I l l  030 158 1 

6 I l l  020 169 2 

3-4 1 1 2  000 388 1 

5 1 2 1  030 160 -

1 2 1  030 389 

I l l  0 1 0  149 

3-4 Ill  022 276 1 

1 2 1  003 009 1 

l l l  030 1 57 4 

I l l  030 1 57 5 

I l l  m 3oo 1 

I l l  032 000 -

+ earlier 1 ++ the crown is h:lnglng +++ earlier 3 

I S  

2 9  

1 4  

2 1  

1 1  

1 0  

2 1  

1 5  

7 

1 2  

1 2  

26 

22 

20 

17 

20 

26 

29 

3 

2 7  

1 5  

1 7  

1 0  

1 2  

1 2  

1 6  

1 6  

1 0  

1 0  

1 7  

1 6  

1 5  

2 1  

1 4  

1 3  

2 0  

2 2  

2 0  

509 

510 

5 1 2  

5 2 7  

5 2 8  

5 2 9  

5 3 0  

6 4  

64 

64 

64 

64 0 
64 

64 Ae 

531 64 

532 64 

533 64 

535 1 0  6 4  

5 4 2  1 0  6 4  

5 4 3  1 0  6 4  

544 10 64 

545 10 64 

546 10 64 

547 1 0  64 

548 1 0  6 4  

5 4 9  1 0  6 4  

5 5 0  1 0  6 4  u 
576a 66 U 

576b 66 

577a 5 66 U 

577b 5 66 

578 66 

579 66 

125 

1 26 

1 2 7  

1 2 8  

1 2 9  

6 2  P i  

6 2  Pa 
62 8 
62 Pi 

62 0 
1 30 62 

1 3 1  6 2  Pi 

1 32 62 

1 3 3  9 62 0 
1 34 .s 62 0 
206 

207 

208 

209 

210 

2 l l  

2 1 2  

2 1 3  

407 

408 

409 

410 

4 1 2  

4 2 1  

4 2 2  

4 2 3  

424 

425 

426 

4 2 7  

4 5 1  

5 2 1  

522 

63 

63 Po 

63 0 
63 F 

63 0 
63 0 
63 0 
63 Po 

64 0 
64 0 
64 

64 u 
64 

64 u 
64 F 

64 0 
64 

64 

64 u 
64 

64 u 
64 

64 

.. .. � 
0 

0 
.. 0 " 

i 
< 

" 0 

0 a. 
)( ... 

1 2 1  1 1 0 289 3 

122 000 379 4 

3-4 l l l  010 165 -

5 l l l  0 3 1  0 0 5  

1 2 1  0 3 0  000 

I l l  1 20 269 1 

1 2 1  0 4 0  1 8 0  -

1 2 1  0 1 0  000 I 

I l l  020 009 I 

3-4 121 030 299 I 

1 2 1  1 1 0 299 

121 000 387 

I l l  0 1 0  3 1 8  3 

I l l  0 1 0  169 I 
1 2 1  0 1 0  130 

I l l  031 l l 7  

I l l  1 30 008 5 

l l l  020 130 4 

1 2 1  0 1 0  0 0 9  4 

1 2 1  020 2 3 8  -

l l 2  030 153 5 

122 022 140 2 

I l l  032 308 4 

l l l  030 367 

2 , - 3  1 2 1  040 209 

122 010 164 2 

122 200 470 I 
l l 2  0 4 0  4 7 7  

3-4 1 2 1  0 3 0  4 7 5  

3 - 4  122 0 1 0  2 7 0  -

221 040 289 I 

l l l  000 469 4 

3-4 122 001 460 -

1 2 1  l l O  0 1 0  3 

l l l  040 269 2 

3-4 1 1 2  040 379 -

I l l  1 1 0 159 -

1 1 2  1 30 1 9 8  -

1 2 1  030 I SO 1 

1 2 1  030 253 1 

I l l  0 3 0  3 9 8  -

1 2 1  020 3 1 5  -

I l l  020 2 7 8  -

1 1 2 0 3 1  298 -

3-4 I l l  040 390 -

3-4 I l l  040 264 -

5 l l l  1 4 1  109 1 

1 2 1  0 3 0  264 -

I l l  020 350 4 

1 2 1  020 1 1 8  -

1 2 1  0 1 0  3 8 3  -

I l l  020 000 -

l l 2  1 2 0  376 2 

I l l  220 158 -

I l l  200 158 -

I l l  l O O  380 4 

1 2 1  l O O  360 6 

3-4 212 030 234 3 

1 2 1  0 2 0  269 2 

1 2 1  1 2 1  2 7 9  2 

1 9  

1 3  

3 

22 

17 

13 

8 

23 

10 

1 5  

1 7  

1 7  

1 9  

1 5  

1 9  

23 

33 

29 

2 1  

2 6  

2 4  

1 9  

3 6  

1 3  

2 5  

2 0  

1 2  

1 8  

14 

16 

17 

l l  

1 2  

1 5  

1 0  

1 2  

2 1  

2 9  

1 8  

6 

27 

25 

I 

" 0 

! � 



11 

28 6 

2 9  6 

30 

56 

59 6 

60 6 

6 1  6 

6 2  

6 3  

64 6 

6 5  6 

6 6  6 

67 

83 

84 8 

85 

86 

87 8 

118 

89 

90 

1 36 

1 3 7  

138  

1 39 

140 

141 

142 

261  

321  

322  8 

323 8 

324 8 

327a 8 

327b 8 

328 8 

329 8 

330 8 

331  

332 

333 8 

334 8 

355 

356 

367 6 

368 6 

369 6 

370 6 

371  

413  

4 1 4  8 

+ 
earlier 4 

62 u 
62 

62 A 

62 Q 
62 Q 
62 Q 
62 u 
62 Q 
62 Q 
62 PI 

62 u 
62 A 

62 Q 
62 Po 

62 PI 

62 u 
62 PI 

62 Q 
62 u 
62 

62 u 
62 F 
62 AJ/J 
62 Q 
62 Q 
62 Q 
62 AI 
62 s 
63 

63 Q 
63 PI 

63 PI 

63 F 
63 u 
63 

63 

63 

63 u 
63 

63 A 

63 F 
63 A 

64 u 
64 Q 
64 Q 
64 

64 

64 

64 

64 Q 
64 u 

I :z 

" 

! 
0 
.. 
g 
2 
I 

< 

3-4 I l l  010 260 -

I l l  010 264 -

1 2 1  020 160 -

I l l  030 205 -

1 1 1  010 000 -

221 010 107 -

3-4 1 2 1  140 204 -

6 I l l  04 1 204 -

I l l  030 300 I 

121  201 267 -

I l l  030 249 -

3-4 I l l  1 1 0 260 -

6 1 1 1  042 360 -

3-4 1 1 2  000 042 -

1 2 1  001 264 -

2 1 1  030 399 I 

1 2 1  021 346 -

1 12 040 335 -

1 1 1  040 104 -

3-4 1 1 2  020 170 -

3-4 1 1 1  130 168 -

I l l  020 00
+

8 -

3-4 I l l  040 069 -

122 020 000 -

1 2 1  030 030 1 

1 2 1  040 3 1 7  -

3-4 1 22 020 140 -

3-4 1 2 2  200 1 77 -

3 I l l  0 1 1  286 -

I l l  040 100 -

1 2 2  000 265 -

222 000 240 -

1 2 2  030 144 -

I l l  020 133 -

1 2 1  220 140 -

I l l  010 1 70 -

I l l  010 015 -

121  041  000 -

7 I l l  020 350 -

3-4 I l l  020 101 -

1 2 2  010 386 -

1 2 1  1 20 300 -

7 I l l  130 000 -

3-4 121 030 230 -

1 2 1  012  1 84 -

I l l  010 159 -

1 2 2  0 1 0  369 -

1 2 2  020 149 -

2 1 2  032 lOO -

121  020 275 -

I l l  040 1 99 -

1 9  

2 0  

21  6 

2 5  6 

26 

�7 

3 1  6 

32 6 

33 6 

37 6 

38 6 

39 6 

40 6 

4 1  6 

42 6 

43 6 

44 6 

45 6 

46 6 

4 7  6 

SI 6 

52 6 

93 8 

94 8 

95 8 

96 

97 

98 8 

99 8 

lOO 8 

101  

102 

103 8 

104 8 

lOS 

106 

107 8 

108 8 

109 8 

1 10 8 

I l l  8 

1 1 2  8 

1 1 3  

1 14 

1 1 5  

1 16 

1 1 7  

1 1 8 

1 1 9  

1 20 

121  

1 22 

1 23 

124 

135 9 

ISO S 

I S !  S 

! 52 

1 53 

154 s 
1 55 s 

62 

62 T 

62 u 
62 

62 

62 PI 

62 Ae 
62 

62 Q 
62 

62 T 

62 u 
62 AJ/J 
62 Q 
62 

62 Ae 
62 u 

62 

62 AJ/J 
62 Ae 

62 u 
62 

62 T 

62 Ae 
62 

62 
' 

T 

62 

62 

62 

62 u 
62 

62 

62 

62 

62 u 
62 u 
62 u 
62 u 
62 F 
62 u 
62 u 
62 u 
62 AJ/J 
62 

62 

62 

62 

62 

62 

62 AI 
62 

62 u 
62 

62 u 
62 F 
63 

63 

63 

63 

63 

63 

" 

.>< 

� ! 
0 0 
.. " 

