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Abstract. Bjamason, A. H. 1991. Vegetation on lava fields 

in the Hekla area, Iceland. - Acta phytogeogr. suec. 77, 
Uppsala. 110 pp. ISBN 91-7210-077-X. (91-721 0-4 77 -6) 

The vegetation development on 13 dated historical lava 

fields around the volcano Mt. Hekla is described. The lava 
fields have been divided into three main topographical 

categories, the main surface, holes and crags. The investigation 

was concentrated on the main surface at 22 sites in the 11 

oldest lava fields, the oldest from 1158, the youngest from 

194 7. At each site the topography, substrate (profile, pH and 

loss on ignition), flora and the physiognomy and the floristical 

composition of the vegetation were studied. Local climatic 

conditions (temperatures) are described for one lava field. 

The vegetation description included a floristic invjntory, 

quantitative analyses (releves) of the vegetation 9oth of 

permanent and non-permanent plots, drawings and 

photographic documentation. The total number of analyses 

made were: 1566for the main surface,81 for the holesand 13 
for the crags. At each site the following abiotic factors were 

recorded: (a) the irregularity of the topography, (b) the age of 

the lava field, (c) the elevation, (d) the number of deposited 
tephra falls, (e) the quantity of deposited aeolian material 

between the tephra layers, (f) the cover of tephra and (g) the 

surface roughness was judged for every plot. In studie� of the 

colonization of plants in the youngest fields records were also 

made of: (a) the position within the layer of clinkers, (b) the 

microsurface (texture) of the lava blocks and the age of the 

lava field when the analyses were carried out. 
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The analyses made of the main surface were treated with 

the clustering and relocation program TABORD and with the 

ordination program Canonical Correspondence Analysis 

( CCA, CANOCO program). First, local clusters were obtained 

for each of the lava fields. These primary clusters were then 

clustered again to obtain a set of second-order clusters. The 

CANOCO results were used to check whether the second

order clusters were ecologically and floristically homogeneous 
or needed to be subdivided. 

The classification results were compared with vegetation 

types described earlier. Due to the phytosociologically 

incomplete floristic composition of many clusters an ad hoc 

typology was used with three hierarchical levels: communities, 

variants and facies. Eleven communities, some variants and 

facies are described and their distribution interpreted in terms 

of the prevailing environmental conditions. The dynamics of 
the vegetation in the historical lava fields is summarized as 

a clear case of primary succession with elements of regene

ration after disturbance by tephra fall, accumulation of wind

blown material and grazing. The early development of the 
moss carpet of Racomitrium lanuginosum, prohibiting the 

development of further successional phases is considered as 

a first example of the inhibition model in primary succession. 

A.gust H. Bjarnason, Department of Ecological Botany, 
Uppsala University, Box 559, S-751 22 Uppsala, Sweden. 
Laugateigur 39,105 Reykjavik, Iceland. 
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1 Introduction 

1 . 1  Aims 

The present investigation is aimed at describing the 
physiognomy, floristical composition and dynamics of 
the vegetation of historical lava fields around the 
volcano Mt. Hekla, Iceland. About 1 0% of the area of 
Iceland is covered with two types of lava flow, 
helluhraun and apalhraun, often called pahoehoe and 
aa respectively, words which are Hawaiian in origin .  
' Historical lava fields ' are the fields resulting from 
eruptions after the settlement of Iceland. According to 
Landmimab6k (The Book of Settlement) the first settler 
was said  to have arrived in A.D. 874. 

The aims can be speci fied as fol lows: to study the 
influence upon vegetation of abiotic factors such as the 
accumulation of aeol ian mater ia l ,  altitude and 
topography; to elucidate the development and succes
sion of vegetation, especial ly  in regard to Racomitrium 
lanuginosum; to attempt a classification of the plant 
communities and to i l lustrate the importance of diffe
rent ages of the lava fields to the vegetational deve
lopment. 

1 .2 Previous ecological investi

gations on Icelandic lava fields 

The flora and vegetation oflcelandic lava fields, mainly 
prehistoric, attracted much scientific interest at the end 
of the 1 9th century and in the beginning of this century, 
probably for two reasons. Firstly, foreign scientists 
who began to visit  Iceland from 1 880 onwards were 
impressed by the characteristic environment of volcano 
substrates with which they were quite unacquainted. 
Secondly, they were surprised by the locally  varying 
mosaic-complex of often l ush vegetation of some lava 
fields, which was unexpected on th is otherwise largely 
eroded island. 

The Danish botanist Chr. Gr0nlund ( 1 884) was the 
first to mention the vegetation on lava in connection 
with his investigation of Racomitrium heathland. He 
presented a brief description of the growth (succes-

sion) from a nearly bare lava with scattered growth of 
l ichens and mosses to later stages with vascular plants . 
His countryman C. Ostenfeld ( 1 899, 1 905) wrote an 
introduction to the lava vegetat ion in the Reykjanes 
peninsula, but without considering the ages of the lava 
fields. 

The most important contribution to the knowledge of 
the lava field vegetation was presented by the Icelandic 
botani st Helgi J6nsson ( 1 867 - 1 925) .  During many 
excursions his attention was drawn to the vegetation of 
different lava fields, leading to a series of important 
publ ications ( 1 899, 1 90 1 ,  1 906a and 1 906b) . The two 
latter works included a compilation of his previous 
research on succession (i.e. Krakatindshraun of 1 878 
in the Hekla area), in which earlier studies (Gr0nlund 
1 884 and Ostenfeld 1899, 1 905) were elaborated to 
some extent. 

Early thi s  century the lava vegetation was considered 
to be well documented. In lowland lava fields J6nsson 
( 1 906a) distinguished the fol lowing stages: 

Krat � Lynghede
'-

t Grresmark 
N0gen � Spredte mossor � Grimmiahede 
lava og lichener '-

Urtemark 
� 

Grresmark 

J6nsson mentioned one or more lava fields as 
examples of each stage; he indicated that certain lava 
fields had only reached an early stage of plant 
colonization, whereas others had advanced to later 
stages .  He also recognized that this development 
depended not only on age but also on abiotic factors, 
such as height above sea level, c limatic conditions and 
accumulation of aeolian material . In some cases, the 
succession is qu ite different, e .g. ,  when the surface 
becomes sandy, and the field develops into a meagre 
grassland in the course of time. 

J6nsson ' s  main conclusion was that the plant cover 
of the lava streams could not be assigned to any single 
plant-formation, because according to the age and the 
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progressive development of the vegetation, the lava 
may carry all possible kinds of plant-formation. 
J6nsson's descriptions of the vegetation of the lava 
fields and their successional relationships have been 
the basis for all further studies in this  area. His conclu
sions have been confirmed by later studies (e .g . ,  
Steind6rsson 1 964 ) .  Hesselbo ( 1 9 1 8) made three jour
neys to Iceland, mainly to collect bryophytes.  He also 
provided detailed descriptions ofbryophyte communi
ties, summarized earlier investigations, and gave an 
account of his  own studies which covered various lava 
fields of Southwest Iceland and the historic lava field 
from 1 728 around the farm Reykjahlfo in North Ice
land. He recognized that the vegetation of the lava 
surface i s  decidedly xerophilous, i .e .  the habitats are 
very dry, but that a more luxuriant vegetation with 
ferns, flowering plants and continuous carpets of mosses 
and li verworts occur in the bottoms of broader clefts 
and in lava vesicles. As a rule, the Racomitrium heath, 
in which other bryophytes such as D iet·anum scoparium, 
Hylocomium splendens and Ptilidium cilia re occur only 
scattered, covers the greater part of the lava fields. 
Furthermore, he came to the conclusion that the lava 
fields in South Iceland resemble each other, and the 
same essential species constitute most of the vegeta
tion types. He also pointed out the difference in com
position between the more xerophilous bryophyte veg
etation, both on exposed surfaces and in clefts and 
crevices in North Iceland, and the more hygrophi lous 
in West and Southwest Iceland. 

Gall0e ( 1 920) investigated l ichens of Iceland in the 
course of one summer ( 1 9 1 3) .  He remarked that the 
lava field usually  becomes covered with a carpet of 
Racomitrium, which can develop into heaths ,  but that 
lichens frequently colonize those areas which do not 
immediately become moss-covered . The lichens may 
develop on the rock-substrate itself, usually in the 
sequence: crustaceous ->- foliaceous ---+ fruticose l i
chens. Probably,  the latter are more frequent in places 
where mosses had first been growing. He also gave a 
description of a crustaceous-l ichen and a foliaceous
lichen association. Although he had no frequency data 
available, Gall0e concluded that foliaceous l ichens 
were in the majority. 

Steind6rsson ( 1 945 , 1 957, 1 964) has published many 
important works about the vegetation of the lava fields. 
In his survey of Icelandic vegetation, Steind6rsson 
( 1 964) described the vegetation in lava fields , pointing 
out that one lava field does not include one homoge
neous community. His general division is the follow
ing:  ' Bruni ' (bare lava), scattered bryophytes and lichens 
on crags and boulders; ' Mosa)?emba' ,  Racomitrium 
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carpet covering most of the surface, often with very 
few vascular plants; 'M6lendi ' (heathland) covering 
mounds and growing down to shallow depressions, 
occasionally with Betula pubescens; ' Hraungj6ta' 
(cracks and crevices) , bloom mats, often with a very 
lush vegetation. 

J6nsd6ttir Svane ( 1 964) described the vegetation in 
1 95 1  and 1 952 of the Pingval lahraun lava fields and 
their v icinity, suggesting the class ification of the 
Racomitrium community using Raunkirer' s  method. 

Einarsson, E. ( 1 986) concluded that age and height 
above sea level are the most important factors deter
mining variation in vegetation of some lava fields in 
Snrefellsnes, West Iceland. He considered the hellu
hraun to be more vegetated, on average, than the 
apalhraun (no data presented). This chiefly concerns 
the shallow depressions and sufficiently i l luminated 
fissures, deep enough to shield the plants. Like earlier 
authors, he pointed out that the vegetation may change 
drastically within a few meters from deep depressions 
up to the high crags. 

B lazkova ( 1 973)  studied the vegetation of vesicular 
lava cavities in Northern Iceland. From this particular 
habi tat, connected with the surface by a single opening, 
a new fern association Cystopteri-Distichietum capil
lacei was described. 

Venzke ( 1 982) surveyed the development of the 
habitat and vegetation in lava fields . He distinguished 
between an organogenic sere and a psammogenic sere. 
After the initial phase, the organogenic sere differen
tiates into an oceanic and a continental variant. He 
concluded that the final phase for both seres is Betula 
woodland. 

In connection with the investigation on the volcanic 
island of Surtsey, created during the submarine erup
tion in 1 963,  several reports have been published 
(Surtsey Res, Progr. Rep. I- VI, 1 965- 1 972).  Some 
floristic records may be mentioned here. Only two 
years after the creation of the island ( 1 965) ,  Cakile 
edentula was found and in the next year ( 1 966) Leymus 
arenarius was also found. These plants soon died. In 
1 967 two species of vascular plants were recorded 
(Honkenya peploides and Mertensia maritima), in 
addition to two species of bryophytes ( Funaria 
hygrometrica and B1yum argenteum).  Probably the 
bryophytes are being dispersed by man (Einarsson 
1 968) .  The number ofbryophyte species rapidly grew: 
1 6  species in 1 970, 3 7 in 1 97 1  and in 1 972 the number 
had risen to 72, of which 3 species from 1 97 1  were not 
rediscovered (Bjarnason, A.H. & Frioriksson 1 972, 
Frioriksson et a l .  1 972a, 1 97 2b ,  Magnusson & 
Frioriksson 1 974). 



It was not unti l 1 970, thus after seven years, that the 
first l ichens were recorded on Surtsey, despite careful 
searches in earlier years. These species were Trapelia 
coarctata, Placopsis gelida and Stereocaulon vesu
vianum. By 1 973 the number of l ichens had increased 
to 1 2  species, and in addition to those previously 
mentioned, Stereocaulon cf. capitellatum, Lepraria 
incana, Acarospora sp., Bacidia sp. ,  Lecidea spp . ,  
Xanthoria candelaria, Arthonia cf. lapidicola and 
Lecanora sp. were also recorded (Kristinsson 1 974) . 

Apart from the description of the vegetation in the 
Hekla area by J6nsson ( 1 906a) there are few others. 
Most scientific publications on Hekla mainly deal with 
the geology and geography. Flora and vegetation are 
only mentioned in general terms. The only detailed 
studies were made by J6hannsson and Kristinsson in 
1 967 and 1 968 ofthe lavafield from 1 947 (unpublished). 
They have kindly given me permission to use their 
material (see 7 . 1 4.5) .  The vegetation of the Hekla area 
has also been mapped ( 1  :40,000) by the Agricultural 
Research Institute as part of the vegetation map survey 
of Iceland (see 2.2) .  

In addition to above-mentioned studies of lava fields, 
more general vegetation studies have been publ ished in 
which lava vegetation is touched upon, notably 
Racomitrium heathland (see 7.2) .  

1 . 3 Comparable investigations 

elsewhere 

About 500 volcanoes have been active in the world 
during the last 1 0  thousand years (Einarsson, p. 1 985) .  
The volcanoes are found scattered within zones where 
earthquakes are common as well .  Most of the volcanoes 
are situated in the folded mountain area from the 
Cenozoic era in the Mediterranean (e.g . ,  in Italy) and in 
the ' Ring of Fire', which means the chain of volcanoes 
which girdles the Pacific Ocean (e.g . ,  in Antarctica, in 
the Andes , Mexico, U.S .A. (i .a .  Alaska) , Kamtchatka, 
Japan, Phil ipp ines and Indonesia) .  Other volcanoes are 
related to the East African rift system, which stretches 
thousands of kilometres from the Red Sea, into Ethiopia 
and through Africa. Final ly,  many volcanoes occur on 
submarine ridges ,  in the Pacific Ocean (e.g . ,  on Ha
waii), Indian Ridge (e .g . ,  Reunion) and on the Atlantic 
Ocean Ridge (e .g. ,  Bouvet Island, Tristan da Cunha, 
St. Helena, Azores, Iceland and Jan Mayen).  

As may be expected, colonization and vegetation 
succession from barren volcanic rocks (comprising 
both tephra and lava) to vegetated areas has often been 
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the focus of ecological interest. Central points of inter
est in these studies are the invasion and establishment 
of plants and the speed and direction of vegetation 
development on the newly arisen bare substrate. Addi
tional questions are: which kinds of species act as 
pioneers, from how far away do the diaspores originate, 
how are they carried, and how are nitrogen supplies 
built up. 

The best-known studies are from Krakatau after the 
mighty eruption of 1 883 .  The first steps of plant suc
cession have been described in the classical study by 
Treub ( 1 888) .  Treub considered the hygroscopic-gela
tin colonies of slime, produced by Cyanophyceae, as 
the first step in the colonization of vegetation on 
volcanic substrate, providing faci lities for an initial 
colonization by bryophytes and ferns and later by 
vascular plants . Many other scientists have carried out 
research on Krakatau, e.g . ,  Ernst ( 1 907),  Campell 
( 1 909), Docters van Leeuwen ( 1 92 1 )  and B acker( l 929). 
Apparently Treub ' s  investigation had a l imited scope 
and his conclusions have been doubted by later sci
entists, especially by Backer. 

The Hawaiian lava flows are another famous object 
of study. The earliest scientific studies were probably 
those by Forbes ( 1 9 1 2) and MacCaughey ( 1 9 1 7) .  
Robyns & Lamb ( 1 939) made an ecological survey of 
the islands and Skottsberg ( 1 93 1 ,  1 94 1 )  discussed 
plant succession on the recent lava fields. Skottsberg 
( 1 94 1 )  found that vascular plants were slower to 
colonize aa lava compared with the pahoehoe type. On 
the other hand, l ichens were fast colonizers and 
Stereocaulon rapidly changed the colour of the surface 
of the aa lava. Further contributions by, e .g . ,  Doty & 
Mueller Dombois (1966), Smathers ( 1 966) and Sma
thers & Mu ell er Domboi s  ( 1 97 4 ) ,  focussed on succes
sion on new volcanic rock substrate and i nvas ion and 
recovery of vegetation after volcanic eruptions.  For 
example, three habitats were distinguished on volcanic 
rocks: (a) barren lava without vegetation, (b) tephra 
flats with dead trees and (c) tephra flats with survivi ng 
trees. Fos berg ( 1 967) studied differences between the 
pahoehoe and aa lavas. He found several ferns and 
herbs in the numerous crevices in the pahoehoe and in 
sheltered places in the aa lava. On the barren lava, on 
the other hand, species of Stereocaulon and Cladonia 
grew together with Racomitrium lanuginosum. Many 
other authors have dealt with similar quantitative as
pects of vegetation problems and arrived at similar 
results (Eggler 1 97 1 ,  Beard 1 945 , Skottsberg 1 94 1  ) .  

Eggler ( 1 959) discussed the mode of plant invasion 
of volcanic deposits in connection with his studies of 
the Parfcutin and Jorullo volcanoes in Mexico. He also 

Acta phytogeogr. suec. 77 



1 0  Agust H. Bjarnason 

briefly treated the rate of vegetation establishment on 
volcanic material in different parts of the world. Colo
nization, primary succession and growth of plants and 
dynamics of vegetation recovery on volcanic rocks, 
mainly tephra, on Mount St. Helens, Washington, have 
been studied, i .e . ,  by del Moral ( 1 983),  del Moral & 
Clampitt ( 1 983) ,  Wood & del Moral ( 1 987) and del 
Moral & Wood ( 1 988).  The successive development of 
plant communities on different sorts of volcanic rocks 
was studied by Freiberg ( 1 985) in South Chile. 

B oth floristical and vegetational studies have been 
carried out in Japan, especial ly on the volcano 
Komagatake after the eruption in 1 929 and the volcano 
Sakuraj ima, which erupted with large quantities of 
lava in 1 476, 1 779, 1 9 1 4 and 1 946 (publications mainly 
in Japanese, see Tagawa 1 964, 1 965 and 1 966). Es
pecially Tagawa treated many aspects and many of his 
conclusions are comparable with results obtained from 
the Hekla  area. The pioneer stage of primary succes
sion does not start with an algal community but with 
l ichen-bryophyte communities, with fruticose l ichens 
(not crustaceous) and xerophilous mosses as dominant 
species. These cryptogams invade the lava field by 
means of their wind-transported spores and probably 
also by fragments of gametophytes. Invasion of vascular 
plants takes place simultaneously with the cryptogams. 
Soil formation on the lava substrate progresses rapidly 
through accumulation of volcanic ejecta. 

Volcanic activities are few in the Antarctic area. In 
1 967 c inder cones arose within Telephon B ay,  De
ception Island, South Shetland Islands. New eruptions 
occurred in 1 969 and 1 970, joining the island to the 
mainland. In 1 968 , the new island was investigated as 
to the establishment of microorganisms and cryptogams. 
In moist ash at the shore of crater lakes and around a 
fumarole on the is land, a microbial colon ization was 
found (Cameron & Benoit 1 970). The dominant mosses 
in depressions in ashes and scoria were Polytrichaceae 
spec ies and the hepat ics  Lophozia excisa and 
Cephaloziella exiliflora. Numerous l ichens were 
prominent as well , e .g . ,  Cladonia spp. ,  Stereocaulon 
glabrum and U snea antarctica. After an obliteration in 
1 970 by a j 0kulhlaup, several patches of diminutive 
scattered moss shoots were observed in the area, which 
appeared completely barren. These included C eratodon 
cf. purpureus, Bartramia patens, Drepanocladus 
uncinatus and small radiating circular colonies of 
Polytrichum alpinum andP.juniperinum (Smith 1 984 ) .  
The bryophyte flora of the Deception Islands i s  some
what similar to the Icelandic one. Out of a total of 35 
mosses and four l iverworts, eight species are common 
to the lava fields in the Hekla area (Ceratodon pur-
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pure us, Drepanocladus uncinatus, Funaria hygrome
trica, Pohlia cruda, Polytrichum juniperinum, P. 
pilzferum,Barbilophozia hatcheri andLophozia excisa).  

1.4 Terminology and abbreviations 

Aa: see apalhraun . 
Apalhraun: A type of fragmentated lava flow charac
terized by a rough, jagged and spinose surface. The 
word aa, Hawaiian in origin, means apalhraun .  
Clinker: Lava material which has broken off the main 
flow and forms larger and smaller blocks (scoria blocks). 
Clinker layer: The loose clinker lying on top of the 
massive central part of the lava as well as below it. 
Crag: Perpendicular outcrop, often jagged. 
Ef 1158: The Efrahvolfshraun lava field dating from 
the 1 1 5 8  eruption. 
Helluhraun: A type of lava field characterized by a 
smooth, bil lowy, or ropy surface. The word pahoehoe, 
Hawaiian in origin, means helluhraun. 
Historical lava field: A recent lava flow resulting from 
an eruption after the settlement of Iceland A.D. 874. 
Hole: A depression with steeply sloping walls, or a 
crevice. 
Hollow: see hole. 
Hraun: see lava. 
Isopach: Line on map joining places which have the 
same mean tephra thickness. 
Kr 1878: The Krakatindshraun (Nyjahraun) lava field 
dating from the 1 878 eruption, non-Hekla lava. 
Lava: The term lava is used ' to signify all  molten 
material flowing from the crater' (Thorarinsson 1 954 ) .  
In Icelandic: hraun. 
La 1913: The Lambafitjarhraun lava field dating from 
the 1 9 1 3  eruption, non-Hekla lava. 
Lf 1693: Hekla lava from the 1 693 eruption . 
Lf 1766: Hekla lava from the 1 766 eruption. 
Lf 1947: Hekla lava from the 1 947 eruption. 
Lf 1970: Lava fields from the 1 970 eruption, Hekla 
lava. 
Main swface: The more or less flat parts of the lava 
field, ranging from shallow depressions to small hil
locks with more or less continuous plant cover, usually 
including a moss carpet. 
Mosapemba: A main surface in a lava field character
ized by a more or less thick moss carpet or bolsters of 
Racomitrium lanuginosum (j?emba, inflation) .  



Na: 1845: The Nrefurholtshraun lava field dating from 
the 1 845 eruption ,  Hekla lava. 
No 1389: The Norourhraun lava field dating from the 
1 389 eruption, Hekla lava. 
Pa 1554: The Palssteinshraun lava field dating from 
the 1 554 eruption , non-Hekla lava. 
Pahoehoe: see helluhraun. 
Primary tephra: Tephra in a lava field formed during 
the contemporary eruption. 
Scoria block: see clinker. 
'Selsund pumice': A prehistoric rhyolitic tephra layer 
from one Hekla eruption. 
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Su 1300: The Suourhraun lava field dating from the 
1 300 eruption ,  Hekla lava. 
Tephra: The term tephra (Greek: tephra ' ashes ' ;  Indo
European dheg�h- 'bum'), a shorter word forpyroclastic 
material , comprising all ' the clastic volcanic material 
which during an eruption is transported from the crater 
through the air ' (Thorarinsson 1 954), including a w ide 
range of fragments of different size. 
T ephra patch: Used for a depression with more or less 
thick and permanent tephra accumulation. 
Tr 1725: The Trippafjallahraun lava field dating from 
the 1725 eruption, non-Hekla lava. 
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2 General description 

2. 1 Physiographical background 

Iceland is located on the N orth Atlantic Ridge, between 
64° 24' and 66° 32' N and 1 3° 30' and 24° 32' W. The 
island is built up of volcanic strata. It is mountainous 
and 75% of the land area rises above 200 m. The major 
part of these highlands consists of a 500 to 700 m high 
plateau,  w i th many mountains .  The h ighest is 
0nefaj0kull , 2, 1 1 9  m. About 1 1 % of the land area is 
covered by ice caps and glaciers and 1 0% by Holocene 
la vas. 

The Icelandic climate is cool-temperate and oceanic 
and the weather is  rather shifting. The most pecul iar 
features of the weather conditions are sudden, alter
nating invasions of polar air from the north and warm 
or transitional air masses from the Atlantic .  Many of 
the vigorous North Atlantic cyclones originate or re
generate i n  the Newfoundland reg i on ,  move 
northeastward, and reach their maximum intensity in 
the vicinity of Iceland. A depression that becomes 
stationary or slow-moving off the southwestern coast 
of Iceland may maintain a relatively warm or semi
warm flow of Atlantic air over the country for a 
considerable time period. This causes thaws in winter, 
and rainy and rather cool weather in summer in the 
southern part of Iceland . In other cases the depressions 
may cross the country and slow down or almost stop 
over the sea between its eastern coast and Norway. This 
situation, frequently combined with a high pressure 
over Greenland, causes a persistent flow of polar air 
over Iceland and a spell of cold weather, especially in 
the north. The central highlands, with mountains and 
glaciers, form an effective weather barrier between the 
various districts oflceland, i .a. by creating f0hn effects. 
Therefore the northern and southern coasts, or the 
eastern and western ones, will rarely have quite the 
same kind of weather simultaneously. 

According to Koppen's climatological classifica
tion, Iceland is intermediate between Cfc and ET 
(Einarsson, M.A. 1 976). In the south and west, and also 
in the interior of north and east Iceland, the average 
temperature for the warmest month of the year is higher 
than + 1 0  °C, and the average temperature for the 
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coldest month higher than - 3 °C. The climate is  
c lassified as temperate and humid (oceanic). On the 
peninsula in the north, and also in the highland, the 
temperature does not reach + 1 0  oc in the warmest 
month and the climate is classified as arctic. The mean 
temperature for July in the lowland of southwest Ice
land is just above+ I 0 oc and the annual precipitation 
is  800 - 1 ,200 mm (Einarsson, M. A. 1 976). 

The Icelandic soils are basaltic in  origin. B asaltic 
rocks cover only 1 -2% of dry land on earth and do not 
occur elsewhere at such high latitudes. Hence, Icelandic 
soils have properties different to those of neighbouring 
countries (Helgason 1 990). The soils are aeolian 
sediments derived from volcanic tephra. These soils 
cannot be classified as ' loess ' in the strict sense of the 
word, because certain properties are lacking (Emilsson 
1 93 1 ) . Only a minor part of the windblown material 
originates from glaciofluvial deposits or can be clas
sified as products of physical weathering of the bedrock, 
therefore, the term 'volcanic loess '  has been proposed 
for this type ofloessial soil and other aeolian sediments 
of volcanic origin (Sigbjarnarson 1 969). 

The main component of the soils is  redeposited 
tephra from the extensive unvegetated sand areas or 
tephra flats of the interior of the highland. The soil 
thickness varies greatly in different parts of the coun
try, depending on how fast the aeolian material accu
mulates . On average, the thickness ranges from 55 cm 
in West Iceland to 1 50 cm inSouth lceland (J6hannesson 
1 960). 

The vegetation of Iceland is largely semi-natural, 
resulting from human use for over a millennium 
(Bjarnason, A.H.  1 979). Rel iable historical and sci
entific ev idence supports the view that most of Iceland 
was covered by birch trees or shrubs (Betula pubescens) 
at the time of settlement in AD 874. "At that time (i .e. 
of the settlement) Iceland was covered by woods from 
the sea shores to the mountain-sides", was written by 
Ari Fr6oi (the Learned) between 1 1 22 to 1 1 33  in the 
'Islendingab6k' (The Book of Icelanders) ,  the oldest 
and most reliable of the Icelandic chronicles. Many 
other documents, such as the Sagas, written in the 1 2th 
and 1 3th centuries, Church registers and Farm registers 
from the beginning of the 1 8th century, in addition to 



Fig l .  Aerial view of Mt. Hekla seen 
from the east (towards the west). Mt. 
Hekla is  always easily noticeable as it 
is fairly i solated in the landscape. By 
virtue of its location, the mountain can 
be seen from almost every hil l  in the 
district. Its shape looks different from 
different angles. From the northwest 
and southeast sides, Mt. Hekla looks 
l ike an upturned boat as it is a volcanic 
ridge; but from the direction of the 
volcanic fissure (northeast-southwest) 
it looks like a typical stratovolcano, 
similar to Popocatepetl in Mexico and 
Fuji in Japan. - Photo: 0. Sigurosson, 
1 977.  

place names (Hallgrfmsson 1 970), all provide evi 
dence o f  extended woodlands in earlier times. Pollen 
analyses and macrofossils also indicate the occurrence 
of birch woodland before the settlement (Einarsson, P .  
1 957) .  The present potential timber l ine probably lies 
below the 7 .5 oc i sotherm which is mainly between 
300 and 400 m a. s . l .  and, excluding wetlands and sandy 
beaches, covers about 27% of the land area. Nowadays 
Betula pubescens covers only 1 %  of the land area 
(Sigurosson 1 977).  

The causes of this progressing devastation, which is  
witnessed al l  over Iceland have been discussed many 
times. Many observers blamed it on climatic deteri
oration, volcanic eruptions, avalanches, landslides or 
glacial bursts. For example, it is noticeable that the 
biggest remnants of woodland in South Iceland are 
located close to the most active volcanoes. Nowadays 
it  is an established opinion that the primary causes of 
devastation of the vegetated areas in Iceland, are the 
agricultural practices and other human interference 
(e.g . B jarnason, H. 1 942, 1 947, 1 974, Thorarinsson 
1 96 1 ) .  

2.2 The Hekla area 

The biggest lowland plateau in Iceland is situated in the 
middle of the South Iceland region. It stretches from 
Eyjafj(i)ll in the east to Reykjanesfjallgarour in the west. 
The southern coast consists mostly of sandy beaches. 
In the western part, the elevation gently increases 
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inland and the border between the lowland and h igh
land is hard to define. In the eastern part mountain
ranges mark the border between the rural region and 
the highland. 

The most impressive mountain in this mountain
range is the ridge-shaped Mt. Hekla (63° 58 'N and 1 9° 
39'W; 1 ,49 1 m). It is located in the rural district 
Rangarvallahreppur (often named Rangarvellir) be
tween the rivers Eystri- and Ytri-Ranga, in the county 
ofRangarvallasysla (Fig. 1 ). For a long time the moun� 
tain was also called Heklufell or Heklufjall . 

The location of the Hekla area in the southern part of 
the highland, about 50 km from the southern coast, is 
seen on the map (Fig.  2). A map of Mt. Hekla and its 
vicinity (Fig. 3) ,  showing recent lava flows, has been 
constructed from two maps by Thorarinsson ( 1 967, 
1 970). For more details of topography and geology, see 
the maps The General Map of Iceland, sheet 6, South
Central Iceland ( 1 : 250,000, 1 984) and Geological Map 
of Iceland, sheet 6, South-Central Iceland ( 1 :250,000) 
compiled by Kjartansson ( 1 962) .  The borders of each 
lava field are, however, very diffuse on these maps and 
only the year and name of a few fields are given. 

Chronicles and other historical evidence show that 
Rangarvellir has been inhabited since the time of 
settlement. The farms stood apart and were rather 
isolated, each within the borders of their large home
lands, but never in clusters or villages.  Four inhabitated 
farms are now situated in the neighbourhood of the lava 
fields around Mt. Hekla: N ::efurholt, H6lar (from 1 943 ), 
Haukadalur and Selsund; the farm Kot was abandoned 
in 1 98 1 .  Compared with other farms in Iceland, they 
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The vegetation outside the historical lava fields i s  
largely influenced by grazing and trampling of sheep 
and horses, and only remnants of former vegetation can 
be found (Fig. 4). A few districts have been damaged 
by wind-blown sand and erosion, such as Rangarvellir. 
About 2/3 of the local farms have been abandoned in 
the course of time (Guomundsson 1 952) .  The prehis
toric lava fields of different sizes and sand- or tephra
flats in the surroundings are sparsely vegetated in the 
north and east. In the south and west there are remains 
of vegetation and soil on otherwi se barren and denuded 
land. These remnants are usually restricted to ' rofabaro ' ,  
the high earth banks formed b y  erosion o f  the volcanic 
loessial soil. The main vegetation types occurring on 
these banks are Racomitrium heaths, grassland or dwarf 
shrub communities. On the northwestern slopes of the 
hi lls, east of the river Ytri-Ranga, ' rofabaro s '  are 
covered by i solated patches of Betula pubescens. 

The only land use of the historical lava fields today 
is a l imited amount of grazing. The l ivestock is mostly 
sheep, as it has been since the settlement. During the 
last 20 years the number of winter-feeding sheep 
(ewes) has been about 1 ,200 on these farms, and 
including new-born lambs the summer population is 
more than 3 ,000. Some sheep are used for grazing in 
the highland far away but about 1 ,700 sheep stay in the 
area around Mt. Hekla. Of these 1 ,  700 not more than 
50% are found to be grazing in the historical lava fields, 
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1 4' 

Fig. 2. Location of Mt. Held a in relation 
to the volcanically active zones. -
From Jakobsson 1 979 ( revised). 

mainly in the three oldest: Efrahvolfshraun of 1 1 58 ,  
Suourhraun of 1 300 and Norourhraun of 1 389 (Fig. 5 ) .  
Small-scale cattle and horse grazing is restricted to 
areas outside the historical lava fields. Compared with 
other local i ties, the h istorical lava fields, especially 
those younger than 1 00 years, are most l ikely the areas 
least influenced by man, when considered as a whole. 
Direct human influences are small and restricted both 
in t ime and place. The sheets of the three vegetation 
maps ( 1  :40,000) covering the Hekla area are numbers 
1 94 (B urfell ,  l 968) ,  1 95 (Hekla, 1 982) and 2 1 4  
(L0omundur, 1 968) .  The edges of the lava fields are not 
drawn, except for a small part ofthe lava from 1 980/8 1 . 
It is impossible to distinguish between, for example, 
Ncefurholtshraun of 1 845 , Efrahvolfshraun of 1 1 5 8  
and the lava field o f  1 947 where these three fields 
merge. The classification of vegetation on these maps 
is based on Steind6rsson' s 'A list of Icelandic  plant 
assoc iations ' ( 1 95 1 ,  1 974). Furthermore, information 
in a 3-point scale is provided on the part of the surface 
which is without vegetation. X: less than 1 /3 of the 
surface without vegetation . Z: 1 /3-2/3 of the surface 
without vegetation. P :  more than 1 /3 of the surface 
without vegetation. 

Almost all  lava field vegetation on these vegeta
tional maps is classified as 'Racomitrium heath ' (A I ) , 
partly as 'Racomitrium heath with dwarf shrubs ' (A4), 
p art ly as  'Racom itrium heath w i th Kobresia 
myosuroides and dwarf shrubs'  (A 7) and, finally, those 



Vj 

� � <;:::., 
� ;:::.. � 
s::: 
a 
s::: 
-� � "" 
Cl) 
� 

TH E H E KLA 

A R E A  

0 1 2 3 4 5 km 

(. (. 

(. (. 
l l 

(. l l 

L l L 

l KOT • 
l l (. 

(. L l 

(. l l 
l l l 

l l l 

t (. 
l l L 

/ (. C.. L C.. .:.. L 
l (. l t l (. l 

t l l l (. L l l l  

l ( l l L ( l (. L l l  

t l L (. L L L (. l L l l l 

l l t l l l l l t l l <. 
l l (. l l l L 
L L t l l l L L l  
l L 

l l l t l l t t l l l  
L l l L L L l t t  

l l l t t l l l  

l l (. (. (. 

l l (. (. 

HISTO R I C A L  H E KLA LAVA 

.. ·.<·�: H I STOR I C AL LAVA, H E K L A  REGION 
1913 �·:·:·:.: ... 1 

187S 1725 V � . �  1S5t.. -4 � ,.. 

� PREHISTORIC LAVA � 
D TEPHRA 

t;;#; I TEPHRA CRATERS 

V) 
2 ·u; Q) "0 c ro 
.g ""@ V) ro .D . 
........ :o 0 Q) V) V) 
� · ;; 0 Q) 

c;:::: b 
ro O  > f"ro O\  - .-

c:: � 

� �  � �  
V) t:: 
� 0 
0 V) 

..c � V) · -
§- �  E _g  Q) E--< 
E5 E . 0 
c I.. o i:J... · - I 

g. �  �-. ro 
Q) > ro 0 -

oo ro 
0\ -- �  
Q) ::r: ,.c ,  

....... c Q) 0 I.. c 
..8 -Q) ro 
.D . :::! 
>-. I.. - 0 

· c: 'in 
:� 6 
> V) 
V) .=:  ."::: � -o ro 
c .D  ro -o  
ro c ::;:;: ro 
Q) "'"' ::r: � . ro 
� �  
........ ..:..:: 0 Q) 
o.. ::I: ro -::E � . · c  

c-0 0 
oO :� 

·- ..c I:J... '"-' 

['-._ ['-._ 
<..i <:u :::; 
"' 

� <:u � 
} i::l.. 
� 
� 



1 6  Agust H. Bjarnason 

Fig. 4. The shape of the Betula pubescens trees is highly 
influenced by grazing. 

without vegetation (-) are included. The small areas 
covered by Betula pubescens are classified either as 
'B .  pubescens with graminaceous plants ' (C4) or 
'B .  pubescens with dwarf shrubs ' (C5 ) .  References to 
the legend on the maps covering all s i tes,  where subse
quent investigations were carried out, are given in 
Table 3 (see 3 .2) .  

At the t ime of settlement the Hekla area was covered 
with birch, but the vegetation has gradually been reduced 
to such an extent that only scattered remnants are left 
today. Written sources from 1 397 mention a birch 
forest around the farm Nrefurholt (nrefur, birch-bark; 
holt, forest) . According to the 'Jaroab6k' (Farm Re
gister) of Magnusson & Vfdalin of 1 709 there were 
charcoal and firewood woodlands on the farms of 
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Nrefurholt, Haukadalur and Selsund. Most of these 
woodlands were found on the h ills outsi de the lavas, 
except in the lava field of 1 1 58 ,  Efrahvolfshraun. 
When the farm tenants in Rangarvallasysla were called 
to give information on their  holdings to the authors of 
the Farm Register, 1 7  farms had the right of use from 
the woodland of Nrefurholt, mostly y ielding charcoal 
and firewood. Some of the farmers pointed out, how
ever, that volcanic activity of Mt. Hekla was destroy
ing the woodland at an alarming rate. Others admitted 
that the woodland was deteriorating because of ' treat
ment and uti l ization ' by the farmers (Magmisson & 
Vfdalfn 1 9 1 3) .  

Regarding wildlife, foxes and mice occur through
out the area. The most common b irds are Snow Bunting 
(Plectrophenax nivalis ) ,  Meadow Pipit  (Anthus 
pratensis), Golden Plover (Pluvialis apricaria), Arctic 
Skua (Stercorarius parasiticus), Pigeon Hawk (Falco 
columbarius) and Ptarmigan (Lagopus mutus) . Drop
pings from mice and ptarmigan have often been found 
in the older lava fields. The influence of wild animals 
on vegetation is small and decreases rapidly with 
decreasing age of the lava fields. 

Cl imatological data relevant to the Hekla area are 
poor and sporadic .  They are available from two official 
meteorological stations : Leirubakki ( 1 1 0 m a. s . l . ) ,  for 
precipitation measurements only, located 1 5  km west 
of Mt. Hekla and from B tirfell (250 m a. s . l. )  located 1 2  
km northwest pf Mt. Hekla. To outline the general 
climate the yearly fluctuations of temperature and 
precipitation at Btirfell are given by a climograph (Fig. 
6) for the period 1 97 1 - 1 980. 

The average precipitation in South Iceland shows 

Fig. 5. The older lava fields are in 
many respects attractive to sheep. 
Owing to the irregular lava surface the 
sheep can find shelter from storms and 
rain. Marks from sheep trampling, 
mostly as narrow sheep-paths, are 
frequent in these areas. The heaviest 
grazing pressure i s  concentrated to 
late September. There is no surface
water, but that does not seem to 
influence the sheep. - Part of the oldest 
of the h i storical  lava fie l ds ( the 
Efrahvolfshraun lava field from the 
1 1 58 eruption) in  1 979. 



great variations depending on the local presence of 
valleys and mountains, with figures between 1 ,600 and 
2,800 for the Hekla area (J6nsson, T. 1 986). Such 
figures are expected for the southwest to southeast 
slopes of Mt. Hekla  and increase with elevation. On the 
other hand, the precipitation in the region northeast of 
Mt. Hekla  may be c loser to the lowest figure, because 
of the shadow effect of the mountains around. 

The average annual precipitation in the period 1 97 1 -
1 980 at Burfel l  was 955.6 mm; varying from min. 4 1 .0 
mm in May, to max. 1 04.9 mm in October, which is the 
main feature of the distribution of the precipitation. 
Most of the precipitation coincides with southern to 
southeastern winds. 

The average annual precipitation in  the period 1 97 1 -
1 976 at Leirubakki was 1 ,075 .8  mm; varying from 
min. 990 mm in 1 976 to max .  1 , 1 57 mm in 1 973 .  In the 
period 1 977 - 1 980, on the other hand, the average 
annual precipitation was 774; varying from min. 662 
mm in 1 977 to max. 992 mm in 1 978 .  