I 
< I 
I l l  021 224 -

I l l  O i l  342 -

I l l  020 247 -

3-4 I l l  030 260 -

3-4 I l l  030 260 -

3 121 000 286 -

I l l  020 106 -

I l l  010 1 1 9  -

I l l  010 1 1 8  -

222 030 200 -

1 1 2  020 240 -

I l l  010 220 -

3-4 I l l  030 lOO -

6 I l l  031 230 -

3-4 I l l  020 270 -

S ,3 -4 I l l  010 360 -

1 2 1  °20 
356 -

010 

I l l  030 360 -

3-4 1 2 1  030 265 -

I l l  030 24 7 -

I l l  041 1 1 7  -

3-4 1 2 1  
°40 

1 89 -
030 

I l l  030 200 -

I l l  020 238 -

I l l  030 2 1 3  -

3-4 I l l  020 230 -

3-4 I l l  020 210 -

6 I l l  020 070 -

3-4 I l l  041 310 -

6 1 2 1  021 365 -

3-4 2 1 1  031 360 -

6 I l l  040 320 -

I l l  020 350 -

3-4 I l l  020 250 -

I l l  040 250 -

1 2 1  020 240 -

I l l  030 360 -

3-4 I l l  030 374 -

3-4 1 22 010 360 -

I l l  030 339 -

I l l  010 257 -

1 2 1  020 296 -

I l l  030 250 -

2 1 2  040 169  -

3-4 122 040 386 -

6 122 210 379 6 

3-4 121 010 299 -

S 1 12 210 I SO -

3-4 I l l  020 285 -

I l l  1+20 299 -

3-4 I l l  010 240 I 

6 1 2 1  010 230 -

3-4 1 1 2  200 350 2 I S  

I l l  040 286 1 I 

121  040 059 -

121  010 2 1 1  -

I l l  120 210 -

I l l  030 210  -

I l l  010 240 -

3-4 I l l  021 lOO -

I l l  021 113 -

+ 
The trunk Is divided Into two 



5 B (continued) 

156 

157 

158 

1 59 

1 60 

1 6 1  

1 6 2  

1 63 

164 

1 65 

1 66 

1 67 

1 68 

169 

1 70 

1 7 1  

1 72 

1 73 

174 

175 

1 76 

177 

178 

1 79 

254 

255 

256 

257 

258 

259 

260 

325 

326 

348 

350 

351 

352 

353 

354 

357 

358 

359 

440 

499 

500 

SOl 

502 

503 

504 

SOS 

506 

12 

13 

14 

IS 

1 6  

1 7  

1 8  

63 u 
63 

6 3  

63 A.p.  I 

63 A . p .  I 

63 T 

63 u 
63 u 
63 Q 
63 Ae 

63 Ae 
63 Ae 
63 

63 Po 

63 u 
63 u 
63 Po 

63 Ae 
63 u 
63 u 
63 

63 A . p .  

6 3  Ae 

63 P o  

63 Pl 

63 F 
63 Pl 

63 A 

63 F 

63 u 
63 Q 
63 

63 Ae 
64 

64 A . p .  I 

64 Ae 

64 u 
64 

64 

64 

64 

64 

64 

64 

64 

64 Ae 
64 

64 

64 

64 

64 

62 

62 

62 

62 

62 

62 

62 A 

62 u 
62 

62 u 
62 u 
62 

62 

.. Jl 
I l l  000 105  -

I l l  000 104 -

I l l  031 350 -

3-4 I l l  022 261 -

3-4 1 1 2  022 24 1 -

3-4 I l l  031 270 -

I l l  021 297 -

I l l  1 3 1  380 -

3-4 I l l  012 362 -

3-4 I l l  030 200 -

3-4 I l l  020 244 -

3-4 1 1 2  030 207 -

5 1 1 2  1 1 0  200 -

1 1 2  032 1 60 -

3-4 122 030 398 -

I l l  020 346 -

1 1 2  031 100 -

3-4 I l l  010 247 -

6 I l l  010 100 -

3-4 I l l  032 000 -

I l l  010 020 -

I l l  020 010 -

031 010 -

1 1 2  031 010 -

222 010 254 -

I l l  010 260 -

222 002 283 -

I l l  030 200 -

3-4 121 032 240 -

I l l  030 307 -

121  040 343 -

I l l  2 1 0  1 1 0  -

1 1 2  0 3 1  1 1 0  -

3-4 I l l  040 1 1 9  -

3-4 I l l  040 359 -

3-4 I l l  040 364 -

6 121 000 343 - 1 1  

1 1 2  000 2 6 9  - 8 

I l l  000 282 -

3-4 121 020 244 - 1 3  

I l l  000 266  -

I l l  000 267 -

I l l  0 1 1  230 -

I l l  020 260 -

I l l  030 264 -

1 1 2. 020 I SO -

2 1 2  030 170 -

121  000 269 -

122 010 275 -

1 2 1  020 209 -

3-4 I l l  030 350 -

1 2 1  0 1 0  2 1 4  -

1 2 1  230 210 -

2 1 2  012  2 70 -

2 1 2  012  260 -

3-4 1 1 2  012 360 -

3-4 2 1 2  020 I S O  -

6 I l l  1 1 0  210 -

I l l  021 263 -

1 1 2  0 1 0  2 1 8  -

3-4 I l l  010 247 -

121  O i l  330 -

1 1 2  030 240 -

I l l  1 1 0  230 -

5 C (continued) 

1 4 3  

1 4 4  

145  

1 4 6  

147  

1 4 8  

149  

1 89 

1 90 

1 9 1  

1 92 

1 93 

1 94 

1 9 5  

1 96 

1 97 

198 

199 

200 

201 

281 

282 

283 

284 

2 85 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

346 

393 

507 

.<: 
" 0 :::0 

63 

63 Q 
63 

63 

63 Ae 
63 T 

63 u 
63 

63 

63 

63 T 

63 Ae 
63 T 

63 u 
63 u 
63 Po 

63 

63 

63 

63 

63 

63 

63 Q 
63 Po 

63 Q 
63 Q 
63 Q 
63 Q 
63 

63 u 
63 u 
63 A 

63 Ae 
63 Ae 
63 

63 

63 

63 

63 Q 
63 

64 

64 A 

64 Q 
+

The lower bronches hanging 

5 3  

5 4  

ss 
5 7  

58 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

91  

92 

383 

384 

62 Q 
62 Pl 

62 Pl 

62 Q 
62 Pl 

62 Q 
62 u 
62 Q 
62 Q 
62 Q 
62 F 
62 u 
62 

62 u 
62 

62 

62 s 
64 Q 
64 Q 

.. 

! 
'0 
.. 
g 

i 
< 

I l l  120  218  -

I l l  0 1 0  260 -

I l l  1 1 0  368 -

1 2 1  020 364 -

3-4 1 2 1  031 300 -

I l l  000 300 -

1 2 1  020 330 -

1 2 1  030 100 -

2 1 2  020 1 1 7  -

1 1 1  030 1 30 -

2 1 2  0 1 0  140 -

I l l  030 250 -

I l l  020 1 1 6  -

I l l  010 147 -

I l l  010 I SO -

1 1 2  130 157 -

I l l  0 1 2  1 80 -

I l l  030 2 1 0  -

2 1 2  oio 220 -

2 1 1  0 1 0  1 20 -

I l l  04
+

0 305 -

2 1 2  020 I SO -

1 2 1  030 230 -

1 2 1  02 1 1 1 0  -

1 2 1  020 310 -

1 2 1  020 260 -

3-4 1 2 2  020 264 -

1 2 1  030 200 -

I l l  040 170 -

1 1 1  130  140  -

1 1 1  020 145 -

3-4 1 1 2  020 107 -

3-4 222 030 160 -

3-4 222 030 160 -

1 1 1  020 lOO -

3-4 I l l  031 130 -

3-4 1 1 1  020 1 1 0 -

3-4 1 1 1  020 1 1 0  -

6 1 2 1  020 360 -

2 1 2  020 I SO -

1 1 1  040 180 -

1 1 1  040 370 -

122 142  000 -

3-4 I l l  020 200 -

3-4 1 2 1  0 1 1  300 -

3-4 1 2 2  000 388 -

3-4 I l l  010 370 -

1 2 1  0 1 0  380 -

I l l  030 394 -

3-4 1 2 1  1 4 1  009 -

I l l  030 000 -

1 1 1  010 000 -

121  140  007 -

3-4 0-2 299 -

1 1 2  1 30 366 2 

1 1 1  000 386 2 

1 2 1  040 364 -

I l l  021 388 I 
1 2 1  020 lOO -

1 2 1  030 057 -

1 2 1  022 377 I 

1 2 1  240 350 -

1 2  

1 4  

2 2  

Ill 



IV 

S D (continued) 

38S 

386 

387 

388 

389 

390 

391 

392 

420 

429 

430 

431 

433 

434 

4SO 

4S6 

64 T 

64 Q 
64 Q 
64 Q 
64 Q 
64 A 

64 l1 
64 

64 A 

64 l1 
64 Q 
64 Q 
64 

64 Q 
64 

64 

0 

! :z: 

+ 
the lower branches hanging 

22 

23 

24 

34 

3S 

36 

48 

49 

so 
78 

79 

80 

81 

82 

203 

204 

205 

233 

234 

23S 

236 

237 

238 

239 

240 

241 

242 

243 

244 

24S 

246 

247 

248 

249 

2SO 

2Sl 

2S2 

2S3 

277 

280 

301 

302 

303 

304 

30S 

306 

62 Po 

62 

62 

62 

62 

62 Po 

62 

62 

62 l1 
62 

62 A 

62 AI 
62 

62 u 
62 l1 
63 A 

63 T 

63 l1 
63 l1 
63 

63 

63 u 
63 

63 

63 T 

63 u 
63 Po 

63 

63 l1 
63 A 

63 l1 
63 u 
63 l1 
63 

63 u 
63 l1 
63 

63 

63 

63 A 

63 l1 
63 

63 

63 

63 u 
63 F 
63 

.. 

! 

I l l  02
+

2 309 -

I l l  001 1 88 -

121  020 I l l  -

3-4 1 2 1  020 290 -

1 1 2  0 1 0  1 70 -

I l l  020 000 -

I l l  020 236 -

3-4 I l l  010 1 80 -

3-4 l l l  1 30 229 -

s 1 2 1  040 2S9 -

121  010 270 -

l l l  000 209 -

1 2 1  1 10 1 90 -

l l l  O l l  290 -

l l l  0 1 2  001 -

I l l  031 1 60 -

221 240 100 -

3-4 2 1 2  030 147 -

3-4 2 1 2  030 1 4 S  -

3-4 I l l  O l l  2SO -

6 I l l  020 1 68 -. 
l l 2  040 I S 6  -

3-4 2 1 2  030 260 -

3-4 122 O l l  237 -

4 1 2 1  1 30 330 -

I l l  000 320 -

I l l  020 396 -

I l l  010 380 -

221 021  300 2 

l l l  040 300 -

3-4 I l l  020 280 -

l l l  100 lOS -

I l l  030 I S3 -

I l l  0 1 0  1 5 8  -

I l l  000 277 -

l l 2  0 1 0  273 -

l l l  030 270 -

I l l  120 264 -

2 1 2  0 1 0  2 1 S  -

2 1 2  0 1 0  2 5 9  -

2 1 2  '031 209 -

I l l  130 358 -

222 040 000 -

2 1 2  1 3 0  2 7 S  -

l l l  000 194 -

I l l  O l l  000 -

I l l  O l l  274 -

l l 2  002 240 -

3-4 l l l  020 279 -

6 1 2 1  000 2 1 7  -

l l l  1 30 242 -

I l l  020 237 -

1 2 1  020 399 -

1 2 1  0 1 2  389 -

I l l  0 1 1  006 -

l l l  030 362 -

122 031 396 -

4-S l l l  0 1
+

0 266 -

I l l  0 1 0  3 6 6  -

121  0 1 2  3 S S  -

I l l  042 2SO -

I l l  010 208 -

I l l  0 1 0  2 6 0  -

.. 

! 
c .. .<:: 0 

0 

! 
:z: 

S E (continued) 

307 

308 

309 

310 

311  

312 

313 

314 

315 

316 

317 

318 

319 

320 

4 2 8  

432  

43S 

466 

63 

63 A 

63 l1 
63 

63 

63 u 
63 A 

63 

63 

63 l1 
63 A 

63 u 
63 

63 

64 l1 
64 A 

64 A 

64 l1 

" b 
0 c 0 ::: 

j 

.. 

! 

i :z: 
I l l  020 2 1 7  -

I l l  030 370 -

I l l  021 000 -

l l 2  020 1 78 -

l l 2  031 1 79 -

I l l  120 OOS -

3-4 l l l  2
++

01 l l 6  -

s 1 2 1  020 130 -

l l l  24 1 019  -

I l l  010 1 70 -

3-4 l l l  040 365 -

l l l  230 38S -

1 2 1  lOO 397 -

1 2 1  220 199 -

2 1 2  1 4 0  000 -

I l l  020 1 1 0  -

l l l  040 369 -

l l l  022 149 -

+ 
the lower branches hanging 

++ 
the trunk divided Into two 

62 T 

62 l1 
1 0  6 2  

l l  6 2  Ae 
1 80 63 A 

1 8 1  

1 82 

1 83 

1 84 

1 85 

1 86 

1 87 

1 88 

202 

2 1 6  

2 1 7  

2 1 8  

2 1 9  

2 2 0  

2 2 1  

2 2 2  

223 

224 

22S 

226 

227 

228 

229  

230 

2 3 1  

2 3 2  

2 6 2  

263 

264 

26S 

266 

267 

268 

269 

270 

271 

272 

273 

274 

27S 

63 . A 

63 A 

63 Ae 
63 

63 l1 
63 

63 A 

63 

63 

63 

63 A 

63 u 
63 Ae 
63 

63 

63 

63 u 
63 Ae 
63 

63 A 

63 l1 
63 

63 

63 

63 

63 

63 Ae 
63 A 

63 Ae 
63 l1 
63 

63 

63 A 

63 A 

63 Ae 

63 Ae 
63 

63 

63 l1 
63 l1 

2 1 2  000 I SO -

I l l  O l l  120 -

l l 2  030 lOO -

3-4 l l 2  020 139 -

I l l  020 210  -

1 2 1  120 240 -

I l l  030 360 -

l l l  020 250 -

l l l  032 210  -

l l 2  1 30 240 -

1 2 1  0 1 0  360 -

1 1 2  200 360 -

I l l  020 280 -

I l l  022 360 -

I l l  030 2 1 7  -

l l l  020 280 -

I l l  120 000 -

l l l  030 369 -

I l l  031 360 -

I l l  210  240 -

1 2 1  2 1 0  260 -

1 2 1  020 lOO -

I l l  020 160 -

3-4 l l l  020 3 1 6  -

I l l  022 30S -

3-4 1 2 1  041 280 -

6 l l l  1 0 1  200 -

I l l  030 210  -

l l l  030 300 -

3-4 1 2 1  02 1 209 -

I l l  020 246 -

3-4 l l l  020 142 -

I l l  020 108 -

l l l  041 260 -

l l l  030 393 -

3-4 1 2 1  020 360 -

3-4 l l l  020 3SO -

3-4 l l l  020 360 -

5 l l 2  021 2 1 S  -

3-4 I l l  030 268 -

3-4 2 2 1  032 27S -

I l l  020 338 -

l l l  001 302 -

l l l  021 299 -

l l l  031 1 1 3  -

. .! 
! 
c .. .c ;j 
0 

! :z: 



S F (continued) 

276 

278 

279 

337 

394 

39S 

396 

397 

398 

399 

403 

404 

40S 

406 

436 

437 

444 

44S 

483 

484 

48S 

486 

400 

401 

402 

487 

488 

489 

490 

S08 

S13 

S14 

S26 

63 

.. .. !:> 
0 

'0 
;:2 

63 u 
63 

64 Q 
64 M 
64 u 
64 Po 

64 B 

64 Q 
64 

64 

64 u 
64 u 
64 

64 A 

64 F 

64 

64 A 

64 u 
64 

64 

64 u 

64 T 

64 AI 
64 T 

64 u 
64 

64 

64 u 
64 Q 
64 u 
64 

64 

S34 10 64 

S36 10 64 u 
S37 10 64 

S38 10 64 

S40 1 0  64 Q 
S4 1 10 64 Q 
SS! 10 64 u 
SS2 10 64 

SS3 10 64 Q 
SS4 10 64 Q 

i 
z 

+ 
the lower bronches honglng 

4S2 64 Q 
4S3 

4S4 

4SS 

4S8 

4S9 

64 Q 
64 

64 Ae 

64 Q 
64 AI 

460 64 Q 
473 64 

S23 64 Q 
S24 64 u 
S66 10 64 Q 
S67 10 64 

S68 10 64 

S69 10 64 

S70 10 64 Po 

S71 10 64 Q 

j 
0 
.. 
g 

i 
< 

c 0 

3 
3 

1 2 1  0 1 0  l lO -

I l l  120 370 -

I l l  010 389 -

3-4 I l l  020 346 -

l l l  020 I SS -

1 2 1  0 1 0  1 60 -

1 1 2 200 2 70 -

122 000 369 -

1 1 2  010 360 4 

I l l  010 341  -

3-4 1 2 1  140 340 -

l l l  030 140 -

I l l  032 107 -

3-4 I l l  022 140 -

1 2 1  030 170 -

3-4 1 2 1  040 1 90 -

3-4 1 2 1  010 1 99 -

4 I l l  040 3S4 -

I l l  030 267 -

l l l  0 1 0  l l 2  -

1 2 1  030 1 1 6  -

3-4 I l l  230 1 88 -

3-4 1 2 2  040 169 -

1 2 1  040 2S9 - 1 1  

1 1 2  000 2 89 -

1 2 1  0 1 0  3 6 9  -

3-4 2 1 1  030 389 -

I l l  000 2 87 -

I l l  010 240 - 1 1  

1 2 2  000 2 86 -

1 2 1  1 30
+ 

209 -

1 2 2  1 1 0  3 7 8  -

222 1 30 140 4 1 2  

3 - 4  2 1 2  0 3 0  IS8  - 1 9  

3 - 4  I l l  0 3 0  2 9 9  - 1 2  

I l l  012  1 3 1  2 1 9  

I l l  010 1 1 9  I 1 4  

3 - 4  1 1 2  0 3 0  297 -

3 I l l  1 30 248 I 

1 2 1  030 320 I 24 

I l l  020 349 - 1 8  

I l l  030 2 7 8  I 8 

I l l  020 170 - I 7 

I l l  030 2S8 - 1 3  

3-4 1 2 2  020 2 6 4  I 1 4  

6 1 2 2  040 1 7 7  4 2 2  

3-4 2 1 1  0 3 1  1 2 0  -

3-4 l l l  020 2S4 - 7 

1 2 1  000 390 - 1 2  

l l l  000 0 1 7  2 2 S  

I l l  020 1 4 9  6 1 9  

I l l  030 1 90 I 2 2  

I l l  000 009 4 2 1  

I l l  1 1 0  280 1 8  

1 2 1  020 1 6 S  1 7  

1 2 1  000 1 60 3 2  

3 - 4  122 0 3 2  IS3  2 4  

S I l l  031 166 I 2 3  

I l l  120 0 0 2  - 1 9  

7 (continued ) 