No reliable observations are available for snow cover, 
but this is probably most variable within the region. 
According to some farmers, i t  may be expected that the 
first snow comes before the middle of October and that 
the last snowfall often takes place in the first week of 
May. The ground may be snow covered from early 
November until early April. There are, however, many 
exceptions and the c ircumstances naturally become 
quite different with increasing elevation. The first sign 
of green in pasture land may appear from the middle of 
March, as in 1 974, to late May, as in 1 979 (Veorattan 
1 974, 1 979). 

The geology of the Hekla area is well documented. 
Kjartansson ( 1 946) presented an extensive description 
of the topography and geological history of the Hekla 
area, including a geological map ( 1 :  1 00,000) ,  which 
was the first attempt to distinguish most of the lava 
fields. The volcanism, especially during historical times, 
has been treated by several authors (e.g . ,  Thorarinsson 
1 954, 1 967 , 1 968,  Kjartansson 1 946, 1 957,  Einarsson, 
T. 1 949, Jakobsson 1 979,  Gr0nvold et al .  1 983 ,  
S igvaldason 1 974). 

The upper part of the rural district Rangarvelli r 
consists of nearly continuous Holocene lava fields. 
Most of these la  vas originate from Mt. Hekla, but some 
from fissures in the vicinity. In the eastern part, how
ever, there are la  vas from Vatnafj0ll ,  a mountain-range 
south and east of Mt. Hekla. The border between the 
la vas from Mt. Hekl a  and from the mountain Vatnafj0l l  
l ies straight across the district, about 25 km from the 
coast. Hyaloclastite mountains and hyaloclastite ridges 
occur beneath the recent lavas. These hyaloclastic 
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Fig. 6. Cl imograph from the Burfell official meteorological 
station for the years 1 97 1  - 1 980. The annual mean values of 
the mean, max imum and m inimum of temperatures are 2 .3 ,  
5.5 and- 0.5 °C,  respectively. The mean annual precipitation 
is  955 .6 mm for the period. 

formations appear to the southwest and northeast of 
Hekla  and on both flanks of the volcano itself (Kjar
tansson 1 962) . The hyaloclastite ridges, originating 
from sub glacial eruptions, probably during Weichselian 
or former glacial periods, run in the same direction as 
most other fissures in the area. There is nearly no 
surface water on the lava fields. Al l  precipitation 
percolates readily through the lava, although in some 
places small springs appear at lava fronts and edges. 
Southwest of the lava fields the land i s  quite flat and 
sandy except for an approximately 1 0  km broad zone 
near to the coast, where there are widespread wetlands. 

2 .3  The Hekla system 

Recent volcanism and Holocene lava fields ( last 1 0,000 
years) are almost exclusively confined to volcanic 
zones with an area of approximately 25 ,000 km2, di
vided into 29 volcanic systems. The term ' volcanic 
system ' generally includes both a volcanic fissure 
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swarm and a central volcano, but some systems have no 
developed centre (J akobsson 1 979) . Eruptions have 
occurred every five years on average during historical 
times. Thus, 200-250 eruptions have occurred during 
the past 1 1 00 years. The activi ty is confined to about 50 
eruption sites, in ea. 15 of the 29 systems. 

Two active volcanic zones extend through the cen
tral part of South Iceland, from southwest to northeast. 
They are divided into two separate zones by a Plio
Plei stocene formation ( ' Hreppamyndunin ' ) . The 
' Eastern Volcanic Zone ' (EVZ) stretches from Vatna
j!Z)kull in the northeast for about 2 1 5  km to the island of 
Surtsey in southwest (Fig. 2). The EVZ is divided into 
nine wel l  demarcated Postglacial volcanic systems 
w ith their own characteristi c s ,  active in Upper 
Pleistocene and postglacial t ime (Jakobsson 1 979) . 

One of them, the Hekla volcanic system, is located at 
the western border of the EVZ and has natural 
boundaries except towards the east where i t  joins the 
' Vatnafj!Z)ll volcanic  system ' (Jakobsson 1 979).  The 
Hekla system i s  a fissure swarm, about 40 km long and 
6 - 7 km wide, running N60° E - S60° W. Mt. Hekla is  
located in the middle of the system, where the eruption 
rate i s  highest. All major eruptions have taken place in 
the crestal fissure, Heklugj a, which is 5 .5  km long. The 
mountain reaches 1 ,49 1 m a. s . l . ,  towering above the 
surroundi ngs about 1 ,000 m to the west and 650 m to 
the east. 

Mt. Hekla was built  up during repeated mixed 
eruptions on a fissure system. According to the clas
sification of Icelandic volcanos, based on the shape of 
the vent and the composition of the volcanic material, 
Mt. Hekla i s  intermediary between a stratovolcano and 
a ' crater row ' ,  producing both tephra and lava. It i s ,  
morphologically speaking, a linear volcano, develop
ing into a stratovolcano. Mt. Hekla is one of the very 
few exceptions to the rule that volcanic fissures erupt 
only once (Thorarinsson 1 967). 

2.3.1 Volcanic activity of the Hekla system 

The Hekla system has shown postglacial volcanic 
activity since the outburst of the acid, rhyolitic tephra 
layer H5 , which has a C 14 age of 6, 1 50 years (Thora
rinsson 1 97 1  ). Thi s  eruption has been considered to 
mark the beginning of the volcanic h istory of Mt. Hekla 
as we know it. Other known prehistoric eruptions 
inc lude the vigorous outbursts of tephra 4 ,000 years 
ago (tephra layer H4) and 2 ,900 years ago (H3) .  The 
distribution and age of the tephra layer H2 is more or 
less unknown but H 1 dates from the first h istorical 
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eruption in 1 1 04. All these tephra layers are rhyol itic or 
dacitic . They are the only known remains of these 
eruptions. All possible la vas during this  period are st i l l  
unknown. 

The postglacial eruption pattern of Mt. Hekla has 
changed considerably. Two kinds of magmatic l iquid 
have been erupted. In the beginning (6,600 - 2,000 
years B .P.) ,  the eruptives were mainly dacitic (65 -74 
% s i l ica) but they have shifted to a basaltic andesite 
during a span of approximately 1 ,000 years, or the past 
9 centu r ies ,  start ing with the eruption of 1 1 04 
(Sigvaldason 1 974 ) .  The la vas have also become much 
more voluminous than the tephra during the last 1 ,000 
years. Alkal i basalts have never been produced from 
the summit of the volcano. In the v icin ity of Mt. Hekla, 
however, eruptions of such basalts have taken place 
during postglacial time . 

The Hekla system as such has produced more than 34 
km3 of lava and tephra (calculated as dense rock) 
during the last 6 ,000 - 7,000 years: 

Dacite/rhyolite 
Basaltic andesite 
Basalt 

7 .0 km3 
20.0 km3 

7.7 km3 

(0.5 km3 s ince 1 1  04) 
(8 .0 km3 s ince 1 1 04) 
(0.6 km3 s ince 1 1 04) 

2.3.2 Chemical composition of the eruptives 

The hi storical eruptions in the Hekla system can be 
distinguished as fol lows: (a) Hekla eruptions proper, 
v iz. eruptions of basaltic andesites in the mountain and 
(b) non-Hekla eruptions, viz. basaltic eruptions from 
the fissures in the v icinity of the mountain.  This divi
sion is based on chemical analyses according to how 
much si l ica (Si02) the rocks contain. Basaltic andesites 
contain 52 - 65 % si l ica and alkal i basalts contain less 
than 52 %. A few chemical analyses of some historical 
lavas and different tephra are shown in Table 1 .  The 
chemical composition of the erupted tephra i s  more 
variable than of the lava. In the first phase of each 
eruption the tephra is more acid than in the second 
phase, when it is fairly basic.  The content ofS i02 varies 
from about 55% - 70% and seems to increase with the 
length ofthe interval between eruptions (Thorarinsson 
1 967). 

2.3.3 Volcanic activity in historical times 

Thoroddsen ( 1 925) estimated that 1 8  eruptions oc
curred in Mt. Hekla in h istorical times. However, by 
critical revi sion, Thorarinsson ( 1 967) reduced the 
number, leaving out the eruptions dated by Thoroddsen 



Table 1 .  Chemical analyses of lava and tephra (parts of 
Tables X and XI in Thorarinsson 1 967). Lava: 1 .  Efrahvolfs
hraun lava field from 1 1 58  (Hekla eruption) and 2. Lambafi
tjarhraun lava fie ld from 1 9 1 3  (non-Hekla eruption);  tephra 
produced by Hekla: 3. from the eruption of ea. 1 1 04 (si l icic 
tephra) and 4. from the eruption of 1 693 (basaltic andesite) . 

2 4 

Si02 56.48 46.2 1 66.84 55.23 
Ti02 1 .47 3.54 0.30 1 .64 
Alp_, 1 6.24 1 4.50 14.75 1 5 . 3 1 
Fe20 1  1 .59 2 . 1 7  1 .75 3 .38 
FeO 9.60 1 2 .60 3.88 7.58 
M nO 0.29 0.26 0.20 0.40 
M gO 2. 1 4  6.49 0.96 2.59 
CaO 6. 1 9  1 0.70 3 .24 5 .66 
Nap 3.99 2 .74 2 .84 2.97 
Kp 1 .36 0.5 1 3 . 1 3  2 . 1 9  

P20s 0.57 0.33 0.38 0.80 
Hp+ 0. 1 0  0 .39 1 .48 2.36 
Hp- 0. 1 2  0.05 0. 1 4  

Table 2. All  known eruptions in the Hekla area. (from Table 
Ill in Thorarinsson 1 970 and Table 3 in Gr!l)nvold et al. 1 983). 

Yrs . Volume of lava Volume of tephra 
1 0 6 m3 1 0 6 m3 

ea. 1 1 04 no lava 2500 
1 1 5 8  > 1 50 not known 
1 206 not known (30) 
1 222 (?) not known ( 1 0) 
1 300 >500 500 
1 34 1  not known (80) 
1 389 >200 ( 80) 
1 5 1 0  not known 320 
1 597 not known 240 
1 636 not known ( 80) 
1 693 not known 300 
1 766 1 300 400 
1 845 630 280 
1 947 800 2 1 0  
1 970 200 70 
1 980/8 1 1 23 58 

to 1 294, ca. l 436, 1 578 ,  1 6 1 9 and 1 725 . 
It i s  now considered that 1 6  eruptions have occurred 

in Mt. Hekla s ince the time of the settlement of Iceland 
(i .e. s ince 874 A.D.) including 3 eruptions after 1 925 
(Thorarinsson 1 967, 1 970; Kjartansson 1 946; Gr0nvold 
et al. 1 983 ) .  

The 1 6 eruptions date from : 1 1 04, 1 1 58 , 1 206, 1 222, 
1 300, 1 34 1 , 1 389, 1 5 1 0, 1 597, 1 636, 1 693, 1 766, 1 845, 
1 947, 1 970 and 1 980/8 1 .  Probably lavas have been 
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issued during all these eruptions, except i n  1 1 04. 
Consequently, the lava field Efrahvolfshraun of 1 1 58  
is  the oldest of  the historical ones .  

In the vicinity of Hekla, 27 volcanic sites of the non
Hekla type are known, most of them of prehistoric age. 
Among eruptions of h istorical age, the fol lowing 5 - 8 
have been dated and located (except for 1 440) : 1 440, 
1 554, 1 725 , 1 87 8  and 1 9 1 3 , two sites (Thorarinsson 
1 967). 

Altogether, there have been probably 1 6  eruptions of 
Hekla type, of which 8 lava fields have been dated and 
located and 5 - 8  eruptions of non-Hekla type, of which 
5 have been dated but only 4 located during h istorical 
times. See Table 2.  x) 

x )  During the preparation of this monograph an eruption started in the 

summit fissure of Mt. Hekla on 17 February 1991. The tephra fall 

during the initial phase was rather small. It was carried by wind 

mainly to the north without causing serious damage. Lava has been 

issued and it i s  flowing to the west and northeast. In late February the 

cover of produced lava was estimated to be 25 km2. 

2.4 Volcanic rocks 

The majority of the 20th century eruptions have been 
either tephra- or lava-eruptions. Mixed eruptives have 
also occuned in one and the same eruption. B asaltic 
and andesitic eruptions, as in the Hekla system, typi
cally produce freely flowing lava flows and the forceful 
degassing in the vent produces tephra (pyroclastic 
material ;  tephra and lava, see 1 .4) .  

The volcanism of the Hekla system has at t imes been 
very vigo�ous and often had catastrophic  consequences 
for the economic situation of the inhabitants, not only 
for adjacent farms but also for a large part of the 
population. The tephra falls have caused more damage 
than the lava flows, because they produce a variety of 
secondary effects. Some are only detectable in the 
immediate proximity of the volcano, others are per
ceptible more or less in the whole country. Many farms 
had to be abandoned, and even some d istricts became 
almost desolate. Chemical effects of tephra are based 
on the relatively high fluorine content. Fine-grained 
tephra contains more fluorine than coarse-grained, 
because it is  absorbed as calcium fluoro-si l icate on the 
glossy surface of the grains (Oskarsson 1 980) . F ine
grained tephra is transported further away than coarse
grained tephra and adheres more easily to the plants . 
Consequently , fluorosis in grazing animals often be
comes more serious in districts far away from the 
volcano than close to it .  
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2.4.1 Tephra 

Mt. Hekla has been the largest producer of tephra in 
Iceland during historical times. In most of Hekla's 
eruptions the greatest volume of tephra i s  released in 
the initial phase. It  has been estimated that the total 
volume of freshly fallen tephra on land in historical 
times is almost 5 km3, which, calculated as dense rock, 
is about 1 km3 . Half of this volume was produced 
during the first eruption in 1 1 04. During the 1 94 7 
eruption the volcano ejected tephra at an estimated rate 
of 75 ,000 m3/sec. for the first half hour. The total 
volume of tephra during the first day of the eruption 
was estimated to 30 mill ion m3 . 

The Hekla tephra was carried by the wind over most 
parts of the country . The tephra fall depends on factors 
such as wind direction, time of the year, coarseness of 
the tephra and the scenery. Weather conditions influ
ence the bulk of the tephra fall s .  A jumbled mass of 
irregular tephra fragments gets stacked up around the 
vent but the prevailing wind forms a more fine- grained 
tephra sector on the lee side of the volcano. The 
thickness of the tephra diminishes gradually with dis
tance, fol lowing an exponential curve. 

Each tephra eruption has left a more or less demar
cated tephra layer in the soil (see 5 .2.2) .  These layers 
provide the base for tephrochronological studies 
(Bjarnason, H.  & Muus 1 934, Bjarnason, H.  & 
Thorarinsson, S. 1 940, Thorarinsson 1 944, 1 967). The 
construction of an isopach map for the deposits from 
each individual eruption of Mt. Hekla and in its vicinity 
at many localities has provided a detailed picture of the 
history of the volcano. Using this method, supported 
by studies of historical records (annals etc . ) ,  Thora
rinsson ( 1 967, 1 968) dated almost all the historical 
eruptions in the Hekla area. His tephrochronological 
work and mapping of the different lava fields have 
been used as a base for my research. 

One type of damage caused by tephra acts upon 
vegetation. The degree of damage depends on the 
thickness and coarseness of the tephra, season of the 
year and the type of vegetation. The physical influence 
of tephra mainly consists in a differently thick covering 
which diminishes the assimilation of plants . The influ
ence becomes more destructive if windblown tephra 
becomes locally accumulated into low drifting ridges. 
Especially, windblown tephra also has a physical in
fluence on the vegetation when damaging the plant 
tissues of many species and in that way diminishing the 
size of their assimilating parts. Also, a few examples of 
physical influence of tephra from the eruption in 1 970 
on the vegetation will be discussed later in detail (see 
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Fig. 7. Irregularly shaped lumps form the scree-covered front 
of a typical apalhraun i ssued in the eruption of 1 980. The 
youngest lava fields are traversed by people only exceptionally 
and domestic animals keep away from this  rough landscape. 

Chapter 1 0). 
Some positive effects of tephra fal ls  can be men

tioned, although they are not important compared to 
the destructive ones. A voluminous production of 
tephra tends to smooth out irregularities on the ground, 
thus creating a ' soft' landscape. The carpet of tephra is 
a filling between hil locks or ridges and spires in the 
lava and helps to make the Hekla area more inhabitable. 
A positive chemical effect may also occur as mineral 
nutrients enrich the soil to some degree. Farmers said, 
for example, that the tephra from the eruptions in 1 94 7 
and 1 970 increased the harvest of their grass lands (see 
also 1 0.5) .  

2.4.2 Lava 

A great amount of extrusive rock (about 8 km3) has 
flowed down the flanks of Mt. Hekla. The mountain 
simultaneously gains height in this way. The lavas 
spread far over the adjacent territory. The melting lava 
streams cause more local damage than the tephra; 
Large pastures have been covered by lavas, e.g. Lam
bafit, and several farms have been covered during 
historical times. 

Depending on the character of the surface, the lava 
fields are separated into two groups : helluhraun and 
apalhraun. Helluhraun (Icel . hella, flat rock; hraun, 
l ava), pahoehoe or stratified, ropy lava, is formed by a 
fast flowing and gas-depleted magma. Its surface is 
smooth, hummocky, ropy or bil lowy. These lava fields 
are easy to traverse. 

Apalhraun (Icel . apall ,  pebble), aa or scoria-lava, i s  



a 

Fig. 8. Schematic cross sections through apalhraun with the 
rubbly ' conveyor-belt '  surface. The hard massive rock of the 
lava flow is under- and overlaid by loose layers of cl inkers. 

solidified viscous, rather gas-rich magma. It is a more 
common type than helluhraun in Iceland. The mor
phology of the historical lava fields in the Hekla  area is 
fairly uniform. They are all of the typical apalhraun 
type (aa), and being relatively young, they show only 
small signs of erosion and weathering (Fig. 7) .  

A profile of an apalhraun flow manifests a thick layer 
of clinker or scoria blocks both in the bottom and on the 
top, with a massive, jointed central part in the middle 
(Fig. 8). The thickness of the upper layer of cl inkers 
(scoria blocks) ,  which covers the massive central part, 
ranges from a few decimeters to several meters but is 
difficult to estimate exactly. 

The surface of the clinker layer, which is composed 
of individual clinker (scoria blocks) , is rough, jagged 
and spinose, l i terally made up of scoria blocks heaped 
up and loose. Each cinder-like boulder, making up the 
jumbled chaotic surface, is crumbly, highly-irregular 
in shape and covered with razor-sharp protrusions . The 
scoria b locks on the surface are like a coal-heap or 
irregular heap of stones. Between the scorias there are 
many holes and crevices of various shape. Due to the 
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multifarious surface, there are hardly any habitats 
exactly simi lar to each other. The topography is as 
irregular as it  can be. It is difficult to traverse these lava 
fields and every step is a balancing act. They are 
"almost indescribably rough and jagged, cutting stout 
boots to ribbons within a few days" (Wentworth & 
MacDonald 1 953) .  

Scoria  blocks vary i n  size ,  ranging from small peb
bles up to big blocks, but frequently 1 0  - 1 50 cm in 
diameter. Many of the jagged boulder-l ike masses are 
not loose at all ,  but are sprouts and crags firmly 
connected with the continuous ledge beneath (J aggar 
1 930). 

The surface of a s ingle scoria block varies much, 
regard ing both the macro- and microstructure. As to 
the general feature the surfaces can be most variable, 
from glassy to very spongy surfaces (see 4.3 ). Altogether 
these scorious blocks fonn a very irregularmicrosurface. 
The texture can be l inked to the composition of the 
magma and many other factors, such as the loss of gas 
and crystallization. The blocks continue to be modified 
in shape during movements, resulting in deformation 
due to collision against each other. The spinose char
acter results partly from the pulling apart of plastic 
surfaces and partly from granularity caused by crys
tal l ization (Wentworth & MacDonald 1 953) .  

There is very l ittle sorting of unequally big blocks, 
although the smaller blocks tend to fall down between 
the bigger ones .  At least three main types of habitats 
can be identified: (a) the bottom of the layer of clinker, 
i .e . ,  the depressions between blocks protected against 
powerful winds, (b) the middle part, at the intermediately 
posit ioned scoria blocks and (c) the top of the layer of 
clinker, i .e . ,  the uppermost surface of raised lava blocks 
freely exposed to wind and sun. 

Primary tephra, broken pieces of the scoria blocks 
and drift sand, all of which retain water to some degree, 
become certainly more prominent in the depressions 
than on the uppermost blocks. Owing to itTegularity 
and roughness, however, fine loose textured material i s  
also present on the uppermost blocks, a t  least during 
the first decades. Thus, rain water does not run off as 
fast as it  falls (cf. Eggler 1 959).  Nevertheless, physical 
conditions are somewhat more favourable in the de
pressions than higher up in the lava fields, although the 
l ight is more l imited. 
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3 Physiography of the thirteen historical lava fields 

3 . 1 Introduction 

The following account is a brief summary ofthe origin, 
local circumstances and general description, with some 
remarks on each lava field and of the investigated s ites. 
The information provided is at least to some extent 
important to the understanding of the description of 
vegetation given below (Chapters 5, 7 and 8). It is 
mainly based on Thorarinsson ( 1 967, 1 968, 1 970) , 
Kjartansson ( 1 945), some other quoted papers and my 
own observations.  The topographical names are used 
in accordance with published maps, with some ex
ceptions: The correct names of Suourhraun and Nor
ourhraun are Selsundshraun syora and Selsundshraun 
nyrora respectively. The name Rauoubjal lar, errone
ously entered in books and maps, has been altered to 
Vondubjallar, according to the inhabitants of the dis
trict. The topographical name Austurhraun includes 
almost all the lava fields southeast of Mt. Hekla, but 
here it is only restricted to the lava field there of 1 766. 
The name Trippafjallahraun is from Jakobsson ( 1 979). 
Generally, abbreviations are used for the names of the 
lava fields as follows : Ef 1 1 58 means the lava field 
Efrahvolfshraun of the eruption which occurred in 
1 1 58,  Su 1 300 means Suourhraun from 1 300, etc . ;  fields 
without name are here abbreviated Lf followed by the 
year of formation).  The tephra layers which originate 
from the eruptions ofKatla (in the glacier Myrdalsj0kull) 
and Lakagigar, are identified by abbreviations, e .g. ,  
1 9 1 8 (K) and 1 783(L). 

3.1.1 Efrahvolfshraun 1 158 

Presumably, no lava was produced during the first 
eruption of Mt. Hekla in historical times ( 1 1 04 ). The 
second eruption probably occurred in 1 1 58 and is 
probably responsible for the formation of Efrahvolfs
hraun (Thorarinsson 1 967) .  Six annals together with 
other sources mention an eruption at that time. It has 
been verified that at least one or even two volcanic 
eruptions took place before the year 1 1 80, according 
to foreign sources which mention eruptions in Mt. 
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Hekla (cf. Weibull 1 93 1 ,  Einarsson, S. 1 964) .  Ef 1 1 5 8  
i s  doubtless the oldest known historical lava field 
around Mt. Hekla. Moreover, rel iable studies suggest 
that there is no indication that Ef 1 1 58 is older than 
from the beginning of the 1 2th century. 

Thorarinsson ( 1 967) admitted that the lava field 
might be younger, perhaps from the year 1 206 or 1 222 
(see also Brynj6lfsson 1 959). It is also worth mentioning 
that Ef 1 1 58 is given the year 1 1 04 on the map by 
Thorarinsson ( 1 970), but in the text the eruption is 
described as having occurred in 1 1 58 .  

Kjartansson ( 1 946) thought that Ef  1 1 58  was most 
l ikely formed after the settlement of Iceland, with the 
lava probably coming from the crater Rauo0ldur. La
ter, that location was found to be apparently erroneous. 
B ryn j6lfsson ( 1 959) states that Ef 1 1 58 was formed by 
an eruption in 1 222 or earlier. 

Thorarinsson ( 1 967) considered the tephra fall to 
have been relatively small and supplied with a south
west axis of maximum thickness. Only small traces of 
the layer were found in profiles around Mt. Hekla. The 
tephra layers from the eruptions in 1 1 04 and 1 1 58  have 
now recently been dated in soi l profiles in J0kuldalur, 
East-Iceland (Larsen 1 982).  The tephra layer which 
was called 'hr'  by Thorarinsson, presumably from 
1 1 70 and created by a crater east of Mt. Hekla, origi
nated in fact from the eruption in 1 1 58 .  

Ef 1 1 58 is about 1 .2 km2 and is situated 250 - 300 m 
a.s . l .  (Fig. 9) .  The lava field is characterized by thick 
accumulation of tephra fal ls .  The soil thickness is up to 
0.8 m in the deepest depressions, mainly made up of 
several tephra layers. The volcanic loess between the 
tephra layers is mainly fine-sandy. In comparison to 
other lava fields Ef 1 1 58  has a relatively smooth 
surface with alternating hil locks and depressions. The 
tephra deposits have left only few holes and crags and 
make the lava field fairly accessible. The thickest 
tephra layers are from the eruptions in 1 94 7,  1 766, 
1 72 1  (K), 1 636, 1 5 1 0, 1 389 and 1 34 1 .  A few layers, 
e.g. of 1 970 and 1 845 , are very thin. Between the tephra 
layers of 1 5 1 0 and 1 72 1  (K), Thorarinsson (soi l  profile 
no. 1 8, 1 967) only registered one tephra layer, 1 636. 
Two tephra layers have been recognized by the present 
author, most l ikely from 1 597 and 1 693 (see also 



Fig. 9. Aerial view of Mt. Hekla and 
some historical lava fields from the 
west: a. Efrahvolfshraun lava field from 
the 1 1 58 eruption, b. Norourhraun lava 
field from the 1 389 eruption (site I I I) ,  
c .  Nrefurholtshraun lava field from the 
1 845 eruption, d. lava field from the 
1 947 eruption. 
- Photo: 0. Sigurosson 1 977. 

B rynj6lfsson 1 959). 
The name of Ef 1 1 5 8 can be traced back to the farm 

Efri- Hvoll ,  in the district Hvolhreppur, which formerly 
had the right of use of the woodland there. The thriftiest 
birch wood of the lava fields is sti l l  growing there (see 
1 0.5) .  

Studies of vegetation were carried out at  one site : 
Ef 1 1 58-1 .  Near the central part of the lava field, at ea. 
250 m a.s . l .  

3.1.2 Suourhraun 1300 

The fifth eruption of Mt. Hekla sta11ed in July 1 300 
A. D. It lasted for about one year. It is thought to be the 
second biggest eruption of Mt. Hekla during historical 
times . The tephra was carried northward by the wind 
and caused serious damage in North Iceland. According 
to Thorarinsson ( 1 967) the lava field Suourhraun was 
extruded during this eruption. 

Previously, Kjartansson ( 1 946) was of the opinion 
that the eruption in 1 389 - 1 390 was responsible for the 
formation of the S u  1 3 00 inc luding Pa 1 5 54 .  
Brynj6lfsson ( 1 959) was the first to  date a tephra layer 
in a soil profi le in Su 1 300 from an eruption proved to 
have occur red in 1 34 1  (cf. a soil profi le no. 6, 
Thorarinsson 1 967) .  B rynj6lfsson concluded that Su 
1 300 is from the year ea. 1 300 or perhaps from the year 
ea. 1 200 (and consequently it  follows that Ef 1 1 58 was 
formed in the eruption 1 1  04) . Beneath the layer of 1 34 1  
there are a few centimeters o f  thick fine-sandy soi l ,  
directly on the lava surface. If compared with Thora
rinsson ' s  profiles from No 1 389 (no. 1 3  P::ela), only 8 
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km away, the lowest tephra layer there is apparently 
dated 1 440. Thorarinsson suggested that the tephra 
layer probably originated from a crater in the immediate 
vicinity of Mt. Hekla in the southeast or south of the 
mountain. 

The question arises why this tephra layer from the 
eruption in 1 440 is not found in Su 1 300. It is difficult 
to date one single tephra layer without a possibil i ty to 
associate it  to other layers. Probably, the formation of 
raw humus be low the tephra layer of 1 34 1  in Su 1 300 
is too thick to become created during a time period of 
only 4 1  years (see 9.2) .  At least 80 - 1 00 years are 
necessary for formation of such a continuous soil layer 
on a new surface of lava. Consequently,  further in
vestigation is needed to establish the age of Su 1 300 
(consequently also of No 1 389). Probably Su 1 300 is  a 
lava complex, extruded during more than one eruption. 

Su 1 300 is 20 km long and has an area of about 25 
km2. It first appears at Trippafj011 at 500 m a.s . l .  and 
foll ows the flank of the hyalocl astite mountain 
Selsundsfjal l ,  which has a southeast extension. At the 
southern end of the mountain Su 1 300 turned north and 
flowed down the slope south of Falkhamar. There the 
lava has spread over a level area and terminated in a 
high edge near the farm Selsund at 1 00 m a.s . l .  

The lava field has been exposed several times to 
heavy tephra falls ,  both from Mt. Hekla and other 
craters; the thickest tephra layers are from 1 5 1 0  and 
1 845 . The accumulation of sand has also been very 
heavy, especially at the most elevated part north of 
Vondubjallar. In the eastern lower part Su 1 300 is  
heavi ly influenced by l ight, drift-tephra, so called 
'Selsund pumice ' ,  which covers and colours some 
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tracts along the northeast slope of Selsundsfjal l .  
The thickness of  the soi l is up to  0.8 m but in  most 

depressions 0.30 - 0.55 m. It is mostly made up of 
several tephra layers and between them the loam is 
fine-sandy to sandy, often sl ightly coloured by Selsund 
pumice. 

Su 1 300 is a very heterogeneous lava field, both 
regarding surface structure and vegetation. The surface 
is very uneven between 1 00 and 200 m a.s . l .  but at 
higher altitudes it is more level . 

Studies of vegetation were carried out at three sites 
at different altitudes:  

Su 1 300-1 .  This part is situated about 1 50 m a.s. I .  The 
surface is characterized by high and steep crags be
tween more or less deep depressions of various depth. 
It is very irregular and uneven although at least 1 0  
tephra layers have covered the field. The thickest one, 
of 1 5 1 0, forms a layer about 20 cm thick. 

Su 1 300-11. The surface character of the lava field 
changes between 200 and 300 m a.s. l .  It is not as 
irregular as at Su 1 300-1. The surface is more even but 
stil l  highly undulating. The depressions with sandy soi l  
are very wide but not deep. Altitude: 250 m. The 
thickness of the soil is 0.2 - 0.4 m in depressions and the 
loam between the tephra layers is fine-sandy to sandy. 
At least 9 tephra layers were found in one soil profile 
but a careful study is needed before they can be dated. 

Su 1 300-III. In the highest position, at 480 m a.s. l . ,  
accumulation of  tephra/sand has been heavy.  A large 
part of the main surface is made up of a sandy surface 
with scattered patches of vegetation (70% ), as a result 
of the eroding action of windblown tephra. Conse
quently, Su-III is less hummocky than other sites and 
can easi ly be crossed by horses. 

3.1.3 Norourhraun 1389 

There have been very different opinions on the origin 
and age of Norourhraun (see Kjartansson 1 946, Guo
mundsson, V .  1 952 Brynj6lfsson 1 959) . According to 
Thorarinsson ( 1 967) ,  No 1 389 emerged from a tephra 
cone called Rauooldur in 1 389. He thought that the 
seventh eruption started in Mt. Hekla proper with a 
substantial production of tephra but during a later 
phase of the eruption a short fissure, about 5 km to the 
southwest, opened up where Rauo0ldur was formed. 
Three or four farms probably disappeared under the 
lava during the eruption. 
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No 1 3 89 is situated in the long val ley between the 
mountains Selsundsfjal l  (502 m) and Bj6lfell (443 m). 
The lava field is 8.5 km long with an area of 1 2.5 km2. 
It stretches in a southwest and northeast direction from 
Rauooldur down to Kanastaoabotnar where a l ittle brook 
bursts out of the lava front. 

No 1 389 has been totally or partly covered by tephra 
during several eruptions. The deposits of tephra from 
1 5 1 0 (and partly from 1 597) are unusually thick with 
very uneven distribution . Other prominent layers are 
from 1 947, 1 9 1 8  (K), 1 845 , 1 766, 1 72 1  (K), 1 693 and 
1 485 (K). Moreover, traces of other layers can been 
found, e .g. ,  of 1 970, 1 636 and 1 440. 

This lava field is probably more influenced by sheep 
grazing in the region than others. Sheep from the farms 
Haukadalur and Selsund usually graze there from early 
spring to late autumn. In the Farm Register of 1 709 
(Magnusson & Vfdalin 1 9 1 3 ) No 1 389 is called 'Gni
hraun ' (Gray Lava). It refers to the Icelandic name 
'gn1mosi ' for R .  lanuginosum, and indicates that the 
species was conspicuous at that time. Another name is 
Svartahraun, the black lava. Its age is unknown to the 
present author. 

The vegetation studies were carried out at four sites 
which differ regarding accumulation of aeolian mate
rial : 

No 1 389-I (Hraunta). In the western part of No 1 389 at 
1 00 m a.s . I .  The most prominent tephra layer here is  
from 1 5 1 0. It is 1 5 - 20 cm thick, situated at  an average 
depth of 26 cm ( 1 5  - 38) .  Below this tephra layer there 
is max. 1 5  cm thick fine-sandy loam down to the lava. 
The thickness of the soi l  is up to 60 cm in the deepest 
depressions and probably 20 cm on average. 

No 1 3 89-11 (Breioabugur) . At 220 m a.s. I .  Here, the 
lava field was originally very rough. In spite of a few 
heavy tephra fal ls it sti l l  has a highly undulating 
surface with many shallow and open depressions. 

No 1 389-III (Prela). Situated in the eastern and the 
h ighest part, at 300 m a.s.I. (Fig. 9). No 1 389-III has 
been highly influenced by accumulation of tephra 
(latest 1 970) and other aeolian material . Compared to 
No 1 3 89-I, the 1 5 - 40 cm thick tephra layer of 1 5 1 0  is  
at  ea. 50 - 70 cm depth but there is an only 2 - 12 cm 
thick sandy loam layer below, between the tephra and 
the surface of the lava. 

The soil in the deepest depressions, up to 0.7 - 1 .0 m 
thick, is mostly made up of tephra layers. They have 
given the landscape a soft appearance with smooth, 
shallow depressions, rounded hil ls and only few crags. 



No 1 389-IV (beneath the mountain Botnafjall). At 200 
m a.s . l .  More than 90% of the main surface is a more or 
less barren sandy soil in a broad zone along the moun
tain, with scattered vegetation. 

3.1.4 Palssteinshraun 1554 

An eruption began in the spring of 1 554 in a 3 km long 
fissure, about 10 km southwest of Mt. Hekla. I t  lasted 
nearly s ix  weeks . A crater row, which is cal led 
Vondubjallar, was built up during the eruption. Ac
cording to Thorarinsson ( 1 967), Palssteinshraun was 
formed in this  eruption. Kjartansson ( 1 946) considered 
that it was only a part of Su 1 300, created during the 
period 1 1 00 to 1 7  66. Pa 1 554 is about 8 km long and 
covers an area of ea. 1 0  km2. It stretches from 400 m 
down to 200 m a.s . l .  The surface is relatively even. 

The successively supplied tephra deposits have been 
fairly small ,  except in the vicinity of Vondubj allar. It 
was difficult to find soil thick enough to determine the 
profile of the compact tephra layers. The stratigraphy 
could not be verified. Only 5 tephra layers were found. 
The oldest one dating from 1 636 or perhaps 1 693.  Two 
layers, from 1 783 (L) and 1 660 (K), were not found 
(Thorarinsson 1 967). The 2 - 4 cm thick tephra layer 
from 1 94 7 is at a depth of ea. 7 cm and the layer 1 9 1 8  
(K) at 1 0  cm. Thorarinsson ' s  profile (no. 4, 1 967) is 
different from other profiles in the neighbourhood. The 
following tephra layers are dated: 1 94 7, 1 9 1 8  (K), 
1 845 , 1 783 (L?), 1 72 1  (K) 1 660 (K?), 1 636, 1 597 and 
even 1 485 (K?). The definition of a tephra layer of 
1 485 may be a m istake. 

The vegetation in Pa 1 554 is very homogeneous 
except in a small, sandy area near Vondubjallar (no 
analyses) .  Sheep-paths in this area are few and grazing 
is  restricted to the margins of the lava field. 

Studies of vegetation were carried out at one site: 
Pa 1 554-I .  Close to the centre of the lava field at 350 m 
a.s.l .  

3.1.5 Lava field 1 693 

The eleventh eruption of Mt. Hekla began in February 
1 693 with an enormous production of tephra, which 
caused considerable damage. The tephra covers about 
22,000 km2 on land but the lava that was presumably 
produced is almost unknown. A small lava field in the 
hillside above Rauooldur may have originated in this 
eruption (Thorarinsson 1 967). The lava field forms a 
narrow tongue, from slightly above 500 m to 400 m 
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a.s . l . ,  covering about 0.4 km2. It has frequently been 
covered by thick deposits of tephra due to its location 
close to the summit fissure of Mt. Hekla. The thickest 
ones are from the eruptions in 1 7  66, 1 845 , 1 94 7 and 
1 970. Due to the thick accumulation oftephra deposits, 
the soil profile yielded only little information on the 
stratigraphy of the tephra layers. 

Studies of vegetation were carried out at one site : 
Lf 1 693-1 . At 520 m a.s . l .  The surface is relatively 
even, with low inclination to the west. The main 
surface is very sandy with only few crags. The surface 
is characterized by heavy accumulation of tephra with 
a sparse field layer. The dating of Lf 1 693 may be 
inaccurate. However, because of the frequent deposition 
of tephra later on, this is of little consequence. 

3.1.6 Trippafjallahraun 1725 

According to contemporary descriptions, an eruption 
began east or southeast of Mt. Hekla in early April ,  
1 725 . The eruption was relatively small and no damage 
was noticed except due to some initial earthquakes. 
The production of tephra was most l ikely smal l  
(Thorarinsson 1 967). According t o  known sources 
there may be some doubt whether Trippafjallahraun 
belongs to the mentioned eruption. The lava covered 
Pa 1 554 and is partly beneath the lava of 1 766. It was, 
therefore, formed in the period between these years. Tr 
1 725 is  ea. 7 km long and stretches from 600 m down 
to 400 m a.s . l .  The field is ea. 7 km2• 

The soil profile is very indistinct because of a heavy 
tephra fall and accumulation of sand in the area. Large 
quantities of tephra, mainly from the eruption in 1 947, 
cover vast areas. A sandy surface or tephra-covered 
ground extends all around the lava field. Tr 1 725 
resembles more a stony flat than a real lava and is thus 
easily negotiable by horses. 

Studies of vegetation were carried out at one site :  
Tr  1 725-1. At  500 m a.s . l . ,  south of the mountain 
Trippafj011 .  

3.1 .7 Lava fields 1766 (Austurhraun and 
Hringlandahraun) 

The second largest amount of lava in a single eruption 
in Iceland in historical times originated in the twelfth 
eruption of Mt. Hekla. The eruption began in 1 766 and 
lasted two years with an interval of six months. The 
eruption caused damage to many districts in Iceland. 

The area of the lava field was estimated to 65 km2 but 
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it has partly been covered by younger lavas. Lf 1 766 
stretches from the summit of Mt. Hekla down to nearly 
400 m in most directions .  The biggest lava stream 
flowed mainly towards the south and covers the 
southeast slope of the volcano. The area is commonly 
named Austurhraun (Lf 1 766-I). The lava streams 
which flowed in other directions are now mostly covered 
by the la vas from the eruptions of l 845 , 1 947 , 1 970 and 
1 980/8 1 .  One lava stream flowed also to the north and 
Hringlandahraun (Lf 1 766-11) was most l ikely also 
produced in this eruption (Kjartansson 1 946). 

Lf 1 766 has not attracted as much interest as might 
be expected. The reason may principally be that there 
are difficulties to define its boundaries .  The Lf 1 766-I, 
defined by Thorari nsson ( 1 967) may consist of not 
only one lava field. There are many uncertain margins 
in the flows and the field is also partly covered by a 
thick accumulation of tephra, especially along the 
mountains Vatnafj!Z)ll .  

Studies of vegetation were carried out at two sites : 

Lf 1 766-1. Situated east of the mountains Trippafj0ll at 
650 m a.s . l .  The deposit of tephra in 1 947 on the lava 
became very thick, up to 45 cm. Therefore, the up
permost part of the soil is tephra or a sandy material . 

Lf 1 766-11. Situated west of Skjolkvfar at 450 m a.s . l .  
During the eruption of 1 970 a small part of this  lava was 
covered by a new one. Strangely enough, at the same 
time this area was not exposed to any tephra fall ,  
although adjacent areas both to  the south and north of 
it were heavily affected. In 1 980 the lava field disap
peared totally under a lava stream. 

The main surface was more or less level . It was 
influenced by accumulation of sand and tephra from 
vast sand areas nearby and had only a few scattered 
crags. The soil was at least 40 - 60 cm thick. Lf 1 766-
11 resembled more a moss-covered sand dune than a 
lava field. 

3.1.8 Nrefurholtshraun 1845 

The thirteenth eruption of Mt. Hekla started on 2 
September 1 845 and continued almost without inter
ruption until 10 April 1 846. 