sn 1 0  6 4  Q 
S7S 9 6S A 

S83 66 

S84 66 Q 
S8S 6 6  

4 1 S  6 4  Q 
4 1 6o 64 Q 
4 1 6b 9 64 

4 1 7  64 Q 
4 1 8  6 4  Q 
442 64 A 

443 64 Q 
446 64 A 

447 64 A 

448 

449 

4S7 

461 

462 

463 

464 

46S 

474 

47S 

476  

477 

478 

4 79 

480 

481 

482 

492 

493 

498 

S86 

S87 

+ 
earlier 3 

4 1 9  

491 

494 

49S 

64 

64 AI 
64 Q 
64 AI 
64 Q 
64 M 
64 u 
64 

64 A 

64 u 
64 Q 
64 A 

64 A 

64 Q 
64 A 

64 AI 
64 

64 A 

64 Q 
64 

66 Q 
66 Q 

64 Q 
64 A 

64 Q 
64 

496 64 Q 
497 64 F 

S39 10 64 Q 
sss 10 64 

SS6 10 64 

SS7 10 64 

SS8 10 64 

SS9 10 64 Q 
S60 10 64 Q 
S61 10 64 

S62 10 64 

S63 10 64 

S64 10 64 F 
S6S 10 64 Q 
S88 66 u 
S89 66 

S90 66 

S91 66 

S9La s 66 

S92b S 66 AI 

" .. !:> 
0 

I 
z 

0 
., .. 

t 
< 

g l 
3-4 1 1 2  031 269 I 1 4  

I l l  0 3 0  I SO 6 2 8  

I l l  020 219 24 

112 000 389 20 

121 030 168 I 2 S  

I l l  1 4 0  280 I 1 0  

1 2 1  0 3 0  4 9 7  I 1 0  

1 2 2  200 4 9 7  s 1 0  

3 - 4  1 2 1  0 2 0  1 1 9  - 6 

1 1 1  020 279 3 14 

1 2 1  020 340 - 2 

I l l  040 299 -

122 030 000 -

3-4 1 2 1  022 124 -

I l l  031  270 -

3-4 I l l  021 170 -

I l l  0 2 0  271  -

3-4 1 1 2  0 1 0  260 - 1 0  

3 - 4  1 1 2  0 3 0  1 30 - 3 

3-4 I l l  040 140 -

1 1 2  000 210 I 1 7  

1 2 1  0 1 0  1 9 9  -

3-4 I l l  040 1 1 2 2 1 6  

6 1 2 1  020 109 - 7 

3-4 I l l  010 266 I 2 1  

3 I l l  030 1 80 -

I l l  023 206 -

1 2 1  1 3 1  242 - 1 3  

3-4 I l l  030 1 60 -

3-4 I l l  030 190 -

I l l  020 293 -

1 2 1  1 30 14S -

3-4 1 2 1  030 120 -

3-4 1 2 1  042 380 -

3-4 I l l  030 240 - 2 S  

I l l  0 1
+

0 2 S 9  1 2 2  

3-4 1 1 2  0 2 2  1 14 -

s I l l  010 3SS 3 1 4  

3 - 4  I l l  1 30 1 86 -

3 I l l  030 129 -

1 2 1  030 1 70 1 1 6  

1 2 1  0 1 0  1 69 2 2 6  

1 2 1  030 2S3 1 1 8  

I l l  030 370 -

I l l  030 196 - 1 4  

3 - 4  l l l  0 3 0  2 6 3  - 1 8  

6 l l l  1 20 396 I 2 8  

1 2 1  000 2 6 7  - 1 4  

3 - 4  l l l  030 220 - 2 2  

l l l  0 2 0  3 S 9  - 1 8  

1 2 1  020 1 6 0  6 1 8  

3 - 4  I l l  020 289 1 l S  

3-4 1 2 1  1 1 0 389 I 1 9  

l l l  0 2 0  300 2 s 
122 012  29S 2 1  

1 2 1  1 2 1  l l 6  2 24 

l l l  022 IS7  I 28 

1 2 1  000 26S 29 

1 2 1  030 26S 17 

Ill 1 30 000 - 20 

V 



Srauon 

Lecanora conlzaeoJdea 

Actr plgwnoid•• 

� i � E � a � i ! � � � � � � ; � 5 � E ; � E � 5 � � � � s = a 5 � ! 5 5 � � 3 = ! � 5 � � � � � E a � E i i E E � � E 5 ! i � 5 E E ! E 5 � a E i  

I I I I I I I I I I I I I I I I 

I 1 1 ) 1 I I I I I 2 2 2 2 2 2 2 2 3 
Hypogymnia phyaodea 
Leprarkt lnc:ana 
Lec:lct.a aoa:JarJa 

I I 2 2 2 2 2 2 2 3 3 3 3 3 3 5 s 6 6 7 7 8 8 8 9 9 9 7 1 0 1 0 1 2 1 2 1 3 1 3 1 5 14 1 S I 6 1 6 16 1 7 1 7 1 9 1 9 1 9 2 1 1 9 22 24 2S 26 27 28 33 

I I 
3 I I 3 2 I 

(2) (1) 
2 I 
2 I I 2 3 I 3 

� m 
2 �

�,
� 

3 2 3 

I I I 2 2 1) 1 
I (�) I I 

�
g 1  

3 I 2 3 3 
2 (�) 12) 
2 2 2 
2 

2 I 
3 I 2 2 2 2 

2 
2 �2)2 I 

� 

I 
2 I 2 (3) 
2 2 2 

I I I 1 2) :  
I 

BaclcUa ctuoro:occa 1 1 2 I I 2 I 
1 1)

1 2 I 2 
ParmeUo sulc:ato (1) 

2 1)
1 (2) (2) 1 3 2 I 3 (2) 3 (2) 2 3 2 2 ?f2l 3 

2 
�3)2 I 2 2 3 

Xanthoria lollox 
IAc:anora cblarotera 

1 (1) 1 )  

1 1)�) 
I 

1 1) 1 
2 lla 

I 

(2) 
�3) 

£l
f1l2) 

2 � 2 2 2 �2) 
2 

Cetraria chlorophyUa 
Lecanora expallena 
Purmellopala ambt9ua 
Lecanoro aubfvaoa call. Cettarta plnaatrl 
Blotcnlla mortfonnll 

1 1) 

I 2 

Buelllo punc!DUI 
Physcto dubio 
Xanthorkt oandelorla 
Callclwn hyperellum 
Leconora umbrlnO 

2 
2 
(I ) 

I 
Candek:.rio ccocolor 
Pbyaclo orbicularis : I ) 

lAconoro carplneo 
Phyac:la teneUo 
Phyaclo ascendens 
Clodonia conlocroea 

(2) 
(I) 
(I ) 

(I) 

Po r me l kt  fullglnosa 1 1 

��';�����t':'!1
nthol t1gma (l) 1 1) 

IAcanora ap. 1 
ParmeUa urnperotulo 1 
Phlyct ll arQena (2) I 
Xonthoria parlettna 2 
ParmeUo acetabulum 1 
Phyacla entheroxanth:J 1 

Lecanoro aubfuaocua 
Alectoria jubato 
Physcia pulvet\lle.nto 
Cetraria glauoa 
AJectorkl implexa 
Ramaltna ap. 
Pertuaado amaro 
Clodonkt ap. 
ParmeUa aaxatHia 
Ochrolechia mlcrc»tictoides 
Lecldeo effioreacena 

2 I (I) 

2 2 2 2 
2 2 
2 2 2 2 I 

I 
I 2 3 

2 
2 I 

2 
2 2 3 2 I 

(I) 2 

2 2 
I I 

I I 

I 2 
2 2 

3 I 2 
2 � 2 1) 2 

2 
2 2 
3 

I I I I 
2 (2) 2 

I 12) 

I 
I I 

3 I 

I I I 

2 2 I 

2 I 
3 I 2 
2 (I) 2 I 

I 2 
2 2 3 2 (2) 2 2 2 2 2 2 I �3)� 

I 2 2 
2 I 2 2 2 2 
2 

2 I 

3 
�I) 
2 
2 2 

I I 2 

2 2 

(I) I 
2 

2 2 
2 I 

2 
2 2 3 
2 (I) 2 

2 3 2 2 2 2 I I 
I 2 

I 
2 2 2 2 2 2 2 I I 2 2 

I 
I I (I) I I (I ) 

2 I 2 2 I 

2 2 
Cotillaria globulo.a 
Ramalina farlnacea 2 
Ramalina fraxtneo 2 I 
Unknown 
Phyacta farreo 
Ochrolechla andrcqyna 

2 3 I 
Lecanoro aymmlcta 1 

PohUo s p .  

Hysterlum puUcare 
Trematoaphaerla l P .  
Leptosphaerto s p .  
Pleospora s p .  