Nrefurholtshraun is  the oldest historical lava field 
with both well known boundaries and age . Relatively 
detailed descriptions of the eruption were given by 
many contemporary authors (e.g . ,  Schythe 1 84 7). Later, 
Kjartansson ( 1 946) stated that Nre 1 845 was an enor
mously rough apalhraun ,  difficult to traverse, with 
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loose clinkers covering the massive part which will 
remain unstable as Mt. Hekla has not yet covered it 
with tephra. 

The lava flowed mostly to the west and northwest 
and covered about 25 km2. The border of the lava field 
is mostly situated between 420 and 250 m a.s . l .  although 
a narrow tongue reaches down to 1 50 m a .s . l .  (Fig. 9).  

On four occasions the field has been partly covered 
by tephra ( 1 9 1 8  (K), 1 94 7, 1 970 and 1 980/8 1 ). The 
tephra fall in 1 970 was very unevenly distributed (see 
1 0.2) . The thickness of the soil before 1 970 in some 
depressions was usually 1 0 - 1 8  cm. There is up to 4 cm 
of soil under the 1 9 1 8  (K) tephra layer and 2 cm 
between the tephra layers of 1 9 1 8  (K) and 1 947 . 

Studies of vegetation were carried out at three s ites :  

Nre 1 845-1. West ofthe mountain Melfell at 250 m a.s. l .  
The lava flow filled a small valley along the hillside of 
Markhl fo in the N refurholt mountains and surrounded 
the mountain Melfell where birchwood grows on its 
h i l lside. 

Nre 1 845-11. South of the mountain side ofSuourbjallar, 
just above 400 m a.s . l .  The site looked l ike a black 
desert after the tephra fall in 1 970 ( 1  0 .2) .  

Nre 1 845-III. Located in the middle of the steep hillside 
of Mt. Hekla, at 700 m a.s . l .  The site was covered by 
thick tephra ofthe eruption in 1 970. Previously, the site 
had been covered by heavy tephra deposits. This s ite 
becomes wet as it is supplied with water from thawing 
snow even until late in the summer. 

3.1.9 Krakatindshraun (Nyjahraun) 1878 

An eruption from a fissure began in the high-plateau 
about 1 0  km northeast of Mt. Hekla in late February 
1 878, located about 700 m a. s . l .  and almost surrounded 
by 800 to 900 m h igh mountains.  The eruption was 
comparatively small and involved no danger to the 
inhabitants. It lasted for three months.  The tephra fal l  
was s l ight and the tephra was canied by the wind to the 
unsettled part of the highland. 

The lava flowed from the 3-4 km long fissure and 
stretched out on both sides of the craters, covering the 
are a between the mountai n s  Krakati ndur  and 
Krokagiljaalda. The main lava flowed in a northwest 
direction and finally a big lava stream gushed through 
a narrow gorge to the north, down the s lope. There 
Krakatindshraun covers a wide plateau between the 
mountain range of the high-plateau and the mountain 



Valahnukar. Kr 1 878 has an area of about 1 5  km2, 
extending from almost 750 m down to 400 m a.s . l .  in 
the north. 

The surface ofKr 1 878 is very irregular. The clinkers 
consist of relatively big stones and boulders, but peb
bles are not common. The surface is rather stable and 
the stones do not move so the field is quite easy to cross. 
In 1 9 1 8  there was a small tephra fal l  from Katla while 
there was a heavy fall during the eruption of Mt. Hekla 
1 947, especially in the southern pat1 (>20 cm). The 
tephra has apparently vanished quickly down in the 
layer of cl inkers or has been taken away by wind and 
water. In 1 980/8 1 a good deal of tephra fell over some 
parts. 

Accumulation of aeolian materials from surroundings 
has been fairly great in some places. There is h igh 
influence of shifting sand and the effect reaches partly 
inside the whole lava field but mostly the first 200 m.  
The accumulation has contributed to  the stability of  the 
cl inkers by dropping down in hollows and crevices but 
has not leveled the rough surface. 

As mentioned earl ier, one part ofKr 1 878 is between 
600 and 800 m a.s . l .  and another between 400 and 600 
m a.s . l .  There is a big difference in the physiognomy of 
the vegetation in these two areas. Therefore, the veg
etation was studied at two sites: 

Kr 1 878-I. South of the mountain Valahnukar, at 450 
m a.s . l .  The surface i s  very homogeneous. Note that the 
depressions here are not as deep as in most other lava 
fields, rarely deeper than one to two meters. 

Kr 1 878- II. In the middle of the lava field at 7 1 0 m a.s . 1 .  
The 3 - 4 km long volcanic fissure, from which the lava 
emerged, is located in the middle of the plateau between 
700 and 800 m a.s. l .  

There i s  an  unusually rough lava field on  each side of 
the tephra cones. It is composed of relatively large, 
stable stones or blocks . The surface is composed of 
more or less large separated patches. The vegetation i s  
very sparse in this  broken ground and occurs on elevated 
surfaces separated from each other. 

3.1.10 Lambafitjarhraun 1913 

The lava field was formed during an eruption in 1 9 1 3  
from a 4 km long fissure .  The fissure runs i n  a northeast 
direction from the hi l l  Kr6kagiljabrun, crossing the 
river Helliskvfsl and the hi l l  Hrafnabj argaralda, and 
ends beneath the hyoloclastite mountain Hrafnabj0rg 
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(K jartansson 1 946). The eruption was small and caused 
no particular damage. Earlier, however, there was an 
productive pasture here with the name Lambafit. 
(Mundafellshraun was also produced that year, about 
1 3  km southwest of La 1 9 1 3 . It is excluded from this  
study. )  

Lambafitjarhraun i s  situated a t  about 400 m a.s.l .  and 
is about 6 km2 large. It is characterized by relatively 
small c l inkers and an even surface between the crags . 
The layer of clinkers is very loose and unstable. Small 
depressions and holes are very common but big fissures 
are rare except near the craters, beneath Hrafnabj0rg. 

La 1 9 1 3  has been covered by tephra on three occa
sions ( 1 9 1 8  (K), 1 947 and 1 980/8 1 ) . On all occasions 
the tephra falls were smal l and left hardly any traces. 
The tephra layer of 1 980/8 1 was only 0.2 - 0.5 cm thick. 

Beneath Kr6kagiljabrun the lava flow dammed the 
river Helliskvfsl and a lake was formed there. In some 
years the fine sediments from the river make the lava 
watertight and the river changes i ts flow to the north 
along the western side of the lava field. When the 
water-supply is smal l a large area of sand becomes 
bare. The river has carried a good deal of material into 
the southern part of the lava field, making it locally  
sandy. 

Studies of vegetation were only carried out at one 
site : 
La 1 9 1 3-1 .  At 420 m a.s . l .  

3.1.11 Lava field 1947 

The fourteenth eruption of Hekla lasted from 29 March 
1 947 to 2 1  April 1 948. The total volume of tephra i s  
estimated to  2 1 0  mil lion m3 ,  of  which 1 80 mil l ion m3 
fell during the first twenty- four hours. In the beginning 
of the eruption considerable amounts of tephra were 
carried with the wind, covering pasturelands and the 
settled districts in Flj6tshl fo and Eyjafj0ll  in the district 
of Rangarval lasysla, South Iceland. 

At first the main stream of lava flowed to the east 
from the 5 km long fissure of Hekla proper and two 
narrow flows went to the south. Later the eruption was 
confined to one crater at the southwest end of the 
fissure and thereafter the main lava flowed to the west 
(Fig. 9). In some cases, new lava streams flowed over 
older ones. The th ickness of the lava reaches about 1 00 
m in some places. Owing to its young age the surface 
of each clinker is fragile due to l i ttle weathering, 
implying that the microstructure varies considerably. 

The total area of Lf 1 947 is about 40 km2• It reaches 
from the summit of Hekla down to 250 m a.s . l .  The 
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Fig. 1 0 . Schematic presentation of the historical lava fields, their location, s ize and the investigated sites. 

surface is  very uneven with very loose, sharp-edged 
clinkers. According to the farmers it rarely happens 
that livestock or people try to cross the flow. The tephra 
fall in 1 970 was very unevenly distributed (see 1 0.2). 

The studies of vegetation were carried out at three 
sites: 

Lf 1 947-1 .  Southwest of the mountain Melfell ,  at 350 
m a.s. l .  

Lf 1 947-11. South of the mountain Melfel l ,  at 400 m 
a.s . l .  

Lf 1 947-11 1 .  North of the mountain Botnafjall ,  at 400 m 
a.s. l .  

3.1 .12 Lava fields 1970 

The fifteenth eruption of Mt. Hekla started on May 5 
and lasted two months. The eruption mostly took place 
in three fissures: (a) at the northeast edge of the ridge 
of Mt. Hekla (Lf 1 970-1) ,  (b) in the main fissure of Mt. 
Hekla furthest to the south west (Lf 1 970-11) ,  and (c) in 
the southsouthwest side of Mt. Hekla (Lf 1 970-111) .  

During the eruption, three separate lava fields were 
formed: (a) Lf 1 970-I, often called Skj6lkvfahraun, 
northeast of Mt. Hekla. In reality it consists of two lava 
fields emerging from two separate fissures (0ldugfgar 
and Hlfoargfgar) at a distance of 1 km, but they flowed 
together and cannot be distinguished. The jointly formed 
lava field extends from 600 m down to 300 m a.s . l . ,  
covering an area of 9.9 km2. The thickness is about 1 5  
- 20 m .  (b) Lf 1 970-11, without a name, i n  the southwest 

Acta phytogeogr. suec. 77 

of Mt. Hekla, stretches from 850 m down to 400 m a.s . l .  
with an area of 2 . 1 km2. The thickness i s  about 5 m. (c) 
Lf 1 970- Ill, without a name, coming from craters 
called Suourgfgar, stretches from 800 m down to al
most 600 m a.s . l .  with a area of 6.5 km2 almost to the 
south of Mt. Hekla. The thickness is about 8 - 1 0  m. 
This field has been excluded from these studies . 

Lf 1970 is typically apalhraun, although the lava 
fields differ somewhat from each other. Lf 1 970-1 is 
very rough with an uneven surface where depressions 
and crags alternate with a vertical range of 2 - 6 m. Lf 
1 970-1 1  is more level with smaller clinkers. Lf 1 970-Ill  
may be looked upon as a mixture of the two former 
fields as regards shape. These lava fields were covered 
by tephra in the eruption of 1 980/8 1 .  The heaviest 
tephra fall was on Lf 1 970-I, reaching 30 - 50 cm in 
thickness. 

Of the three separate lava fields, two will be de
scribed here: Lf 1 970-1 and Lf 1 970-II and were visited 
by the author in 1 97 1 ,  1 972, 1 973,  1 975 ,  1 977, 1 979 
and Lf 1 970-II also in 1 980. Lf 1 970-III is situated 
more apart from the two other fields and has therefore 
been visited more sporadical ly .  In this case the sites 
were not as restricted to certain squares selected in 
advance as in other places,  because of the bareness of 
the surfaces that were to be recorded for a period of 
years. Thus, the presence of species decided the choice 
of the sites: 

Lf 1 970-1,  studies mainly at ea. 400 m a.s.l. Aeolian 
material carried by wind had already been transported 
into the lava field during the first year. 

Lf 1 970-II, studies at ea. 600 m a.s . l .  Supply of aeolian 



material is very small,  because the site is surrounded by 
lava. However, traces of primary tephra covered the 
clinkers in depressions and holes to a greater extent 
than in Lf 1 970-1. 

3.1.13 Lava field 1980/81 

The eruption started on 1 7  August 1 980, only 1 0  years 
after the former one. After a plinian phase, lava was 
produced from a fissure along the Hekla volcanic 
ridge. The eruption lasted only four days. The bulk of 
the tephra fall had a northnortheast direction and cov-
ered about 1 7,000 km2 on land. Tephra fall within the 
20 cm isopach covered an area of 30 km2. The total area 
covered by lava was 24 km2, formed by six almost 
separate flows. A renewed activity started on 9 April 
1 98 1  from a new summit crater. It lasted only for eight 
days. The production of tephra was insignificant. The 
1 98 1  lava covers most of the flows from the 1 980 
eruptions, with a total cover of about 6 km2 (Grpnvold 
et al . 1 983) .  The lava field was visited by the author 
only once (see 8 .3 ) .  

3 .2 Short description of the 

investigated sites 

The study includes 1 3  dated historical lava fields. The 
total area including these fields is ea. 300 km2 . Within 
each field vegetation studies were carried out at 1 - 4 
sites, depending on the extent of the fields and their 
general character. An overview of the investigated lava 
fields, their  location, approximate area, and the studied 
sites is given in Fig .  1 0. 

In accordance with the general rule, the temperature 
decreases by approximately 0.6 °C per 1 00 m altitudinal 
increase. Interpolated values of temperature were cal-
culated for every 1 00 m increase of elevation ( 1 00 - 700 
m) by using the constant for temperature changes with 
variable elevation (Fig. 1 1 ) .  

Table 3 below includes information on a l l  studied 
sites: their age (a) in 1 980 (Lf 1 980/8 1 was investigated 
in 1 98 1  ), altitude (b) , estimated quantity of accumu-
lated material ( l -5) (c),  the % proportion of the differ-
ent topographical categories, the main surface (d), 
holes (e) and crags (f) according to the classification in 
the section 5 . 1 ,  and the references to the legends on the 
vegetational maps at each site (g) where a subsequent 
investigation was carried out (see 2 .2 . ) .  
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Table 3 .  Al l  the lava fields and s ites studied. a =  date of origin, 
b = m a.s . l . ,  c = quantity of accumulated material, d = 
percentage of main surface, e = percentage of holes, f = 
percentage of crags, g = references to the vegetational maps. 

b d g 

Efrahvolfshraun 1 1 58  
Ef 1 1 5 8-I 822 250 5 90 02 08 A l &C4 
Suourhraun 1 300 
Su 1 300-I 680 1 50 4 70 1 0  20 
A l X&C5X 
Su 1 300-II 680 250 80 05 1 5  A 1 X  
S u  1 300-III 680 480 5 80 1 7  3 
Norourhraun 1 3 89 
No 1 389-1 59 1 l OO 4 80 05 1 5  
A4X&C5X 
No 1 3 89-II 5 9 1  220 4 75 05 20 A I &C4 
No 1 389-l l l  591  300 70 30 A7 
No 1 389-IY 59 1 200 90 1 0  < 1  
Pa1ssteinshraun 1 554 
Pa 1 554-1 426 350 2 80 1 0  1 0  A 1 X  
Lava flow 1 693 
Lf 1 693-1 287 520 90 2 A? 
Trippafjal lahraun 725 
Tr 1 725-1 255 500 70 25 5 A l P  
Lava flows 1 766: 
Lf 1 766-1 )  2 1 4  650 80 1 5  5 A l P  
L f  1 766-II 2 1 4  450 5 80 1 5  5 A I  
Neefurholtshraun 845 
Nee 1 845-I 1 35 250 1 70 1 5  1 5  A I  
Nee 1 845-II 1 35 400 5 85 1 5  < 1  A lP 
Nee 1 845-III 1 35 700 5 90 1 0  0 
Krakatindshraun 1 878 
Kr  1 878-1 1 02 450 50 20 30 
Kr 1 878-II 1 02 7 1 0  50 20 30 
Lambafitjarhraun 1 9 1 3  
La 1 9 1 3-1  67 420 75 1 0  1 5  
Lava flow 1947 
Lf 1 947-1 33 350 20 40 40 A l P  
L f  1 947-II 33 400 1 6  42 42 A l P  
L f  1 947-III 33 400 1 6  42 42 A l P  
Lava flows 1 970 
Lf 1 970-1 1 0  400 0 0 50 50 
Lf 1 970-II 1 0  400 0 0 50 50 
Lava flow 1 980/8 1 I 450 0 0 50 50 
Lf 1 980/8 1 -1 450 0 0 50 50 
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Fig. 1 1.  Temperature diagrams ( interpolated values) for every 1 00 m increase of elevation ( 1  00-700) for the period of 
1 97 1 - 1 980. 
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4 Analysis of vegetation and vegetation-environment 
relations 

4. 1 Introduction 

At each site the topography, substrate, soil, flora and 
vegetation were analyzed. Moreover, some measure
ments on soil profiles were carried out and existing 
tephra layers examined. The sites measured at least 
50m x 50m, but most of them were much larger. In the 
youngest lava fields the occurrence of the plants was 
decisive for the delimitation of the sites. The choice of 
the sites was often difficult because of the irregularity 
of the topography and the mosaic structure of vegeta
tion. 

· 4.2 Vegetation description 

The vegetation description included a floristic inven
tory, analyses of the vegetation both of permanent and 
non-permanent plots, drawings and photographic 
documentation. The selected sample plots, each of 
0.25 m2, were located in homogeneous and represen
tative stands, usually 5 - 1 1  together in one part of the 
site. A smaller number of subplots was used when the 
total homogeneous area was too small, as in deep 
depressions. In many cases the microrelief has pro
duced a small-scale variation in the composition of the 
plant cover, especially in the holes. Where floristically 
and ecologically heterogeneous surfaces occurred 
within a few centimeters of each other and the cir
cumstances prevented a quantitative analysis, only 
presence or absence of species were recorded. 

The total number of analyses used in this paper are as 
follows: 

(1) 1 566 for the main surface. 

(2) 8 1  for the holes. 

(3) 13 for the crags. 

The species were recorded separately in a shrub-, a 
field- and a bottom-layer. Crustaceous lichens and 
mushrooms were usually excluded. Only two species 
belong to the shrub layer: Betula pubescens and Salix 

phylicifolia. Dwarf shrubs are included in the field 
layer owing to their small size. In most cases a sample 
of bryophytes and lichens was taken from the plots for 

further identification of the species. All these speci
mens are preserved in the author's  herbarium. 

The cover of the plant species was estimated accord
ing to the five degree scale ofHult-Semander-Du Rietz 
(Du Rietz 1 92 1 ) : 1 � 1 / 1 6, 2 = 1 / 1 6 - l/8 ,  3 = 1 /8 - 1 /  
4,  4 = l/4 - 1/2 and 5 � 1 /2. 

4.3 Division into three environments 

and environmental factors 

Both the macro- and microtopography of lava fields is 
extremely uneven. Even at a glance it is obvious that 
their vegetation is very heterogeneous and complex in 
relation to this irregularity. To cope with the irregularity 
some kind of division into more homogeneous envi
ronments is needed. The local type of variation of 
vegetation depends on the variation in abiotic and 
biotic factors. At each site the following abiotic factors 
were recorded: 
a. The irregularity of the topography (1) . The irregular
ity is based on the proportions of crags according to the 
division into the topographic features: main surface, 
holes, and crags (see further 5 . 1 ) . 
b. The age of the lava field (A). Information on the age 
of the lava fields is mainly according to Thorarinsson 
( 1 967). In some cases where the circumstances indicate 
some uncertainty, as in Lf 1 766, the studies were 
deliberately restricted. 
c. The elevation (E). The altitude above sea level was 
derived from the maps compiled by Thorarinsson 
( 1 967, 1 970). 
d. The number of deposited tephra falls (N). Each 
tephra fall has a great influence on the succession of 
vegetation. Therefore, it was considered that the 
structure of the plant cover depends on the number of 
tephra falls . The distribution and thickness of the 
tephra layers are often irregular around the volcanic 
vent itself in these rough lava fields. Therefore, the 
same number of tephra layers does not occur in all soil 
profiles at each site; the highest total number of layers 
was recorded. 
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e. The quantity of deposited aeolian material between 
the tephra l ayers (Q) . An estimation of the quantity of 
accumulated aeolian material, originating from wide 
open spaces in the vicinity, was recorded at each site .  
The estimations are based on the relative thickness of 
the accumulated aeolian material between the dated 
tephra layers and the tephra layers of more than 15 cm 
in thickness; the age of the lava fields was also taken 
into account (scale 1 - 5) .  
f. In addition to the cover of the plants, the cover of 
tephra (T) was estimated w ithin each plot using the 
same scale. 
g. The surface roughness was judged for every plot: 1 
;::: 2/3 even and unbroken surface,  2= 1 /3 - 2/3 even and 
unbroken surface and 3 :S: 1 /3 even and unbroken 
surface (R). 

Moreover, for the study of colon ization of plants in 
Lf 1 947 and Lf 1 970, i t  was useful to record (a)  the 
position within the layer of clinkers (P) ,  (b) the 
microsurface (texture) of the scoria (S) and the age of 
the lava field when the analyses were carried out (AE) . 

The position within the layers of cl inkers on the lava 
fields was divided into three rel ative categories: 1 .  
bottom of the clinker layer, 2 .  middle part of the clinker 
layer and 3. top of the clinker layer. 

It  was found sufficient to determine the general 
features of the microsurface (cf. Einarsson, T 1 949) 
using three distinct forms with a few subdivisions: A. 
dense surface (a. smooth, glossy surface and b. vesicles); 
B. spongy surface (a. somewhat spongy, b. moderately 
spongy and c. very spongy with many sharp points) and 
C. conglomerate. ' Red-brown conglomerates '  are pre
sent in all the lava fie lds but are not common and were 
therefore excluded. This c lassification was only used a 
few times in order to obtain a general survey (see 
8 .2.2) .  

In summary, the following environmental factors 
were used for synecological analyses : (a) tephra cover 
(T) and surface roughness (R), between each vegeta
tion analysis, (b) irregularity of the topography (1), 
e levation (E), number of deposited tephra falls (N) and 
quantity of deposited aeolian material (Q), between 
sites and (c) age of the lava field (A), between lava 
fields. 

4.4 Soil analysis and microclimatic 

measurements 

In 1 972 soil  samples were taken from some sites in 
seven lava fields. These were collected close to each 
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plot. The samples were taken in the uppermost 5 cm of 
the demarcated soil layer. The dominant grain size was 
estimated in the field. Measurements of pH and loss on 
ignition were carried out at the Agricultural Research 
Institute in Reykjavik. 

A few soil profiles were described both on and close 
to some older lavafields. On many of the youngest lava 
fields no soil has yet developed and at higher altitudes 
the soil consists of thick accumulated tephra. 

Most often only the total thickness of the soil was 
determined, but also the soil thickness beneath the 
oldest tephra layer and the accumulation of deposits, 
especially above the 2 or 3 youngest tephra layers. In 
most cases the profiles were compared in the field with 
the profile description by Thorarinsson ( 1 967) .  

Local temperature climate conditions were measured 
in two lava fields in 1 972. A 'Grant multipoint tem
perature recorder' (model D) was used for the record
ings. The instrument enabled temperatures from 28 
thermistor probes to be recorded automatically within 
3 minutes at intervals of one hour, w ith an accuracy of 
± 0.2 oc. The probes used were equipped w ith radiation 
shelters of aluminum foil during the measuring series. 

4.5 Multivariate analysis of 

vegetation and environmental factors 

The analyses from the main surface of the 1 1  oldest 
lava fields were treated with the clustering and relocation 
program TABORD (van der Maarel et al . 1 978 ,  van der 
Maarel 1 979) and with Canonical Correspondence 
Analysis (CCA, CANOCO program; ter B raak 1 986, 
1 987, Jongman et al . 1 987) .  Altogether there are 1 ,3 1 2  
analyses, distributed within the lava fields as follows : 

Ef 1 1 58:  99 Lf 1 766 : 1 03 
Su 1 300: 1 99 Nee 1 845:  1 84 

No 1 389: 232 Kr 1 878 :  72 
Pa 1 554: 1 08 La 1 9 1 3 : 9 1  
Lf 1 693 : 52 Lf 1 947: 1 47 
Tr 1 725 : 25 

The 254 analyses from Lf 1 970 and Lf 1 980/8 1 have 
been excluded from this treatment. 

The options chosen in the T ABORD program were: 
(a) clustering with weighted-pair-group agglomerative 
clustering with the similarity ratio SR as a measure of 
resemblance; (b) clustering was stopped at the fusion 
limit 0.50; (c) a threshold value of 0.30 was adopted to 
remove outlier analyses from clusters; (d) the resulting 
c luster structure was arranged in an ordered phyto-



sociological table (T ABOP) using a frequency l imit for 
characterizing species of 0.60. 

The primary clusters obtained in this way were found 
realistic and considered as local types and named after 
the constant dominating species (one or two).  

The 72 primary clusters from the 1 1  lava fields were 
treated again with TAB ORD (two-step analysis, cf. 
van der Maarel et al . 1 987) and CANOCO. Eleven 
second-order clusters were obtained; e ight primary 
clusters were considered either as vegetation frag
ments or initial stages. The 1 1  second-order clusters 
were arranged in a synoptical table and compared with 
existing typologies of lava vegetation . In this  way a 
final classification of c lusters was obtained. The final 
clusters were given the rank of community or variant, 
as will be explained in Chapter 7 .  

Canonical correspondence analysis, a special form 
of reciprocal averaging, presents a simultaneous ordi-
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nation of sample and species scores along the ordina
tion axes as wel l  as vectors (drawn as arrows) indicat
ing the direction and strength of correlation between 
vectors of floristic variation and the environmental 
vectors. 

The CANOCO outputs (axes 1 and 2) of each lava 
field were used to check whether the second-order 
clusters occupied continuous sectors of the diagram. If 
there were clear subsectors in  the diagram, which 
moreover clearly corresponded to a subgroup of analy
ses within a primary cluster, local variants were dis
tinguished and named after one differentiating species. 

The direction of each arrow shows the direction of 
increasing or decreasing influence of a certain factor, 
e .g . ,  for tephra: increase of cover; position: from the 
bottom to the top within the clinker surface ;  irregularity: 
increasing percentage of crags; age : from young to old. 
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5 Topographic classification, soil and microclimate 

5 . 1  Topographical habitat 

classification 

Most authors ( i .a. J6nsson 1 90 1 ,  1 906a, 1 906b, Hes
selbo 1 9 1 6, Gr�nlund 1 884 and Ostenfeld 1 899) have 
pointed out the i rregularity of the lava fields, but their 
systematical categories were vaguely defined and in 
most cases the age was unknown to them. In J 6nsson ' s 
survey ( 1 90 1 ) , for example, he enumerated only the 
species in different habitats (crags, herb-cavities, fis
sures, holes) and vegetation community types (Grimmia 
heath, shrub heath, birchwood, bloom mats and 
grasslands) in some lava fields in Sn::efellsnes, West 
Iceland. Steind6rsson ' s ( 1 964) classification into: 
' bruni ' ,  ' mosa]?emba' ,  'm6lendi ' and 'hraungj6ta ' has 
the drawback that it is a combination of d ifferent 
characteristics;  a bare patch (bruni) , vegetation type 
(mosa]?emba, m6lendi) and topography (hraungj6ta) . 
Therefore, terms had to be based on uniformity, which 
was easily distinguishable (see 3 .2,  Table 3) .  

The fol lowing categories were considered adequate 
for most lava fields with a pronounced topographical 
structure. The occurrence of these categories was es
timated at each site by inspection from a higher hi llock. 

I Main surface: The more or less flat parts of the 
lava field, ranging from shallow depressions to 
small hi l locks with more or less continuous plant 
cover, usually including a moss carpet. 

11 Hole: A depression with steeply sloping walls ,  or 
a crevice. 

Ill Crag : Perpendicular outcrop, often jagged. 

The differences between main surface, holes and crags 
are generally  well demarcated (Fig. 1 2) .  On a new lava 
field, however, no main surface can be distinguished, 
unti l ,  in most cases, Racomitrium lanuginosum forms 
a continuous moss carpet. In Lf 1 970 and Lf 1 980/8 1 
the categories 11 and Ill  occur in roughly equal pro
portions .  The main surface can also be demarcated by 
other species, e.g. Stereocaulon vesuvianum, or by very 
heavy tephra deposits. Table 3 (see 3 .2) gives the sizes 
(%) of the categories in the lava fields at each site. 
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Thi s  division has been used as a frame of reference 
in the Hekla area, where the lavas are all of the 
apalhraun type. It is possible to use this classification 
in the helluhraun as wel l ,  where the wide,  more or less 
bare, smooth and ropy lava forms the main surface.  A 
more detailed subdivision is possible, which should be 
l inked to characteristics of the vegetation. 

The proportion of the topographical categories is 
given in Table 3. The difference between the lava fields 
is mainly l inked to the development of a field, which 
generally depends on the growth of R. lanuginosum or 
the amount of accumulated aeolian material . There is 
a weak relation between the age and the proportion of 
the main surface, except for the youngest lava fields. 
The original feature of the lavas (topography of the 
clinker layer and the size and shape of each cl inker) is 
also a relevant factor but there no documentation or 
measurements are available. I t  must be stressed that the 
estimation of the main surface is not equivalent to the 
cover value of, e .g. ,  R. lanugin.osum . 

5.1 .1  Main surface 

The main surface occupies the largest part of the older 
lava fields; here some land use is possible, mainly 
sheep grazing. Usually,  the main surface develops as 
fol lows: smal l tussocks of R. lanugin.osum grow to
gether to form a continuous cover of moss, sometimes 
as a more or less continuous thick carpet or as bolsters 
and it may become up to 40 cm thick. The field layer is 
often poorly developed. The carpet may gradually 
grow over al l the holes; the underlying clinkers may 
sometimes be very loose and mobile for a period of 
many years . The Icelandic name for such a moss carpet 
is 'mosaj?emba' ,  meaning inflated moss. The moss 
cover mosaj?emba was cons idered the second step in 
the development of vegetation on lava fields (J6nsson 
1 906a) . 

In some depressions, R .  lanuginosum tends to be
come replaced by R.  can.escens, Drepanocladus unci
natus and/or Hylocomium splendens and also vascular 
plants become more scattered. In some places the main 
surface consists of sand or tephra flats. At higher 
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Fig. 1 2 . A s implified i l lustration, showing the division into 
the three topographical categories: a. main SUiface,  b. hole 
and c. crags. 

altitudes, Stereocaulon vesuvianum locally replaces 
R. lanuginosum in the carpet. 

5.1.2 Holes 

The Icelandic word 'gj6ta' means a more or less deep, 
irregular hollow or hole in a lava field, mainly made up 
of many surrounding, loose, pebbles. The holes differ 
in many respects from the caves and vesicular cavities 
which are common in the helluhraun. They are much 
more irregular in shape, usually less deep and wide. 
The border of the opening is less distinct and has no real 
kind of roof but can partly be covered by protruding 
stones. The holes are usually narrow and oriented more 
or less vertically with many ledges along their  sides. In 
older lava fields some of the holes have a sandy bottom, 
as in the cavities, but in others the bottom cannot be 
traced. Most of the holes are 20 - 1 00 cm deep but much 
deeper holes occur too, at least 4 m. The deepest holes 
have not been included in this investigation as they are 
most difficult to explore due to narrowness and loose 
pebbles. 

General ly speaking, in a new apalhraun there are 
cavities around each boulder, and therefore no two 
holes are alike. With the progress ive development of 
the main surface, either by accumulation of aeolian 
material or by the growth of R .  lanuginosum, the fre
quency of the holes decreases. The holes are feared by 
people and prevent them from crossing the lava fields. 

The holes are the most sheltered places, where the 
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influence of wind, water and environmental distur
bances (e.g .  grazing and trampling) is minimised. The 
duration of the snow cover is perhaps two to three 
weeks longer, on average. The living space for the 
species is physical ly restricted to a narrow ledge and 
they have to compete for l ight and space. 

5.1 .3 Crags 

The Icelandic word 'drangi ' means a more or less free
standing, often 'barren ' crag. The crags are often 
prominent and appear frequently in a lava field.  In this 
investigation all massive outcrops of lava rocks, which 
rise 0.5 - 3.0 m above the main surface, are treated as 
crags. They are highly differentiated as to surface and 
shape, ranging from vertical, smooth surfaces to 
horizontal small furrows and rock ledges, altogether 
providing a very rich variety of environmental condi
tions. 

The moss carpets of R. lanuginosum are often rup
tured at the crag base. The formation of the ' barren ' 
zone depends on water runoff or possibly in some cases 
on the idling of the sheep in poor weather. The w idth of 
the zone is highly variable, from a few centimeters to 
several decimeters . It is always leaning (20 - 15 %) and 
the soil is packed. 

The top of some lower crags can often be regarded as 
the continuation of the main surface with the well
developed moss carpet of R .  lanuginosum . Such tops 
are excluded here. On the other hand, bird mounds are 
included here although their vegetation is somewhat 
different. 

5 .2 The soil 

5.2.1 Soil formation 

All definitions of soi l  are mostly limited . The widest 
definit ion is "the material in  which plants root" 
(Etherington 1 975) or "a dynam ic,  three-dimensional 
piece of landscape that supports plants" (Kellogg & 
Nygard 1 95 1 ) . According to common definition (e.g.,  
Daubenmire 1 948) there i s  no ' so i l '  in a barren lava 
field. Perhaps it is more realistic to talk about substrate 
than soil. 

The first stage in the developing process, which leads 
to formation of soil ,  has been discussed by several 
authors (i .a. Cracker & Major 1 955 ,  Cooper & Ru
dolph 1 953 , Jacks 1 965, Tagawa 1 964, Atkinson 1 969). 
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The raw material for soil formation is the result of 
physical and chemical weathering of the bare lava 
surface. Further development is an interaction of bio
logical, climatic and topographic factors. The impor
tance of each factor depends on the environmental 
conditions in a certain place. 

According to Tagawa ( 1 964 ), the formation of soi l in 
the lava fields can take place in three ways: (a) accumu
lation of volcanic ash and small pieces of pum ice 
gravel ,  (b) physical and chemical weathering of lava, 
and (c) addition of humus from organisms. He pointed 
out that the accumulation takes place more rapidly than 
other processes, and he agrees with Cooper & Rudolph 
( 1 953)  that the role of l ichens in soi l  formation in an 
early stage of plant succession has been exaggerated by 
many authors. 

In a young apalhraun the scoria blocks on the surface 
are very loose and unstable. This is most obvious where 
the boulders are between 20 and 50 cm in diameter. The 
scoria blocks are irregularly arranged on the central 
massive part and it certainly takes about 40 to 80 years 
or more before they become fairly stabil ized. In the 
oldest lava field, Ef 1 1 58 ,  there are sti l l  some unstable 
areas and Lf 1 947 and younger ones are almost inac
cessible for the same reason. Even when the surface is 
completely covered by a moss carpet, considerable 
movements may occur. 

The weathering process of the la vas is of particular 
importance during the first stage of colonization of 
plants but has only a small influence on further soil 
formation . The spinous surface parts of the scoria are 
very fragile and smal l amounts of cracked fragments 
are accumulated in small ledges, crevices and vesicles. 
This is most obvious in the early years, when the 
pioneer plants colonize the bare lava. The broken 
pieces of the scoria blocks can hardly be separated 
from primary tephra, which is also present in most new 
la vas. 

In the older lava fields, the soil i s  almost exclusively 
volcanic loess formed by surface redeposits of tephra. 
The main bulk of the volcanic loess originates from the 
black tephra. Although the si l icic (dacitic, rhyolitic) 
tephra layers may be of importance for the formation of 
soil in some places, it is of l imited value for the 
formation of soil in the historical lava fields. The 
' Selsund pumice ' has accumulated in a small tongue of 
Su 1 300, but most of that part has been omitted in this 
study. 

The decomposition of the organic fraction is very 
slow. The growth rate of the main plant species, 
Racomitrium lanuginosum, is low but nevertheless the 
organic matter in the soil (% of dry matter) is relatively 
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Fig. 1 3 . Sketches of soil profiles measured in five lava fields. 
All these profiles are from depressions, therefore, the thickness 
of the soil is the maximum one. Not all tephra layers have 
been dated. 

high. In l 0 randomized samples in soils of some 
depressions from three lava fields (Ef 1 1 58 ,  Su 1 300 
and No 1 3 89) w ith l ittle to moderate accumulation, 
organic matter amounted to 1 6.4 - 49.6% (average 
34.2%). J6nsd6ttir Svane ( 1 964) reported from Ping
vallahraun and its v icinity equally high val ues of 
organic matter (3 1 .75 - 5 1 . 1 5  %, average 43 .58%) in a 
R.  lanuginosum heathland. 

The decomposition of R . lanuginosum seems to de
pend on the habitat and also on the quantity of accumu
lated aeolian material. In depressions which are moister 
than the h illocks there is a h igher activity of soil 
bacteria. In a moss carpet of R . lanuginosum, with small 
or no deposits of aeolian material , it is difficult to 
define the l imit between R. lanuginosum and the soil .  
In contrast, where some accumulation occurs there is a 
distinct sand layer 3 - 1 5  cm below the surface ofthe R. 
lanuginosum carpet. The decomposition of R. lanugi
nosum produces infertile raw humus. 

The structure of the volcanic loess or silt loams is 
weakly expressed, w ith very s light plastic properties 
and very weak cohesive forces . The soil between the 
tephra layers is coarse, mostly sandy to fine-sandy, 
rarely silty (fractions 2 - 0.02 mm) ,  with extremely low 
or no c lay fraction. Therefore, the soil is unproductive 
and hardly reaches any kind of equil ibrium, being 
always in a process of changes due to the permanent 
accumulation of aeol ian material. Lava fields with a 
poor field layer are of very small value for livestock 
grazing. A soil profile with c learly differentiated hori
zons has not been documented but may exist only in the 



surface layer of organic matter in some depressions of 
the oldest fields (Ef 1 158 ,  Su 1 3 00 and No 1 389). 

5.2.2 Soil profiles 

Outside the lava fields, soil profiles are mostly in  
accordance with each other. On the fields themselves, 
some dissimilarities were noticed, partly because of 
the difficulties in getting perfect profiles in such a 
rough area. Level surfaces on flat areas for tephro
chronological studies are not always available in the 
Hekla area. 

The soil of the lava fields may be almost absent on 
barren lava but in other places the thickness may reach 
up to almost one meter, with the profile intersected by 
various numbers of demarcated tephra layers (Fig .  1 3) .  
In the so i l  profiles, some tephra layers originate from 
eruptions in other parts of the country; the most 
prominent are the tephra layers originating from the 
Katla eruptions in 1 72 1  and 1 9 1 8. 

The soi l  profiles are much thicker off than on the lava 
fields. This  difference is  much less prominent close to 
the edge of a lava field than further away. In the region 
west of Mt. Hekla, depths of 50 - 80 cm down to the 
tephra layer of 1 845 and 1 50 - 250 cm down to the 
tephra layer of 1 5 1 0 can frequently be measured. On 
the lava fields the corresponding figures are 5 - 1 2  cm 
and 40 - 70 cm, respectively. 

The reason is  that many of the lava fields are shel
tered from northeasterly winds and large tephra flats. 
Furthermore, considerable quantities of deposits are 
needed to fi l l  up the scoria, because where the surface 
is rough ,  aeolian sand/tephra disappears into cavities. 
On the other hand, i t  should be noted that deposited 
tephra layers are usual ly thicker on than off the lava 
fields. In a 70 cm thick soil profile in Su 1 300, 53 % 
consisted of demarcated tephra layers but in a rofabard 
outside the lava field there was only 27%. 

5.2.3 The rate of increment 

By measuring the thickness of the soi l  between sepa
rate and dated tephra layers in soil profiles it is possible 
to get a figure of the rate of increment and to some 
degree also information on the rate of erosion in the 
vicinity. 

In several soil profiles outside the lava fields the 
thickness of the soil was measured between a number 
of dated tephra layers. From these figures the annual 
average rate of increment (mm/year) was calculated: 

year 
interval 

1 000- 1 300 
1 300- 1 34 1  
1 34 1 - 1 5 1 0 
1 5 1 0- 1 693 
1 693- 1 766 
1 766- 1 947 
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average rate of 
increment (mm/year) 

0.8 
1 . 1  
0.8 
1 .7 
2.2 
3.8 

From these measurements of soil profiles the conclu
sion can be drawn that the threatening erosion in  the 
area of Hekla became noticeable in about 1 5 1 0 or even 
somewhat later. During the eruption of Hekla in 1 5 1 0, 
2 1 5  million m3 of tephra fell  on land, covering at least 
3 ,000 km2 (Thorarinsson 1 967) .  Together with agri
cultural practices and other human interferences, this 
was probably the main reason for soil erosion starting 
in the Hekla area. The th ickening rate of the volcanic 
loess depends mainly on eroded soil-covered areas and 
the availabil i ty of sandy flats in the vicinity. The sandy 
flats are extremely unstable during dry conditions. The 
sand/tephra begins to move already at a wind force of 
0.5 - 1 .0 m/sec. In heavy storms it is quite impossible 
to stay outdoors in these areas as the fine dust penetrates 
clothes and all equipment. In addition, the landscape 
and prevailing dry wind must be considered. 

5.2.4 pH values 

The sl ightly acid soil had an average of pH 6 .5  (5 .7 -
6.9). The highest and lowest values were found i n  the 
same lava field and within  one plant community. There 
was no significant difference between the lava fields. 
The following results from the pH -measurements were 
obtained: 

pH pH 
Ef 1 1 5 8 6.5 Lf 1 766-1 6 .5 
S u  1 300-1 6.6 Na: 1 845-1 6.7 
No 1 3 89-1 6.4 La 1 9 1 3  6 .5  
Lf l 693 6.5 

For comparison, M0lholm Hansen ( 1 930) reported pH 
values of 6.2 - 6.5 in ' mosa)?emba' on Lyngdalsheioi and 
J6nsd6ttir  Svane ( 1 964) 5 .2 - 6.0 (average 5 .8 )  in 
Racomitrium vegetation in P ingvallahraun.  Gunn
laugsd6ttir ( 1 985) reported pH values of5 .2 - 6.4 in the 
soil of uneroded heath land and 6.2 - 7 .6 in soils of the 
deflated heathland vegetation near the farm Gun
narsholt, about 1 5  km south of the Hekla area. 

According to J6hannesson ( 1 960), the pH value of 
the surface layer of si lty loam in South Iceland is 6 .2 (± 
0.4 ). He stated that there are two major factors that 
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influence the soil pH: "the amount of mineral surface 
deposits and the amount of precipitation. Increased 
mineral deposits tend to increase the pH; increased 
prec ipitation, or increased leaching, has the opposite 
effect ."  

5 . 3  Microclimatic conditions 

Several important investigations have dealt with mi
croclimate in  special habitats and plant communities 
in Iceland. Nevertheless, no measurements have been 
carried out in lava fields, except for some thermal areas 
ofSurtsey (Sjogren 1 974). A few temperature recordings 
were carried out in La 1 9 1 3  and No 1 389 in August 
1 972 in cooperation with Dr. E. Sjogren. The aim was 
mainly to study the presumed large fluctuations of 
temperatures in some habitats as compared to nearby 
habitats with much more stable temperature conditions. 
These temperature conditions, naturally related to 
widely different humidity conditions, are of course, 
important for the colonization of various plant species. 
As an example, the temperature variations from La 
1 9 1 3  are discussed below. 

The measurements were carried out on 8 - 9 August 
from 1 6.00 h to 1 5 .00 h .  The weather conditions were 
characterized by cloudiness of 50% but no rain, and 
weak northerly winds (ea. 5 m/sec). These conditions 
perhaps did not give the most pronounced differences 
in the series of temperatures obtained at different 
points, as overcast weather tends to reduce the tem
perature variation (Sjogren 1 973) .  

A total of 16 probes were placed at  different sites,  of 
which 8 wil l  be presented (Fig. 1 4: A - C).  
- A. Three of the probes were located in the middle of 
the main surface, two at the ground (a and b) and one 
in a tuft of R. lanuginosum (c) : 

a: max. 28.0, min. - 1 .0, mean 8 .4 oc 
b: max. 1 4. 1 , min. l .3 , mean 7.4 °C 
c :  max . 20.6, m i n .  2.3, mean 7.5 oc 

- B. Four probes were located at different sites at the 
bottom of a 20 cm deep and relatively broad hole, one 
at the border where the vertical cliff above faced south 
(a) the second in the middle of the hole (b) the third at 
the border, where the vertical cliff above faced north 
(c) and the fourth in a shelter, protected against exposure 
(d) : 

a: max. 9 .8 ,  min.  3.4, mean 4.5 oc 
b: max. 1 8 .8 ,  min .  2 .0 ,  mean 7 .3  oc 
c :  max. 1 3 . 5 ,  min .  2.5 , mean 6 .9  oc 
d:  max. 1 0.7 ,  min .  3 .7 ,  mean 6.6 °C.  
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Fig .  1 4. A-C. Temperatures recorded with 8 thermistor 
probes in Lambafitjarhraun lava field from the 1 9 1 3  eruption. 
The position of the probes is described in the text ( section 
5 .3) .  



- C. Finally, one was located in the bottom of a narrow 
(ea. 1 0  cm) and 50 cm deep fissure 

a: max. 5 . 2, min. 4.6, mean 4.9 °C 
The highest and lowest air temperatures were re

corded on bare ground in the middle of the main sutface 
with an ampl itude of 29.0 oc. The mean temperature 
was also higher there than in other habitats (8 .4 °C) 
where recordings were made (A:a) .  The series of 
temperatures from the hole show a lower mean value 
and temperatures within a smaller ampl itude. The 
greatest variation inside the hole was in the middle, 
1 6.8 °C, as could be expected, and the smallest was in 
the shelter, 7 .0 oc. The hole differs, moreover, from the 
surface by its higher n ight temperature and lower day 
temperature. In the nan·ow fissure the temperature 
range was only 0.6 °C and the mean only 5 .4 oc. 

The minimum temperature in the main surface oc
curred at 06.00 h in the morning, and in the hole it was 
not delayed more than 1 hour, except for B :a (facing 
south) ,  where i t  occurred at 1 2 .00 h .  In the fissure the 
minimum temperature, 4.6 °C, remained unchanged 
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between 1 0.00 - 1 2.00 h. 
The maximum temperature in the main surface and 

the hole occurred at 1 5 .00 h, except in B :d  (in the 
shelter) , where it occurred 5 hours earlier. In the fissure 
the maximum temperature, 5.2 °C, remained unchanged 
from 1 6.00 - 2 1 .00 h. 

One of the general features of the temperature se
quences within the measuring area was the wide range 
in the main surface and the levell ing effect of the hole 
and fissure. The temperature extreme was found where 
the exposure was strongest, i n  the main habitat of R.  
lanuginosum, suggesting that the species is  not par
ticularly sensitive to temperature variations (cf. Kallio 
& Heinonen 1 973) .  The vegetation in a hole or fissure 
is  subject to different microclimatic conditions ,  which 
results in  a clearly different plant cover. Probably , the 
main microclimatic features described are character
istic in a lava field, but supplementary measurements 
are naturally required within the microsites during 
different seasons of the year in order to permit a more 
detailed description of the microclimatic conditions. 
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6 Floristical Notes 

6. 1 Vascular plants 

The nomenclature used for vascular species is accord
ing to Lid ( 1 985),  except for a few taxa which occur in 
Iceland but not in Fennoscandia. For those (Epilobium 
latifo/ium, Platanthera hyperborea and Salix cal
licarpaea) Flora Europaea has been followed. Voucher 
specimens of critical species are deposited in the au
thor's herbarium. The total number of vascular species 
in Iceland amounts to about 470 (Bjarnason, A.H. 
1 983)  of which 93 (20 %) are known from the lava 
fields. In the investigation of the main surface, 8 1  
vascular species are included (7 1 i n  Tables) .  The other 
species are either rare there (e. g. ,I unipe rus communis, 
Cassiope hypnoides, Lathyrus japonicus) or mostly 
confined to holes or crags, mainly the barren zone. 
They occur only occas ionally  on the main surface (e.g., 
Saxifraga cernua, Sibbaldia procumbens, Rhodiola 
rosea). Twelve species were recorded in holes and 3 8  
o n  crags.  

All  recorded species are fairly common e lsewhere in 
Iceland. Most of the vascular species, which form the 
luxurious vegetation in clefts (cf. gja-vegetation, 
Gr!l)ntved 1 942) belonging to ground-flora of woods 
and scrubs, do not occur in the Hekla area. Variants 
were not taken into account but several species are 
represented with shade forms (cf. Str!l)mfelt 1 884, 
J6nsson, H.  1 90 1 )  of low taxonomical value. 

6.2 Bryophytes 

A large number of cryptogams was recorded in this 
study . Their identification has natural ly met several 
taxonomic problems.  For example, one of the problems 
has been the rich morphological variation of many 
species according to habitat. For this reason, the fol
lowing comments on a small selection of species have 
to be made. 

The bryophyte nomenclature follows Corley et al . 
( 1 98 1 )  and Grolle ( 1 983) ,  except for Antheliajulacea, 
which includes A. juratzkana. The total number of 
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bryophyte species in Iceland amounts to 4 1 6  mosses 
and 1 46 1 iverworts (J6hannsson 1 983) ,  of which 83 (20 
%) and 42 (29 %) species respectively were recorded 
in the lava fields. In the investigation of the main 
surface, a total of 59 mosses and 37 liverworts was 
found. Among bryophyte species recorded in holes, 50 
were mosses and 27 were liverworts, whereas on crags 
the corresponding figures were 56 and 22, respec
tively. These figures are interesting when considering 
the large areas occupied by the main surface as com
pared to the crags and holes.  The difference does not 
seem to be large but, as pointed out by Hesselbo ( 1 9 1 8  
p .  6 1 8) ,  i n  a lava field "species occurring on rocks and 
on the ground are always found both on the walls and 
also on, and among, the blocks". 

Regarding the Racomitrium canescens group, the 
taxonomical division according to Frisvoll ( 1 983)  has 
not been followed. According to J6hannsson ( 1 984 ), 
R. ericoides is the most common member of this group 
in Iceland . R. canescens is most common in the north
ern and eastern parts but is also found elsewhere. B oth 
species occur in the Hekla area. 

The species Encalypta brevipes Schlj ak. was only 
recorded in No 1 389 and Nre 1 845 but may be more 
widespread. The reason is that the identification was 
not possible before the paper of Horton ( 1 980).  The 
species seems to have a continuous but restricted 
southwesterly distribution in Iceland (J6hannsson 
1 984). 

Asexual diaspores (propagules or gemmae) do not 
seem to be more frequent in the lava fields than in other 
habitats. About 1 0  % of the mosses in the lava fields 
frequently produce asexual diaspores. In the taxonomic 
literature the gemmae of Dichodontium pellucidum are 
rarely mentioned. In Lf 1 947 and Lf 1 970 the species 
are highly gemmiferous .  

The relatively large number of l iverworts was ex
pected due to the numerous microhabitats. Their deter
mination has involved several difficulties, mainly due 
to the fact that they are scattered and rarely occur in big 
mats . They are often damaged by tephra. Many species 
are h ighly variable, such as Lophozia sudetica and 
Tritomaria quinquedentata. No attempt has been made 
to evaluate the taxonomic status of the variants. 



6.3  Lichens 

Altogether 43 l ichen species were identified and the 
nomenclature is the same as used by Santesson ( 1 984 ) , 
except for the genus Stereocaulon (Kristinsson 1 982). 
The l ichens were less intensively studied than the 
vascular species and the bryophytes, except for the 
genus Stereocaulon (see below). The number of re
corded species is, therefore, less rel iable. One new 
species for Iceland was recorded: Lobaria laetevirens. 
It was collected from the lower part of a crag, facing 
south in Lf 1 9 1 3 .  The material was identified by Prof. 
Rolf Santesson in Uppsala (Bjamason, A.H. 1 985) .  

A total of 13 species of the genus Stereocaulon 
has been recorded in Iceland (Kristinsson 1 983 ) .  The 
following species were found in the lava fields : 
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S .  vesuvianum, S .  botryosum, S .  arcticum, S .  vanoyei, 
S. depressum, S. rivulorum, S. alpinum and S.  
capitellatum. The dominating species i s  S. vesuvianum. 
It is not always well distinguished from S. arcticum. 
The distinguishing character, Stigonema algae in the 
cephalodia of S. vesuvianum and Nostoc in those of 
S. arcticum, is probably not reliable. Both species can 
grow on bare rock. In a thick carpet the pseudopodia of 
both species wil l  die off at the base and they become 
gradually earth-lichens. According to Gall0e ( 1 920) 
this i s  a form intermediate between an earth-lichen
association and a rock-lichen-association, which is 
related to the influence of aeolian material. Other 
Stereocaulon species occur only scattered on protruding 
stones (S. botryosum, S. depressum) or in the carpet of 
R. lanuginosum and on sandy flats (S. alpinum, S. 
rivulorum) . S. capitellatum was only found in Lf 1 947 
and Lf 1 970. 
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7 The vegetation of the eleven older lava fields 

7 . 1 Introduction 

Thi s  chapter deals with the plant communities distin
guished on 1 1  historical lava fields in the Hekla area. 
These local community types will be compared with 
earlier descriptions of similar Icelandic vegetation. 
The main emphasi s  will be on vegetation dominated by 
the moss species Racomitrium lanuginosum, which is 
well represented in Iceland as well as widely through
out the world (Kal l io & Heinonen 1 973).  S ites domi
nated by this striking vegetation, easily recognized 
even at a distance,  are named ' he io i '  (pl. heioar) in 
Icelandic, which means highland, low, open elevation 
or uncul tivated tussocky ground (equivalent to heath in  
English; Heide in  German; hed i n  Swedish; closely 
related to heathen, perhaps a translation of latin pagus, 
countryman).  

Natural ly ,  these heioar have attracted the attention of 
earlier Icelandic botanists . In section 7.2 a survey of 
vegetation types described earl ier is presented. The 
vegetation typology of the 1 1  older historical lava 
fields will be introduced in a general section, 7 .3 ,  
where the more important communities and variants 
will be described more formally. There is also an 
enumeration of all the lava fields where each commu
nity in question is  represented. Communities and vari
ants occurring on only one lava field will be described 
in a subsequent section dealing with individual lava 
fields. Table 4 is a survey of the plant communities 
with their  variants as dist inguished in  the 1 1  historical 
lava fields , arranged in physiognomical groups (dom. 
= dominant species; subdom. = subdominant species; 
diff. = differentiating species; var.  = variant; sl = shrub 
layer; fl = field, l ayer; bl = bottom layer) . Table 5 
presents the floristic composition of the majority of 
primary clusters as arranged within the communities 
and variants distinguished (second-order clusters). The 
community numbers in this table are the same as in 
Table 4. Also, each c luster has got a number, which has 
also been included in the synoptic tables and in the 
ordination diagrams presented for each lava field. 
Several primary clusters could not be easily placed in 
this system as the species composition includes only  
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very few species, usual ly with low cover values. Some 
of them, from Lf 1 94 7, have been named ' initial stage ' 
as far as they could be interpreted as such. Other 
c lusters of that kind could not even be interpreted 
because they are remnants of highly damaged commu
nities. They have been omitted from the final descrip
tion but their flori stic composition can be derived from 
the synoptic tables for each lava field (vegetation 
fragments). For each community type the characteris
tic species are indicated : dominants with a cover value 
::?: 3 either in the field layer or in the bottom layer, 
differentiating species, restricted to the type or to a few 
types and occurring with high constancy. The variants 
are characterized by subdominance of at least one 
species with a cover value of � 2.  

In sections 7 .3  - 7 . 1 4  the composition of these 
communities, variants as well as local facies will be 
described and interpreted for each of the l ava fields 
included in this study, starting with the oldest field. The 
synoptic tables (Tables 6 - 1 6) include mainly the 
species with distinctive characters. The species occur
ring in only one or two clusters with synoptic value of 
only 1 have been deleted from the tables ,  unless they 
are considered characteristic species, differentiating 
the c lus ter( s) from other ones . These additional species 
are mentioned below each synoptic table. Some eco
l ogical remarks i l lustrating the relations between the 
p lant communities distinguished and the main envi 
ronmental factors within each lava field are also in
cluded (Fig. 1 9 - 29) . In sections 7 . 1 5  and 7 . 1 6, the 
vegetation in holes and on crags will be discussed. 
Finally, Chapter 1 1  will be devoted to a discussion of 
the synecological and syndynamical relationships be
tween the various communities in relation to the age of 
the fields, altitude and local substrate characteristics. 

7 .2  Survey of plant communities 

described earlier 

During recent decades a large number of Icelandic 
plant communities have been described by many au-



Table 4. Survey of plant communities with their  variants 
distinguished in the 1 1  historical lava fields, arranged in 
physiognomical groups. dom. = dominant; subdom. = sub
dominant; diff. = constant, differentiating species; var. = 
variant; sl = shrub layer; fl = field; layer; bl = bottom layer. 
Each group has a special number which refers to the ordination 
diagrams presented for each lava field (Figs. 1 9  - 29). 

I RACOMITRIUM HEATH VEGETATION 

I. Racom itrium lanuginosum comm. 
dom. R. lanuginosum bl 
diff. Pogonatum urnigerum bl 
Polytrichum pi l iferum bl 

1 . 1  Sal ix var. subdom. 

1 .2 
1 .3 

Empetrum var. 
Stereocaulon var. 

2.  Racomitrium canescens comm. 
dom. R. canescens bl 
diff. Anthe l ia  julacea bl 
Pohlia drummondii bl 

subdom. 
subdom. 

Gymnomitrion coral l ioides bl 

2. 1 
2.2 

Salix var. subdom. 
Empetrum var. subdom. 
diff. Solorina crocea bl 

l J  CHIONOPHILOUS VEGETATION 

3. Stereocaulon vesuvianum comm. 
dom. S. vesuvianum bl 
diff. Placopsis gelida bl 

4. Drepanocladus uncinatus - Carex bigelowii 
dom. D. uncinatus bl 
diff. C. bigelowii bl 

5.  Anthel ia julacea - Pohlia drummondii 
dom. A.  julacea bl 
diff. P. drummondii bl 

I 1 I  DWARF SHRUB VEGETATION 

6. Empetrum nigrum - Racomitrium lanuginosum 
dom. E. nigrum fl 
diff. B. pubescens si 
Gal ium verum fl 

S. herbacea f1 
E. nigrum f1 
S. vesuvianum bl 

S .  herbacea fl 

E. n igrum tl 

6. 1 Arctostaphylos var. subdom. A. uva-ursi fl 
diff. Agrostis stolonifera fl 

6.2 Vaccinium var. subdom. V.  u l iginosum f1 
diff. D. flexuosa fl 

6.3 Sal i x  var. subdom. S .  phy l icifo l ia  fl 
diff. S. phylicifolia f1 

6.4 Hylocomium var. subdom. H.  splendens bl 
diff. Thalictrum alpinum 

IV GRASS HEATH 

7. Agrostis v inealis - Drepanocladus uncinatus 
dom. A.  vinea l i s  f1 
diff. Rhytidiadelphus squarrosus bl 
Cerastium fontanum fl 

V SAND AND OPEN FIELD VEGETATION 

8 .  Luzula spicata - Festuca vivipara 
8 . 1  Thymus var. subdom. T. praecox ssp. arcticus fl 
9. Festuca rubra - Agrostis stolonifera comm. 

dom . F. rubra 
diff. A. stolonifera 

I 0. Calamagrostis stricta - Festuca rubra comm. 
dom. C.  stricta fl 
diff. Cerastium alpinum f1 

1 1 . Oxyria digyna - S ilene marit ima comm. 
dom. 0. digyna fl 
diff. S .  mari tima f1 
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thors using several methods. These plant communities 
have only partly been described syntaxonomically,  i .e .  
as units in the Braun-B lanquet ( 1 964) phytosociological 
system. The h itherto most comprehensive survey is 
that of Steind6rsson ( 1 97 4 ). A summary of relevant 
descriptions of community types which may occur in 
the Hekla  area, will be given below. However, almost 
all previous descriptions of lava vegetation and similar 
communities are based on data from much older 
substrate, and not always from lavas. In several cases 
the cryptogams were not taken into account. Therefore, 
a comparison is often difficult. 

7.2.1 Main surface 

Racomitrium heaths and a special landscape of dwarf 
shrubs, with R . lanuginosum in the bottom layer, occur 
especially in rainy and exposed sites, from southeast to 
west Iceland and in the northeast. They are rare in the 
driest parts of the east, north and northwest parts 
(Steind6rsson 1 964) . According to J6nsd6ttir Svane 
( 1 964 ), the main factor, influencing the distribution of 
well-developed heaths are the number of months (max. 
4) with a mean temperature below 0 °C, high annual 
rainfall and short duration of a thin snow-cover. In 
these areas cold, short periods with temperatures be
low zero occur frequently during the growing season. 
Many vascular species, especially shrubs, become 
severely damaged and must regenerate from the roots. 
These cold spells may delay the establishment of 
vascular species and make it  difficult for them to 
capture the habitats occupied by R. lanuginosum. 
Racomitrium heath (mosa)?emba) becomes most ex
tensive and best developed on a lava field, which can 
be regarded as the type-locality for mosa]?emba veg
etation (Fig. 1 5 ) .  According to Tallis ( 1 958)  the distri
bution of Racomitrium heaths in Scandinavia is  chiefly 
governed by the absence of competition. However, in 
the Arctic i t  is  determined mainly by a high annual 
rainfall .  

Racomitrium heaths, notably with R. lanuginosum, 
have often been described from Iceland (under diffe
rent names) and there are numerous references to them 
in l iterature, e.g . ,  J6nsson ( 1 895, 1 90 1 ,  1 906a, 1 906b), 
Ostenfeld ( 1 905) ,  Hesselbo ( 1 9 1 8) ,  MySlholm Hansen 
( 1 9 30) ,  Ste ind6rsson ( 1 930,  1 93 6, 1 945 , 1 966) ,  
McVean ( 1 955), J6nsd6ttirSvane ( 1 964), Hadac ( 1 972) 
and Gunnlaugsd6ttir ( 1 985) .  Most of the older publica
tions only report species present in the Racomitrium 
heath, without any sociological description. In some 
cases it  is also difficult to discern whether the substrate 
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is a lava field or a hyaloclastic rock. 
In depressions , on slopes and in late-snow patches, 

R . lanuginosum heath is replaced mainly by a vegeta
tion type with R. canescens, often mixed with other 
species. Some authors relate the R. canescens com
munity types also to the mosaj?emba (J6nsd6ttir Svane 
1 964, Steind6rsson 1 966, McVean 1 964a) . Others 
consider it as grassy heathland but emphasize the great 
affinity to the R . lanuginosum heaths (Gunnlaugsd6ttir 
1 985) .  However, these two community types differ 
from each other both in environmental conditions and 
floristically,  and they should not be united into one 
community. This conclusion is confirmed in the present 
study. 

The treatment by some of the authors of Icelandic 
heath communities rich in Racomitrium can be sum
marized as follows: 

1 6nsd6ttir S vane ( 1 964) 
a) Rhacomitrium (= Racomitrium) lanuginosum ' Heide ' 

Rhacomitrium type 
Thalictrum alpinum - Rhacomitrium soc. 
Carex bigelowii - Rhacomitrium soc. 
Salix herbacea - Rhacomitrium soc. 

b) Rhacomitrium-reiche 'Zwergstrauchheide ' 
Empetrum hermaphroditum - Rhacomitrium canescens 
- Rhacomitrium lanuginosum soc. 
Betula nana - Empetrum hermaphroditum soc. 
Empetrum hermaphroditum - Cladonia mitis 
Rhacomitrium lanuginosum - canescens soc. 
Empetrum hermaphroditum - Loiseleuria pro
cumbens soc . 
Cassiope hypnoides - Loiseleuria procumbens soc. 
B etula nana - Vaccinium myrtil lus soc. 
Vaccinium uliginosum - Vaccinium my1ti l lus soc. 
Vaccinium uliginosum - Rhacomitrium canescens soc . 

c) Rhacomitrium canescens ' Heide' 
Anthoxanthum odoratum - Deschampsia flexuosa soc. 
Deschampsia flexuosa - Rhacomitrium canescens soc. 

Fig. 1 5 . Species-poor moss carpet of 
Racomitrium lanuginosum in the 
Palssteinshraun lava field from the 
1 554 eruption. - July 1 980. 
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Deschampsia flexuosa - Rhacomitrium canescens 
lanuginosum soc. 

d) Rhacomitrium canescens 'Heide des Hochgebirges '  
S ibbaldia procumbens - Gnaphalium supinum soc. 
Salix herbacea - Cassiope hypnoides - Rhacomitrium 

canescens soc. 
Salix herbacea - Rhacomitrium canescens soc. 

Steind6rsson ( 1 966) 
Rhacomitrium (=Racomitrium) heath 

Caricetum bigelowii Rhacomitriosum 
Sal icetum herbaceae Rhacomitriosum 
Empetretum hermafroditi s Rhacomitriosum 
Equisetetum arvensis Rhacomitriosum 

Hadac ( 1 972) 
Rhacomitrio - Caricetum bigelowi i  comm. 

subass .  empetretosum hermaphroditi 
subass. caricetosum bigelowi i  

Gunnlaugsd6ttir ( 1 985) 
a) Racomitrium lanuginosum heaths 

Racomitrio lanuginosi - Thalictretum alpini 
Subass. galietosum normanii  
Typical form 
Peltigera leucophlebia fmm 
Cerastium alpinum form 

The inops (species poor) subass. (indicated for 
Su 1 300) 

Empetrum nigrum - Racomitrium lanuginosum comm. 
( indicated for Su 1 300) 

'b) Grassy heathlands 
Agrostio capil laris - Hylocomietum splendentis 
S ubass. inops 
S ubass. racomitrietosum canescentis 
Typical variant 
Typical form 
Drepanocladus unci natus form 

Thymus arcticus variant 
Festuca v ivipara - Racomitrium canescens comm. 
Racomitrio canescentis - Gentianetum nivalis 
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Fig. 1 6. Empetrum nigrum - Racomitrium lanuginosum community, partly dominated by Salix phylicifolia in the depression ,  
in the Suourhraun lava field from the 1 300 eruption. Salix herbacea i s  v is ible in  the moss carpet and Salix lanata in the middle 
of the s lope. - August 1 976. 

The period of snow-cover in  the Hekla area i s  relatively 
short, except for some areas at high altitudes, mainly 
northeast of Mt. Hekla. It is difficult to obtain an exact 
definition of a snow-bed within a sociological frame
work; snow-bed borderline vegetation as described by 
Gjrerevoll ( 1 956) is not found in thi s  area. The snow
bed (patch) vegetation types from Iceland described 
earl ier are rare (M0l holm Hansen 1 930, Steind6rsson 
1 945) and devi ate from those in the lava fields, due to 
the preponderance of vascular species and the lack of 
cryptogams.  Since the term snow-bed is usually  used in 
a strict sense, one should rather speak of chionophilous  
communities when dealing with lava field vegetation 
in the Hekla area. 

An important vegetation type on the main surface, 
but only occurring in the three oldest lava fields, is the 
dwarf-shrub heath (Fig. 1 6) .  This community type, 
Empetrum nigrum - Racomitrium lanuginosum comm.,  
has a clear floristic similarity with the Racomitrium 
heaths and transitions occur frequently. The closest 
relationship that could be found is with several Em
petrum-rich sociations in the 'Racomitrium heath ' and 

the 'dwarf-shrub vegetation' (Steind6rsson 1 966, 1 974), 
Empetrum nigrum -Racomitrium lanuginosum comm. 
(Gunnlaugsd6ttir 1 985) and some of the ' Rhacomitrium
reiche Zwergstrauchheide '  (J6nsd6ttir Svane 1 964 ) . 

The vegetation is dominated by Empetrum nigrum; may 
occur with a lower cover value of R. lanuginosum, but 
is often replaced by Hylocomium splendens or Dre
panocladus uncinatus. Other dwarf shrubs involved, 
viz. ,  Arctostaphylos uva-ursi, Vaccinium uliginosum 
and Salix phylicifolia, can be used for the distinction of 
variants. 

Only in a few places is the vegetation on the lava 
fields physiognomically dominated by graminoids . 
This  grassy heathland vegetation, only found in S u  
1 300, includes a transition between meadow vegeta
t ion (frequent in the lowland) and open grassland 
vegetation, common in sandy areas both in the lowland 
and the highland. The grassy heathland, in the wide 
sense of the word, has been described by J6nsson 
( 1 90 1 ,  1 906a),  M0lholm Hansen ( 1 930), Steind6rsson 
( 1 936,  1 964, 1 966), Knauer ( 1 966) ,  Ti.ixen & Bottcher 
( 1 969) and Gunnlaugsd6ttir ( 1 985) .  
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Table 5.  The floristic composition of the second-order clusters. 

Community 
Cluster no. 

I 50 Racomitrium lanuginosum 
! 59 Sal ix herbacea 
67 Empetrum nigrum 

1 73 StereOC<IU IOn vesuvianum 
! 5 1  Racomitrilml canescens 
66 Drepanoc ladus uncinatus 
29 Carex bige!owii 

7 Anthelia]ulacea 
1 40 Pohlia drummondii 

10 Arctostaphylos uva-urs i 
1 87 Yaccinium uliginosum 
1 58 Salix phy l icifol ia 
84 Hylocomium splendens 

2 Agrost is vinealis 
1 04 Luzula spicata 
72 Festuca vivipara 

1 78 Thymus praecox ssp. arcticus 
36 Cerastium alpinum 
73 Festuca rubra 

3 Agrostis stolonifera 
26 Ca!amacrrostis stricta 

1 1 4 Oxyria digyna 
1 68 Silene maritima 
74 Ga! ium pumilum ssp.nonnanii 

143 Polytrichum alpinum 
87 Juncus trifidus 
53 Deschampsia flexuosa 

1 36 Poa glauca 
1 37 Pogonatum urnigerum 
1 6 1  Saxifraga cespitosa 

I 5 Bartramia ithyphylla 
80 Gymnomitrion concinnatum 

! 53 Rhytidiadelphus squarrosus 
! 57 Sal ix lanata 
76 Ga l ium verum 
82 Hieracium sp. 

1 03 Luzula multiflora 
I Agrost is capillaris 

1 29 Pinguicula vulgaris 
81 Gymnomitrion corallioides 
9 8  Lophozia ventricosa 

1 44 Polytrichum j uniperin u m  
1 45 Polytrichum pi l iferum 
58 Dicranoweisia crispula 
99 Lophozia sudetica 

! 66 Schistidium apocarpum 
6 Amphidium mougeotii 

14 Barbilophozia hatcheri 
19 Polygonum viviparum 

34 Cephaloziella arctica 
SS Dichodontium pe l luc idum 
59 Dicranum fuscescens 
93 Kobres ia myosuroides 

I 00 Lophozia heterocolpos 
I I I Nardia scalaris 
1 2- Peltigera venosa 
1 39 Pohlia cruda 
1 49 Ptilidium ciliare 
1 67 Silene acaulis 
1 69 Solorina crocea 
1 79 Timmia austriaca 
1 82 Tritomaria quinquedentata 
24 Bryum sp. 

I 19 Peltigera rufescens 
1 23 Pelt igera canina 
1 32 Plagiochila porelloides 
64 Distichium cap i l laceum 

1 77 Thalictrum alpinum 
28 Cardaminopsis petraea 

! 64 Scapania sp. 
! I  Armeria maritima 
37 Cerastium fontanum 

I 08 Minuartia rubella 
1 84 Umbilicaria torrefacta 
1 8 1  Trisetum spicatum 
1 76 Taraxacum sp. 
1 75 Stereocaulon capitellatum 
1 7 1  Stereocaulon alpinum 
! 60 Sax ifraga n ival is 
I 54 Rhytidiadelphus triquetrus 
1 47 Potenti l l a  crantzii 
1 35 Poa alpina 
1 30 Placopsis ge l ida 
I 1 7  Pelt igera occidentalis 
1 09 Mnium thomsonii 
I 0 I Lophozia sp. 
96 Lophozia excisa 
95 Lepraria sp. 
92 Kieria glacial is 
63 Diphysci um foliosum 
54 Deschampsia alpina 
38 Ceratodon purpureus 

Community 
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The open field vegetation, from gravel ly flats to 
vegetation on sand, is often characterized by grami 
noids . I t  is found in  wind-exposed areas which are 
often influenced by large amounts of aeolian material 
from the sunoundings, or in areas which have recently 
received a tephra fal l .  The vegetation is most often very 
sparse. The surface is often very unstable and dries out 
quickly . The vegetation has been described by J6nsson 
( 1 895 , 1 90 1 ) , M0lholm Hansen ( 1 930), Steind6rsson 
( 1 945 , 1 968),  Hadac ( 1 972),  Venzke ( 1 982), Gunn
laugsd6ttir ( 1 985) .  

7.2.2 Holes 

Previous descriptions of the vegetation in holes are 
rare. J6nsson ( 1 90 1 )  l isted 6 common bryophytes and 
1 alga for holes, together with 7 other bryophytes, from 
prehistoric lava fields in West Iceland. The 'Anthelieta' 
(Hesselbo 1 9 1 8) in very deep and narrow lava c lefts 
resembles the hole vegetation. In such p laces Anthelia 
julacea forms a damp carpet, mixed with Polytrichum 
sexangulare, Conostomum tetragonum, Pohlia drum
mondii and P. wahlenbergii. The vegetation of narrow 
lava cavities in North Iceland (Blazkova 1 973),  with 5 
vascular spec ies and 1 2  bryophytes, has few floristical 
similarities with the hole vegetation in the Hekla  area. 

Descriptions of caves, c lefts and cavities, often w ith 
vegetation very rich in species (gj a-vegetation, Gr0n
lund 1 884) ,  refer to other types of lava formation, 
which are common on helluhraun. 

7.2.3 Crags 

Descriptions of crag vegetation are rare as well .  J6nsson 
( 1 90 1 )  l i sted 2 vascular species, 2 1  bryophytes and 1 4  
l ichens (incl . 7 crustaceous species) from prehistoric 
lava fields in West Icel and. Others (e.g . ,  Gr0nl und 
1 884, Hesselbo 1 9 1 8 , Gall0e 1 920) stressed the spe
cies poverty of the vegetation on crags although they 
l isted several species. 

7.3  Plant communities on historical 

lava fields , a survey 

The second-order clusters obtained with the program 
T ABORD were compared with the vegetation types 
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described in the l iterature, mainly from Icelandic lava 
fields (Table 5) .  In view of the phytosociological ly 
incomplete floristic composition of many clusters i t  
was considered unreal istic to assign them to any exist
ing formal system of plant communities. Instead, an ad 
hoc typology was used with three hierarchical levels :  
communities, variants and facies . 

Community is defined here as an ecological unit 
characterized by one or two dominating plant species. 
Variant is defined as an ecological unit that differs 
from the ma in  community composi t ion by the 
subdominance of one species and is spatially differen
tiated in the ordination diagrams. Facies is defined as 
a unit deviating from communities or variants on the 
basis of a locally higher abundance of one of the 
characteristic species. Both variants and facies are 
named after the species which has been chosen as 
characteristic. 

For each community the characteristic species are 
indicated :  dominants with a cover value � 3 e ither in 
the field layer or in  the bottom layer, differentiating 
species, restricted to the community exclusively or to 
a few other communities as well and occurring with 
constancy. According to the percentage of stands in 
which the species occur, the fol lowing terms have been 
used: constant (in 8 1  - 1 00% ) , frequent ( in 6 1  - 80 % ) ,  
moderately frequent ( i n  4 1  - 60% ) ,  infrequent ( i n  2 1  -
40%) and rare (in less than 20% ). The variants are 
characterized by subdominance of at least one species 
with a cover value � 2 .  

7.3.1 Racomitrium lanuginosum comm. 
(Table 5, comm. 1 )  Su 1 300 c l .  6, No 1 389 cl. 1 4, Lf 
1 693 cl .  28,  Tr 1 725 cl. 34, Lf 1 766 cl .  37, 39, Nre 1 845 
cl. 4 1 ,  Kr 1 878 cl . 5 1 ,  La 1 9 1 3  cl. 58, Lf 1 947 cl. 65 , 72. 

The R. lanuginosum comm., including the fol lowing 
variants, occupies large areas from 1 00 to at least 800 
m a.s. l .  and occurs in all the 1 1  l ava fields. It reaches 
from depressions to hi1 locks and forms a more or less 
continuous moss carpet. 

The field layer is usual ly poorly developed (0 - 20% 
cover) . The species may be smal l  and weather-beaten. 
The occunence of vascular species depends on the 
density and thickness of the moss carpet. A few spe
cies, with low cover value, occur in a dense and thick 
carpet, e .g . ,  Salix herbacea, Empetrum nigrum and 
Festuca rubra. If the moss carpet is looser, especial ly  
around protruding stones, in small ruptures and sandy 
patches, several other species may occur, e .g . ,  
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Carex bigelowii 
Trisetum spicatum 
]uncus trifidus 
Cardaminopsis petraea 
Cystopterisfragilis 

Silene acaulis 
C erastium alpinum 
Luzula spicata 
Oxyria digyna 

Regarding this  community, Lf 1 94 7 differs from all 
other lava fields by the almost complete absence of 
vascular species, probably because of its young age . In 
the three oldest lava fields, Ef 1 1 58 ,  Su 1 300 and No 
1 389, several vascular species which are missing or 
less common in the younger fields are found, e .g . ,  
Thymus praecox ssp. arcticus, Thalictrum alpinum, 
Rubus saxatilis and Potentilla crantzii .  

R .  lanuginosum is the only dominant species. The 
moss carpet may be continuous over a large area but 
may also be intermittent, as a consequence of protrud
ing stones or with ruptures. These ruptures are devel
oped by wind, frost or where the carpet is exposed to 
aeolian material . The physiognomy of the community 
varies with thickness of the moss carpet, amount of 
aeolian deposits and, where the carpet is thin, with the 
underlying e ither stony or sandy surface. The number 
of species in the bottom layer varies greatly. On the 
whole, it is poor in species. The main differentiating 
species are Pogonatum urnigerum and Lophozia 
ventricosa. Polytrichum piliferum and Ochrolechia 
frigida are confined to exposed places. The number of 
species is highest where the ground is stony or where 
the moss carpet is thin and split by small ruptures. It is 
lowest in denser moss carpets, where at least the up
permost 8 cm of the R. lanuginosum stems are vigor
ous. 

Other species of the bottom layer occur: (a) inter
mingled in the thick moss carpet, such as R. canescens, 
P olytrichum j uniperinum, P .  alpinum, D repanoc lad us 
unci natus and a few liverworts, (b) on small protruding 
pebbles, such as Ceratodon purpureus, Distichium 
capillaceum, Schistidium apocarpum, Stereocaulon 
vesuvianum, Cladonia pyxidata and Placopsis gelida, 
or (c) on bare sandy patches, such as Antheliajulacea, 
Diphyscium foliosum, Pohlia drummondii, Gymno
mitrion corallioides and Solorina crocea. 

Salix herbacea variant 
(Table 5, comm. 1 . 1 ) 
Ef 1 1 58 cl. 4, Lf 1 693 cl .  29, Lf 1 766 cl. 40. 
Regarding the field layer, the S. herbacea var. is dis
tinguished from the main community by the higher 
abundance of S.  herbacea, although this species is al
ways low and creeping and never shrublike. Also 
Empetrum nigrum is locally abundant. ]uncus trifidus 
and Polygonum viviparum are moderately frequent but 
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Luzula spicata, C erastium alpinum, Saxifraga cespitosa 
and Oxyria digyna are absent. Some species are re
stricted to the oldest lava field Ef 1 1 58 ,  viz.  Selaginella 
selaginoides and Huperzia selago. The field layer is 
similar to that of the following E.  nigrum variant. The 
Salix herbacea var.  i s  probably more exposed to wind 
and is more tolerant to aeolian material . 

The bottom layer, forming a moss carpet of varying 
thickness, is mixed withPogonatum urnigerum and the 
frequent Lophozia ventricosa. Ruptures are, as in the 
main community, mainly colonized by Diphyscium 
foliosum and Anthelia julacea, while Bartramia 
ithyphylla, P ohlia drummondii, C eratodon purpureus, 
Stereocaulon vesuvianum and C ladonia spp. are found 
on the protruding stones .  In shallow depressions, 
R. cane se ens is sometimes abundant while accompa
nied by Drepanocladus uncinatus and Hylocomium 
splendens. Compared with the main community, the 
occurrence of the liverworts, e .g . ,  Barbilophozia hat
cheri, Tritomaria quinquedentata, Ptilidium ciliare 
and Nardia scalar is, are important. 

Empetrum nigrum variant 
(Table 5, comm. 1 .2) 
Su 1 300 cl .  1 1 , Pa 1 554 cl .  23,  24, 25 ,  26, Nre 1 845 cl. 
43, Kr 1 878 cl .  53, La 1 9 1 3  cl .  6 1 .  
This variant is differentiated from the main community 
by the abundance of E. nigrum in the field layer. 
Vaccinium uliginosum may be locally abundant too. 
Species, such as F estuca rubra and S. herbacea, are 
equally frequent here as in the main community but 
others, e .g . ,  P oa glauca, Luzula spicata and C erastium 
alpinum are lacking or sparse. Species such as Galium 
pumilum ssp. normanii and Thymus praecox ssp. 
arctic us, are more frequent; they indicate a transition to 
the E. nigrum - R. lanuginosum comm. 

The bottom layer is most frequently a continuous 
mat of the dominant R. lanuginosum, with few other 
species occurring. R .  canescens is moderately frequent 
and Drepanocladus uncinatus and Pogonatum urni
gerum are rare. The scattered occurrence of Hylo
comium splendens and Rhytidiadelphus squarrosus 
indicates also the transition to the E. nigrum - R .  
lanuginosum comm. Due to  the usually thick moss 
carpet (up to 35 cm thick) small acrocarpous mosses 
and most l ichens are infrequent. 

Stereocaulon vesuvianum variant 
(Table 5, comm. 1 .3 )  
Nre 1 845 c l .  42 ,  Kr  1 878 c l .  49, La  1 9 1 3  c l .  57 . 
In the field layer of the S. vesuvianum var. , the occur
rence of vascular species varies considerably. Saxifraga 



Fig. 1 7 .  Racomitrium canescens com
munity bordering on a Racomitrium 

lanuginosum community to the right in 
a depression in the Suourhraun lava field 
from the 1 300 eruption. - August 1 976. 

cespitosa, Oxyria digyna and Salix herbacea are fa
voured by the sandy ground. Galium pumilum ssp. 
normanii and Deschampsia alpina are more rare. 