Hypnum cupreaslforme 1 
Pla;lotheclum silvaticum 1 

Orthotr1chum s p .  
Bryum oopUlare 
Pseudo.leskeello nervosa 
Stroemla abtuslfolla 
PohUa nutans 
Leucodon scluroides 
AmblysteQium serpens 

I 
2 2 
2 
2 

2 
2 

Pertuaarla ;lobulifero 2 
IAconora chlarona 

2 I 
I I 
I 

2 2 
2 

ParmeUo exasperate 
Xanthoria polycorpa 
Arthopyrenkl albo 
Parmelia subar;enttfero 
Pbysclo a tpoUa 

(I) I I 2 I 2 2 
Uanea hirta 
Paeudevemla furfuroceo 
Candelarlella vitelline 

I 
� I) 

2 2 2 
2 
2 

2 I 2 
I 

2 

Bactdio l.uteola 
Lecidea oUvaoeo 
Lecanoro era sau la 
Bacidto Bockhauail 
Bocidlo Nae;elH 

Anoptychta cUklrta 
Lecanoro Hagen 1 

14) 1 (I) I 2 I 

Pertusorto ;lobulifera vor. dtacoidea 
Opegrapha wrla 
lAecmoro mocul010 
Lecanora allopho.no 

I 2 

BuelHa pharctdla 
Lee idea quernea 
Rarnalina polllnarla 
Rtnodtna e.xigua 
Pertuaaria coccodes 
Coloploc:a cerlna 
Caloptac:a ouronUac:a 
Physclo stellorls 

2 I 2 

2 2 I 2 
I I 

1) On the boae of the trunk 
Radula complanata 
Ptilidium pulcherrlmum 
Pylalslo polyantha 
Brochytheclum populeum 
Barbula vinealis 

2 2 
2 2 2 2) Not found on exam 1no lion 

3) c. ap . 

4) Sterile 

S) Juvenile 

2 
IS) 

2 
Orthotrichum affine 
Ofthotrichum follax 
Brochythectum velutlnum 
Brochytheclum rutobulum 

1 5) 

2 
2 2 
2 

Tortulo pu.lvinata 2 
Orthotrichum specl.osum 2 

49 
43 
21 
20 
14 
32 
9 

10 
14 
12 
16 
13 
6 
4 
12 
12 
2 
4 
3 
2 
10 
10 
17 
1 1 

s 
1 7 
12 
2 1 
I 

13 
22 
14 
3 

17 
1 1 
2 
IS 

s 
2 
10 
8 I 
I 
3 
5 
I 
4 
s 
2 
8 
2 
2 
4 
2 
4 
4 
I 
8 
I 
2 
I 
I 
4 
9 
3 
2 
I 
8 
I 
I 
2 
I 
I 
I 
2 
2 
2 
I 
I 
I 
I 

I 
13 
I 
6 
3 
4 
3 
2 
4 
I 
4 
2 
6 
2 
I 
I 
I 
2 
I 
I 
I 

:5 



Station 
0 0 .., 

.. "' 0 ... ... ... 

I I I I I I I 2 3 3 3 4 4 4 4 4 4 5 3 7 8 9 11 11 3 12 12 14 16 18 19 21 22 24 28 29 2 9  

Leoonora conlzaeoldes I I I I I 
Lecldea acalarls 

1
1 )

1 I I 
3 1

1 ) 
2 2 2 2 3 2 I 3 3 3 

2 

I 2 
I 1

1) 

Leprarla lncana 
Cetraria chlorophylla 
Hypogymnia physodea 

I I 2 2 I 12) � ( I )  2 2 � 12
) � 

I 2 I I 2 (2) ?> 2 : 3 2 2 I 3 I I I 
Bacldla chlorococca 
Lecanora aubfuaca coli. ( I )  

Phi yetis argena ( I )  
2 I I rl 2 I 2 2 2 :1 ) : I 

2 I 2 I �) 
I Phyacla dubla 

Lecanora expallena 
Parmella aulcato 
Pseudevemia furfuracea 
Lecanora aubfuacato 
Parmellopals amblgua 

2 I 
( I )  ( I )  

I I 
2 

I 
( I )  2 ( I )  I 

I 
2 2 

(2 ) 2 (2) 

2 
2 

1
1 ) 

( I )  
I 

I (2 ) 2 
I 
2 
I 2 

I I 
Alectoria Juboto 
Cetraria plnastrl 
Parmella fullglnoea 
Pertusarta amara 
Phyacla s p .  

I 
I 

( I )  
2 2 2 3 2 I 2 

2 2 

Parmella exasperatula 
Physcla tenella 
Ochrolechia androgyna 
Lecanora chlarotera 
Cladonia canlocraea 
Evemia prunaatri 
Candelarlella xanthoatJgma 

Lecldea ollvocea 

2 
I 
I 

(I) 
. 2 2 

I 
2 2 2 :4 ) 

I I 
I 
2 I 

Leoonora carplnea 
Leoonora cra••ula 
Physcia pulverulenta 
Physcia entheroxantha 
Buellla punctota 
Candelarla concolor 
Ramallna s p .  
Catlllarla globulosa 
Ramallna !arlnacea 
Lecldea efflorescens 
Unknown 

I 
2 
I 
2 

(2) 
2 

I 1 

Leprarla candelaris 
Ramallna fraxlnea 
Pertuaaria coccodes 
Lecanora chlarona 
IJanea sp . 

2 I I 1 
Pertusarla globullfera var. globullfera 

Hypogymnla tubulosa 
Parmella saxatills 

I 2 

Cladonla flmbrlata 
Ramallna pollinarla 
Cetraria glauca 
Physcla orbicularis 
Parmello suborgentlfera 
Bacldla Beckhausll 
Physcla farrea 
Xontharla parletlna 
Xonthorla !allax 
Xontharlo polycarpa 
Lecanora Hagenll 
Phyacla ascendena 

Physcla caesla 
Lecldea quemea 
Parmella acetabulum 
Anaptychla clllaria 
Xonthorla candelarla 
Alectorla lmplexa 
IJsnea hirta 
Lec:anoro s p .  
Arthanla radlato 
Physcla alpolla 
Conlocybe hyallnella 
Bacldia Naegelll 
Opegrapha vorla 
Ramallna !astlglota 

1 
( I )  
1 

( I )  
1 

I 
I I 

I 
I 2 

I ( I )  

I I 
1 
I 
I 
I I 
I 
1 1 

2 
1 
I 

2 
I 2 

I 2 
I 
2 
2 

� S) I 2 

I 
I 2 
I 
I 
I 

1) On the base of the trunk �����fcru:r!n
p
t� 2 1 )  

1 1 ) 

21 ) 2 

2 

2) N ot  found an exa mlnation 

3) ln moss 

4) Sterile 

S) Fertile 

6) Not collected 

Brachytheclum velutlnum 
Hypnum cupre111forme 

Dicranum acopartum 
Pohlla a p .  

2 1 )  2 2 2 

Radulo complanata 
Tortula pulvlnata 
Amblysteglum aerpens 

I I I I 
2 2 2 1 )  

2
1) !1) 

2 

VII 

1 7  
1 8  
1 5  
1 3  
2 4  

4 
7 

IS  
s 

1 1  
1 8  

3 
4 
7 
I 
6 

10 
4 
I 
4 
7 
I 
4 
3 
9 

1 1  
4 

10 
2 
5 

10 
8 
4 
2 
2 
6 
2 I 
2 
3 
3 
2 
2 
3 
2 
I 
I I 
2 
3 
3 
1 
4 
4 
3 
4 
I 
2 
2 
3 
I 
2 
2 
1 
I 
1 I 
I 
I I 
I 
I 
3 
6 
2 

1 1  
1 
I 
I 
2 
I 



Vlll 

Ulmus 

Station 

I 1 1 I I I I I I I 1 I 1 I 1 I 1 I I I I 2 3 3 3 5 5 6 6 7 8 11 12 12 12 14 17 17 20 21 21 24 24 26 26 29 3 6  

Lecanora contzaeotdes I I I I I I I I I 2 2 2 2 2 3 
Lectdea scalarts 

2 2 
3 

I 3 2 2 
1 

Bactdta chlorococca I I 2 
Leprarta tncona I I 2 2 2 2 
Leoonoro exJXIllens 
Hypogymnta physodes zl l 1 12 )  2 

Phi yetis argena 
Cetraria chlorophylla 

(1)  

Parmelta au1cata 
Cande1arte1Ja xanthostigma 
Phys eta tenella 
Physcta pu1verulenta 
Buellta punctata 
Bactdta Naege!H 
Evernia prunastri 
Parmelta fultgtnosa 

(I )  
(1)  
(2) 
(2) 

Physcta dubio 
Caloplaca chlorlna 
Xanthorta partetlna 
Physcta orbicularis 
Physcta ntgrtcons 
Physcia caesia 
AJectorta jubata 
Xanthorta polycarpa 

Physcia ascendens 
Cetraria ptnastrt 
Lecanora s p .  
Parmeltopats ambtgua 
Btatorella mortformts 
Ochrolechta andrO<Jyna 
Lecanora subfuaca coil. 
Lecanora carptnea 
Xanthorta candelarta 
Candelaria concolor 
Physcta entheroxantha 
Ramallna sp,  
Lee idea olivacea 

2 
2 

I ( I )  

(1 )  
I 
I 3 
I 

( 1 )  
3 
I 
2 

3 2 

1 1 2 

I 3 2 2 
2 
2 

2 

2 3 

1 1 
1 

I 
I I 
1 
I 
2 
1 

2 I 
1 
2 
I 
1 

3 
3 
2 

2 

( 1 )  
I I 
2 

(ill I 

I 2 
I 
I 

I 2 
I 
2 
2 
I 

1 2 2 2 

1 2 
1 

I 
1 
I 
I 2 

2 3 
I 

I I 
2 
2 

2 2 2 2 1 2 

2 
3 2 

zl l 

Parmelia e.xasperatula 
Parmelta aubargentifera 
Parmella acetabulum 
Lecanora subfuscata 
Leoonora umbrlna 
Xanthorta fallax 
Lecana-a crassula 
Anaptychta ctltarts 
Leoonora chlarotera 

I 2 1 1 2 

Pohlla s p .  

1)  On t h e  base o f  t h e  trunk 

2) Not found on examination 

3) c. ap , 

4) juvenile 

Hypnum cupressiforme 

��·:����r.:"m 
•::�:urn 1

4 l  

Pylalsta polyantha 
Barbula vinealts 

Bactdta Juteola 
Physcla farrea 
Conlocybe hyallnella 
Opegra pha varta 
Pertusarla globultfera var, dlscoldea 
Unknown 
Lecldeo efflorescens 
Cladonta s p .  
Ochrolechia microsUctoiUes 

Pertusarla lutescens 
Ramaltna farlnacea 
RamaUna fraxinea 
Lecldea quemea 
Lectdea glomerulosa 
Physcla alpolta 
Pachyphlale faglcola 
Ra ma Una callcarls 
Cetraria glauca 
Cladonia conicx:roea 
Pertusaria cocccdes 
Lecancra allophana 
Leoonora maculate 
Ramaltna polllnarla 
Pertusario amara 
Buellla dtaclformla 
Leprorla candelarts 
Arthopyrenla alba 
Catillarla globulosa 
Uanea hlrta 
CatUJar la pros lna 
Leconora chlarona 
Ramallna fastiglata 
Candelartella vttelllna 
Parmelia exas perato 
Parmelia saxatllis 
Candelarlella Juteoalba 

Leptosphaerla s p .  
Metasphaerla sp.  

Brachytheclum velutinum 
Pseudoleskeella nervosa 
Leucodon scluroldes 
Radula complanata 
Orthotrtchum spectosum 
Stroemia Qymnostoma 

2 2 2 
2 
3 1 
I 
2 
3 2 
I 
2 

2 2 2 

zll 
2 

I Trunk base has considerably fewer species than higher up. 
Orthotrlchum sp.  
Stroe m la obtus lfolla 

I I 

Pohlla nutans 
Orthotrlchum fallax 

1 

I 
2 
2 2 

2 
1 2 

2 I 2 1 

2 2 
2 
2 

I 
I 
I 
I 

�) 

2 2 

2 I 
2 

27 
6 
7 

12 
9 

1 8  
1 4  

9 

1 9  
I S  
14 
10 
12 

3 
8 

10 
7 
3 

10 
9 
3 
2 
2 
4 

9 
4 
I 
I 
3 
2 
4 
6 
4 
I 

1 3  
4 
5 
6 
6 
2 
4 
I 
5 
2 
7 
6 
2 
2 
2 
3 
5 
2 
1 
2 
3 
3 
4 
5 
1 
2 
2 
2 
1 
I 
I 
1 
2 
I 
2 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 



Station 
O cn i.Q CD O r-.. O Q C7'1 U') I.Q CD r-.. r-.. M .,. � O M cn O I,Q N CD r-.. r-.. - o c:o N - � r-.. M CD  
I.Q CJ) U') I.Q r-.. O I.Q M M C:O C:O C:O M I.Q • C:O M · - - · U') - M U'1 C:O - � C:O I.Q � CJ) O I.Q O 
N N  U') .,_ _ N N N M M M M 'Q" U') .,. .,. M M N M .,. M N _ M .,. M .,. V  U') .,. M .,. _ � � � i � �  - cn a'I N M a'I N M  

r-.. r-.. N U')  M U')  r-.. U') .,. .,. - .,. - U") U") .,. 
.,. cn C:O I.Q - · r-.. I.O U') M M O O  
U') r') N Y) r-.. C:O C:O r-.. cn GC N Y) \,0  U") U") U') U') U') U") U') .,- U') M U')  U') .,.  

I I I I I I I I 2 2 2 2 2 2 2 2 2 2 2 I 3 3 4 4 2 4 3 4 4 3 5 3  3 7 5 7  5 6  4 5 6  2 3 6 7 8 8 9 9 1 0 1 0 1 4 10 1 0 1 3 1 2 1 3 1 4 1 4 1 4 14 1 5 1 5 1 5 16 1 7 1 8 1 7 1 8 1 9 2 1 2 3 2 1 23 22 22 2 2 25 26 25  

Lecanora conizaeoides 1 1 ) 1 I I 2 2 2 3 3 1) 3 2 I 2 I 2 I I 1 1 ) 2 
Lecldea scalarls (I) I 2 I 1 1 ) 3 I I 2 1 31 )2 3 3 � 3 

1 1) 2 I 2 2 I I �I ) : :: 2 2 i 
2 : � 2 J l : l l 

2 40 

� 

PohJla ap . 

I ) On the base of the trunk 
2) Not found on examination 

Hypogymnla physodes I I )(!)  (2) (2) I I J 1lpl I 
Leprarta lncana 2 1 2 

1 1)� i (3) � 2 

1 1)2 I 
2 

� (3) I i ll : 
2 2 I 2 I 
( I ) I I 

I 1 1 ) ( I )  2 
2 21 1 1  

2 (2) (3) oil 3 I (2) 3 3 2 2 1 1 ) 3  2 3 3 (2) I 2 3 (2) 3 ( I )  2 2 3 2 3 I 

� I I 
2 

2 I 
I 2 � � � � : 2 

� 
2 

� : � 3 : 1) I � 
1 2) �: 
2 1) 38 

27 
I 
8 

32 

Cetraria chlorophylla 
Pertusarla albescens var. coral lino 2 

Alectorla jubata 
Parmeltopsis amblgua 
Bacidla chlorococca 
Lecanora expallens 
Lecanora chlarona 

(2) I 
I 2 

2 2 

Pertusarla globulifera var. globullfera 
Xanthoria cande lar la 
Alectoria lmplexa 
Lecidea efflorescens 
Parmella subargentlfera 
Cladonla conlocraea 
Coliclum hyperellum 
Pertusaria amoro 
Parmelia sulcate 

I I 
I 

21 ) 
I 
2 

2 1) 

23) 1 1 ) 
I 

2 I 2 (2) 

2 1) 

2 1J (2) 
(2) (3) 

I 
(I) I 2 I 2 I 2 3 I 2 

2 2 

3 1l 2 1)2 2 1) 2 1) 2 23l 2 
I I I I 

2 I 
I I I 
I I 2 I I I 2 

2 25) 1 I 2 2 � 2 2S) : 
2 

2 I 

2 1 )  I I 
23) i 

I I I I I 2 I 
(2) 2 I 2 2 3 I 3 2 2 

Pertusario olobuUfera var. dlscoidea ��v 
I (�) (�) I � (�) I J ) � � (�) � (i) � 2 

(I) 
( I )  2 (I) 2 2 (2) 2 2 I 2 3 (2) 3 

2 

Hypnum cuprossiforme 

2 2 I 2 Ochrolechla mlcrostictoldes 
Evemlo prunastrl 
Cladonta flmbrioto 
Ramolina sp. 

2 
(I ) ( I )  : 1 )2 2 (�) (�)2) I 

2 1) 24) 
I (2) 2 (I) 2 (l ) ( :hi4)

2 2 I (3) I 2 I 

Leconora crassulo 
Parmella exasperatula 
PhlycUs argena 
Pertusorio leprorioides 
Unknown 

(I) 
2 
(!) I 
(2) ! I) 

I I (!) I I I 

2 1) 2 2 2 I 

I ( I )  I I I I 

2 
2 I 

I 2 2 (2) I 3 I 2 

I I 

2 
2 

2 2 2 

Buellla grlseovirens 
Lecanora subtuscata 
Lecanora symmlcta 

2 I 
2 2 2 

I 
I 

2 2 2 
I 

I I 
2 2 
I I 
2 

I I 
2 2 2 

Lecanora subfusca con. 
Lecanora carplnea 
Parmelia subavrUera 
Xanthorlo polycarpa 
Parmelio tuliginoso 

Physcio tenello 
Lecideo olivacea 
Pertuaarlo coccodes 

I 3 I 
3 

1 1) 2 
I 

2 2 2 2 I 2 2 I I 3 2 I 2 2 ( I ) 
2 

1 I 
Ochtolechla subvlridis 
Cetraria pinastrl 
Pertusorio pertusa 
Ramallna frax:Jnea 
Parmeliopsts hyperopta 
Coloplaca chlorine 

(2) 

Cetraria glauca 
Buellla dlscifa-mis 
Buellla punctate 
Collclum FlOrkeJ 
Lecanora sp. 
RamaUna forlnacea 
Pertusarla leloplaca 
CatUlarla GrltflthJ 
Physcta oscendens 

I 
I (I ) 

2 

12) 

I I 2 
I 

(I) 2 

1 2) 

2 3 

I I 

2 2 

12) 

Anaptychia cUiorls 
Ochrolechia androoyno 
Parmelia soxat1Us 2 

I 2 2 �I) I I 
� 

I : 2 2 

rhyscla entheroxantho 
Lecanora chlarotera 
Condelariella xanthosUgma 
Pertusarla lutescens 

�s) : 
2 
2 

Usnea hirta 
Cladonla sp. 
Catillarla thrhartlana 

Alectorlo ap. 
Uaneo sp ,  

I'll
( I )  

2 
12) 

I 
2 Lecanora maculota 

Parmella acetabulum 
Pseudevemlo furfuracea 
Hypogymnla bitteriona Lee ideo quernea 
Lecldea Qlomerulosa 

(I ) 
I 2 

(I) 12) 
I 

I I 

( I ) 

I 
� I) : 

I 2 i6) 

2 3 

21 )
2 

I I I 

2 I 

: 4) 

I 
Parmello exasperate 
Rinc:dina ex19UQ 
Hypogymnto tubuloso 
Xanthorta fallax 
Bacldlo luteolo 
Condeloria concolor 
Phyacla pulverulenta 

2 I 

Hysterlum puUcar-e 
Trematosphaerla sp . 