In the bottom layer, S. vesuvianum is abundant and 
forms small bolsters. R. lanuginosum is dominant and 
Pogonatum urnigerum and Drepanocladus uncinatus 
occur scattered. Some small liverworts, e.g. , Anthelia 
julacea, Gymnomitrion corallioides and G. concin
natum together with other mosses, indicate late snow 
cover. 

7 .3.2 Racomitrium cane se ens corn m. 
(Table 5 ,  comm. 2) Ef 1 158  cl. 5 ,  Su 1 300 cl .  9 ,  Tr 1 725 
cl. 33 ,  Lf 1 766 cl. 36, Nre 1 845 cl. 46, Kr 1 878 c l .  50, 
La 1 9 1 3  cl. 62, Lf 1 947 cl. 66. 

The R. canescens comm. is confined to slopes and 
depressions of various depth in the main surface. It 
occupies relatively small areas and occurs where snow 
gathers during winter time, indicated by the presence 
of, e .g. ,  Conostomum tetragonum. The border of the 
community is distinct in the depressions but becomes 
progressively more diffuse towards the hil locks (Fig. 
1 7) .  The ground is often stony with many ruptures. The 
community, including its variants, is very widespread 
in the area and occurs in all lava fields, except for No 
1 389 and Pa 1 554. 

The field layer is  very variable in cover (0 - 40 % ) . 

In many respects the similarity to the R. lanuginosum 
comm. (incl. the variants) is great, but species abun
dances and frequencies may differ. The cover value 
and abundance of the dwarf shrubs Salix herbacea and 
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Empetrum nigrum may be fairly high locally. Among 
species with lower frequency can be mentioned, e .g . ,  
Galium pumilum ssp. normanii, Kobresia myosuroides, 
Trisetum spicatum, Festuca vivipara and ]uncus 
tr(fidus. A few herbs (e.g . ,  Armeria maritima, Poly
gonum viviparum) and grasses (e .g . ,  Agrostis stolo
nifera, Festuca rubra) are moderately frequent, whi le 
others occur more locally due to special c ircumstances 
(e.g . ,  Phleum alpinum, Deschampsia flexuosa, D.  
alpina and Carex bigelowii). Thalictrum alpinum, 
Polygonum viviparum, Kobresia myosuroides and 
Galium pumilum ssp. normanii grow mainly in  the 
moss carpet, but other vascular species are largely 
confined to small sandy patches (e.g . ,  Silene acaulis 
and Cardaminopsis petraea), ruptures (e.g. ,  Saxifraga 
cespitosa, S. oppositzfolia and Armeria maritima) or 
small tephra patches (e.g . ,  Oxyria digyna, Lychnis al
pina and Silene maritima). 

The community is physiognomically well demar
cated due to the dominance of R. canescens in the 
bottom layer. R. lanuginosum is also constant and may 
even be abundant in some places. Drepanocladus 
uncinatus can also be abundant locally .  Constant spe
c ies include Anthelia julacea and Gymnomitrion 
corallioides. The number of cryptogams may be high, 
which can be related to the roughness of the surface. 

Salix herbacea variant 
(Table 5, comm. 2. 1 )  
Lf 1 766 cl .  38 ,  La 1 9 1 3  c l .  64. 
The S. herbacea var. of the R. cane se ens comm. occurs 
only in two lava fields. Apart from the constant, S. 
herbacea, the variant differs from the main community 
by a relatively large number of species. 
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Empetrum nigrum variant (717) 
(Table 5 ,  comm . 2.2) 
The E. nigrum var. of the R .  canescens comm. has only 
been found in Su  1 300, c l . 12 (see 7.5 .2) .  

7.3.3 Stereocaulon vesuvianum comm. 
(Table 5, comm. 3) Kr 1 878 cl. 55, La 1 9 1 3  cl . 59, 60, 
Lf 1 947 cl. 68.  

The S. vesuvianum comm. is confined to Kr 1 878 and 
La 1 9 1 3  and Lf 1 947 (Fig.  1 8) .  Its occurrence in Kr 
1 878 and La 1 9 1 3  northeast of Mt. Hekla i s  presumably 
l inked to the more continental climate there than i n  
other parts o f  the area. In L f  1 94 7 the community 
occurs at high altitude and its occurrence may perhaps 
be explained by the absence of developed moss carpet 
of R.  lanuginosum . 

Vascular species are scarce, especially  at high alti
tudes. In Lf 1 947 the field layer i s  totally absent. In Kr 
1 878 and La 1 9 1 3 ,  there is a scattered occurrence of 
small herbs and grasses, such as Armeria maritima and 
Poa glauca respectively. 

The bottom layer of thi s  chionophi lous community 
is dominated by S. vesuvianum, which forms a wel l
developep and continuous carpet, mixed with R .  
lanuginosum and R.  canescens. Placopsis gelida and 
Anthelia julacea occur with high frequency and 
Drepanocladus uncinatus i s  locally abundant. Small 
mosses, other l iverworts and l ichens are scattered. 

7.3.4 Drepanocladus uncinatus - Carex bigelowii 

comm. (Table 5 ,  comm. 4) 

The D. uncinatus - C. bigelowii comm. has only been 
found in depress ions in Pa 1 554, c l .  27 (see 7 .7 .2) .  

7.3.5 Antheliajulacea - Pohlia drummondii comm. 
(Table 5 ,  comm . 5)  Kr 1 878 cl. 54, La 1 9 1 3  cl. 63 .  

The A . julacea - P .  drummondii comm. is confined to 
the area northeast of Mt. Hekla (Kr 1 878 and La 1 9 1 3) .  
The community occurs in small patches ,  where the 
ground is sandy and stable. The moisture conditions 
are favourable, at least periodically. The field layer is 
absent or very scarce. The bottom layer of thi s  com
munity is more or less broken up by small protruding 
stones. Anthelia julacea, covering only a few cm2, 
colours the patches in between whitish gray , mixed 
with small tufts of R. lanuginosum, R. canescens and 
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Fig. 1 8 . Stereocaulon vesuvianum community predominating 
on a lava surface at 7 1 0  m a.s . l .  in the Krakatindshraun lava 
field from the 1 878 eruption. - July 1 980. 

Stereocaulon vesuvianum . 
The communi ty resembles the all i ance Polytrichion 

norvegic i  (Gjrerevoll 1 956) .  

7 .3.6 Empetrum nigrum - Racomitrium lanugino

sum comm. (Table 5 ,  comm. 6) 

The E. nigrum - R. lanuginosum comm. is confined to 
the lower parts of the three oldest lava fields (EF 1 1 58 ,  
Su 1 300-I and No 1 389-I & I I ) .  It i s  represented by four 
different variants . The community occurs frequently 
on slopes facing south and southwest but also in open 
depressions .  The community never covers large areas 
and is usually spl i t  up by the moss carpet of R. lanu
ginosum. 

The structure of the communi ty and the presence of 
B. pubescens, which forms the scattered shrub layer 
(locally with S. phylicifolia), make thi s  communi ty 
phys iognomically easy to dist inguish from others i n  
the lava fields. 

In the field layer, the carpet of dwarf shrubs is 
frequently continuous. It i s  composed of the dominant 
E. nigrum; Arctostaphylos uva-ursi, Vaccinium 
uliginosum and Salix phylicifolia may be fairly abun
dant and even physiognomical ly domi nant as well .  The 
number of herbs and grasses is large. Species with high 
frequency are Festuca rubra, Polygonum vivzjJarum, 
Carex bigelowii, Galium pumilum ssp. normanii, G .  
verum , Agrostis vinealis and ]uncus trifidus. The 
scattered occurrence of many more species , e .g . ,  De
schampsia flexuosa, Luzula multiflora, Corallorhiza 
trifida, Coleoglossum viride, and Erigeron horealis 
gives this community a luxuriant appearance. 

The bottom layer is mostly well-developed except in 



the densest stands of dwarf shrubs. R. lanuginosum i s  
the frequentdominant butR. canescens, Drepanocladus 
uncinatus and Hylocomium splendens alternate as 
dominants or subdominants . Some companion species 
to R . lanuginosum, such as P o gonatum urnigerum, and 
other acrocarpous mosses, such as B artramia i thy ph y !la 
and Distichium capillaceum, have a low frequency. 
Among the l iverworts, Barbilophozia hatchen· and 
Ptilidium ciliare are moderately frequent but, e .g. ,  
Antheliajulacea is rare. Lichens, except for Peltigera 
spp. ,  occur only scattered. 

Three of the variants are characterized by the domi
nance of dwarf shrubs (Arctostaphylos uva-ursi, 
Vaccinium uliginosum and Salix phyliczfolia) and one 
by the dominance of the moss species Hylocomium 
splendens in the bottom layer. 

Arctostaphylos uva-ursi variant 
(Table 5, comm. 6. 1 )  
Ef 1 1 5 8 cl .  2 ,  No c l .  1 5 , 20. 
The A. uva-ursi var. occurs in  Ef 1 1 58 and No 1 389 in 
more exposed places than the other variants. The 
variant differs from the others by the abundance of 
A. uva-ursi and the local occurrence ofCalluna vulgaris, 
Agrostis stolonifera andErigeron borealis. In No 1 389-
IV the bottom layer has been severely damaged by 
aeolian material. 

Vaccinium uliginosum variant 
(Table 5, comm. 6.2) 
Ef 1 1 58 c l .  1 ,  Su 1 300 cl. 13,  No 1 389 cl .  1 6. 
The V. uliginosum var. occurs in the three oldest lava 
fields. It is mainly confined to the middle part of slopes. 
The variant differs from the others by the abundance of 
V. uliginosum and the large number and high frequency 
of small herbs and graminoides , e .g.  Polygonum vivi
parum, Agrostis vinealis, ]uncus trifidus and De
schampsiaflexuosa. 

In the bottom layer, Drepanocladus uncinatus and 
Hylocomium splendens may sometimes be abundant 
and often the l iverworts , e .g . ,  Barbilophozia hatcheri 
and Ptilidium ciliare, are moderately frequent. 

Salix phylicifolia variant 
(Table 5, comm. 6 .3)  
The S. phyliczfolia var. of the E. nigrum - R.  lanugi
nosum comm. has only been found in depressions in N o 
1 3 89, cl .  1 7  (see 7 .6 .2) .  

Hylocomium splendens variant 
(Table 5, comm. 6.4) 
The H. splendens var. of the E. nigrum - R .  lanugino-
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sum comm. has only been found i n  S u  1 300, c l . 7 ,  8 .  
(see 7 .5 .3 ) .  

7 .3 .  7 Agrostis vinealis - Drepanocladus uncinatus 

comm. (Table 5 ,  comm. 7) 

The A .  vinealis - D. uncinatus comm . ,  is only found in 
one place in Su 1 300, cl .  1 0  (see 7.5 .4) . 

7 .3.8 Luzula spicata - F estuca vivipara corn m. 
(Table 5, comm. 8)  No 1389 cl. 22. 

The L. spicata - F. vivipara comm. (incl. the following 
v ar iant )  belongs to the open fi e ld  vegetation 
(Steind6rsson 1 964) and i s  found on hillocks in two of 
the oldest lava fields (EF 1 1 58 ,  No 1 389-III) . It is 
mainly developed in places where there is wind erosion 
and seems to be an initial stage of a gravel flat vegeta
tion with an open sward. It is not, or very l ittle, 
influenced by aeolian deposits. 

The field layer covers 10 - 50 %. Besides the 
physiognomical domi nants, some herbs and grasses 
occur scattered, e.g. , Minuartia rubella and Agrostis 
stolonifera. 

The bottom layer consists of Bryum spp. ,  Ceratodon 
pwpureus and/or scattered R .  lanuginosum. 

Thymus praecox ssp . arcticus variant 
(Table 5, comm. 8 . 1 )  Ef 1 1 58 c l .  3 ,  
N o  1 389 c l .  1 8 . 
The physiognomical dominance of T. praecox ssp. 
arcticus and the occurrence of the subdominant Ce
rastium alpinum in the field layer characterize the 
Thymus praecox ssp. arcticus var. The bottom layer 
covers ea. 1 0% with scattered occurrence of R. lanu
ginosum and Pogonatum urnigerum. 

7 .3.9 F estuca rubra - Agrostis stolonifera corn m. 
(Table 5 ,  comm. 9) 

The F. rubra -A .  stolonifera comm. has only been found 
in No 1 389-IV, cl. 19, 2 1  (see 7 .6.4). 

7.3.10 Calamagrostis stricta - Festuca rubra comm. 
(Table 5 ,  comm. 1 0) 

The C. stricta - F. rubra comm. has only been found in 
Kr 1 878,  cl. 52 (see 7 . 1 2 .5 ) .  
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7.3.11 Oxyria digyna - Silene maritima comm. 
(Table 5, comm. 1 1 ) 

The 0.  digyna - S. maritima comm. has only been found 
in Nre 1 845-II, cl .  44, 45, 47 , 48 (see 7 . 1 1 .3 ) .  

7.4 Plant communities of 

Efrahvolfshraun 1 1 5 8  

(Table 6 ,  clusters 1 - 5) 

7 .4.1 Racomitrium lanuginosum eo mm. 

In thi s  lava field, the oldest historical one, the R. la
nuginosum heath is  still predominating, as in the 
younger fields. The R. lanuginosum comm. is repre
sented by its Salix herbacea var. ,  which mainly occu
pies the uppermost part of the main surface. 

Salix herbacea variant (cl. 4) 
In the field layer S. herbacea i s  dominant. Other 
abundant and constant vascular species are Empetrum 
nigrum and Festuca rubra. Polygonum viviparum and 
]uncus trifidus are frequent and characteristic for the 
community .  Except for scattered occurrence of, e.g. , 
Kobresia myosuroides and Trisetum spicatum, the 
scarcity of vascular species is typical for this commu
nity here. 

The bottom layer consists mainly of a thick moss 
carpet, totally dominated by R. lanuginosum. The va
riant is poor in species, two of which are constants :  
P o gonatum urnigerum and Lophozia ventricosa. There 
are small patches with, e .g . , Anthelia julacea, 
Gymnomitrion concinnatum, G. corallioides and N ardia 
scalaris and protruding stones in the moss carpet, e.g. , 
Encalypta rhabdocarpa, Distichium capillaceum, 
Pohlia cruda and Stereocaulon spp. ,  occurring spo
radically. 

In shallow depressions the Hylocomium splendens 
facies occurs with a more luxuriant appearance. A few 
vascular species are restricted to thi s  facies, e .g . ,  
Thalictrum alpinum, Selaginella selaginoides and 
Huperzia selago, but they occur with low frequency. In 
the bottom layer there are, of course, some species, 
such as Barbilophozia hatcheri which usually occur 
more frequently in the R.  canescens comm. 
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Table 6. Synoptic table for the five community groups in 
Efrahvolfshraun lava field from 1 1 5 8. 

Cluster no. 
Cluster size 

Racomitrium lanuginosum 
Empetrum nigrum 
Vacc inium uliginosum 
Arctostaphylos uva-ursi 
Festuca viv ipara 
Luzu la spicata 
Thymus praecox ssp. arcticus 
Salix herbacea 
Racomitrium canescens 
Polygonum viviparum 
Festuca rubra 
Juncus trifidus 
Pogonatum urnigerum 
Polytrichum alpinum 
Lophozia ventricosa 
Stereocaulon vesuvianum 
Trisetum spicatum 
Deschampsia flexuosa 
Kobresia myosuroides 
Salix call icarpaea 
Polytrichum juniperinum 
Drepanocladus uncinatus 
Hylocomium splendens 
Agrostis stolonifera 
Carex bigelowii 
Poa glauca 
Salix lanata 
Amphidium mougeotii 
Encalypta rhabdocarpa 

Cluster 1 :  Empetrum nigrum - Racomitrium lanuginosum comm. Vaccinium 
ul iginosum var. 
C l u ster  2: Empetrum n i grum - Racomitrium lanuginosum comm. 
Arctostaphylos uva-ursi var. 
Cluster 3: Luzula spicata - Festuca vivipara comm. Thymus praecox ssp. 
arcticus var. 
Cluster 4: Racomitrium lanuginosum comm. Salix herbacea var. 
Cluster 5 :  Racomitrium canescens comm. 

Additional species, occurring with a synoptic score < I ,  or with I but in only 
I or 2 clusters (cluster number between brackets). 
Agrostis vinealis I ( I ); Alchemilla alpina 1 (2) ;  An thel ia  julacea I ( 1 ,2);  

Anthoxanthum odoratum I ( I ); Barbilophozia hatcheri I (I ,5 ) ;  Bartramia 
ithyphy lla 1 ( 1 ,2) ;  Betula pubescens 1 ( 1 ); Bryum caespiticium < I (  I ), B. sp. 
1 (2); Cerastium alpinum 1 ( 3);  Cladonia cervicornis I (  I ,2); C.  pyx idata 1 ( 1  ) , 
C. stricta 1 ( I ), C. subulata < I ;  Diphyscium foliosum I ( I ) ; Distichium 
capillaceum I (I ,2); Gal ium pumilum ssp. norm. I (I ,2) ,  G. verum 1 ( 1 ) ;  
Gymnomitrion concinnatum 1 (4), G. coralli oides 1 ( 1 ); Huperzia selago < I ;  
Mnium thomsonii I ( I ) ;  Lophozia sudetica I ( I  ,2);  Luzula multi flora I ( l  ); 
Nardia scalaris < I ;  Pe1tigera canina 2( 1 ), P. leucophlebia < I ,  P. malacea < I ,  
P .  polydactyla I ( I ); Pinguicula vulgaris I ( I ) ; Plagiochila porelloides I ( 1 ); 
Plagiobryum demissum 1 ( 1 ); Pohlia cruda 1 ( 1 ) ; Ptilidium cil iare 1 ( 1 ,5); 
Rhytidiadelphus squarrosus I ( I ); Selaginella selaginoides < 1; Thalictrum 
alpinum 1 ( 1 ); Timmia austriaca 1 ( 1 ); Tritomaria quinquedentata < I .  

7 .4.2 Racomitrium canescens 

comm. (cl .  5 )  

The R .  canescens comm. is  mainly restricted to  de
pressions and the lowest part of slopes. It occupies only 
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Fig. 1 9 . CCA ordination diagram, axes 1 and 2: Efrahvolfs
hraun lav a field from 1 1 58 . - 1 . 1  =Racomitrium lanuginosum 

comm. ,  Salix herbacea variant (cl .  4); 2 = Racomitrium 

canescens comm . (cl . 5 ) ;  6 . 1 = Empetrum nigrum -

Racomitrium lanuginosum comm., Arctostaphylos uva-ursi 

variant (cl . 2); 6.2 = ibid. ,  Vaccinium uliginosum variant (cl .  
1 ) ; 8 . 1  = Luzula spicata - Festuca vivipara comm. ,  Thymus 

praecox ssp. arcticus variant (cl . 3) .  

small areas. In the field layer Polygonum viviparum is 
constant; Empetrum nigrum is  abundant and Carex 
bigelowii is frequent while Salix herbacea and F estuca 
rubra are moderately frequent. 

The bottom layer is unusually poor in species and 
physiognomically dominated by R. canescens, mixed 
with R. lanuginosum and Drepanocladus uncinatus. 

7 .4.3 Empetrum nigrum - Racomitrium lanugino

sum comm. 

The E. nigrum -R . lanuginosum comm. is found in and 
around the birchwood on the south- to west-facing 
slopes and down the shallow depressions. It is repre
sented with its two variants; the Vaccinium uliginosum 
var. and Arctostaphylos uva-ursi var. In a shallow de
pression, some Salix phylicifolia shrubs appear, not 
very high (35 - 40 cm) and creeping. No analyses are 
presented here. 

Vaccinium uliginosum variant (cl. 1 )  
The V. uliginosum var. i s  common and has a wide 
distribution. It is unusually rich in species. Scattered 
occurrence of Betula pubescens forms an open shrub 
layer. V. ulig inosum is abundant. It is a constant species 
in the field layer as well as Empetrum nigrum and 
Festuca vivipara. Salix herhacea, S. callicarpea, 
Galiumpumilum ssp .  normanii, Polygonum viviparum 
and Carex bigelowii are frequent. A few other species 
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occur sporadically but are still characteristic for the 
community: Arctostaphylos uva-ursi, Deschampsia 
flexuosa, ]uncus tnfidus,  Galium verum, Luzula 
multiflora and Thymus praecox ssp. arctic us. 

The bottom layer is rich in  species and mainly 
dominated by the constants R. canescens, R. lanugi
nosum. Drepanocladus uncinatus is frequent, Hylo
comium splendens, and Lophozia ventricosa occur 
moderately frequently. Some liverworts occur spo
radically, such as Anthelia julacea, Barbilophozia 
hatcheri and Ptilidium ciliare. Arctostaphylos uva
ursi variant (cl. 2) The A .  uva-ursi var. forms a distinct 
zone uppermost in the slopes and merges gradually 
into the R .  lanuginosum comm. The variant has a cer
tain resemblance with the above-mentioned variant 
regarding both field and bottom layer. The main differ
ence is the high abundance of A.  uva-ursi andEmpetrum 
nigrum, and the absence of some vascular species such 
as Carex bigelowii, Luzula multiflora, Thalictrum 
alpinum and Galium verum. 

7 .4.4 Luzula spicata - F estuca vivipara corn m. 

The L. spicata - F.  vivipara comm. is only represented 
by its fragmentarily developed variant on wind-eroded 
hillocks. All mentioned species are typical for the 
gravel beds in Iceland which are permanently exposed 
to wind (Steind6rsson 1 964) .  

Thymus praecox ssp. arcticus variant (cl .  3)  
The physiognomy of this variant is dominated by T. 
praecox ssp. arctic us in the field layer. Subdominants 
are Luzula spicata, Festuca vivipara, Agrostis 
stolomfera, Poa glauca and Trisetum spicatum. Other 
recorded species arePolygonum viviparum, Cerastium 
alpinum and luncus trifzdus. The bottom layer is open 
with small cushions of R. lanuginosum, mixed with 
Pogonatum urnigerum. 

7 .4.5 Ecological remarks 

The result of the CCA on the material for Ef 1 1 5 8  can 
be summarized as follows: 

axis 1 2 3 4 
% variance explained 67. 1 32.9 0 0 
b iplot scores of env ironmental variables:  
surface roughness 34 1 - 1 1 5 0 0 
tephra cover 1 42 255 0 0 

Two environmental factors have been included in the 
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CCA of this material of Ef 1 1 58 (Fig. 1 9) .  The main 
differentiation along axis 1 ,  which is related to rough
ness, is expressed by the concentration of R. lanugi
nosum stands to the left, where the surface is even, 
versus the occurrence of the E. nigrum - R. lanugino
sum stands and R .  canescens stands to the right, where 
the surface is rough. In fact, this contrast is originally 
one between the upper parts of the main surface and 
depress ions, dominated by R .  lanuginosum and 
R. canescens respectively .  Secondarily, R. lanugino
sum develops a thick carpet, which has a strongly 
levelling effect. 

The V. uliginosum var. of the E. nigrum - R.  lanu
ginosum comm. occurs mainly on slopes between the 
upper parts of the main surface and the depressions. 
Here, surface roughness is more pronounced because 
R. lanuginosum has not developed that wel l ;  it is in fact 
partly overgrown by the heath species. Moreover, the 
soil is moister than in the main type . Within the 
R. canescens comm. ,  l ittle differentiation occurs. 

Although the R. lanuginosum comm. has a wide 
amplitude, stretching from hillocks to shallow depres
sions, the abundance of its species does not vary to the 
extent that separate facies should be distinguished, 
except for a Hylocomium splendens facies. In the 
R. lanuginosum comm. ,  the tephra deposit of 1 970 
disappeared relatively fast under the moss carpet, or 
was blown away, i .e . ,  from small hillocks. 

Barren and stony ground occurs sporadically on the 
top of wind-exposed small hills. The habitat seems to 
be the initial stage of a gravel ground. The L. spicata -
F. vivipara comm. is distinct from other communities . 
Its position in Fig. 20 to the extreme right of axis 1 ,  
suggests that it is  maximally different from the 
R. lanuginosum comm. 

The proportion of the three main types mentioned, 
the Racomitrium heath (R . lanuginosum and R. ca
nescens), dwarf shrubs and shrubs (Betulapubescens) 
occupy 60, 40 and 20 % respectively. The occurrence 
of B. pubescens is confined to the V. uliginosum var. of 
the £. nigrum - R. lanuginosum comm. 

7 .5  Plant communities of 

Suourhraun 1 300 

(Table 7, clusters 6- 1 3) 

7 .5. 1 Racomitrium lanuginosum corn m. 

The R .  lanuginosum comm. is widely distributed and 
generally characterized by the scarcity of vascular 
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Fig. 20. CCA ordination diagram, axes I and 2: Suourhraun 
lava field from 1 300. - I =  Racomitrium lanuginosum comm. 
(cl 6); 1 .2 = ibid. , Empetrum nigrum variant (cl .  I l ); 2 = 

Racomitrium canescens comm. (cl . 9) ;  2 .2=  ibid. ,  Empetrum 

nigrum variant (cl. 1 2); 6.2=Empetrum nigrum - Racomitrium 

lanuginosum comm. ,  Vaccinium uliginosum variant (cl . 1 3) ;  
6.4 = ibid . ,  Hylocomium splendens variant (cl .  7 ,  8);  7 = 

Agrostis vinealis - Drepanocladus uncinatus comm. (cl. 1 0) .  

species . Its E. nigrum var. ,  occurring in less exposed 
places, is usually richer in species. 

Festuca rubra i s  frequent while Empetrum nigrum, 
Salix herbacea and Carex bigelowii may be fairly 
abundant in the field layer. Polygonum viviparum, 
Agrostis vinealis, Potentilla crantzii, Thymus praecox 
ssp. arcticus, Galium pumilum ssp. normanii and 
Thalictrum alpinum are scattered where the moss car
pet is less dense. 

The bottom layer is mostly poor in moderately 
frequent species. In some places R. canescens is sub
dominant, hence a facies of this species has been 
distinguished with Galium boreale as a constant in the 
field layer. The bottom layer of the facies is mixed with 
Hylocomium splendens and Rhytidiadelphus squar
rosus and is characterized by a higher frequency of 
other mosses, liverworts and lichens .  

Empetrum nigrum variant (c l .  1 1 ) 
E. nigrum is a constant species of the £. nigrum var. and 
Salix herbacea is frequent in the field layer. Some 
vascular species occur scattered, such as Polygonum 
viviparum and F estuca rubra, and the others are rare, 
e .g . ,  Salix phylicifolia, Arctostaphylos uva-ursi and 
Galium pumilum ssp. normanii. 

R. lanuginosum is dominating in the bottom layer. 
Due to the many ruptures the number of species is 



Table 7. Synoptic table for the eight community groups in the 
S uourhraun lava field from 1 300. 

Cl uster no. 6 7 9 1 0  1 1  1 2  1 3  

Cluster size 7 1  44 2 23 6 36 8 

Racomitrium lanuginosum 5 
Empetrum nigrum 2 
Hylocomium splendens 5 
Salix herbacea 4 
Racomitrium canescens 
Rhytidiadelphus squarrosus 
Agrostis vineal is 
Drepanoc ladus uncinatus 4 
Agrostis capi l laris 3 
Vaccinium ul iginosum 
Festuca rubra I 2 
Salix phyl icifolia 2 
Thalictrum alpinum 
Pt i l idium ci l iare 
Arctostaphylos uva-ursi 
Polygonum viviparum 
Polytrichum juniperinum 
Thymus praecox ssp. arcticus 
Pelt igera canina 
Kobresia myosuroides 
Tritomaria quinquedentata 
An thelia julacea 
Lophozia sudetica 
Gal ium verum 
Pohl i a  drummondii 
Carex bigelowii 
Galium pumilum ssp. norman i i  
Juncus trifidus 
Nardia scalaris 
Lophozia ventricosa 
Stereocaulon vesuvianum 
Bartramia ithyphylla 
Pohl ia  cruda 
Pogonatum umigerum 
Rhytidiadelphus triquetrus 2 
Cerastium fontanum 

Cluster 6: Racomitrium lanuginosum comm. 
Cluster 7 :  Empetrum nigrum - Racomitrium lanuginosum comm. 

Hylocomium splendens var. 
C luster 8 :  Empetrum nigrum - Racomitrium lanuginosum comm. 

Hylocomium splendens var. 
Cluster 9 :  Racomitrium canescens comm. 
C luster I 0: Agrostis v i nealis - Drepanocladus unci natus comm. 
C luster 1 1 : Racomitrium lanuginosum comm. Empetrum nigrum var. 
C l uster 1 2: Racomitrium canescens comm. Empetrum nigrum var. 
C l uster 1 3 :  Empetrum nigrum - Racomitrium lanuginosum comm. 

Vaccinium uliginosum var. 

9 

3 
5 

4 
I 

1 
2 
I 
I 

Additional species, occurring with a synoptic score < I ,  or with I but in only 
I or 2 clusters (cluster number between brackets ) .  
Alchemil la  alpina 1 (7) ;  Amph idium mougeotii 1 ( 1 1 , 1 2 ); Armeria maritima 
I (I 0) ; Barbilophozia hatcheri I ( 1 2, 1 3); Bartsia alpina I ( 8 ); Beomyces rufus 
1 ( 1 3) ;  Bryum sp. 1 ( 1 2) ;  Cardaminopsis petraea 1 ( 1 1 ); Cal luna vu lgaris < I ;  
Cephaloziella arctica I ( 1 2 ), C. sp. I ( 1 2) ;  Cerastium alpinum I ( I  0, I I ) ; Cladonia 
graci l is  < I ;  C. pyxidata 1 (6, 1 1 ) , C .  sp. 1 ( 1 1 , 1 3 ) ;  Coleoglossum viride 1 ( 1 3) ;  
Cystopteris frag i l is  I ( 1 1  ) ;  Di chodont ium pellucidum I ( 1 2) ;  Dicranum 
fuscescens I ( 1 2) ;  Diphyscium foliosum I (8, 1 1  ) ;  Distichium capillaceum 
I (6, 1 1  ) ;  Dry as octopetala < 1 ;  Encalypta rhabdocarpa I ( 8 ); Erigeron boreal i s  
1 ( 1 0) ;  Fest uca v iv ipara I (9) ;  Gal ium bore ale I (6 ,  1 0 ) ;  Gymnomitrion 

concinnatum I ( 1 2 ); Hieracium sp. I ( 1 3 ) ;  Jungennannia sphaerocarpa < I ;  
Lophozia bicrenata I ( 1 2), L .  heterocolpos I ( 1 2 ) ; Luzula mu1t iflora 1 (7,  1 3), L. 
spicata I (8); Metzgeria furcata < I ;  Parnassia palustris < I ; Peltigera leucophlebia 
1 ( 1 2) ,  P. rufescens 1 ( 1 3 ), P. venosa I ( 1 2) ,  P. sp. I (6 ,7) ;  Pleurozium schreberi 

< 1 ;  Poa g l auca 1 ( 1 1 ) ; Po1ytrichum a1pinum 1 ( 7 , 1 1 ) ; Potenti l la crantzii 1 ( 6); 
Psoroma hypnorum 1 ( 1 3) ;  Racomitrium fasciculare < I ;  Salix 1anata I ( 1 3) ;  
Saxifraga nival is I ( I  I ); Scapania curta I ( 1 2) ;  Si lene acaulis I ( 1 2 ) ;  Solorina 
crocea I ( 1 2) ;  Stereocaulon sp. 1 (9); Taraxacum sp. 1 (6,9) ;  Timmia austriaca 
I (8, 1 2 ); Totieldia pus ilia I (8 ) ;  Umbil icaria sp. I ( 1 2) .  
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relatively high. In the bottom layer Hylocomium 
splendens, R. canescens and Pogonatum urnigerum 
are moderately frequent together with some liverworts, 
e.g. ,  Lophozia ventricosa and L. sudetica. On pro
truding stones Stereocaulon vesuvianum, Cladonia 
pyxidata and a few acrocarpous mosses c�n be found. 

7.5.2 Racomitrium canescens corn m. (cl .  9) 

The R. canescens comm. is rather poor in vascular 
species. In the field layer Salix phylicifolia and 
Agrostis vinealis are constant and Festuca rubra is 
frequent. Species with lower frequency include Car ex 
bigelowii, Thalictrum alpinum, Thymus praecox ssp. 
arcticus and Festuca vivipara. 

In the bottom layer, R. canescens is dominant and R. 
lanuginosum subdominant. Drepanocladus unci natus 
is moderately frequent, and other mosses, such as 
Hylocomium splendens and Polytrichumjuniperinum, 
occur scattered. Ptilidium ciliare is an infrequent 
liverwort. 

Empetrum nigrum variant (cl. 1 2) 
The field layer of the E. nigrum var. is dominated by 
E. nigrum, but S. phylicifolia is  absent. Constants are 
Carex bigelowii (often abundant), Festuca rubra, 
Kobresia myosuroides and Polygonum viviparum. 
Other vascular species are scattered, such as Galium 
pumilum ssp. normanii and Salix herbacea. 

The bottom layer is rich in species . R. canescens is 
dominating and R. lanuginosum is abundant. Drepa
nocladus uncinatus is constant and may become 
abundant, while Hylocomium splendens is more scat
tered. These two species are often mixed with Timmia 
austriaca, Ptilidium ciliare, Tritomaria quinque
dentata, Lophozia ventricosa and Peltigera leuco
phlebia. 

The ground has many ruptures, indicated by the 
occurrence of Dichodontium pellucidum, Lophozia 
bicrenata, Scapania curta, Gymnomitrion concinna
tum and Solorina crocea. The stony ground is colo
nized by Bryum spp. ,  Pohlia drummondii , Amphidium 
mougeotii and Stereocaulon vesuvian.um. 

7 .5.3 Empetrum nigrum - Racomitrium lanugino

sum comm. 

The E. n.igrum - R. lan.ugin.osum comm. occurs mainly 
in Su 1 300-I and is represented by its two variants : the 
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Hylocomium splendens var. and the Vaccinium uligi
nosum var. The V. uliginosum var.  is  mainly restricted 
to steep slopes .  The tops of these slopes end often 
abruptly at the base of crags. This may explain the 
absence of the Arctostaphylos uva-ursi variant. The 
H. splendens var. occupies horizontal ground. 

Hylocomium splendens variant (cl. 7 and 8) 
In the field layer, the dwarf-shrubs Salix phylicifolia, 
V. uliginosum and Empetrum nigrum are dominating in 
the H. splendens var. Salix herbacea may locally be 
fairly abundant, in places where Bartsia alpina, Luzula 
spicata and Tofieldia pusilla are frequent. F estuca rubra 
is constant and Polygonum viviparum frequent. Tha
lictrum alpinum is moderately frequent but other spe
cies are rare, such as Alchemilla alpina, Agrostis 
vinealis, Thymus praecox ssp. arcticus, Galium pu
milum ssp. normanii and G. verum. 

In the bottom layer, H. splendens dominates in 
shallow and wide depressions, often mixed with R. 
lanuginosum . R. canescens, Drepanocladus uncinatus 
andRhytidiadelphus triquetrus are scattered. Lophozia 
ventricosa, Ptilidium ciliare and Tritomaria quinque
dentata are the most common l iverworts. Occurrences 
of other species (e .g. ,  Polytrichum alpinum, Peltigera 
rufescens and Stereocaulon vesuvianum) are l inked to 
local environmental characteristics such as exposure, 
sward density and the frequency of rock ledges. Pleu
rozium schreberi, Timmia austriaca and Diphyscium 
foliosum are found in a more open bottom layer. 

Vaccinium uliginosum variant (cl . 1 3 ) 
In thefield layerofthe V. uliginosum var. , V. uliginosum 
and Empetrum nigrum dominate. Arctostaphylos uva
ursi is often abundant. Constant species are also F estuca 
rubra, Galium pumilum ssp. normanii and Polygonum 
viviparum.Agrostis vinealis andKobresia myosuroides 
are infrequent and Coleoglossum viride, Luzula mul
tiflora and ]uncus trifi"dus are rare. Salix phylicifolia 
and S. herbacea are absent. 

In the bottom layer, H. splendens is replaced by 
Drepanocladus uncinatus and the frequency and 
abundance of R . lanuginosum and R. cane se ens is much 
higher. Among rare species can be mentioned Ptilidium 
ciliare, Peltigera rufescens, Polytrichumjuniperinum 
and Barbilophozia hatheri. 

7 .5.4 Agrostis vinealis - Drepanocladus uncinatus 

comm. (cl. 1 0) 

Although grass heathland is common in Iceland it is 
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rare in the apalhraun. J6nsson ( 1 906a) stressed that it 
may not even be found there until the lava field is 
totally leveled by soil .  The community belongs to the 
grassy heathland vegetation type (Steind6rsson 1 966). 

The field layer of the A. vinealis - D. uncinatus 
comm. is dominated by grasses, notably Agrostis 
vinealis, A. capillaris and Festuca rubra. The occur
rence of Erigeron borealis, Galium boreale, Armeria 
maritima, C erastium alpinum, and C .font anum is very 
characteristic, where the community is influenced by 
sheep-grazing. 

The bottom layer is dominated by D. unci natus 
whereas Hylocomium splendens and Rhytidiadelphus 
squarrosus are subdominants. The total absence of 
Racomitrium spp. is notable. 

The community occurs in shallow depressions less 
exposed than the environment of the R. lanuginosum 
heath. The soil is  deep (> 30 cm), silty to fine sandy, and 
nutrient poor. The grass-rich heath may be regarded as 
intermediate between the nutrient-richer grassJands 
(valllendi )  in Iceland and the vegetation types of the 
R .  lanuginosum heath (Gunnlaugsd6ttir 1 985). The 
community is most similar to the Drepanocladus 
uncinatus dominated form of the subass. racomi
trietosum canescentis of the Agrostio capillaris - Hylo
comietum splendentis (Gunnlaugsd6ttir 1 985) .  

7 .5 .5 Ecological remarks 

The result of the CCA on the material for Su 1 300 can 
be summarized as follows: 

axis 1 2 3 4 
% variance explained 46.2 23.5 1 4.9 8 .8  
biplot scores of environmental variables : 
surface roughness - 63 - 94 9 1 90 
tephra cover - 97 1 27 2 1 1  25 
elevation - 2 1 2  2 1 2  1 80 - 82 
no. of tephra falls - 2 1 3  - 28 - 233 1 09 
quantity of ace. mat. 42 1 1 6 1  - 1 2  9 

Five environmental factors have been included in the 
CCA of this material of S u  1 300 (Fig. 20). The two 
environmental factors explaining most of the floristical 
variation are quantity of deposits, which runs parallel 
to axis 1 ,  and altitude, which runs diagonally upwards 
to the left together with tephra cover. The main differ
entiation along axis 1 ,  is related to the quantity of 
accumulated material , and i s  negatively correlated 
with the number of tephra layers. This shows that the 
lava field has been influenced by deposits of other 
origin than tephra falls. The two variants ofthe E. nigrum 



- R. lanuginosum comm.,  the H. splendens var. and the 
V. uliginosum var. ,  and the A. vinealis - D. uncinatus 
comm. are found to the right in the diagram, i .e . ,  at low 
altitudes and on thick accumulated material. This con
firms the early observation by J6nsson ( 1 906a) . Espe
cially, the A. vinealis - D. uncinatus comm. is influ
enced by sheep-grazing. The occurrence of Betula 
pubescens is confined to the variants of the E. nigrum 
- R . lanuginosum comm. 

Along axis 2, the environmental differentiation i s  as 
follows:  Towards the top we have analyses from high 
altitude and with increased tephra cover, and an influ
ence of drifting sand/tephra; towards the bottom-left 
we have lower altitudes and increased surface rough
ness. The R. lanuginosum comm. is found over the 
whole diagram but its E. nigrum var.  and R. canescens 
facies are found mainly in the lower part. The R. ca
nescens comm. has a more restricted extension; its E. 
nigrum var. indicates lower altitudes. 

Kjartansson ( 1 946) described that in the highland Su 
1 300 is coloured gray ish by mosses while shrubs (even 
birch) and grasses dominate in  depressions in the 
lowland. Grazing is moderate to heavy,  especially in  
the higher parts. The vegetation on Su 1 300 is consid
ered as more luxuriant than in most other lava fields. 
Due to the hilly character of the topography and the 
large number of rock ledges, especially in Su 1 300-I ,  
an unusually large number of sheltered places are 
available where vascular species occur which can 
avoid a competition with the thick carpet of R. lanu
ginosum. Consequently, the lava field is rich in species, 
which are absent or only rare elsewhere in the lava 
fields around Mt. Hekla, such as Anthoxanthum odo
ratum, Woodsia ilvensis, Juniperus communis, Dryas 
octopetala and Tofieldia pusilla. 

7 .6  Plant communities of 

Norourhraun 1 3 89 
(Table 8 ,  clusters 1 4  - 22) 

7.6.1 Racomitrium lanuginosum comm. (cl. 1 4) 

The R .  lanuginosum comm. has a wide distribution, 
especially in No 1 389-III. In the field layer, Empetrum 
nigrum, F estuca rubra and Galium pumilum ssp. 
normanii are constant species. Salix herbacea, Poly
gonum viviparum and Carex bigelowii are moderately 
frequent. Vaccinium uliginosum and Arctostaphylos 
uva-ursi are locally abundant. Other species are rare, 
such as Agrostis vinealis, Festuca vivipara and 
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Table 8 .  Synoptic table for the nine community groups in the 
Norourhraun lava field from 1 389. 

Cl uster no. 1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  22 
Cluster size 92 1 6  74 10 8 1 6  6 3 

Racomitrium lanuginosum 2 2 2 
Empetrum nigrum 4 4 2 2 
Arctostaphylos uva-ursi 5 I 5 
Vaccinium ulig inosum 2 4 
Sal ix  phylic ifolia 2 
Thymus praecox ssp. arc. 2 
Festuca vivipara 
Luzula spicata 2 
M inuartia rubella 
Festuca rubra 
Agrostis stolonifera 2 
Racomitrium canescens 2 
J uncus tri fidus 
Pogonatum urnigerum 
Salix herbacea 
Kobresia myosuroides 
Calluna vulgaris 
Galium verum 
Agrostis v inealis I 
Polygonum viv iparum I I 
Hylocomium splendens 2 2 2 
Carex bigelowii 
Lophozia ventricosa 
Drepanocladus uncinatus 2 
Polytrichum juniperinum 
Gal ium pumilum ssp. norm. 
Stereocaulon vesuvianum 
Hieracium sp. 
Luzula multiflora 
Agrostis capillaris 
Rhytidiadelphus squarrosus 
S i lene maritima 

Cluster 1 4 :  Racomitrium lanuginosum comm. 
Cluster 1 5 :  Empetrum n i grum - Racom itr ium lanuginosu m c om m .  
Arctostaphylos uva-ursi var. 
Cluster 1 6: Empetrum nigrum - Racomitrium lanuginosum comm. Vaccinium 
ul iginosum var. 
Cluster 1 7: Empetrum nigrum - Racomitrium lanuginosum comm. Sali x  
phyl ic ifolia var. 
Cluster 1 8 : Luzula spicata - Festuca v ivipara comm. Thymus praecox ssp. 
arcticus var. 
Cluster 1 9: Festuca rubra - Agrostis stolonifera comm. 
Cl uster 20: Empetrum n i grum - Racom itr ium lanugi nosum comm. 
Arctostaphylos uva-ursi var. 
Cluster 2 1 :  Festuca rubra - Agrostis stolonifera comm. 
Cl uster 22: Luzula spicata - Festuca viv ipara comm. 

Additional species, occurring with a synoptic score < I, or with I but in only 
I or 2 clusters (c luster number between brackets). 
Alchemi l la a lpina < I ;  Armeria maritima I ( 1 9); Barbilophozia floerkei I( 1 5) ,  
B .  hatcheri 1 ( 1 6, 1 5 ) ;  Betula  pubescens 1 ( 1 5 ) ;  B ryum sp .  1 ( 1 8,20) ; 
Cardaminopsis petraea I ( 1 8 ); Carex marit ima I ( 1 9); Cerast ium a lpinum 
I ( 1 4, 1 8) ;  Ceratodon purpureus I ( 1 8 ,20); Corallorhiza trifid a 1 ( 1 5) ;  C1adonia 
ecmocyna I ( 1 5 ) ;  Deschampsia t1exuosa I ( 1 6); Dicrane l la  subu1ata I ( 1 7) ;  
Dicranoweisia crispula 1 ( 1 8 ); Diphyscium foliosum < I ;  Distichium capillaceum 
1 ( 1 7); Erigeron borealis 1 ( 1 5); Gentiana nivalis < I ;  Gymnomitrion concinnatum 
< I ;  Jungermannia subel l i ptica I ( 1 5 ); Lophozia sudetica I (  1 5 ); Nardia scalaris 
1 ( 1 5 ); Pe1tigera canina 1 ( 14 , 1 5),  P. leucoph1ebia 1 ( 1 5), P. malacea 1 ( 1 7 , 1 5) ,  
P .  rufescens 1 ( 16 ) ,  P. sp .  1 ( 1 6); Pinguicula vulgaris 1 ( 1 5); Piagiochi ia 
porelloides I ( l 6) ;  Poiytrichum aipinum I ( 1 5); Psoroma hypnorum 1 ( 1 5 ); 
Ptil idium c i l iare I (2); Scapaniacaicicoia < I ;  Siiene acauiis I ( I 7) ;  Stereocauion 
botryosum < I ;  Thalictrum aipinum I ( I 5) ;  Trisetum spicatum I ( I 4) ;  Tritomaria 
quinquedentata I ( 1 5) .  
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Kobresia myosuroides, Carex capitata, Dryas octo
petala, Poa pratensis, Parnassiapalustris and Gentiana 
nivalis. 

R . lanuginosum dominates in the thick pure bottom 
layer. Pogonatum urnigerum and Lophozia ventricosa 
are frequent. Hylocomium splendens, Polytrichum 
juniperinum, P eltigera leucophlebia and S. vesuvianum 
are only present sporadically. 

In some places many ruptures occur i n  the moss 
carpet. These patches are small , generally sparsely 
vegetated with a number of species worth mentioning, 
e.g., R.  canescens, Drepanocladus uncinatus, Poly
trichum alpinum, P. pillferum, Nardia sea/m-is, Gym
nomitrion concinnatum and Ptilidium ciliare. In other 
places, small stones are exposed and colonized, e.g. , by 
Stereocaulon botryosum, Racomitrium fasciculare, 
Grimmia torquata, Dicranella subulata, Amphidium 
mougeotii and Ditrichumflexicaule. 

7.6.2 Empetrum nigrum - Racomitrium lanugino

sum comm. 

The E. nigrum - R. lanuginosum comm. occurs espe
c ially on south- to southwest-facing slopes and on 
small hillocks. The total number of plant species is high 
and the vegetation is often luxurious. Betula pubescens 
often forms the shrub layer. The community is repre
sented with its three variants : Salix phylicifolia var. 
(main ly depressions) Vaccin ium uliginosum var. 
(slopes) and Arctostaphylos uva-ursi var. (the upper
most part of slopes) .  

Salix phylic�folia variant (c l .  1 7) 
The S. phylicifolia var.  is closely related to the V. uli
ginosum var. In the field layer, S. phylic(folia is 
physiognomically dominating and Empetrum nigrum 
subdomi nant. F estuca vivipara is constant, Thymus 
praecox ssp. arctic us is moderately frequent but] uncus 
trifidus, Galium verum, Carex bigelowii, Luzula 
multiflora and Agrostis capillaris occur sporadically. 

In the bottom layer, R. canescens and Hylocomium 
splendens dominate alternatively. R. lanuginosum i s  
constantly present but  with low cover andPolytrichum 
juniperinum is scattered. Bare patches with Distichium 
capillaceum occur sporadically. 

Vaccinium uliginosum variant (cl . 1 6) 
The field layer of the V. uliginosum var. i s  character
ized by the dominant E. nigrum and V. uliginosum 
occurs as subdominant. Polygonum viviparum, F estuca 
vivipara, F. rubra and Agrostis vinealis are frequent 
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but Galium pumilum ssp. normanii, Hieracium sp. ,  
Deschampsia flexuosa and Luzula multiflora occur 
scattered. Some species, such as Arctostaphylos uva
ursi, Salix phylicifolia, S . lanata and Carex bigelowii, 
are locally abundant. The number of species here i s  
much lower compared with other variants. 

The bottom layer is dominated by R. lanuginosum, 
Hylocomium splendens andDrepanocladus uncinatus. 
Polytrichum juniperinum and R. canescens are mod
erate! y frequent andRhytidiadelphus squarrosus is rare. 
In several places the vegetation is rich in some 
liverworts, such as Barbilophozia hatcheri andPtilidium 
ciliare. Lichens are not common. 

Arctostaphylos uva-ursi variant (cl. 15 and 20) 
The field layer of the A. uva-ursi var. i s  dominated by 
A. uva-ursi, whereas E. nigrum and V. uliginosum are 
constant subdominants. Festuca vivipara and Poly
gonum viviparum are frequent. Agrostis capillaris, 
Calluna vulgaris, Thymus praecox ssp. arcticus and 
Luzula multiflora are frequent. 

The bottom layer is very rich in species compared 
with other communities. It is dominated by R. lanugi
nosum but Hylocomium splendens, R. canescens, 
Drepanocladus uncinatus and Rhytidiadelphus 
squarrosus are moderately frequent. Liverworts, such 
as Tritomaria quinquedentata, Barbilophozia hatcheri 
and B. floerkei are rare. The lichens Peltigera canina 
and P. leucophlebia are moderately frequent but 
P. malacea, S. vesuvianum and C ladonia ecmocyna are 
rare. 

In No 1 3 89-IV this variant is highly influenced by 
accumulation of sand. There it  is  very poor in species, 
with the constants Agrostis stolonifera and Salix 
phylicifolia. The bottom layer is completely drowned 
by sand, only with accidental presence of Bryum spp. 
and Ceratodon purpureus on protruding lava blocks. 

7 .6.3 Luzula spicata - F estuca vivipara eo mm. (cl. 22) 

The L. spicata - F.  vivipara comm. occurs on top of 
some hillocks. The field layer is poor in species and the 
bottom layer almost absent. The community i s  highly 
influenced by sheep grazing. 

Thymus praecox ssp. arcticus variant (cl. 1 8) 
The field layer is physiognomically characterized by T. 
praecox ssp. arcticus and L. spicata as dominants, with 
scattered presence of F estuca vivipara, Agrostis 
stolonifera, Minuartia rubella, Cardaminopsis petraea 
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Fig. 2 1 .  CCA ordination diagram, axes 1 and 2: Norourhraun 
lava field from 1 389. - 1 =Racomitrium lanuginosum comm. 
( cl . 1 4  ); 6 . 1 = Empetrum nigrum-Racomitrium lanuginosum 
comm. ,  Arctostaphylos uva-ursi variant (cl .  1 5 , 20); 6 .2 = 

ibid., Vaccinium uliginosum variant (cl .  16);  6.3 = ibid . ,  Salix 

phylicifolia valiant (cl .  1 7) ;  8 = Luzula spicata - Festuca 

vivipara comm. (cl .  22); 8 . 1 = ibid. , Thymus praecox ssp. 
arcticus variant (cl . 1 8) ;  9 = Festuca rubra - Agrostis 

stolonifera eo mm. ( cl. 1 9) .  

and J uncus trifidus. C erastium alpinum may be abun
dant. 

The abundance of cryptogams in the open sward, 
exposed to wind and with a minimum cover of snow, 
i s  low. R. lanuginosum has a low cover value but is 
frequent. Ceratodon purpureus, Dicranoweisia cris
pula and Bryum spp. are infrequent although they are 
at least locally characteristic for the community . 

7.6.4 Festuca rubra - Agrostis stolonifera comm. 
(cl. 1 9) 

The F. rubra -A .  stolonifera comm. is characterized by 
a few vascular species and a devastated bottom layer, 
so the concept of plant community with variants can 
hardly be used. It is highly influenced by drifting sand/ 
tephra (No 1 389-IV).  

In the field layer, grasses and herbs occur only 
scattered, such as ]uncus trifidus, Kobresia myo
suroides, Luzula spicata and Galium verum. On the 
other hand, Salix herbacea, Armeria maritima, Carex 
maritima and Silene maritima are regular species. The 
field layer covers less than 20%.  

The bottom layer has only small remnants of  moss 
carpet of R.  lanuginosum and R. canescens. 
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7 .6.5 Ecological remarks 

The result of the CCA on the material for this lava field 
can be summarized as follows: 

axis 1 2 3 4 
% variance explained 32. 1 2 1 .7 1 8.0 1 6.2 
biplot scores of environmental variables :  
surface roughness - 72 - 1 40 1 2  - 74 
tephra cover 243 30 83 2 1 5  
elevation 49 89 322 24 
no. of tephra fall s  - 88 89 279 39 
quantity of ace . mat. 1 22 1 57 277 22 
inegularity 247 - 224 - 1 59 - 1 5 

The six environmental factors have been included in 
the CCA of this material of No 1 3 89 (Fig. 2 1 ) . The 
main differentiation along axis 1 is related to tephra or 
sand cover in N o 1 389-IV. Along axis  2, the uppermost 
communities are the three variants of the E. nigrum -
R . lanuginosum comm. Their position is mainly related 
to the increasing accumulation of aeolian material . 
Tephra deposits from many tephra falls have leveled 
the topography. The topography is similar to that ofEf 
1 1 58,  with small hillocks and shallow, open depressions. 
Here the most luxuriant vegetation occurs. The occur
rence of Betula pubescens is confined to these variants. 
The R . lanuginosum comm. is concentrated at the lower 
end but extends upward. 

At the lower end of axis 2 we find the L. spicata -
F. vivipara comm. and its T. praecox ssp. arcticus 
variant. It is related to the top of the crags or increasing 
irregularity. 

In N o 1 389-IV, towards the right, the circumstances 
are quite different; there accumulation of sand is sti l l  in 
progress. Formerly this  was a typical lava field but it 
has become gradually subject to heavy accumulation 
of sand. This accumulation started probably not more 
than 60 years ago. The devastation has begun earlier at 
the edge of the lava and has successively subdued the 
field. Now, more than 85% of the main surface consists 
mainly of barren sandy soil, extending in  a fairly broad 
zone along the mountain Botnafjall .  

Regarding the vegetation in No 1 389-IV, which is 
scattered, the area can be divided into three categories: 
a. Pure sandy soi l (no analyses) .  A few species are only 
found here in the lava fields , such as Leymus arenarius 
and Lathyrus japonicus. b. Hard-packed sand with 
Arctostaphylos uva-ursi, Salix lanata, Oxyria digyna, 
Carex maritima, C. bigelowii, Agrostis stolonifera, 
Festuca rubra, Silene maritima and Thymus praecox 
ssp. arcticus. c. Sandy, sheltered places under big 
stones and in wide clefts with Galium verum, Rhi-
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nanthus minor, Rubus saxatilis and Platanthera 
hyperborea. Amongst the species mentioned here are 
several maritime species, which are not confined to 
seashores in Iceland. L. japonicus is mostly found in 
the coastal areas in Iceland (except in the east) but in 
South Iceland it also occurs at a great distance from the 
sea. C. maritima, as well as the other species, are 
recorded from many localities in the central highlands . 
Many species of the first substrate category (a) are very 
typical for cold deserts elsewhere in Iceland (Stein
d6rsson 1 964) . 

The sandy soil is very unstable. It quickly dries up 
because the soil is well-drai ned. Consequently,  the 
bottom layer is very scattered or lacking altogether. In 
some places viable plants of R. lanuginosum are cov
ered by sand, which shows that the accumulation has 
taken place fairly recently.  B irchwood has a very 
patchy occurrence but in one cleft there was an old 
unique specimen, 2.5 m high and 19 cm in diameter, 
surrounded by a high sand dune. 

7 .  7 Plant communities of 

Palssteinshraun 1 554 
(Table 9,  clusters 23 - 27) 

7. 7.1 Racomitrium lanuginosum corn m. 

The R . lanuginosum comm. is  less damaged and more 
continuous in Pa 1 554 than elsewhere. The extensive 
distribution of the community is  mainly due to the 
uniform feature of the lava field. R. lanuginosum has 
formed an unusually dense and thick moss carpet, 
especially in the middle of the main surface. The upper 
8 - 15 cm of the shoots of R. lanuginosum are vital ;  
below there is  a thick, brown, decayed layer of mosses, 
almost without mineral deposits except for the well
demarcated tephra layer of 1 947. The R. lanuginosum 
comm. is represented by the fol lowing variant. 

Empetrum nigrum variant (cl. 23,  24, 25 & 26) 
The field layer is sparse, except for the constant 
Empetrum nigrum, which is nearly the only species 
over a large area. Salix herbacea, J uncus trifidus and 
Galium pumilum ssp. normanii are infrequent while 
other species such as Festuca rubra and F. vivipara are 
rare. 

The bottom layer consists mostly of R. lanuginosum, 
which is locally mixed with Pogonatum urnigerum. 
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Table 9. Synoptic table for the five community groups in the 
Palssteinshraun lava field from 1 554. 

Cluster no. 
Cl uster size 

Racomitrium lanuginosum 
Empetrum nigrum 
Vaccinium ul iginosum 
Racomitrium canescens 
Agrostis v inealis 
Drepanocladus uncinatus 
Carex bigelowi i 
Galium pumilum ssp. normanii 
Festuca rubra 

Stereocaulon alpinum 
Stereocaulon vesuvianum 

23 24 25 26 27 
76 13 4 1 0  5 

4 

I 
2 

4 

2 
I 
2 

Cluster 23 :  Racomitrium lanuginosum comm. Empetrum nigrum var. 
Cluster 24: Racomitrium lanuginosum comm. Empetrum nigrum var. 
Yaccinium ul iginosum facies. 
Cluster 25: Racomitrium lanuginosum comm. Empetrum nigrum var. R. 
canescens facies. 
Cluster 26:  Racomitri um lan uginosum comm. Empetrum nigrum var. 
Drepanocladus uncinatus facies. 
Cluster 27 : Drepanocladus uncinatus - Carex bigelowii comm. 

Additional species, occurring with a synoptic score < I ,  or with l but in  only 
I or 2 clusters (cluster number between brackets). 

Alchemil la alpina l (26); Barbilophozia hatcheri 1 (24) ; Cardaminopsis petraea 
I (27); Cerast ium alpinum < I ;  Cladoniacoccifera < I ,  C. sp. I (25);  Comicularia 
aculeata < l ;  Festuca vivipara I (23 ); Hieracium sp. < I ;  Hylocomium splendens 
I (24) ; Juncus trifidus I (23); Kobresi a myosuroides I (25); Lophozia ventricosa 
1 (25,26), L. sp. 1 (23);  Parmelia saxati l is  1 (25);  Peltigera aphtosa 1 (26), P. 
canina l (24,25 ), P.  leucophlebia < I ,  P.  polydactyl a I (24,26), P.  rufescens < I ; 
Plagiochila porelloides I (25) ;  Poa alpina < I ;  Pogonatum urnigerum l (23,26) ;  
Polygon urn viv iparum l (27 ) ;  Rhytidiadelphus sq uarrosus l (24 ) ;  Salix herbacea 
1 (23,26), S.  phy1icifolia 1 (26); S ilene acaulis < 1 ;  Taraxacum sp. 1 (26);  
Thymus praecox ssp. arcticus 1 (26); Trisetum spicatum < I ;  Tritomaria 
quinquedentata < 1 .  

R.  canescens and Drepanocladus uncinatus are only 
locally moderately frequent and the lichenStereocaulon 
alpinum may be abundant. Protruding stones or small 
ruptures occur occasionally in the thick moss carpet 
and therefore S. vesuvianum, Cladonia spp. and small 
acrocarpous mosses are rare or absent. One patch 
where the wind has blown away the moss carpet is 
described in section 9 .3 .  Separate facies can be recog
nized and should be mentioned. 

The Vaccinium uliginosum facies distinguished 
within this variant is characterized by the constant 
V. uliginosum , absence of grasses and herbs and a not 
so dense bottom layer. It  contains a s lightly larger 
number of species in the bottom layer, where Hylo
comium splendens may be abundant . Other species, 
e .g . ,  Drepanocladus uncinatus, R. canescens, Rhyti
diadelphus squarrosus and Peltigera polydactyla, 
occur rarely. 

The Racomitrium canescens facies occurs in  open 
depressions with a high cover of Agrostis vinealis and 
Festuca rubra. Kobresia myosuroides and Galium 



pumUum ssp. normanii also occur. The bottom layer is  
thin and mixed withPlagiochila porelloides, Lophozia 
ventricosa and Stereocaulon alpinum . There are also 
small protruding stones with Cladonia spp . ,  S. vesu
vianum and Parmelia saxatilis. 

The Drepanocladus uncinatus facies occurs in 
somewhat deeper depressions than the R. canescens 
facies. The field layer has several additional vascular 
species such as Alchemilla alpina, Thymus praecox 
ssp. arcticus and Salix phylicifolia. S. herbacea is  
sometimes abundant. The bottom layer differs only by 
the higher cover of Drepanocladus uncinatus. 

7.7.2 Drepanocladus uncinatus - Carex bigelowii 

comm. (cl .  27) 

The D .  unci natus - C. bigelowii comm. differs from the 
Drepanocladus unci natus facies ofthe R . lanuginosum 
comm. by the dominance of D. uncinatus, the lower 
cover value of R.  lanuginosum and presence of the 
constant and fairly abundant Car ex bigelowii. F estuca 
rubra is frequent but Galium pumilum ssp. normanii 
and Empetrum nigrum are rare. The absence of several 
vascular species is notable. The compact subterranean 
stolons of Carex bigelowii make it difficult for other 
vascular species to compete. Apart from the dominant 
in the bottom layer, R. canescens may sporadically be 
abundant while R. lanuginosum is  infrequent. 

7.7.3 Ecological remarks 

The result of the CCA on the material for this  lava field 
can be summarized as follows: S ince only one factor 
was involved all variance is explained on axis 1 .  

biplot scores of environmental variables :  
axis 
surface roughness 

1 
4 14 

One environmental factor has been included in the 
CCA of this material of Pa 1 554 (Fig. 22).  The main 
differentiation along axis 1 ,  with the only correlated 
environmental factor, surface roughness, is between 
three facies of the £. nigrum var. ofthe R. lanuginosum 
comm.,  i .e . ,  the V. uliginosum facies, the D. uncinatus 
facies and the R.  canescens facies . 

The V. uliginosum facies, situated to the left, is very 
poor in species in comparison with other stands of this 
type and its occurrence can be considered as the first 
step in the colonization of the moss carpet. In the 
middle we find the D .  unci natus facies, while the stands 

.. 
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Fig. 22. CCA ordination diagram, axes 1 and 2: Palssteins
hraun lava field from 1 554. - 1 .2 = Racomitrium lanuginosum 

comm. Empetrum nigrum variant (cl. 23, 24, 25 , 26); 4 = 

Drepanocladus uncinatus - Carex bigelowii comm. (cl. 27). 

at the right of axis 1 belong to the R .  cane se ens facies. 
Here the moss carpet is  thinnest and the protruding 
stones are most frequent. Consequently, the largest 
number of cryptogams is found here. 

The D .  unci natus - C. bigelowii comm. is situated at 
the top of axis 2, expressing the maximum difference 
between this community and the R. lanuginosumcomm . 
Pa 1 554 i s  entirely surrounded by other lava fields and, 
therefore, mostly sheltered against deposits of aeolian 
material . 

7 .8  Plant community of 

Lava field 1 693 

(Table 1 0, 28 - 32) 

7.8.1  Racomitrium lanuginosum comm. (cl. 28) 

Lf 1 693 is  a small lava field and here only the 
R. lanuginosum comm. with its S. herbacea var. has 
been distinguished. The main reason is the situation of 
the lava field on a gentle s lope, frequently affected by 
tephra deposits from d ifferent eruptions .  The 
R. lanuginosum comm. has not developed into a con
tinuous, thick carpet. A separate facies, rich inEmpetrum 
nigrum, indicates a weak influence of drifting sand/ 
tephra. S. herbacea and Polygonum viviparum are 
frequent. Galiumpumilum ssp. normanii andKobresia 
myosuroides are also found with moderate frequency.  

Acta Phytogeogr. Suec. 7 7  



62 Agust H. Bjarnason 

Table 1 0. Synoptic table for the five community groups in the 
lava field from the 1 693 eruption . 

Cl uster no. 
Cluster size 

Racomitrium lanugi nosum 
Empetrum nigrum 
Racom itrium canescens 
Sal ix herbacea 
Lophozia sudetica 
Diphyscium fol iosum 
Festuca vivipara 
Stereocaulon vesuvianum 
Pogonatum urnigerum 
Polytrichum juniperinum 
Anthel ia  ju lacea 
Bartramia ithyphyl la  
Nardia scalaris 
Pohl ia drummondii 
Tritomaria quinquedentata 
Lophozia heterocolpos 
Juncus trifidus 
Drepanocladus uncinatus 
Polygonum viviparum 
Polytrichum piliferum 
Dicranum fuscescens 
Ochrolechia frigida 

28 29 30 3 1  32 
26 1 8  

4 2 
2 
2 2 

4 

4 

2 

2 

Cluster 28 : Racomitrium lanuginosum comm. (Empetrum and R. canescens 
facies) 
C l uster 29: Racomitrium lanuginosum comm. Salix herbacea var. 
Cluster 30: vegetation fragment 
Cluster 3 l :  vegetation fragment 
Cluster 32: vegetation fragment 

Additional species, occurring with a synoptic score < l, or with I but in  only 

1 or 2 clusters (cluster number between brackets). 

Amphidium mougeotii l (29); Bryum sp. I (28); Barbilophoziafloerkei I (3 1 ) ,B. 

hatcheri I (3 1 ) ; Cephaloziella arctic a I (28);  Cladonia cervicornis 1 (28,29), C .  

chlorophaea I (28,29);  Cladonia coccifera I (28,29) ,  C .  furcata <I ,  C. sp .  I (30);  

Cystocoleus niger I (29); Dicranella sp. I (29);  Dicranoweisia crispula I (28,30); 

Distichium capillaceum I (28,29) ;  Festuca rubra I (3 1 ) ;  Galium pumi lum ssp. 

normani i .  I (28); Gymnomit1ion concinnatum I (28 ,30), G. corallioides I (28,3 I ); 

Hylocomium splendens l (3 1 ,32); Kobresia myosuroides l (28);  Lepraria sp. 

I (28); Lophozia ventricosa I (28 ,30), L. sp. I (28,29); Luzul a  multiflora 1 (28);  

Mnium stellare < I , M. t homsoni i  I (28,29);  Nardia geoscyphus I (29);  Parmel ia 

saxati l is 1 (30);  Peltigera venosa l (28); Placopsis gelida l (28,29); Plagiochila 

porelloides I (28,30); Poa alpi na l ( 28,32); Pohlia cruda I (28,32); Polytrichum 

alpinum I (28,29); Psoroma hypnorum I (29); Salix call icarpea I (29); S ilene 

acaul is 1 (3 1 ); Solorina crocea 1 (28); Spenolopus mi nutus < I ;  Stereocaulon 

alpinum 1 ( 3 1 ) ; Timmia austriaca 1 (28,29 ); Umbilicaria sp. 1 ( 30). 

In the bottom layer of the community the moss carpet 
is interrupted and mixed with, e .g . ,  Polytrichum 
juniperinum, Bartramia ithyphylla, Barbilophozia 
hatcheri, B. barbata and B ..floerkei. R. cane se ens may 
be frequent and fairly abundant. Consequently, it is 
justified to separate a R. canescens facies. 
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Salix herbacea variant (cl. 29) 
The field layer is very poor in vascular species. 
S. herbacea is constant and other species occur only 
sporadically or are rare, such as ]uncus tnfidus and 
Polygonum viviparum. S. callicarpea may be locally 
abundant. 

In the bottom layer, the number of species is large 
due to the numerous of small ruptures and protruding 
stones, forming many suitable microsites. R. lanugi
nosum is constant; the carpet is filled with sand/tephra. 
R. cane se ens appears abundantly in shallow depres
sions. Frequent species include P o gonatum urnigerum, 
Bartramia ithyphylla , Anthelia julacea, Lophozia 
sudetica, Gymnomitrion concinnatum and G. coral
lioides. Stereocaulon vesuvianum is moderately fre
quent. The community is exposed to wind, indicated by 
e.g . ,  Ochrolechiafrigida, but has also species indicat
ing high altitude (520 m) and long-lasting snow cover 
(e.g . ,  Cephaloziella arctica). 

7.8.2 Ecological remarks 

The result of the CCA on the material for this lava field 
can be summarized as follows: 

axis 1 2 3 4 
% variance explained 69.7 30.3 0 0 
biplot scores of environmental variables :  
surface roughness 55 303 0 0 
tephra cover - 479 67 0 0 

Two environmental factors have been included in the 
CCA of this material of Lf 1 693 (Fig. 23) .  The differ
entiation along axis 1 is related to tephra cover. The 
diagram suggests that the S. herbacea var. of the R .  
lanuginosum comm. is tolerant towards tephra depos
its . The E. nigrum facies of the R. lanuginosum comm. 
is located at the opposite end of the axis ,  where the 
influence of tephra deposition is less pronounced. 

The main differenti<�tion along axis 2,  which i s  
related to  surface roughness, is expressed by the con
centration of the E. nigrum facies of the R.  lanugino
sum comm. at the lower end, where the substrate is 
even, against the occurrence of the R. canescens facies 
upward, where the substrate is  more rough. 

Where the deposit of tephra is thickest, towards the 
left, degenerated stages of the R . lanuginosum comm. 
occur and the vegetation is heterogeneous. Remnants 
of some communities are almost total ly buried by 
tephra/sand; they are not described here. 

On the other hand, the number of species in the 
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Fig. 23 .  CCA ordination diagram, axes 1 and 2: lava flow 
from the 1 693 eruption . - 1 = Racomitrium lanuginosum 

comm. (cl .  28); 1 . 1  = ibid. , Salix herbacea variant (cl .  29) ; 
v = vegetation fragment. 

bottom layer is unusually rich. The many sheltered 
places , ledges and small hollows are suitable habitats 
for many species. Three categories have been distin
guished with the following species composition: 

(a) In the moss carpet of R . lanug inosum; characteristic 
species are : 

Racomitrium canescens 

Pogonatum urnigerum 

Lophozia ventricosa 

Ochro!echiafrigida 

Drepanocladus uncinatus 

(b) In sandy patches and ruptures; characteristic spe
cies are: 

P olytrichum pilzferum 

P. alpinum 
Anthelia julacea 
Barbilophozia kunzeana 
Stereocaulon alpinum 
Mnium stellare 
Lophozia heterocolpos 

Timmia austriaca 

Lophozia sudetica 
Diphysciumfoliosum 
Peltigera venosa 
Gymnomitrion corallioides 

G. concinnatum 
Sof01·ina crocea 
Tritomaria quinquedentata 

Sphenolobus minutus 

(c) On stones (with accumulation of sand in the vesi
cles) : 

Placopsis gelida 

Bartramia ithyphylla 

Mnium thomsonii 

Pohlia drummondii 

Dicranoweisia crispula 

V mbi !icaria torrefacta 

Stereocaulon vesuvianum 

Dicranella spp. 
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Table 1 1 . Synoptic table for the three community groups in 
the Trippafjal lahraun lava field from 1 725. 

Cluster no. 
Cluster size 

Racomitrium canescens 
Drepanocladus uncinatus 
Racomitrium lanuginosum 
Polygonum viv iparum 
Lophozia ventricosa 
Conostomum tetragonum 
Pohl ia  drummondi i  
Polytrichum juniperinum 
Polytrichum pil iferum 
Anthe l ia julacea 
Gymnomitrion corall ioides 
Gymnomitrion concinnatum 
Nardia scalaris 
Pelt igera venosa 

Peltigera occidental is  
Cladonia ecmocyna 

Cladonia sp. 
Stereocaulon vesuvianum 

C luster 33:  Racomitrium canescens comm. 
C luster 34: Racomitrium l anuginosum comm. 
C luster 35: vegetation fragment. 

33 34 35 
1 9  

Additional species, occurring with a synoptic score < I ,  o r  wi th I but i n  only 
I or 2 clusters (cluster number between brackets). 
Barbilophozia hatcheri 1 (33); Bryum sp. 1 (34); Encalypta c iliata 1 (34); 
Juncus trifidus 1 (3 3 ); Junge1mannia sp. 1 (33) ;  Lophozia sudetica 1 (34); 
Peltigera canina I (33), P. sp. I (34,35); Phleum alpinum I (33);  Physcia caesia 
I (33) ; Poa alpina I (34), P.  glauca I (33);  Pogonatum urnigerum 1 (34 ); Pohlia 
cruda 1 (33) ;  Salix herbacea 1 (34); Stereocaulon alpinum 1 (34); Umbilicaria 
torrefacta l (33).  

7 .9  Plant communities of 

Trippafjallahraun 1 725 

(Table 1 1 , clusters 33 - 35)  

7.9.1 Racomitrium lanuginosum comm. (cl. 34) 

The field layer of the R. lanuginosum comm. is poor in  
vascular species due to  the highly damaged vegetation. 
Salix herhacea is constant with moderate cover while 
Polygonum viviparum and Poa alpina are infrequent. 

Physiognomically, R. lanuginosum is  the only do
minant, mixed with Pogonatum urnigerum, Lophozia 
ventricosa, Anthelia julacea and some other species 
with low frequency. On the other hand, the barren 
patches are colonized by small mosses, l iverworts and 
lichens, often frequent. The barren patches are of two 
types : (a) A sandy tephra ground with small pebbles, 
with Polytrichum piliferum, P. juniperinum, Pohlia 
drummondii, Encalypta ciliata, Lophozia sudetica, 
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Fig. 24. CCA ordination diagram, axes I and 2: Trippafjal 
lahraun lava field from 1 725. - 1 = Racomitrium lanuginosum 

comm. (cl .  34); 2 = Racomitrium canescens comm. (cl .  33); 
v = vegetation fragment (cl .  35) .  

Stereocaulon alpinum, S. vesuvianum, SolOJ'ina cro
cea and (b) brown, decaying remnants ofR. lanuginosum 
with Bryum spp. ,  Anthelia julacea, Gymnomitrion 
corallioides, G. concinnatum, Nardia scalaris, Pel
tigera occidentalis, P. venosa and Cladonia spp. (cf. 
C. pyxidata and C. chlorophaea). 

7.9.2 Racomitrium canescens comm. (cl. 33) 

The field layer of the R.  canescens comm. is poor. 
Polygonum viviparum andPhleum alpinum are the only 
moderately frequent species, while Poa glauca and 
]uncus trifidus are rare. 

The bottom layer is dominated by R. cane se ens but 
Drepanocladus uncinatus is a eo-dominant. Gym
nomitrion concinnatum is frequent. Among moder
ately frequent species are R. lanuginosum, Polytrich
um juniperinum, Anthelia julacea, Barbilophozia 
hatcheri and Nardia scalaris. 

7.9.3 Ecological remarks 

The result of the CCA on the material for th is lava field 
can be summarized as follows: 

axis 1 2 
% variance explained 8 1 .6 1 8 .4 
biplot scores of environmental variables :  
surface roughness 390 1 94 
tephra cover - 383 1 99 
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3 4 
0 0 

0 0 
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Two environmental factors have been included in the 
CCA of this material of Tr 1 725 (Fig. 24) . The two 
main axes are roughly equal in importance and the two 
environmental factors run more or less diagonally. The 
main differentiation along axis 1 is related to rough
ness. The R . lanuginosum comm. is situated to the left 
where the substrate is even, versus the occurrence of 
the R.  canescens comm. to the right, where the substrate 
is rough (with a larger number of species) .  The differ
entiation within the R.  canescens comm. is not clear. 
This community is restricted to sheltered places in 
some fissures, since deep depressions are rare or ab
sent. These fissures are 0.5 - 1 m wide and 0.3 - 1 .0 m 
deep. They extend from northeast - southwest and the 
soil is a hard-packed sand. 

Along axis 2 ,  the tephra cover increases upward. The 
differentiation within the community is related to vari
ance in tephra cover. In the uppermost stands the cover 
value of R. lanuginosum decreases gradually.  

This differentiation resembles that in Lf 1 693.  There 
is a difference, though, especially in the occurrence of 
the small patches of barren decaying remnants of 
R. lanuginosum that have occurred as a result of wind. 

The moss carpet of R.  lanuginosum is  broken, ea. 
40% has been blown away. This is caused by the 
northeast ern wind. On the main surface, R. lanugi
nosum is 3 - 8 cm thick, filled with aeolian material and 
with small barren patches here and there. When the 
tephra deposits become thick and continuously flat, the 
vegetation is very sparse. In such places, Polygonum 
viviparum and P olytrichum piliferum reach a moderate 
frequency. 

Most vascular species are rare in the moss carpet but 
grow frequently on eroded, decaying moss carpet, 
sandy patches or stony ground. The following l ist 
shows the vascular species composition in different 
habitats: 

(a) Moss carpet: 
Polygonum viviparum Salix herbacea 

Empetrum nigrum F estuca rubra 

Galium pumilum ssp. normanii Kobresia myosuroides 

(b) Decaying moss carpet: 
Gnaphalium supinum 

Luzula spicata 
F estuca vivipara 

Empetrum nigrum 

(c) Sandy patches :  
Oxyria digyna 

Polygonum viviparum, 

Salix herbacea 

Silene acaulis 

Cardaminopsis peu·aea 

J uncus trifid us 

Salix herbacea 

Cerastium alpinum 

Salix lanata 



(d) Stony ground: 
Poa alpina 

Saxiji"aga rivularis 

Saxzji·aga oppositifolia 

Phleum alpinum 

Saxifraga cespitosa 

7 . 1 0  Plant communities of Lava 

fields 1 766 (Austurhraun and 

Hringlandahraun) 

(Table 1 2, clusters 36 - 40) 

7. 10.1 Racomitrium lanuginosum comm. 
(cl. 37 & 39) 

In the poor field layer of the R. lanuginosum comm. ,  
Salix herbacea is frequent and may sometimes occur 
locally abundant. F estuca vivipara is  a constant spe
cies while Thymus praecox ssp. arcticus, Salix phy
lic(folia, Cerastium alpinum, Trisetum spicatum and 
Kobresia myosuroides occur only scattered. The only 
other locally abundant species is Car ex bigelowii, which 
is rare elsewhere. Consequently, a C. bigelowii facies 
can be recognized. It  is very poor in species and 
resembles the C. bigelowii - S. herbacea soc . in the 
Rhacomitrium heath (Steind6rsson 1 974) . Other vas
cular species are scattered there, such as Polygonum 
viviparum, Luzula spicata and Empetrum nigrum. 

The bottom layer is very homogeneous and is do
minated by a dense carpet of R. lanuginosum with 
relatively few companion species. Some species, like 
Pogonatum urnigerum, Polytrichum piliferum, Lo
phozia ventricosa and Stereocaulon vesuvianum, are 
only scattered. 

Salix herbacea variant (cl. 40) 
The S. herbacea var. of the R .  lanuginosum comm. 
resembles the Salix herbacea -Anthelia soc. in the snow
patch vegetation (Steind6rsson 1 974). S. herbacea is 
abundant but other vascular species are only Poly gonum 
viviparum and Poa glauca. 

The tephric bottom layer is composed of R. lanugi
nosum andAnthelia julacea in addition toR . cane se ens 
and Pogonatum urnigerum, which are fairly abundant. 
The occurrences of both C onostomum tetragonum and 
Scapania curt a indicate the presence oflate snow areas 
whileDicranoweisia crispula and Ceratodon purpureus 
indicate protruding pebbles. (The lichens Psoroma 
hypnorum and Beomyces rufus were very striking in 
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Table 1 2. Synoptic table for the five community groups in the 
lava field from the 1 766 eruption. 

Cluster no. 
C luster s ize 

36 37 

Racomitrium canescens 
Racomitrium lanuginosum 
Salix herbacea 
Carex bigelowi i  
Polygonum viviparum 
Festuca rubra 

Kobresia myosuroides 
Luzula spicata 
Trisetum spicatum 
Conostomum tetragonum 
Pogonatum urnigerum 
Polytrichum juniperinum 
Polytrichum pi l iferum 
Anthelia julacea 

Lophozia sudetica 

Lophozia ventricosa 
Cladonia sp. 
Stereocaulon vesuvianum 

Peltigera sp. 
Festuca v ivipara 
Poa glauca 
Salix lanata 
Ceratodon purpureus 

1 5  

5 
3 

Cluster 36: Racomitrium canescens comm. 
Cluster 37: Racomitrium lanuginosum comm. 

74 

I 
5 

38 39 
9 

2 
3 I 

2 

Cluster 38:  Racomitrium canescens comm. Sali x  herbacea var. 

40 
2 

2 

2 

I 
2 

2 

2 

2 

Cluster 39: Racomitrium lanuginosum comm. (Carex bigelowi i  facies). 
Cluster 40: Racomitrium lanuginosum comm. Salix herbacea var. 