I 2 

Leptosphoerla sp , 

2 2 2 
2 

2 2 

2 

2 2 2 I 2 I I 2 

Daayacypha sp. 
Plea.pora sp. 
Unknown 

2 2 2 2 2 2 2 
2 

2 2 2 

9 
1 9  
3 
2 
4 
3 
6 
3 

I S  
1 4  
26 
33 
4 

1 1  
2 5  
5 

14 
6 
4 

2 1  
2 
7 
6 

1 1  
4 
9 

1 3  
4 
3 

22 
5 
6 

1 1 
I 

1 3  
I 
4 
I 
I 
7 
2 
9 I I 
8 
I 
I 
3 
I 

1 3  
5 
6 
5 
4 
3 
8 
3 
2 
I 
I 
2 
2 
I 
I 
I 
I 
I 
2 
2 
I 
I 
I 
I 

16 
I 
I 
I 
I 
I 

3) On mosses at root collars and trunk base 

Orthodlcronum montonum 
Brochytheclum populeum 
PohUo nutans 
Drepanoclodua lncinatua 
Dlcranum scoparium 
Ptllldlum pulcherrtmum 4) In moss 

5) Leconora chlarotera f. ruoosella 
6) Pertusarto coccodea var. coronato 
7) Juvenile 

Hypnum cupresatfonne f. flltforme 
Brochytheclum volutlnum 

Pylalsla polyantha 17) 
Orthotrlchum affine 

2 2 

Tortula pulvlnata 

>< 



X 

FraxJDUI pqlttor 

Statim 

I I I I I I 2 2 2 2 2 4 4 S 5 7 1 0 10 1 2 1 3 1 3 1 3 1 4 16 1 S I S I S I 6 1 7 1 7 1 7 1 7 1 7 1 9 1 8 1 8 1 8 1 8 1 9 1 9 20 20 20 2 1 2 1 2 1 2 2 2 3 2 3 24 2 S 2 5 25 26 2 7 29 28 29 32  

t.ccmora eonlmeoldea I I I 2 3 2 3 I I 
Bacldta chlorococca l 
Leeldeo aoalarla 
Hypogymnla phyaodea 

2 I I 
Leprarla lnoana 
Unknown 
Parmellopala ambl11ua 
Cladmla ap. 
Cetraria ehlorophylla 

I I 
2 3 2 
2 2 2 I 

Cetraria plnaatrl 
Pertuaarla leprartoldea 
BueUia grtaeovlrena 
IAcanora ap. 

I I I 
I (3) I 3 I 2 

(1) I 
2 

3 
11)  3 (1)  

I 

I 
I 2 3 2 I 2 3 2 2 2 2 3 I I 

Parmella aubat��entlfera 
I 2 2 2 2 2 3 2 3 2 

Candelarla eoneolor 
Parmella 1uloata 2 (2) 2 3 2 ( I )  2 3 (3) 3 3 2 2 (2) 2 I 36) 1 I 

Phyaela tenella I I 2 2 I 2 
Phyacta oecendena 2 
P•eudevemia furfw-acea 2 2 3 I 
lCanthorla polyearpa 2 
Leeanora oarplnea 2 
Cetraria 9lauoa 2 
Lecanora chlarotera 2 2 
Parmella fullglnoaa I 
Candelarlella xanthoat111ma 2 
Phyaela pulverulenta I 
Leeldea ollvaeeo 3 
Phlyetll 0£118110 2 
Ramallna ap. I 

Pertuaarla 11lobullfera var. globullfera I 
Leeanora aubfuacata 
Baeldla Na89elll 
Caloplaoa ehlorlna 
Lectdea efOoreacena Sue Ilia punctate 
Lecanora expallena 
Evemia prunaatrt 
Buellla phareldla 
Leeanora chlarona 
Oc:hroleehla andrQllyna 
Cladonla emloeraea 

2 3 I I 2 2 2 2 I (2) 
2 2 I 

�2)  

2 2 

2 2 I I 2 2 2 2 I I 2 (2) 2 (1) 3 (2) 2 I 3 (2) 2 2 I 2 2 1 2 3 1 2 2 1 2 2 2 2  (1)  ( I )  
2 2 I 3 

�3)(2) 

I I 3 2 (2) 2 2 3 2 2 2 

2 2 2 2 

2 I 2 

21) 

2 (I )  

Pertu.laria amaro �2) 
(2) 

2 2 2 2 ?) 2 
Pelt111era oanlna 
Ramallna farlnaeea 
't.eeanora aubfuaoa coll. 

Phyaela farrea 
I I I I I 3 2 3 3 (I) 3 

Phyacta entheroxantha 
Anaptyehla elllarla 
Xonthorla parletlna 
Xonthorla fallax 
Baeldla Beekhnuall 
Buellla dlaclformla 
Buellla ap.  
Unknown 
Oc:hroleehla mlcroatletoldea 
Parmella aaxatllla 
Alectorla jubata 

� 1) 
2 I 

Phyacla orbleularla 
Phyaela alpolla 
Arthopyrenla alba 
Leeanora allophnna 
Bacldla luteola 

Pertu1aria globullfera var. dtacotdea 
Pertuaorla coccodes 
Phyaela dubio 
Ramallna traxtnea 
PatmeUa exaaperatula 
Opelllll phn varla 

3 2 I 

2 3 (2) 2 I (2) 2 I (2) 2 (2) 2 

I I 2 2 I 

I I I 3 2 

1 3\z) 2 ( I )  I 2 I (2) I 2 2 2 2 3 (1) 3 2 2 I 3 3 2 2 2 (2) 3 3 2 I 

2 2 

2 2 

I (1) 2 2 2 2 2 I 3 
2 2 

Canloeybe hyallnella 
Phyacla nlgrloans 
Arthopyrenla fallax 
Lecanora croaaula 
Pertuaarla lutescenl 

I 

2 2 2 

2 2 2 3 2 I I 2 3 2 2 2 3 2 2 2 2 3 (3) 2 3 2 I I 2 2 2 I 2 I I 2 2 I 2 I 
2 2 2 3 I 2 3 2 2 

2 2 2 
3 (2) 

2 2 2 2 
I I (2) I I I I I 2 3 I 

2 2 2 2 3 I 3 2 I 2 3 3 (1) 3 I �6) 3 � (�) � 2 (�) � 

2 I I I 
2 I I 2 2 

2 2 2 

I 2 I I 2 I 

2 2 2 I 
I I 

3 2 I 2 I 2 2 
I I 2 3 I 

2 2 
�6)2 I I I I I 2 I 

2 2 I 

2 2 2 

1 2 
I I 2 2 I 
3 I 2 I 2 I 2 2 3 I 2 2 I 

2 I I 2 3 

I I 2 

I S  s 9 2 3  1 2  2 1 2) � I 
1 1)  1 4  1 1)  4 

2 I 2 2 (2) 2 I � I ) : I 

2 
2 2 2 2 2 2 3 

2 2 2 2 

2 2 I 2 I 3 

2 I I 2 I 2 I 2 3 2 2 2 2 I � 1) 2 2 

I 2 2 I 
I I 2 

1 2 I 3 2 2 2 

I 
2 3 1 8  3 4 3  2 8  2 2  I 
6 1 2  3 1 4  20  32  36  2 7  3 9  7 2 2 9  2 I 
s 7 1 2  I S  4 
2 3 2 

1 7  2 1 7  1 2  2 1  
32  29  
3 1  1 9  I I I 2 3 2 2 2 2  1 2  s 8 1 2  1 1  1 2  

s 

Phyacta coeata 
CaloplaCXJ auranttaco 

I (1 )  2 2 2 2 2 

1 7  9 8 2 
s I 2 3 3 8 3 3 4 3 2 3 3 2 3 2 I 2 
I I I 2 I 

Callelum hyperellum I 

Hypnum cupreas tforme 
Paeudoleakeella nervoaa 
Orthotrtchum speetoaum 

Metasphaeria grisea 2 
Pleoaporo s p .  
Trematoaphaeria ap. 
Unknown I 

2 3 2 23) 

Mntum cuaptdatum 
Pt.llidtum pulcherrtmum 
Dtcranum acopartum 
Bryum eaplllare 
Orthotrlchum atramlneum 
Pohlla nutans 

2 2 2 
Leucodon scturoides 
Tortula pulvlnata 
Orthotrlehum s p .  
Stroemla obtualfolla 
Radula complanata 
Amblyste111ella subtllll · 

Usnea hlrta 
Ramallna polllnarla 
Lecanora Hagen 1 

Lecanora umbrina 
Arthonia radtata 
Ramallna faltllllata 

2 I 2 

Buellla albaatra 
Arthopyrenla apaerotdes 
Lecanora maculate 
Parmel1a exaaperata 

2 I I I 
Parmelia acetabulum 
Candelarlella vltelllna 
Arthopyrenla blformts 
Phyacta atellaria 
Xanthorta condelarla 2 3 2 2 Lee idea q uernea 

Lecldea Qlomerulosa 
Caloplaca cerlna I 

Cladonla flmbrtata 
Nephroma parlle 
Opel!lllpha sp.  
Leprorta candelaris 

2 2 

I I 2 
2 2 

2 

2 2 

2 2 

I I 

2 2 2 
I 

I) Not found on examination 
Pylalsla polyanthn 
Brochythectum populeum 

2 2 2 2 2 2 2 

2) In moll at base of trunk 

3) On the base of the trunk 

4) Numbers increase upwards 

S) One example over;rown by Physcta entheroxantha 

6) e. ap. 