Additional species, occurring with a synoptic score < I ,  or with I but in only 
I or 2 clusters (cluster number between brackets). 
Agrostis stolonifera I (36); Amblystegium jungermannoides 1 (38); Amphidium 
mougeot i i  1 (38); Arctoa fulvella 1 (38); Armeria maritima I (36,38); Bartramia 
ithyphylla I (36,38); Botrychium lunaria 1 (38); Cepha1ozia bicuspidata < I ,  C. 
pleniceps I (38);  Cephaloziella divaricata I (38); Cerastium alpinum I (39);  
Cystopteris fragil is < 1 ;  Dicranoweis ia  crispu1a l (38,40); Dicranum fusescens 
1 ( 3 8 ) ;  D i dymodon fal la x  1 ( 3 8 ) ;  Dis t ich ium c api l l aceum 1 (36,3 8 ) ;  
Drepanocl adus uncinatus  1 ( 38) ;  Empetrum n igru m I (37);  Encalypta 
rhabdocarpa 1 (38) ;  Galium pumilum ssp. normanii 1 (36,39); Gnaphalium 
supinum 1 (36); Gymnomitrionconcinnatum I (36,38), G. corallioides I (36,38) ;  
Isopterygium pulchellum 1 (38); J uncus trifidus < I ;  J ungermannia pumi la  
I (36) ;  K ieria glacial is I (38) ;  Lophozia heterocolpos I (36) ,  L. sp .  1 (36 ,39); 
Lychnis alpina < I ;  Myurella ju1acea l (38); Oxyria digyna I (36,38) ;  Parmel ia  
saxati l is < l ;  Peltigera rufescens < l ;  Poa  alpina  < 1 ;  Pohlia cruda 1 (36,38), P .  
drummondii l (36,38), P. filum l (38) ;  Polytrichum alpinum I (38);  Psoroma 
hypnorum < l ;  Pti l id i um cil i are < I ;  Saelania g1 aucescens I (36); Sa1 ix  
phylicifo1ia I (39) ;  Saxifraga cespitosa I (38 ), S.  nivalis I (38) ;  Scapania curta 
I (38,40), S .  sp. I (36); Schist id ium apocarpum I (38); S i lene acaul is 1 (38), S .  
maritima 1 (36); Solorina bispora 1 (36), S .  crocea < 1 ;  Stereocaulon a1pinum 
< 1 ,  S. rivularis < 1 ,  S .  sp. 1 ( 38); Taraxacum sp. < 1 ;  Thymus praecox ssp. 
arcticus 1 (39); Timmia austriaca 1 ( 36,38); Umbil icaria proboscidea 1 (3 8) .  

some parts of the moss carpet but not where the 
analyses were made. )  

7.10.2 Racomitrium canescens comm. (cl. 36) 

In the field layer of the R. canescens comm. ,  the 
abundant Agrostis stolonifera and frequent Armeria 

Acta Phyrogeogr. Suec. 77 



66 Agust H. Bjarnason 

maritima, Silene maritima and Oxyria digyna indicate 
that the soil is sandy. Among infrequent species can be 
mentioned Polygonum viviparum, Luzula spicata, 
Trisetum spicatum, F estuca rubra, Sali.x herbacea, 
S. lanata and Gnaphalium supinum. 

The bottom layer is dominated by R. canescens and 
R. lanuginosum is a subdominant .  Conostomum 
tetragonum, Saelania glaucescens andlungermannia 
pumila indicate a late snow cover. Anthelia julacea 
may locally become frequent. The number of species is 
smaller than in the following variant described. In this  
community the following species were only recorded 
in Lf 1 766-I :  Solorina crocea, S. bispora, Ptilidium 
ciliare, Saxifraga oppositifolia, Poa alpina, Oxyria 
digyna, and Cystopteris ji·agilis. 

Salix herbacea variant (cl . 38)  
The field layer of  the S. herbacea var. is  dominated by 
S. herbacea. Poa glauca is moderately frequent but 
Kobresia myosuroides i s  absent. Additional species 
areBot1ychium lunaria, Silene acaulis, Saxifi·aga nivalis 
and S. cespitosa. 

The bottom layer is very rich in species, with 
R. canescens as dominant, covering 70 - 80 % ,  and 
R. lanuginosum as subdominant. An explanation of 
this richness might be the stony character (mostly 1 0-
25 cm big) of the slope on which the variant occurs, 
together with its surface roughness and amount of 
sheltered places. The slope is covered by a loose and 
thin moss carpet, which is to some extent influenced by 
aeolian material. Some species worth mentioning oc
cur mixed in the carpet, e.g. : 

Drepanocladus uncinatus 

Timmia austriaca 

Pogonatum urnigerum, 

Dicranumfuscescens 

Several species are found on ' bare ' sandy soi l ,  e .g. : 

Conostomum tetragonum 

Amblystegiumjungermannoides 

I sopterygium pulchellum 

Kieria glacial is 

C ephaloziella divaricata 

7. 10.3 Ecological remarks 

Antheliajulacea 

Arctoafulvella 

Didymodonfallax 

Myurellajulacea 

Solorina bispora 

The result of the CCA on the material for this lava field 
can be summarized as fol lows :  

axis 2 
% variance explained 44.7 34. 1 

biplot scores of environmental variables: 
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Fig. 25.  CCA ordination diagram, axes I and 2: lava flow 
from the 1 766 eruption. - 1 = Racomitrium lanuginosum 

comm. (cl. 37, 39; Carex bigelowii facies); 1 . 1  = ibid . ,  Salix 

herbacea variant (cl. 40); 2 = Racomitrium canescens comm. 
(cl. 36); 2. 1 = ibid . ,  Salix herbacea variant (cl . 38). 
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Three environmental factors have been included in the 
CCA of thi s  material of Lf 1 766 (Fig. 25) .  The two 
main vectors in the diagram, altitude and tephra cover, 
are roughly equal in importance and run more or less 
diagonally.  

The main R.  lanuginosum comm. is located to the 
left: found at higher altitudes. Its C. bigelowii facies at 
the lower end indicates a low tephra cover. Up to the 
right, related to high tephra cover, is the S. herbacea 
var. of the community. The same variant but of the R .  
canescens comm. is also related to  h igh tephra cover. 

Down to the right is the stand of the R. canescens 
comm., which is related to s l ightly more surface rough
ness, lower tephra cover and lower altitude. The com
munity is mainly found in Lf 1 766-11 on the northwest 
slope of Mt. Hekla at a lower elevation(400 m) than Lf 
1 766-I (650 m), which faces south. Moreover, de
pressions are rare at higher alt i tudes in Lf 1 766-I close 
to the fissure of Mt. Hekla, due to heavy tephra deposits , 
which have leveled the topography to a greater extent 
than further away. 

Some other differences between the vegetation in Lf 
1 766-11 and Lf 1 766-I were noticed. Festuca rubra i s  
much more common in the R .  lanuginosum comm. of 
Lf 1 766-I while F. vivipara occurs only in Lf 1 766-11. 
In Lf 1 766-11 the moss carpet was almost continuous 
without any ruptures and, therefore, the number of 
companion species was very low. 



7 . 1 1  Plant communities of 

N cefurholtshraun 1 845 

(Table 1 3 , clusters 4 1  - 48) 

7.1 1.1  Racomitrium lanuginosum comm. (cl . 4 1 )  

The field layer of the main R .  lanuginosum comm. i s  
poorly developed with scattered occurrences of  several 
species. Salix herhacea, Empetrum nigrum, Galium 
pumilum ssp. normanii, Luzula spicata, F estuca ruhra 
and Poa glauca are the most common species, al
though they are infrequent. Some species are rare, such 
as Trisetum spicatum and Cerastium a/pinum. The 
presence of Cardaminopsis petraea, Oxyria digyna 
and Cystopterisji-agilis indicates 'bare' patches or small 
ledges.  

The bottom layer is a more or less continuous and 
dense moss carpet of R. lanuginosum, with scattered 
occurrences of companion species. Pogonatum urni
gerum, Bartramia ithyphylla , Lophozia sudetica, 
Distichium capillaceum and S. vesuvianum are all 
moderately frequent, while other species, such as P ohlia 
cruda, Ceratodonpurpureus and Peltigera canina, are 
rare. 

Empetrum nigrum variant (cl. 43) 
The E. nigrum var. differs from the main community in 
the dominance of E. nigrum and the constancy of Salix 
herbacea. In spite of the h igh cover of E. nigrum, few 
other species are prominent, although F estuca rubra 
may become fairly abundant. Other species are infre
quent, such as Agrostis capillaris, Festuca vivipara, 
Thymus praecox ssp. arcticus and Salix lanata. 

The bottom layer is a thick moss carpet dominated by 
R. lanuginosum. The extreme scarcity of companion 
species can be explained as an effect of the powerful 
growth of R. lanuginosum in Nre 1 845-1. 

Stereocaulon vesuvianum variant (cl. 42) 
Floristical ly,  the field layer of the S. vesuvianum var. 
closely resembles the main R. lanuginosum comm. ,  
Salix herhacea can be  abundant but Empetrum nigrum 
is totally absent. Poa glauca is frequent and Cerastium 
alpinum is moderately frequent. The addition of 
Deschampsia alpina and Poa alpina, which occur 
scattered, is not unexpected at the h igher altitudes . 

R. lanuginosum and S. vesuvianum dominate the 
bottom layer. Pogonatum urnigerum and Anthelia 
julacea are constant, while other species are moder-
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Table 1 3 . Synoptic table for the eight community groups in 
the Ncefurholtshraun lava field from 1 845 . 

Cl uster no. 4 1  42 43 44 45 46 47 48 
Cl uster si ze 82 20 42 1 1  2 1 6  3 

Racomitrium lanugi nosum 

Stereocaulon vesuvianum 2 
Empetrum n igrum 

Oxyria digyna 2 
Si lene maritima 

Racom itrium canescens 4 
Pogonatum urn igerum 

Lophozia sudetica 

Cardam inopsis pelraea 

Luzula spicata 

Poa glauca 

Bartramia ithyphylla 

Anthelia julacea 2 

Cerast ium alpinum 

Festuca v iv ipara 

Salix herbacea 

Deschampsia alpina 

Festuca rubra 

Gymnom itrion concinnatum 

Gym nom itr ion eo rail ioides 

Gal ium pum ilum ssp. normanii 

Timmia austriaca 2 
Sax i fraga cespitosa 

Salix lanata 

Polytrichum juniperinum 

Armeria maritima 

Cl uster 4 1 :  Racomitrium lanuginosum comm. 

Cluster 42: Racom i t rium lanuginosum comm. Stereocaulon vesuvianum var. 

Cluster 43: Racomitrium lanuginosum comm. Empetrum n igrum var. 

Cl uster 44: Oxyria d igyna - S i lene maritima comm. 

Cluster 45: Oxyria d igyna - S i lene maritima comm. 

Cl uster 46: Racomitrium canescens comm. 

Cluster 47: Oxyria d i gyna - Si lene maritima comm. 

Cluster 48: Oxyria d igyna - S ilene maritima comm. 

Additional species, occurring with a synoptic score < I, or wi th I but in only 

I or 2 clusters (c lu ster number between brackets). 

Agrost i s  cap i l lar is  1 (4 3 ) ,  A. stolon i fera 1 ( 48) ,  A .  v inea l i s  1 (46,47 ) ;  
Barbilophozia hatcheri < I ;  Bryoerythrophyllum recurvirostrum < I ;  Carex 

bigelowi i 1 (46) ; Cephaloziella arctica 1 (46,47); Ceratodon purpureus 1 (4 1 ) ; 
Cladonia furcata < I ,  C. sp. I (4 1 ,46), C. stricta I (48 ,47); Conostomum 

tetragonum I (46); Cystopteris fragi l i s  I (4 1 ) ;  Dicranella sp. I ( 47) ;  Distich i um 

capillaceum 1 (43);  Encalypta rhabdocarpa 1 (47); Grimmia funalis < I ,  G. sp. 

I (48),  G.  torquata I (48) ;  Kobresia myosuroides I (42) ;  Lophozia excisa < I ,  L. 

ventricosa I (4 1 ,42); Lychnis alpina < I ;  Marsupella funckii I (42); Nardia 

geoscyphus < I ; Ochrolechia frigida < I ;  Peltigera canina I (4 1 ) , P. occidentalis 

I (46,47); Plagiochi la porelloide < I ;  Poa alpina I ( 42,46); Poh l ia cruda I (4 1 ) ,  
P .  drummond i i 1 (46,47); Polygonum v iviparum 1 (46); Polytrichum alpinum 

I ( 4 1  ) , P. p i l i ferum I (42 ); Racomitr ium fasciculare I (48); Saelania glaucescens 

I (42,48); Sal ix  cal l icarpaea I (48); Salix phy l icifol ia < I ;  Sax i fraga nivalis 

I (48), S. r ivularis I (46); Scapania hyperborea I (46,47); Solorina bispora < I ; 

Stereocaulon depressum < I ,  S. sp. I (48),  S. vanoyei I (42); Taraxacum sp. 

I (46); Thymus praecox ssp. arctic us I (43); Trisetum spicalum I (4 1 ,43 ) .  

ately frequent, such as R.  canescens, Timmia austriaca 
and Lophozia ventricosa. The occurrences of Saelania 
glaucescens and Marsupella funckii , i ndicate a more 
long-lasting snow cover than in the above-mentioned 
community. 

Acta Phytogeogr. Suec. 77 



68 Agust H. Bjarnason 

The S. vesuvianum var. is probably a transition be
tween the R . lanuginosum comm. and the S. vesuvianum 
comm. (see 7 . 1 2.3  and 7 . 1 3 .3 ) .  

7.1 1.2 Racomitrium canescens comm. (cl .  46) 

The field layer of the R. canescens comm. is relatively 
sparse ( 1 0 - 30% ) .  The only frequent species is Agrostis 
vinealis, and Salix herbacea is moderately frequent, 
rarely abundant. P oa alpina, Car ex bigelowii and Silene 
maritima are infrequent. 

In the bottom layer, R. canescens is dominant with 
eo- dominance of Anthelia julacea, which is constant 
and abundant. Pohlia drummondii, Lophozia sudetica 
and Gymnomitrion corallioides are moderately fre
quent, but R. lanuginosum is rare. The occurrence of 
Conostomum tetragonum, Cephaloziella arctica, 
Scapania hyperborea and Peltigera occidentalis, in
dicates a long- lasting snow cover. 

7.1 1.3 Oxyria digyna - Silene maritima comm. 
(cl. 44, 45 , 47 & 48) 

The field layer of the 0.  digyna - S .  maritima comm. is  
sparse (2 - 5 % in  1 980) and 0.  digyna i s  the only 
species, which is almost constant. Some species are 
only locally moderately frequent, such as Silene ma
ritima, Agrostis stolonifera, Cerastium alpinum and 
Salix herbacea. 

The bottom layer consists of remnants of a moss 
carpet, growing between protruding stones or a bare 
tephra ground. Consequently, the bottom layer is of no 
differentiating value. For further discussion about the 
influence of the tephra fall in 1 970, see section 1 0.4. 

7.1 1.4 Ecological remarks 

The result of the CCA on the material for this lava field 
can be summarized as fol lows: 

axis 2 3 4 

% variance explained 5 1 .7 27.3 1 1 .0 2.5 

biplot scores of environmental variables:  

surface roughness 423 - 1 06 2 - 1 6 

tephra cover 1 6  237 - 69 1 68 

elevation 473 - 66 - 1  - 1 7 

no. of tephra fal ls  1 39 - 1 1 7 205 1 06 

quantity of ace. mat. 45 1 1 2 1  - 6  - 22 

Acta Phytogeogr. Suec. 77 

N 
Ill 

� 

200 

-200 

-4no -:mn o 200 400 Axis 1 

Fig. 26. CCA ordination diagram, axes 1 and 2: Nrefur
ho1tshraun l ava field from 1 845.  - 1 = Racomitrium 

lanuginosum comm. (cl. 4 1 ); 1 . 2 ibid. , Empetrum nigrum 

variant (cl . 43); 1 . 3 = ibid., Stereocaulon vesuvianum variant 

(cl. 42); 2 = Racomitrium canescens comm. (cl . 46); 1 1  = 

Oxyria digyna - Silene maritima comm. (cl. 44, 45 , 47, 48). 

Five environmental factors have been included in  the 
CCA of this material ofNre 1 845 (Fig. 26). Along axis 
1 ,  three vectors run almost horizontally : altitude, 
roughness and the number of tephra falls .  Tephra cover 
is related to axis 2 and the quantity of deposits runs 
diagonally upward to the r ight . 

The R. lanuginosum comm. occupies the largest part 
of the diagram and shows a high differentiation. Its 
E. nigrum var. occurs to the left at the lower end; it is 
l inked to low quantities of deposits and small tephra 
cover. 

The Stereocaulon vesuvianum var. is found in places 
where there are large quantit ies of deposits. This may 
partly be due to the fact that former tops of the crags 
now belong to the main surface.  H ighly damaged 
vegetation types occur at the h ighly tephra-influenced 
areas (Nre 1 845-II and Ill) .  There is only a scattered 
occurrence of a few species. The bottom layer consi sts 
almost entirely of bare patches. 

The R .  cane se ens comm. is situated to the right; i t  is 
related to high elevation and increasing roughness in 
areas which were influenced by tephra deposition in 
1 970. The Oxyria digyna - Silene maritima comm. 
occurs towards the top, along axis 2; having developed 
after the great tephra fall of 1 970. 

Kjartansson ( 1 946) stated that the surface of the lava 
field had grown more level during the last 1 00 years, as 
thick tussocks of grayish moss have covered a large 
part of the clinkers, particularly in shallow depres
sions .  Empetrum nigrum can be found, together with 



Table 14 .  Synoptic table for the seven community groups in 
the Krakatindshraun lava field from 1 878 .  

Cluster no. 
Cluster size 

Racomitrium lanuginosum 
Racomitrium canescens 

Calamagrostis stricta 
Festuca rubra 
Empetrum nigrum 
Anthelia julacea 
Pohlia drummondii 
Stereocaulon vesuvianum 
Bartramia ithyphylla 

Pohl ia  sp. 
Polytrichum pi l i ferum 
Cephaloziella arctica 
Gymnomitrion concinnatum 
Gymnomitrion corallioides 
Lophozia sudetica 
Lophozia sp. 
Cladonia sp. 
Stereocaulon sp. 
Dicranoweisia crispula 
Tritomaria quinquedentata 
Luzula spicata 
Sal ix herbacea 
Silene acaul is  
Pohl ia  cruda 
Lophozia heterocolpos 
Psoroma hypnorum 
Cardaminopsis petraea 
Cerastium alpi num 
Festuca vivipara 
Oxyria digyna 

Poa glauca 

49 50 5 1  52 53 54 55 
1 1  1 2  20 2 4 2 2 1  

2 

4 

2 

I 

2 

Cluster 49: Racomitrium lanuginosum comm. Stereocaulon vesuvianum var. 
Cluster 50: Racomitrium canescens comm. 
Cluster 5 1 :  Racomitrium lanuginosum comm. 
Cluster 52 : Calamagrostis stricta - Festuca rubra comm. 

Cluster 53:  Racomitrium lanuginosum comm. Empetrum nigrum var. 
Cluster 54: Anthelia julacea - Pohl ia drummondii comm. 
Cluster 55:  Stereocaulon vesuvianum comm. 

Additional species, occurring with a synoptic score < l, or with l but in only 
I or 2 clusters (cluster number between brackets). 

Arrneria maritima < l ;  Beomyces rufus l (5 1 ); Blepharostoma trichophyllum 
I (54); Brachythecium g laciate I (49); Bryum sp. l (55) ;  Cephalozia bicuspidata 
l (49), C. pleniceps l (54); Cerast ium cerastoides < I ;  Cephaloziella rubella < I ; 
Cladonia graci l is  1 (49), C. pyxidata 1 (49); Conostomum tetragonum 1 (49); 
Cystocoleus niger I (55); Dicranum elongatum < I ,  D.  sp. I (50,53); Distich ium 

capillaceum < I ;  Ditrichum flexicaule l (49); Drepanocladus unci natus I (49); 
Eurynchium pulchellum I (54); Hylocomium splendens I (50,53) ;  lsothecium 
myosuroides 1 (5 3,54); Jungermannia atrovirens 1 (50), J. subelliptica < I ;  
Lophozia collaris < I ,  L .  excisa I (49); Marsupella sp. 1 ( 55); Mnium thomsonii 

I (5 1 ,53); Pelt igera occidentalis I (53), P. spuria I (55), P .  venosa I (55 ,5 1 ); 
Placopsis gelida I (55,54 ); Pleurocladula albescens I (50,53 ); Poa alpina < I ;  
Pogonatum urnigerum I (49,52 ) ;  Polytrichum sexangulare < I ;  Polytrichum 
alpinum I ( 49), P.j uniperinum I (49); Sagina interrnedia< I ;  Saxifragacespitosa 
I (49), S .  nivalis I (49), S .  oppositifolia < I ,  S. rivularis < I ;  Scapania sp. I (55) ;  
Solorina bispora < I ,  S .  crocea < I ;  Sphenolobus minutus < I .  

saplings o f  Salix spp. i n  some depressions, and some 
herbs are scattered over the lava field while other 
vascular plants are very rare. 
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7 . 1 2  Plant communities of 

Krakatindshraun 1 878  
(Table 14 ,  clusters 4 9  - 55) 

7.12. 1 Racomitrium lanuginosum comm. (cl. 5 1 )  

The field layer of the main R .  lanuginosum comm . is 
extremely poor in vascular species. Festuca rubra, 
Salix herbacea, Empetrum nigrum, Oxyria digyna ahd 
Luzula spicata are all infrequent. 

R . lanuginosum i s  the dominant species; the bottom 
layer is mixed with several species. R. canescens i s  
moderately frequent and may locally be  abundant. The 
liverworts Anthelia julacea, Gymnomitrion coral
lioides, G. concinnatum and Lophozia sudetica are 
moderately frequent, but the mosses Bartramia ithy
phylla, Polytrichum piliferum, Pohlia drummondii, 
Mnium thomsonii and the l ichens S. vesuvianum and 
Peltigera venosa are all infrequent. 

Empetrum nigrum variant (cl. 53)  
The E. nigrum var. i s  very sparsely represented. It is  
also very poor in  species. I t  differs from the main 
community in the abundance and constancy of E. nigrum 
in the field layer. Salix herbacea is the only other vas
cular species observed here. 

The bottom layer is not dense, and the cover value of 
R . lanuginosum i s  lower than in the main community. 
R.  canescens and Mnium thomsonii are moderately 
frequent. Due to the low cover value of R . lanuginosum 
several species occur in this  variant, such asHylocomium 
splendens, Dicranoweisia crispula ,  Polytrichum 
piliferum, Isothecium myosuroides and Psoroma 
hypnorum, although they are mainly infrequent. The 
late snow cover in the area is  indicated by the presence 
of, e .g . ,  Anthelia julacea, Cephaloziella arctica, 
Pleurocladula albescens and Peltigera occidentalis. 

Stereocaulon vesuvianum variant (cl .  49) 
The field layer of the S. vesuvianum var. i s  richer in 
vascular species than the main community and the 
E. nigrum var. The explanation is probably that several 
of the vascular species are favoured by a thinner and 
not so dense moss carpet. Cerastium alpinum is con
stant and Salix herbacea and Luzula spicata are fre
quent. 

Physiognomically, R. lanuginosum is dominant but 
the constant S. vesuvianum is fairly abundant . 
Conostomum tetragonum and Anthelia julacea are 
frequent. With very few exceptions all previously 
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mentioned cryptogams are present. The most impor
tant additional species are, e.g. , Brachythecium glaciale, 
Ditrichum jlexicaule, Cephalozia hicuspidata, Lo
phozia excisa and L.  heterocolpos. One of the most 
characteristic species for the S. vesuvianum comm. ,  
Placopsis gelida, i s  absent, probably due to  the domi
nance of R.  lanuginosum. 

The S. vesuvianum var. is  found in isolated places 
inside the R . lanuginosum comm. Perhaps the variant 
is a remnant of earlier stages of succession, as in N::e 
1 845 and La 1 9 1 3 . 

7.12.2 Racomitrium canescens comm. (cl .  50) 

The field layer of the R .  canescens comm. is poor in  
vascular species. Moreover, the species in thi s  commu
nity occur with low frequency, e .g . ,  Empetrum nigrum, 
Sagina intermedia, Salix herbacea, Luzula spicata and 
Poa glauca. 

R. canescens is dominant in the bottom layer. R.  
lanuginosum is frequent and often abundant. Hylo
comium splendens, Tritomaria quinquedentata, Bart
ramia ithyphylla and Gymnomitrion corallioides are 
infrequent. Jungermannia atrovirens and Pleuro
cladula albescens indicate bare soil and a late snow 
cover. The presence of Lophozia collaris marks the 
northern aspect of thi s  community (Shuster 1 969) . 

7.12.3 Stereocaulon vesuvianum comm. (cl . 55)  

The field layer of the S. vesuvianum comm. i s  absent in 
thi s  habitat. The reason is the dense carpet of the 
dominant S. vesuvianum. Between the bolsters, outside 
the analyses, we find, e .g . ,  Poa alpina, P.  glauca, Salix 
herbacea, Saxifraga nivalis and S. oppositifolia. 

In the bottom layer, S. vesuvianum is the dominant 
species. R. lanuginosum and R. canescens are moder
ately frequent and may be abundant. Other species 
which occur moderately frequently are, e .g . ,  Poly
trichum pillferum, Anthelia julacea, Lophozia spp. ,  
Tritomaria quinquedentata, Gymnomitrion concin
natum, Cephaloziella arctica and Placopsis gelida. 
Many species are infrequent, nevertheless indicating 
the aspect of the community, e .g . ,  the l iverworts 
Cephaloziella rubella,] ungermannia subelliptica and 
the lichens P eltigera occidentalis, P. venosa, P. spuria, 
Solorina crocea and S. bispora. 

The S. vesuvianum comm. i s  widespread at Kr 1 878-
II at 7 1 0  m a. s . l .  The species is well developed and 
forms a very compact, up to 1 2  cm thick, carpet. 
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7. 12.4 Antheliajulacea - Pohlia drummondii comm. 
(cl. 54) 

The only vascular species present in the field layer of 
the A .  julacea - P. drummondii comm. are Empetrum 
nigrum and Silene acaulis. 

The sandy bottom layer is coloured by Anthe!ia 
julacea; interspersed with s ingle tufts of R. lanugino
sum. The patches are more or less broken up by small 
pebbles and small holes, sparse! y colonized by species, 
such as lsothecium myosuroides, Eurhynchium 
pulchellum, Tritomaria quinquedentata, Cephalozia 
pleniceps and Blepharostoma trichophyllum, and the 
l ichen S. vesuvianum . 

7.12.5 Calamagrostis stricta - Festuca rubra 

corn m. (cl .  52) 

The C. stricta - F. rubra comm . is extremely poor in 
species, due to the unstable substrate. C. stricta 
dominates and gives the area a distinctive purple
coloured appearance from early August onwards. It is 
the best characteristic species of the community. An
other constant species is  Festuca rubra but Luzula 
spicata and Cerastium alpinum are only moderately 
frequent. 

The bottom layer is of negligible importance due to 
the intensive influence of drifting sand. Only small 
tufts of R. lanuginosum and R. canescens, mixed with 
Pogonatum urnigerum, may be found. 

7. 12.6 Ecological remarks 

The result of the CCA on the material for Kr 1 878 can 
be summarized as follows: 

axis 1 2 3 4 
% variance explained 53 .3  32 .7  1 4.0 0 
biplot scores of env ironmental variables:  
surface roughness 1 05 24 297 0 
tephra cover - 1 77 - 398 8 0 
elevation 486 38 - 1 2 0 

Three environmental factors have been included in the 
CCA of thi s  material of Kr 1 878 (Fig. 27) .  The main 
environmental differentiation along axis 1 is due to the 
interrelated factors surface roughness and altitude. The 
S. vesuvianum comm. occurs at the h ighest elevation 
(Kr 1 878-II), to the right of axis 1 .  The fact that 
roughness increases with elevation may be explained 
by the minimal leveling effect of the scanty moss 
carpet. 
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Fig. 27. CCA ordination diagram, axes 1 and 2: Kraka
tindshraun lava field from 1 878 .  - 1 = Racomitrium 

lanuginosum comm. (cl. 5 1 ) ; 1 .2 = ibid . ,  Empetrum nigrum 

variant (cl .  53) ;  1 .3 = ibid. ,  Stereocaulon vesuvianum variant 
(cl .  49) ;  2 = Racomitrium canescens comm . (cl .  50);  3 = 

Stereocaulon vesuvianum comm. (cl. 55);  5 =Antheliajulacea 

- Pohlia drummondii comm . (cl .  54); 1 0  = Ca!amagrostis 

stricta - Festuca rubra comm. (cl . 52). 

The C. stricta - F. rubra comm. occurs to the left on 
axis 1 at low altitude and weakly pronounced rough
ness. It is found in the drifting sand/tephra area at the 
northeast corner of Kr 1 878 ,  influenced by the aeolian 
material from the large openings in the surroundings. 

Along axis  2 ,  the environmental differentiation to
wards the lower end is related to increased tephra 
cover. The A . julacea - P. drummondii comm. occurs 
there in small patches in the depressions. The E. nigrum 
var. of the R. lanuginosum comm. is scattered within 
that community and within the R. canescens comm. 
Uppermost is the S. vesuvianum var. of the R. lanugi
nosum comm . ,  almost free from tephra cover, since i t  
is located in  the higher part of the main surface. 

The proportions of the three main types distin
guished in Kr 1 878-I ,  the carpet of R . lanuginosum, the 
S. vesuvianum var. and the open field vegetation, are 
70, 20 and 1 0 % respectively. 

Helgi J6nsson ( 1 906a) visited Kr 1 878 in 1 90 1  and 
reported on plant colonization. He found 1 6  species ( 1 2  
bryophytes ,  3 l ichens and 1 alga) . The l ichens 
Stereocaulon alpinum (probably vesuvianum) and 
Placopsis gelida occurred scattered only in few places. 
The bryophytes grew in small tussocks in vesicles or 
furrows. The most common species wasDicranoweisia 
crispula; other species mentioned were Bartramia 
ithyphylla, Racomitrium cane se ens v. ericoides, 
R.  lanuginosum, Bryum sp. , Ceratodon purpureus, 
Poh lia drummondii ,  P. cruda , Drepanocladus 

Vegetation on lavafields 7 1  

uncinatus, Bryum pallescens, Lophozia sudetica, 
Scapania curta and Lee idea alpestris . 

Kjartansson ( 1 946) visited Kr 1 878 twice i n  1 930 
and 1 945 . He said that the pale colour of the lava field 
depended on the dense cover of a light-gray fruticose 
lichen (presumably Stereocaulon vesuvianum). When 
he compared his observations from these two visits, he 
thought he could notice the difference that some moss 
(presumably R.  lanuginosum) had increased, and the 
lichen had become reduced and that the lava field did 
not seem equally pale as before. 

7 . 1 3  Plant communities of 

Lambafitjarhraun 1 9 1 3  

(Table 1 5 ,  clusters 5 6  - 64) 

7.13.1  Racomitrium lan uginosum comm. (cl. 58)  

In the poor field layer of  the main R.  lanuginosum 
comm. F estuca rubra and Salix herbacea are moder
ately frequent. Species such as Saxifraga nivalis, 
Cardaminopsis petraea andAgrostis stolonifera occur 
only accidentally in the moss carpet and many species 
growing on ledges or in ruptures do not invade the 
carpet of R. lanuginosum in the younger lava fields. 

The dense and dominating moss carpet of R. lanu
ginosum in the bottom layer is also poor in species. 
S. vesuvianum i s  the only frequent species on protrud
ing pebbles.  Its high frequency indicates the roughness 
of the underlying substrate, although the moss carpet 
has developed into thick tussocks during 60 years . 
R. canescens is frequent but not abundant and the 
companion spec ies ,  Pogonatum urnigerum and 
Lophozia ventricosa, are moderately frequent. Dre
panocladus uncinatus, Polytrichum piliferum, P .  
juniperinum, Peltigera spp. , andStereocaulon alpinum 
are infrequent. The lack of Hylocomium splendens i s  
remarkable. It was recorded in  some holes but  never in 
the moss carpet. 

Empetrum nigrum variant (cl. 6 1 )  
The Empetrum nigrum variant has a great resemblance 
to the main community. It  can only be distinguished by 
the presence of E. nigrum and a slightly lower number 
of cryptogams. 

Stereocaulon vesuvianum variant (cl . 57)  
The S. vesuvianum var. differs in many respects from 
the main community, because the ground is both very 
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Table 1 5 . Synoptic table for the nine community groups in 

the Lambafitjarhraun lava field from 1 9 1 3 .  

Cluster no. 
Cluster size 

Racomitrium lanuginosum 
Stereocaulon vesuvianum 
Empetrum nigrum 
Racomitrium canescens 
Anthe l ia  julacea 
Pohl ia  drummondii 
Sal ix herbacea 
Placopsis gelida 
Stereocaulon alpinum 
Lophozia sudetica 
Bartramia ithyphyl la  
Distichium capillaceum 
Pogonatum urnigerum 
Cladonia sp. 
Festuca rubra 
Polytrichum pil i ferum 
Lophozia ventricosa 
Drepanocladus uncinatus 
Agrostis stolonifera 
Cardaminopsis petraea 
Cerastium alpinum 

C luster 56: vegetation fragment. 

2 

Cluster 57: Racomitrium lanuginosum comm. Stereocaulon vesuvianum var. 
Cluster 58: Racomitrium lanuginosum comm. 
Cluster 59: Stereocaulon vesuvianum comm. 
Cluster 60: Stereocaulon vesuvianum comm. 
Cluster 6 1 :  Racomitrium lanuginosum comm. Empetrum nigrum var. 
Cluster 62: Racom itrium canescens comm. 
Cluster 63: Anthelia julacea - Pohlia drummondii comm. 
Cl uster 64: Racomitrium canescens comm. Sal ix herbacea var. 

Additional species, occurring with a synoptic score < I ,  or with I but in  only 
I or 2 clusters (cluster number between brackets). 
Agrostis v inealis I (64,57); Armeriamaritima 1 (60,57); Barbilophozia kunceana 
< I ;  Beomyces rufus < I ) ; Bryum sp. 1 (56) ;  Cephalozia pleniceps 1 (57) ;  
Cladonia ecmocyna < I ;  Deschampsia alpina I (64); Didymodon i cmadoph ilus 

< I ;  Eurynchium pulchellum I (62);  Festuca v iv ipara 1 ( 62,64); Gal ium pumilum 
ssp. normanii 1 (57); Grimmia  torquata < I ;  Gymnomitrion concinnatum 
I (59,64), G.  cora l l io ides 1 (59,64); Lophozia heterocolpos < I ,  L.  sp. 1 (62,63); 
Luzula arcuata < I ,  L .  spicata I (64); Marsupe l la  sprucei < I ;  M .  sp. < I ;  Oxyria 
d igyna I (62); Parmelia saxati l is  < l ;  Peltigera canina I (61 ) , P. malacea I (58) ,  
P. occidentalis l (62) ,  P. spuria < I ;  Peltigera venosa I (62) ;  Philonotis sp. 
I (59) ;  Poa alpina I (56), P. glauca 1 ( 59,57); Polytrichumjun iperinum I (58,6 1 ), 
P. sexangulare I (62); Sal ix  lanata < I ;  S .  phyl ic ifol ia I (64,57); Saxifraga 
cespitosa I (57); S. nival is  < I ;  Scapania sp. I (62,64); Sch istidium apocarpum 
I (63); S i lene acaulis I (56), S. mari t ima < I ;  Stereocaulon vanoyei < I ;  Trisetum 
spicatum I (62). 

stony and sandy. In the field layer, Poa glauca is fre
quent and among moderately frequent species are 
Agrostis vine a lis and Sax�fraga cespitosa. Species such 
as Galium pumilum ssp. normanii, Armeria maritima, 
Cardaminopsis petraea and Agrostis stolonifera, are 
infrequent. 

In the bottom layer the eo-dominating spec ies, 
R .  lanuginosum and S. vesuvianum, are equal ly dis
tributed mixed with R .  canescens, Pogonatum urni
gerum, Anthelia julacea and Lophozia sudetica . 
Bartramia ithyphylla and Distichium capillaceum are 
moderately frequent on pebbles.  
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Fig. 28 .  CCA ordination diagram, axes 1 and 2: Lambafit
jarhraun lava field from 1 9 1 3 . - 1 = Racomitrium lanuginosum 

comm. (cl .  58) ;  1 .2 = ibid . , Empetrum nigrum variant (cl . 6 1 ); 

1 . 3 = ibid.,  Stereocau/on vesuvianum variant (cl .  57); 2 = 
Racomitrium canescens comm . (cl .  62); 2. 1 = ibid. , Salix 

herbacea variant (cl. 64 ) ; 3 =Stereocaulon vesuvianum comm. 
(cl . 59, 60); 5 =Antheliajulacea - Pohlia drummondii comm. 

(cl. 63); v = vegetation fragment (cl .  56).  

7.13.2 Racomitrium canescens comm. (cl .  62) 

The field layer of the R .  cane se ens comm. is,  as usua,l, 
poor in  vascular species. Festuca vivipara, Trisetum 
spicatum and Oxyria digyna are infrequent. Species 
such asSilene maritima, Saxifraga cespitosa andLuzula 
spicata occur only sporadically. 

The bottom layer is  dominated by R.  canescens and 
does not differ appreciably from other places with this 
community. R. lanuginosum is frequent and may be 
abundant, as is also the case with S. vesuvianum. Anthelia 
julacea is also local ly highly abundant and may almost 
be justified as a facies. Some infrequent species indi
cate late snow cover, such as P olytrichum sexangulare, 
Peltigera venosa and P. occidentalis. Eurhynchium 
pulchellum grows on sandy pebbles together with 
Distichium capillaceum, Pohlia drummondii, Scapania 
spp. and Drepanocladus uncinatus. 

Salix herbacea variant (cl. 64) 
The S. herbacea var. is characterized by the constant 
Salix herbacea and also by a h igher frequency of other 
vascular species. Festuca vivipara is frequent and 
F. rubra, Luzula spicata, Deschampsia alpina and 
Agrostis vinealis are moderately frequent. Among rare 
species can be mentioned, e .g . ,  Salix lanata, S. phyli
c(folia, Oxyria digyna, Luzula arcuata and Trisetum 



spicatum. The bottom layer is quite similar to that of 
the main community. 

7 .13.3 Stereocaulon vesuvianum corn m. (cl . 59 & 60) 

The field layer ofthe S. vesuvianum comm. is very poor 
in vascular species.  Several species (Salix herbacea, 
Armeria maritima, Cardaminopsis petraea, Cerastium 
alpinum, P oa g lauca and P oa alpina) occur in the gaps 
between the Stereocaulon carpet. 

S. vesuvianum dominates in the stony bottom layer. 
The l ichen i s 4- 1 0 cm high with 1 -4 cm of the lower part 
brownish. Scattered sandy patches between the l ichen 
are poorly vegetated with, e .g . ,  Anthelia julacea, 
R. lanuginosum , R. canescens , Marsupella spp . ,  
Lophozia sudetica, Gymnomitrion concinnatum, G .  
corallioides and Philonotis sp .  Drepanocladus 
uncinatus may be locally abundant. 

7 . 13.4 Antheliajulacea - Pohlia drummondii corn m. 
(cl. 63) 

There i s  no field layer in theA .julacea - P.  drummondii 
comm. 

The bottom layer is covered with unstable sand ( 1 5  
- 40% ) ,  but Anthelia julacea colours the other part. 
Small tufts of R. lanuginosum and R. canescens are 
moderately frequently mixed with scattered occur
rences of Pohlia drummondii, Distichium capilla
ceum , Lophozia spp. and Stereocaulon alpinum. On 
protruding stones ,  S.  vesuvianum and Schistidium 
apocarpum are also found. Outside the anal yzed plots, 
Peltigera occidentalis ,  P .  venosa and Cladonia 
ecmocyna were present. 

7 .13.5 Ecological remarks 

The result of the CCA on the material for this lava field 
can be summarized as follows : 

axis 2 3 4 

% variance explained 68.2 3 1 .8 0 0 
biplot scores of environmental variables: 

surface roughness 278 284 0 0 

tephra cover 424 - 1 47 0 0 

Two environmental factors have been included in the 
CCA ofthis material ofLa 1 9 1 3  (Fig. 28) .  The environ
mental differentiation along axis  1 is mainly related to 
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tephra/sand-cover. The main R.  lanuginosum comm. 
and its two variants occur over the entire length of axis 
1 but only at the lower end of axis 2. The thickness of 
the carpet varies but is,  on average, 5 - 10 cm, broken 
by protruding stones. The E. nigrum var.  occurs in 
sheltered places related to low tephra cover to the 
extreme left, then fol lows the main R. lanuginosum 
comm. ,  but in the middle and to the extreme right of 
axis  1 ,  the S. vesuvianum var. is situated, highly influ
enced by aeolian material. TheAnthelia julacea - P ohlia 
drummondii comm. occurs in sandy patches. The tephra/ 
sand-cover in this field is mainly derived from the large 
area of sand along the river Helliskvfsl .  No species 
grew within the analyzed plots, but outside them in  a 
similar habitat the following ones were recorded: Poa 
alpina, Silene acaulis, Cardaminopsis petraea, Cera
stium alpinum, Pinguicula vulgaris and Sagina 
saginoides. 

The S. vesuvianum comm. is at the top right of the 
diagram; it is found on rough surfaces and is partly 
influenced by the aeol ian material. It covers ea. 20% of 
the main surface. The R.  canescens comm. i s  more 
confined to depressions and slopes. 