7) Juvenile 

Orthotrtchum affine 
Orthotrlehum pallens 

(2) 
Amblystegtum serpens 2 

Orthotrichum fallax 
Brachythectum salebrosum 
Brachythectum glareosum 

2 2 

�2) 
I 

4 
2 I I I I 



>< Ptnus allveatrla 

Station 
; E : 

IAcldea oca1arta 1 2 1 1 1) 1 1) 1 1 2 2 I 1 2 2 1 J 2 J J 2 J 2 2 I 2 1 2 J 2 2 1 1 2 2 I 2 J 1 1 )2 2 J 2 2 1 1 )3 J 21 ) 1 J 1 1 2 I I) l 2 l 2 2 1) 3 2 3 2 2 2 2 21 ) 3 2 1 11 2 2 2 I 3 2 2 2 1) 1 1) 2 1) 3 2 1 1) 21) 21 ) 2 31 )2 
IAcanora cantaaeoldeo l J11 2 11 1 11 J 1 1 2 1 1 2 2 2 2 

Alger 

1) On the baoe of the trunk 

Hypogymnla phyoodeo (2) 1 (2) (1) (1) (2) (2) (J) (2) orhl (1) 3 (2) (I) 1 (1) (2) (2) (1) (J) 1 2 2 l (1) 3 (2) l (2) (2) 2 2 (2) (2) (3) (J) (2) (2) I (2) l 3 l 2 (1) 3 3 3 3 2 3 3 3 3 3 (2) 3 3 3 3 3 3 2 3 3 3 3 3 2 3 3 3 3 3 3 
Cladania op. 1 2 1 )  I l l  21 l 3 2 1) 1 11l 11l 11l rl 1 1l 1 1l2 l l3 1 11 2 1 )21 ) 2 1)2 ll 21 l 21 l 3 2 1 )  2 1l 2 1) 1 1 ) 21 ) 2ll2 ll 2 1 )2 1 1l 1 1l 1 1 l 2 ll2 ll2 l l l l l  2 l l2 ll 2 1l 1 1 l 3ll l ll l ll2 1 )2 1 )2 1 )  

[A prar ia  incano 2 2 X X X 2 2 X 2 
Clodonia caniocrueo 2 l) X X X X X X X 2 X 2 X 3 
Cetraria plnaatri 

2 1lx X I 

Pohlia nutana 2 1 )  

lac kUa c: hloroc:cx:ca 

Alectorla Jubala 
Uanea ap. 

Pormellopsts ambigua 1 (1) 1 1 1 2 J 3 1 1 
Paeudevemio furfumcea (1) 2 1 

Cetraria chlorophylla 2 1 1 l 

x1 )xl) x 

lAcanora ap. 1 
Cetraria glcnaca 

Unknown 1 

211x 2 1) 

PtUidium pulcherrlmum 

X X X X 
1 1 )  I , , , , 2 I I I I 

I I 
I I I I I I 

(2) I ( 1 ) ( 1 ) (1)  I I 2 2 I 2 (2) ( 1 )  3 3 1 2 2 3 2 2 2 I 2 2 
(2) I (1) I I 2 (1 )  I 2 2 I I 2 

I I I I 

Ochrolec:hia rnJc:roatictotdea 

ParmeUopst.a aleurttea 

Cladonla 11rnbrla10 
2 I 

Pannellopo ta hyperopta (1)  

X X X Xl) 

ParmeUa aulcata 

Lecanora subfuaoa coll . 
Cladonia Oabelliformia 

X XI) 

Orthodtcronum montanum 

Dtc:ronum scopartum 

PtUidlum clUare 

2 I I I I I 

Alectoria lmplexa 

Lecanora symmlcta 

Lec:anora plnoat.rt 

RamaUna farlnacea 

XI) 

XI) 

I I 1 I I I I 

1 1 I I I 2 I I I I 2 
I 2 I 2 I I I I I I 

I 2 2 2 I 2 2 2 I 2 I 2 
2 I I I 2 I 2 I I 2 I I I 

I I I I I I I I I I 

I I I I I 2 

I I I 2 I I 

x1lxl) 



XII 

Station 9 2 1 3  396 207 516  570 

3 1 6  2 3  

Lecanora conlzaeoldeo 

Hypogymnta phyaodea 

Lecldeo ocalarla 

Parmelta sulcate 

Leoanora subfuoca coli . 1 
Cetraria chlorophylla 

Parmellopalo amblgua 

Bacldla chlorococca 

Lecanora aubfuaoata 

Lecanora chlarona 

Cetrar la g lauoa 

Cetraria plnaotrl 

Alectorla jubata 

xanthorla oandelarla 

Parmella exaaparata 

Lecldea helvola 

Phyacla tenella 

Phyacla ascendens 

Physcla entheroxantha 

Phyacla pulverulenta 

Phyacla orbicularis 

Candelarlella xanthostlgrna 

l<anthorla fallax 

xanthorla parletlna 

xanthorla polycarpa 

Anaptychla ciUarls 

Phlyctla argena 

Lecanora umbrina 

Physcla nlgrloans 

Caloplaoa aurantlaoa 

Caloplaoa cerlna 

Lecanom Hagenl 

Bacldea luteola 

Parmella fullglnosa 

Ramallna sp. 

Orthotrlchum sp . 

1 ) On the baoe of the trunk 

1 

(1) 

( 1) 

2) Overgrown by Hypogymnla phyaodea and Parmellopals amblgua 

3) c. ap. 

Station 1 3 7  2 1 5  3 5 1  530 

8 

Lecanora con tzaeotde s 

Hypogymnla physodes 

Lecxmora chlarona 

Lecldeo scalaris 

Parmellopsla ambigua 

Cetraria pinastri 

Leoanora s ubfusca coli • 
Leoanora symmicta 

LeCXInora aubfuacata 

Station 
I 

222 325 80 320 3 2 7b 91 92 1 4 2  

Lecanora conlzaeoldes 2 

Hypogymnia physodes 

Parmella suloata 

Cetraria plnastrl 

Parmellopsis ambl<;�ua 

Cetraria <;�lauoa 

Cladonla spec . 

Bacldla chlorococca 

Lecanora subfusoa coli . 

Cetraria chlorophylla 

Lecldea soalarls 

Caloplaoa chlorlna 

Cladonla conlocraea 

Oicranum scoparlum 

Orthodlcranum montanum 

6 8 8 

I) Epiphyte ve<;�etatlon from ground and approx . 2 metres up 

on the northern part of the trunk. 



XIII 

Alnus glutlnoaa 

Stattoo 79 481  120 1 4 1  342 349 3 39 4 6 1  4 0 1  4 5 9  5 2 9b  

2 2 3 5 6 1 0  1 1  1 2  2 0  

Lecanora cmizaeoides 2 

Lecldea aca1arla 

Hypogymnla phyaodes 

Leprarla lncana 

Cetraria chlorophylla 

Alectorla jubata 

Lecldea effloreocena 

Parmellopsla amblgua 

Bacldla chlorococca 

Ochro1echla androgyna 

Cetraria glauca 

Cladoola coolocraea 

Buellla disciform Is 

Ochrolechla mlcrostlctoldes 

Parmella su1cata 

Panne11a fullglnosa 

Lecanoro expallena 

Cetraria plnaatrl 

Callclum Floerkel 

Leoa:nora chlarona 

Leoanora carpinea 

Buellla punctate 
Lecldea quemea 

Hypogymnla bltterlana 

Xanthorla polycarpa 

Xanthorla candelarla 

Poeudevemla furfwacea 

Evemla prunastrl 

Phyacla dubla 

Lecanora umbrlna 

Hyaterlum pullcare 

1) Not found on examlnatloo 

2) On the base of the trunk 

(2) 1 

1 2) 1 



XIV 

I 
Station 29 397 1 1 6  1 3 0  1 2 7  4 1 6b 5 7 7b 576b 

Lecanora contzaeoides 

Hypogymnla physodes 

Lectdea scalarls 

Le prorla lncano 2 

Cetraria chlarophylla ( I )  
Parmello sulcoto 

Parmeliops is ambtoua 

Candelarlella xonthostlgmo 

Cladonla conlocraea 2
1 ) 

Lecanora expallens 

Parmelia saxattlis 

Lecanoro chlarotero 

Cladonla s p .  

1
1 ) 

I 
1 3) 

Pertusaria amaro 

Ochrolechla androgyna 

Ochrolechla microsttctoides 

Collclum hyperellum 

Evemia prunastri 

Pseudevemta fwofuraceo 

Cetraria glauca 

Alectoria jubata 
Usnea htrta 

Alectoria tmplexa 

Lecanoro subfusco cal l .  

Hypogymnla bltterlana 

Parmella fulig:inoso 

Xanthoria polycarpa 

Pac hyphla le fag Ieo la 

Parmella exasperate 

Cetraria ptnaatrt 

Leconora chlarona 

Physcla dubio 

Phy se la tene lla 

Hysterium pulicare 

Hypnum cupresstforme 

Pylalsla polyantha 

Brochythecium veluttnum 

Plag:iothectum sllvoticum 

Mnium cus ptdatum 

Orthotrlchum s p .  

Orthodtcranum montanum 

Ptllldlum pulcherrtmum 

Dicranum scoporium 

Brachythecium populeum 

Pohlla nutans 

Ceratodon purpureus 

I ) On the base of the trunk 

2) In moss on ba se of trunk 

3) On root collar 

I Lichens occur as small examples 

3 

1
1 )  

2
2) 

2
1 )  

( 2) 
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