Bjomsson ( 1 943) described that the lava field was 
completely without vegetation in 1 93 1 .  Kjartansson 
( 1 946) said that from afar the appearance was very dark 
and it was easily distinguishable in the landscape. On 
the other hand, i t  had become much more l ight-col
oured s ince he saw it for the first time in 1 930, due to 
the same l ichen that coloured Kr 1 878 .  

7 . 1 4  Plant communities of 

Lava field 1 947 

(Table 1 6, clusters 65 - 72) 

7.14.1 Racomitrium lanuginosum comm. 
(cl. 65 & 72) 

The field layer of the R . lanuginosum comm. is absent, 
which is probably due to the young age of the lava field. 
The bottom layer is dominated by R.  lanuginosum. 
S. vesuvianum (often only the phyllocladias) is fre
quent in almost all gaps in the moss carpet of R. la
nuginosum. Relatively few species are moderately 
frequent, such as R .  canescens and Pogonatum 
urnigerum. However, many species occur scattered in 
this community, as in other ones .  
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Table 1 6 . Synoptic table for the eight community groups in  

the lava field from the 1 947 eruption. 

Cluster no. 
Cluster size 

65 66 67 68 69 70 71 72 
82 14 I I 25 2 2 6 5 

Racom itrium lanuginosum 
Racomitrium canescens 
Stereocaulon vesuvianum 
Umbil icaria torrefacta 
Hylocomium splendens 
Placopsis gelida 
Bartram ia ithyphylla 
Bryum sp. 
Distichium capillaceum 

Drepanocladus uncinatus 
Racomitrium fasciculare 
Pohlia cruda 
Pogonatum urnigerum 
Lophozia ventricosa 
Nardia scalaris 
Timmia austriaca 
Crustaceous l ichen 
Ceratodon purpureus 

l 
2 

Cluster 65: Racomitrium lanuginosum comm. 
Cluster 66 : Racomitrium canescens comm. 
Cluster 67 : Stereocaulon vesuvianum comm. 
Cluster 68: Stereocaulon vesuvianum comm. 
Cluster 69 : Umbilicaria totTefacta init ial stage 
Cluster 70: Stereocaulon vesuvianum init ial  stage 

Cluster 7 1 :  Hylocomium splendens in i tial stage 

2 

Cluster 72: Racomitrium lanuginosum comm.  ( including the in i t ial stage) 

Additional species, occurring with a synoptic score < I, or with 1 but in only 
I or 2 clusters (cluster number between brackets). 
Amphidium mougeotii 1 (69) ;  Anthelia jul acea 1 (68,72); Barbula unguiculata 
< I ;  Brachythec i u m  al bicans 1 (68) ;  B rachythecium salebrosum < I ;  
Bryoerythrophyl lum recurvirostrum < 1 ;  B ryum inclinatum < 1 ;  Bryum 
pallescens < I ;  Cladonia sp. 1 (70); Dichodontium pellucidum < I ;  Dicranella 
subulata < 1 ;  Dicranoweisia crispula I (67); Encalypta ciliata< I ;  Gymnomitrion 
concinnatum < 1 ;  Homalothecium sericeum I (72); Lepogium lichenoides 
1 (72) ;  Lophozia bicrenata 1 (72) ,  L.  heterocolpos 1 (67), L. sudetica 1 ( 68 ,66); 
Peltigera canina < I ,  P. spuria 1 (68,67) ,  P.  venosa 1 (72); Pohl ia drummond i i  
I (68,66), P .  pro1igera I (67); Polytrichum alpinum < I ,  P . juniperinum 1 (72,67), 
P. piliferum 1 ( 72,66 ); Pseudephebe m inuscula < I ;  Schistidium apocarpum 
I (65,67); Stereocaulon capitellatum I (68,67) ;  Tortula ruralis < I ;  Tritomaria 
quinquedentata < l ;  Umbil icararia cyl indrica < I ,  U. sp. I (69). 

7.14.2 Racomitrium canescens corn m. (cl .  66) 

Both the Racomitrium canescens comm. and the pre
vious community (7 . 1 4 . 1 ) are characterized by lack of 
vascular species in the field layer. 

The bottom layer is dominated by R. canescens. Of 
other mosses only R. lanuginosum may be fairly 
abundant locally .  Some species occur with low fre
quency,  such as Pohlia drummondii, S. vesuvianum 
and Placopsis gelida. Other more scattered species 
will be discussed below (see 7 . 1 4 .5) .  
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7. 14.3 Stereocaulon vesuvianum comm. (cl .  67) 

The field layer of the S. vesuvianum comm. is usually 
very poor in all the lava fields. Here i t  i s  totally absent 
due to the young age of the field. 

In the bottom layer, S. vesuvianum is dominant. 
Placopsis gelida and R. lanuginosum are frequent, but 
R. canescens is rare. Several accidental species occur 
in the community,  which is mainly  confined to depres
sions (e.g. , with Timmia austriaca) and to the upper 
part of the main surface (e .g . ,  with Racomitrium 
fasciculare) .  Crustaceous lichens are moderately fre
quent. The reason may be that this community occu
pies larger areas of even surfaces than other communi
ties. 

7.14.4. Initial stages 

In the relatively young Lf 1 94 7 there are many vegeta
tion fragments, which can hardly be treated as commu
nities. However, by studying the colonization of spe
cies from the start and following the course of events it 
might be possible to attribute these fragments to vari
ous successional stages .  On the other hand, the coloni
zation and the establishment of the species character
i stic of a community in a lava field, do not proceed 
simultaneously. 

Many of the initial stages in Lf 1 947 occupy microsites 
where R. lanuginosum and S. vesuvianum are almost 
absent ,  for different reasons .  Most microsites available 
are small tephra-covered patches or g lossy surfaces .  

Except for many undefined i nit ial stages, which 
occur only scattered (see section 7 . 1 4.5) ,  some frag
ments can roughly be grouped as follows: 

I .  In more or less deep depressions, including holes : 

A. Drepanocladus uncinatus - Peltigera spuria initial 
stage 
Both species colonize the lava fields early and have 
wide ecological amplitudes. The habitat includes sandy I 
tephric depressions in the centre of the main surface. 
The substrate is relatively unstable. Bartramia ithy
phylla, Pogonatum urnigerum, R. canescens, Pohlia 
proligera, Bryum pallescens and Lophozia ventricosa 
are intermingled in the mats. All these species are 
characteristic for almost bare, sandy soil, most often in 
shady habitats (Martensson 1 955,  1 956) .  Stereocaulon 



ea pi tellatum is also found on protruding, very scorious 
and fragile cl inkers in the upper part of the depressions. 

B. Bartramia ithyphylla - Polytrichum juniperinum 
initial stage 
Both species have wide ecological amplitudes .  A few 
small dots of the phyllocladias of S. vesuvianum can be 
found on pebbles around the dry, packed, sandy /tephric 
patches with firm substrate. 3 - 5 specimens of Pogo
natum urnigerum and Polytrichum piliferum also 
occur. 

C. Hylocomium splendens initial stage (cl . 7 1 )  
H. splendens was relatively early to invade Lf 1 947. It 
has become abundant on poor, moist, sandy/tephric 
substrate in depressions, growing in pure mats .  
Probably, H. splendens is dependent on a supply of 
mineral nutrients, leached out by dripping water. 
Racomitrium species are totally absent. Other frequent 
species are S. vesuvianum on pebbles and Ceratodon 
purpureus in smal l vesicles. 

II .  In the middle of the main surface: 

A. Racomitrium lanuginosum initial stage 
R . lanuginosum is the primary colonist and grows in the 
whole area except for h igh crags and deep depressions .  
The thin and split-up carpet, less than ea.  2 cm thick, 
can include several other species, such as Bartramia 
ithyphylla, Distichium capillaceum and Amphidium 
mougeotii in small patches of loose material . 

B .  Racomitrium lanuginosum - Ceratodon purpureus 
initial stage 
The colonization of R. lanuginosum has led to a more 
developed and continuous carpet, more than 3 cm 
thick. The loose material becomes overgrown by the 
species and the frequency of many of the primary 
colonists decreases .  The only constant species is 
Ceratodon purpureus, which is the most successful 
species to colonize every possible microsite and "using 
every opportunity to grow"(Martensson 1 956 p. 50) . 
The only moderately frequent species are Bartramia 
ithyphylla, Dicranoweisia crispula and Lophozia 
ventricosa. 

C. Racomitrium lanuginosum - Bryum spp. initial stage 
This  stage resembles the above-mentioned one (B),  
although it is more sheltered as indicated by the occur
rence of Timmia austriaca. The cover value of R. 
lanuginosum is lower, in other respects it is similar. 
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Ill On exposed boulders : 

A. Umhilicaria torrefacta initial stage (cl . 69) 
On glossy surfaces Umhilicaria torrefacta, U. spp. 
(U. cf. cylindrica and U. cf. proboscidea), S. vesu
vianum and crustaceous l ichens, e.g., Placopsis gelida, 
are constant. The longest specimen c;:>f S. vesuvianum 
was 8 mm. Most likely it  will  be carried away by wind 
or water when it gets tal ler due to poor attachment to the 
surface.  Other species recorded, Racomitrium fasci
culare, R. lanuginosum, Bryum sp. and Bartramia 
ithyphylla, are only represented by single specimens. 

B. Stereocaulon vesuvianum initial stage (cl .  70) 
Exposed boulders are often without vegetation, al
though the surface is very rough. Small specimens of 
S. vesuvianum and Cladonia sp. were recorded at the 
most exposed sites fac ing north. Further development 
of this initial stage is uncertain. Probably, the rocks wil l  
remain totally bare in the future due to the weathering 
process and wind force. 

7.14.5 Ecological remarks 

The result of the CCA on the material for this lava field 
can be summarized as follows: 

axis 2 3 4 

% variance explained 30.5 23.5 1 6.3  1 1 . 1  

biplot scores of environmental variables: 
surface roughness - 1  - 1 09 29 - 1 6 
tephra cover 7 - 57 297 - 39 

age of analyses 1 73 - 278 - 49 9 1  

elevation - 220 - 2 1 6  1 9  - 143 

irregularity - 249 226 40 - 57 
position - 235 87 86 65 

Six environmental factors have been included in the 
CCA of th is material of Lf 1 947 (Fig. 29). Due to the 
complex environmental situation the ordination dia
gram cannot easily be interpreted. 

The main floristic variation is determined along axis  
1 by the contrast between Umhilicaria stands ( left top) ,  
which are related to high irregularity and the top of the 
c linker layer (position) and theHylocomium splendens 
stands (right middle) ,  which are related to the bottom 
of the clinker layer. 

The environmental differentiation along ax is 2 is 
weakly related to surface roughness and tephra cover, 
which run downward along axis 2 .  Two vectors run 
more or less diagonally : elevation downward to the left 
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Fig. 29. CCA ordination diagram, axes 1 and 2: lava flow 

from the 1 947 eruption. - 1 = Racomitrium lanuginosum 

comm. (cl .  65);  2 = Racomitrium canescens comm. (cl .  66); 
3 = Stereocaulon vesuvianum comm. (cl .  67, 68); iH = 

Hylocomium splendens initial stage (cl .  7 1 ) ;  iR = Racomitrium 

lanuginosum initial  stage (cl .  72);  iS = Stereocaulon 

vesuvianum initial stage (cl. 70); iU = Umbilicaria torrefacta 

initial stage (cl. 69); iD = Drepanocladus uncinatus - Peltigera 

spuria ini tial stage; i = ' Undefined initial stage ' .  

and increased age o f  the analyses downward t o  the 
right. Initial stages occur scattered, especially those of 
S. vesuvianum, but with a clear tendency to appear at 
the lower end of axis 2, suggesting a relation to more 
varying microhabitats and especially to increasing 
elevation. The main R. lanuginosum comm. occurs 
over some length of axi s  2 and almost in the middle of 
axis  1 .  

The R .  canescens comm. and the Drepanocladus 
uncinatus - Peltigera spuria initial stage and Hyloco
mium splendens initial stage are situated along axis 1 to 
the right; they are related to the bottom of the clinker 
layer. 

In all communities and initial stages, except for the 
initial stages of Hylocomium splendens, Stereocaulon 
and Umbilicaria, many accidental species occur scat
tered. These species are most frequent in the initial 
stage of R .  lanuginosum and in the undefined initial 
stage. There i s  no s ignificant difference between the 
three main communities. The number of species is 
highest in the R. lanuginosum comm. but lowest in the 
initial stage of S. vesuvianum, 3 8  and 2 species, re
spectively. 

The investigation by J6hannsson and Kristinsson 
produced a preliminary (unpublished) l i st of altogether 
43 recorded species; 1 6  were mosses, 3-4 liverworts 
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and 22 l ichens (incl. 1 2  crustaceous) .  Their observa
tions can be grouped i nto: (a) depressions and (b) 
ridges.  A summary of their material prov ides the fol
lowing cover values (%) of the most common species 
in plots of 1 00 cm2 : 

Racomitrium lanuginosum 
Racomitrium canescens 

Stereocaulon vesuvianum 
Placopsis gelida 

depressions 
77.0 

5 .4 

2.7 
0.8 

ridges 
1 3 .6 
0.2 

2.0 
0.3 

All other species have considerably lower cover val
ues. The largest number of species in a plot i s  1 5  
( 1 2  bryophytes , 3 lichens) i n  a depression and 1 6  
species ( 2  bryophytes, 14  l ichens) o n  a ridge . 

The preliminary results by J6hannsson and Krist
insson are confirmed by the present results: 
( 1 )  S. vesuvianum colonizes nearly the whole of the 
lava field in the beginning, from depressions (except 
deep holes) to crags and 
(2) R. lanuginosum and R. canescens occur more 
scattered on ridges than in the middle or lower part of 
the main surface. 

The development of the moss carpet of R. lanugi
nosum was very i rregular, starting from suitable places 
and then expanding. In 1 970, R. lanugin.osum was al
ready established and the initial phase of primary 
colonization was at i ts end. The tephra fal l  in 1 970 
created a situation when several species could start a 
new colonization on tephra. There was a pronounced 
increase in number of species during the first years but 
then only a few more were added during a period of 
years, final ly reaching an equilibrium in number of 
species in about 1 985.  

The increase of vascular species shows a similar 
tendency .  In 1 968 no vascular species grew in Lf 1 947 
(Kristinsson pers. comm.) .  The first three species were 
found in 1 970, in 1 972 the number was doubled, but 
from 1 973 to 1 987 the number had only increased by 
four species.  The total number of vascular species 
amounted to ten in 1 987. Among these species were 
one fern, three grasses and six herbs. There were less 
than twenty specimens of each species each year. Most 
of the species grew in a coarse, loose material on rock 
ledges in the middle part of the main surface, two were 
found in accumulated sand. One species (Empetrum 
nigrum) grew on top of a ca.  1 .5 m high crag. It was the 
only one growing in a thin moss carpet. Droppings of 
Ptarmigan (Lagopus mutus) were pressed into the moss 
carpet. 



7 . 1 5  Holes 

The analyses of the hole vegetation could not be carried 
out in a standardized manner. The small patches of the 
vegetation on the small rock ledges or bottom were 
collected and numbered on a sketch. The width of the 
openings and the depth of each ledge (stand) were 
measured and an attempt was made to sketch a profile 
of each hole. Exposure was described in a qualitative 
way. Measurements of essential factors, such as light 
and moisture combined with soil conditions have not 
been possible to carry out, except for a few temperature 
measurements (see 5.3) .  These measurements indicate 
some variation within the hole, due to different expo
sure. 

Habitat conditions prevailing in the holes are of a 
special nature. The available space for each plant 
species is physically restricted to the narrow ledges and 
the sandy bottom. The difference between summer and 
winter temperature is presumably small and even the 
summer temperature may be slightly lower. The expla
nation is found in the cooling effect of percolating 
water. During spring and summer the snow becomes 
drenched by thaw and rain. The melting water, in 
addition to precipitation, percolates into the layer of 
clinkers until it begins to snow in the autumn. This 
water is cold, especially in the spring when it is just 
above freezing-point, as it derives mainly from thaw
ing snow. Air humidity in spaces between the clinkers 
is probably maintained at a very high level during most 
of the year, although there is no standing water. Obvi
ously, most of the annual precipitation percolates dur
ing half of the year. In contrast, this water flow is very 
small during the winter. 

The differences along the gradient of light intensity 
become more distinctly revealed by the cover of spe
cies than the species composition (BlaZkova 1 973). 
Nevertheless, the light intensity is correlated to the 
width and depth of a hole and to the shape and number 
of ledges jutting out from the sides. On the other hand, 
reflection of light from snowdrifts and rock surfaces in 
the holes may influence the growth of some species, 
but this suggestion needs further investigation (cf. 
Creveld 1 98 1  ). 

Although the holes are sheltered places the influence 
of dripping water is often obvious: it flushes along 
small ledges. The moisture conditions also depend on 
the width and the depth of the hole. The relative 
humidity is apparently higher in narrow arid deep holes 
than in wide and shallow ones. 

The holes are located in the uppermost layer of 
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Fig. 30. a. Correlation between the number of species in each 

hole and different lava fields. b. Correlation between the 

frequency of holes and different lava fields. 

clinkers, which may be up to several meters in thick
ness. The occurrence of holes decreases continuously 
along the age gradient of the lava fields due to the 
progressive development of the main surface ( accumu
lation of aeolian material or a moss carpet, Fig. 30). In 
Ef 1 1 58 to Lf 1766 the percentages of the holes are 
2- 1 0 %, in Nre 1845 to La 1 9 1 3  they are 1 5 - 30 %  and 
in Lf 1 947 and in younger lava fields the percentages 
are 40 - 50 %. 

In the present investigation, totally 81 holes were 
recorded. The total number of recorded taxa in the hole 
vegetation was 9 1  (7 vascular species, 48 mosses, 23 
liverworts and 8 lichens). A few other species not 
included in these numbers (e.g., Saxifraga cernua) were 
also listed from scattered holes, which were not com
pletely examined. The largest number of species in one 
hole was 1 8  (Pa 1554), and the lowest was only 2 
(Lf 1 947 & Lf 1 970). On average, the numbers of 
species increases continuously along the age gradient 
(Fig. 30). 

None of the species recorded in the holes is restricted 
to this habitat type but several species apparently grow 
there with a clear preference, such as Mnium stellare, 

Pohlia cruda, Isopterygium pule helium, Oligotrichum 

hercynicum, Blepharostoma trichophyllum andNardia 

geoscyphus. Most of the species occur also scattered 
on the crags, such as Saxifraga nivalis, Encalypta 

ciliata, P lagiothecium cavifolium, D iplophyllum albi

cans, Lophozia gillmanii and Cystocoleus niger. 

Moreover, many of the species occur also in small 
ruptures in the main surface as well, e.g.,  Poa glauca, 

Dicranoweisia crispula, Diphysciumfoliosum, Pohlia 

drummondii, Cephaloziella divaricata and Solorina 

crocea. 

The species composition in the holes does not vary 
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much in most of the lava fields o lder than Lf 1 947, 
where Distichium capillaceum is a constant species 
and Amphidium mougeotii and Bartramia ithyphylla 
occur frequently. Characteristic species for chiono
philous vegetation, such as Catoscopium nigritum and 
Saelania glaucescens, are rare. It is possible to com
pare the descriptions of habitats given by Martensson 
( 1 955 ,  1 956) for the species in common. Most of these 
species characteristically grow on 'bare ' soil (poor 
substrate) in shady but not too wet crevices and caves. 
Near the openings of the holes, Racomitrium lanugi
nosum and Stereocaulon vesuvianum usually occur 
abundantly but, e .g. ,  Andreaea rupestris and Schis
tidium apocarpum are infrequent. The rock ledges of 
the uppermost I 0 - 30 cm of the holes are richest in 
species but in the moistest places on the sandy bottom, 
at a depth of 40 - 60 cm, small patches of l iverworts 
occur mixed with a few other species, e .g . ,  Bartramia 
ithyphylla and Plagiochila porelloides. In shallow and 
wide holes an additional number of species occur also 
in the bottom, e .g . ,  Timmia austriaca, Polytrichum 
juniperinum, Brachythecium albicans and Rhytidia
delphus squarrosus. 

Fig . 3 1  A - D present some features characterizing 
the hole vegetation. 

7 . 1 6  Crags 

Several analyses of the crag vegetation were caiTied 
out but they have not been elaborated because of 
insufficient measurements of physical factors . Plant 
species were recorded on 38 crags in all lava fields. 
However, the fol lowing presentation is based mainly 
on observations from 1 3  crags in the fol lowing lava 
fields :  Ef 1 1 58 (2), Su 1 300- 1 (4), No 1 389-II (4) and 
N<:e 1 845-I (3). Consequently the description is only a 
generalized overv iew. 

The crags are steep or almost vertical, but often with 
many flat rock ledges, vesicles and furrows. Soil i s  
rarely completely absent due t o  the iiTegularity o f  the 
surface. No soil is found on vertical, smooth surfaces. 
Also, as previously mentioned, small cushions of vege
tation always accumulate aeolian material. The ex
posed crag vegetation is influenced by the microstruc
ture of the surface and the state of weathering (cf. 
Sjogren 1 964) .  It  is also related to prevai l ing strong 
winds, mainly northeastern to southeastern (ea. 30 %, 
cf. Einarsson, M.A. 1 976), i ntense rain storms and to 
microclimatic conditions related to rel ief and expo
sure. Snow cover is absent, except on the lowest parts 
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A.  

Fig. 3 1 .  (A) Open and broad hole in the Nrefurholtshraun lava 
field from the 1 845 eruption; sandy bottom. I :  Anthelia 

julacea, Conostomum tetragonum, P lagiochila porelloides, 

Pogonatum urnigerum, Tritomaria quinquedentata. 2:  
Anthelia julacea, Drepanocladus uncinatus, Diphyscium 

foliosum, Jungermannia obovata, Pogonatum urnigerum, 

Pohlia drummondii, Timmia austriaca. 3: Salix herbacea, 

Stereocaulon alpinum, Bryum sp. , Racomitrium lanuginosum, 

Pogonatum urnigerum, Lophozia sudetica. (B)  Rock ledges 

in a hole in the Norourhraun lava field from the 1 389 erun
tion. 1 :  Distichium capillaceum , Tritomaria quinqudenta1 a, 

Nardia gescyphus ,  2: Gymnom itrion concinnatum, 

Pogonatum urnigerum, Bartramia ithyphylla, Distichium 

capillaceum, Pohlia cruda, 3: Poa glauca, Racomitrium 

lan uginosum, Bartramia ithyphylla , Pohlia cruda, 
P. drummondii, Lophozia sudedica. (C) Sandy bottom and 

sandy rock ledges in the l ava field from the 1 766 eruption. 1 :  

Anthelia julacea, J ungermannia obovata, Oligotrichum 

hercynicum, Polytrichum sexangulare, Pogonatum urni

gerum, Distichium capillaceum, Tritomaria quinquedentata. 

2: Bartramia ithyphylla, Plagiochila porelloides, Distichium 

capillaceum, Tritomaria quinquedentata, 3 :  Bartramia 

ithyphylla, Distichium capillaceum, Tritomaria quinque

dentata, 4 :  Grimmiafunalis, Cladonia sp. 5: Racomitrium 

!an ug inosum,  Schistidium apocarpum,  Amph idium 

lapponicum. Ceratodon pwpureus. 5: Racomitrium /anu

ginosum , Lophozia sudetica. (D) Sheltered hole in the Kra
katindshraun lava field from the 1 878 eruption. 1 :  Grimmia 

funalis, Schistidium apocarpum, 2: Anthelia julacea, 

Gymnomitrion concinnatum, Pogonatum urnigerum . 

3 :  Drepanocladus unci natus, Blepharostoma trichophyllum. 

4: Schistidium apocarpum, Distichium capillaceum. Unit of 
measurement: decimeter. 
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and on ledges, but is still thin and with short duration, 
often as glare ice. 

The occurrence of crags varies between the lava 
fields and cannot be easily related to their age. Gener
ally, they rather reflect the originally irregular topo
graphy of each lava field and the quantities of accumu
lated deposits. The lowest proportion of crags (8 %) 
occurs in h ighly deposited areas: Ef 1 1 58 ,  No 1 389-III ,  
Lf 1 693 and Lf 1 7  66-11. Some exceptions from this rule 
are Su 1 300-I with 20 % of crags, in spite of high age 
and considerable quantities of deposits, and Pa 1 554 
with very small amounts of deposits but only 1 0  % of 
crags. 

The total number of species on each crag may be very 
high. The habitat richness motivates a much more 
varied species composition than elsewhere. It must be 
pointed out that crag vegetation deviates from typical 
rock vegetation due to the many ledges which carry 
small tussocks, and the ' barren zone ' (see 5 . 1 . 3 ) .  Only 
one species was restricted to thi s  crag habitat, namely, 
Woodsia ilvensis, but 1 5 - 20 vascular species show a 
clear preference to choose this habitat, although they 
may occas ionally occur in the main surface (mainly in  
other communities than the R. lanuginosum comm.) .  
The most important are : 

Armeria maritima 

Bartsia alpina 

Botrychium lunaria 

Cystopterisfragilis 

Draba incana 

Euphrasiafi"igida 

Gentiana nivalis 

Minuartia rubella 

Parnassia palustris 

Pinguicula vulgaris 

Platanthera hyperborea 

Rhodiola rosea 

Sagina procumbens 

The same may be valid for bryophytes, although there 
is of course a risk that some species remained over
looked when bearing in mind the extremely rough crag 
substrate. The bryovegetation on crags is rich in spe
cies, in relation to their  extent and exposure, due to the 
great variety of substrates. Fissidens bryoides, Enca
lypta brevipes, Amphidium lapponicum, Anew-a pin
guis and Blasia pusilla have only been recorded on 
crags. Several species show a c lear preference to grow 
on the steep rock surfaces, such as: Anoectangium 
aestivum, Dicranoweisia crispula, Grimmiafunalis, G .  
torquata, G.  donniana, Racomitrium heterostichum 
and Schistidium apocarpum. These species accumu
late fine-grained aeolian material and form convex 
cushions on the rocks. When these 'dust bolsters ' reach 
a height of ea. 4 cm they become unstable and are often 
carried away by wind. Small remaining shoots at the 
periphery of the former cushions start the development 
of new 'dust bolsters ' .  
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No lichen species are restricted to the crags. Several 
species such as Leptogium lichenoides, L. sinuatum, 
Physcia caesia and Cladonia spp. occur in the small  
tussocks on ledges as well  as in the main surfaces. 
Cystocoleus n iger, Sphaerophorus fragilis and 
Parmelia saxatilis are somewhat more frequent on 
crags than in other habitats. In addition, the crusta
ceous l ichens, Dermatocarpon miniatum and several 
species of Umbilicaria, grow on the smooth surfaces. 

The crag vegetation is very scattered and its occur
rence is related to substrate texture and exposure.  
Shaded and somewhat sheltered places facing north
east to southeast, at the lower parts of the crags, are 
usually especially rich in species. The photophilous 
commun ity with Parmelia saxatilis, Hypnum cupres
siforme ,Homalothecium sericeum, Tortula ruralis and 
T. subulata highly influenced by bird droppings, is  
found in  more exposed places on the crags (Fig.  32) .  
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A real zonation of vegetation is rarely found due to 
the irregularity of rocks. An accumulation of aeolian 
material at the lower part of the crags promotes higher 
moisture for a longer period than in the middle part. 
The barren zone is richest in vasc;ular species when 
facing southwest. In moist places on the lower part of 
crags, species such as Sagina procumbens, Drepa
nocladus uncinatus, Bartramia ithyphylla, Anthelia 
julacea and Cystocoleus niger, occur. In the middle 
part of the crags are found scattered species such as 
Grimmia torquata, Amphidium lapponicum, Andreaea 
rupestris, D icranoweisia crispula,  Sch istidium 
apocarpum and Bryum inclinatum . The uppermost part 
is usually richer in vascular species (e.g . , Poa glauca 
and Draba incana), growing together with , e .g. , 
Encalypta brevipes, E. ciliata, Tortella tortuosa, 
Lophozia obtusa and Scapania curta. 

Fig. 32. Crag in the Norourhraun lava 
field from the 1 389 eruption. a. July 

1 970. Parmelia saxatilis dominates 

with scattered occ urrence of Poa 

glauca , Cardaminopsis p etraea,  

Homalothecium sericeum ( i n  the 

middle) and Hypnum cupressiforme, 

Schistidium apocarpum and Tortula 

ruralis and T. subulata (especial ly  in 

the uppermost part). b. August 1 980. ? .  

saxatilis has grown and covers more 
continuous patches. Homalothecium 

sericeum has increased in the middle. 
Hypnum cupressiforme in the 

uppermost part has  also increased. 



8 The vegetation of the younger lava fields 

8 . 1 Introduction 

The younger lava fields, Lf 1 970 and Lf 1 980/8 1 ,  
became available for colonization by plants 20 and 1 0  
years ago, respectively .  Owing to their young age and 
the unstable nature of the substrate, only indistinctive 
plant assemblages had been established when they 
were last investigated by the author (Lf 1 970-I in 1 979, 
Lf 1 970-11 in 1 980 and Lf 1 980/8 1 in 1 98 1  ) . As has 
been mentioned previously, most of Lf 1 970 became 
covered with a thick deposit of tephra during the 
eruption of 1 980/8 1 .  The following description pro
vides only some information on the colonization of 
bryophytes and l ichens. 

8 . 2  Lava field 1 970 

The surface of the lava fields was divided into :  
1 .  Bottom of  the layer of  clinkers, 2 .  Middle part of 
clinkers; and 3. Top of clinkers. Mainly two types of 
substrates occur within each category : (a) small primary 
tephra patches mixed with smashed pieces of clinkers 
and (b) rock surface with varying texture, from smooth 
and glossy to very spongy with many sharp, fragi le 
points and m icrofurrows. The small tephra patches 
cover ea. 2 - 1 0  % of the clinker surfaces. They are 
somewhat more frequent at the bottom of cl inkers than 
at the top, but the difference is small in a new lava field 
due to high irregularity, many microsites and a little 
weathering. Moreover,  ins ide the ves ic les and 
microfurrows there is  generally some accumulated 
loose material . 

Due to the complex environmental condition the 
ordination diagram is not easily interpreted. However, 
there is a weak indication that the lower parts of the 
clinkers are more favourable for the colonists than the 
tops. Also, the difference in elevation between Lf 
1 970-I and Lf 1 970-11 is not a decisive factor influenc
ing the colonization in the area. For that reason Lf 
1 970-I and Lf 1 970-11 are treated together. 

8.2.1 Colonization 

In 1 97 1 ,  no plants were found upon the field itself, but 
C eratodon purpureus andRacomitrium canescens grew 
on tumbled stones outside the border and small seed
l ings of grass species (Festuca rubra and Poa glauca) 
were found on accumulated sand at the edge. In 1 972, 
several diminutive mosses appeared in  the tephra 
patches, scattered from the top to the bottom. C eratodon 
purpureus was the most frequent species together with 
Pohlia cruda, P. drummondii, P .  filum, Bryum cf. 
pall ens and B.  cf. caespiticium. The habitat preference 
of these species was small tephra patches on sheltered 
ledges . R . lanuginosum andR . canescens grew in more 
exposed microsites, in furrows and on more coarse 
material . At the bottom of the clinkers, on fine-grained 
material ,  Lophozia spp. occurred with Cephaloziella 
divaricata and Dichodontium pellucidum and one 
single specimen of Peltigera cf. spuria. In 1 975 ,  this 
species was refound in  4 places with the folious thallus 
up to 6 mm in diameter. In 1 976, it was difficult to 
determine the species of the genus Bryum but B. in
clinatum had become the clearly most frequent species 
in the middle part of the clinkers . As expected, there 
was a clear dominance by acrocarpous mosses. In 
1 973 ,  Schistidium apocarpum appeared in exposed 
habitats, and at the bottom of the cl inkers Pogonatum 
urnigerum, Philonotis tomentella and the pleurocar
pous speciesDrepanocladus unci natus were found. The 
occurrences of the species were mainly confined to the 
first 1 00 - 200 m of the edge and thereafter they became 
rare. 

The craters Oldugfgar and Hlfoargfgar in Lf 1 970-I 
provide special habitat conditions. They are built up of 
tephra cones and no real lava occurs. Several species 
are much more frequent there, on fine-grained to coarse 
tephra, than on the lava rocks, such as (recorded in 
1 975) Racomitrium canescens, Bryum cf. pal/ens, 
Funaria hygrometrica, Dichodontium pellucidum, 
Ceratodon purpureus, Bryum arcticum and Dicra
nella subulata. 

Among the new colonists in 1 97 5 was Blindia acuta. 
The presence of that species in this habitat is unexpected. 
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F i g .  33 .  The initial colonization occurred rapidly during the 
first ten years in the lava field from the 1 970 eruption . 

It has never been found either earl ier or later in the lava 
fields. In Iceland, the species is very common on wet 
rocks in or close to rivers and waterfalls up to about 400 
- 500 m a. s . l  (Hesselbo 1 9 1 8) .  Martensson ( 1 956 p. 55) 
pointed out that B.  acuta in the Tornetrask area of 
Sweden "occurs in  fairly wet local ities . . . .  It grows 
mainly on stones in the flood zone of streams or on 
irrigated rock surfaces in steep slopes and cliffs". 
B. acuta grew in sandy patches among Bartramia 
ithyphylla , Bryum spp .  and Bryoerythrophyllum 
recurvirostrum, where water dripped in rainy weather. 
The precipitation that year was unusual ly high. 

The juvenile stages of the phyllocladia of Stereo
eau/on vesuvianum (0.2 - 0.5  mm in diameter) became 
prominent in 1 975 with numerous dots but the dark 
spot in the middle of the phyllocladia was first observed 
two years later. 

In 1 977,  R. lanuginosum was locally abundant on 
rock surfaces and the occurrence of Bryum spp. and 
Ceratodon purpureus was most striking. Two l ichens 
were recorded: Placopsis gelida (max. diam. 1 .6 cm, 
mainly restricted to moist depressions with Cono
stomum tetragonum and Ditrichum flexicaule) and 
Stereocaulon cf. capitellatum (on spongy surface). 

The following increase in number of species contin
ued in such a way that already in 1979 i t  was almost 
possible to distinguish initial stages of plant communi
ties. In that year, 1 979, two l iverworts occurred for the 
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first time since 1 972 (Anthelia julacea, Scapania cf. 
curta), as well as four mosses (Arctoafulvella, Bryum 
stenotrichum, Encalypta ciliata, Pohliaproligera) and 
two species of Peltigera (P. venosa and P. cf. canina). 
In 1 980, the foll owing species were recorded in Lf 
1 970-11: Grimmia cf. affinis,Racomitriumfasciculare, 
Didymodon rigidulus, Polytrichum alpinum, Nardia 
scalaris and Leptogium lichenoides (Fig. 33) .  

8.2.2 Remarks on the texture of  the surface 

Some measurements were made on the texture of the 
microsurfaces, especially regarding the colonization 
on Lf 1 970. Very l ittle has been published on this 
subject (Atkinson 1 969, Wentworth & MacDonald 
1 953) .  Most authors have simply considered the differ
ence implicit in the classification into apalhraun and 
helluhraun. Others only mention the b izarre features of 
the lava or vesicular cavities created in the molten lava 
by evaporating moisture of the substrate. 

The following percentages (per 1 00 cm2) of the 
listed categories of microsurface originate from 1 1  
measurements in each of the three youngest lava fields 
(Lf 1 980/8 1 ,  Lf 1 970 and Lf 1 947) ,  but there is no 
evidence that the texture was similar from the begin
ning : 

Lf 1 980/8 1 -70 - 47 
I. dense surface: 

a. smooth, glossy surface 2 5 5 
b. vesicles 1 0  1 5  40 

11 .  spongy surface: 
a. slightly spongy 20 25 40 
b. moderately spongy 43 35 1 0  
c .  very spongy, 

innumerable sharp points 25 20 5 

Of course, these figures would become more interest
ing if compared with similar ones obtained in older 
lava fields, but such information is not easily obtained 
as such measurements are obstructed by the cover of 
mosses. Still, it is most l ikely that the percentages 
regarding vesicles will become more discernible as the 
weathering process proceeds. 

The very spongy surface, with many sharp points, is 
very fragi le .  It crumbles easi ly ,  mostly during the 
actual movement of the material and during the first 
months after the eruption. The crushed p ieces form 
small patches, often together with the primary tephra. 
The moderately to sl ightly spongy surface is much 
more stable. In Lf 1 980/8 1 and Lf 1 970 there was no 
indication that the texture was different at different 
heights but it was obvious that crags in the Lf 1 947 
were more weathered than lower-lying parts. No attempt 
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Fig. 34. a. Clinker in the lava field of 1 970. On the top is a glassy surface, the other part is spongy. On the ledge there is loose 
material (broken pieces) where Racomirrium lanuginosum grows. b. Very spongy lava SUiface with protruding points and 
microfurrows .  Pohliafi/um grows in the furrows. 

was made to determine the rate of the weathering 
process. 

The spongy and vesicular surface of the blocks 
significantly affects the colonization of barren lava 
fields. With i ts microholes and microfurrows, often 
filled with fine material , the rough surface provides 
excellent shelter and colonization faci lities for several 
plants, especially mosses (Fig. 34) . 

The habitats, referred to categories of microsurface, 
l isted above, are colonized in different ways. The 
smooth and glossy surfaces (dense surfaces) in Lf 1 970 
were quite barren. In Lf 1 94 7 more or less horizontal 
surfaces of that sort were locally overgrown by a carpet 
of R. lanuginosum, but others, general ly sloping 
steeply, were colonized by crustaceous l ichens such as 
Rhizocarpon geographic urn and Lecidea spp. A colo
n ization by some patches of Stereocaulon sp. was also 

Fig. 35 .  The boulders in the lava field 
from the 1 94 7 eruption are covered with 
Racomitrium lanuginosum, except on the 
densest surface, where Stereocaulon 

vesuvianum and Umbilicaria torrefacta 

grow. 

noticed, but never by fully developed specimens . It i s  
probable that the specimens get blown away at a certain 
stage of development (Fig. 35) .  

A dense surface with many vesicles is often slightly 
uneven and becomes colonized by l ichens such as 
Placopsis gelida and Stereocaulon spp. The vesicles 
are often filled with s ilty to sandy material . This 
material is  not so coarse as on the spongy surfaces, 
where it  i s  mixed with broken lava pieces.  The vesicles 
are colonized, e .g . ,  by Dicranoweisia crispula, Bart
ramia ithyphylla and Distichium capillaceum. 

The spongy surface i s  the most suitable substrate for 
colonization. It is sufficiently rough for fragments of 
mosses, especially of R.  lanuginosum, to get captured 
there. An accumulation of material occurs between the 
narrow, sharp and protruding points in the microfurrows, 
which offer suitable habitats for acrocarpous mosses, 
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e.g. ,  Bryum spp. ,  Pohlia spp . ,  Ceratodon purpureus 
and Dichodontium pellucidum. Its coarseness varies 
from silty grains to tephra particles or broken lava 
pieces up to 2 mm or larger. Stereocaulon vesuvianum 
seems to colonize mostly the moderate to very spongy 
surfaces, but S. capitellatum seems to grow mostly on 
the top of the most fragile points. The fol ious I ichens 
prefer the sl ightly spongy surface and the same seems 
to apply to Cladonia species. 

8 . 3  Lava field 1 980/8 1 

In 1 98 1  only two species, R. lanuginosum and S. ve
suvianum, were found in one place at the first visit by 
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the present author.  The site is situated east of the 
mountain Selsundsfjall ,  at 450 m a.s . l. About 60 m 
inside the lava field and on the top of the raised lava 
field was a small amount of accumulated sand. Both 
species were with all certainty carried there by wind. 
They were embedded in  the sand. Moreover, a few 
specimens of R. lanuginosum were loosely attached to 
the spongy surface. Two v igourous stems, 3 - 6 mm, 
were located in small vesicles, as i s  the normal s itua
tion. They were very loosely attached to the surface. It 
must be considered unlikely that the fragments of 
S. vesuvianum could become establ ished from these 
fragile, up to 1 cm high, specimens. They were only 
attached to the accumulated sand with no connection to 
the lava surface, in which the species usually develops 
from tiny single phyllocladias. 



9 The Racomitrium lanuginosum moss carpet 

9. 1 Introduction 

The most characteristic biological feature of the lava 
fields is the development of a massive moss carpet of 
Racomitrium, mainly of R. lanuginosum . This moss 
species occupies vast areas of lava surface and lives 
under unique ecological conditions. It develops into a 
continuously covering carpet and consequently be
comes the first stage in the primary succession on lava 
and other rock types, as is also known from Scandina
via (Nordhagen 1 9 1 7 ,  Du Rietz 1 925 ) .  The special 
significance of R. lanuginosum in the vegetation suc
cession on lava fields deserves a special chapter in  this 
study. 

9 .2  Growth and development of 

Racomitrium lanuginosum 

R. lanuginosum is very common all over Iceland on all 
kinds of substrates ,  except for damp habitats .  As well 
as in other oceanic c limatic regimes within the temper
ate zones and in Arctic regions, its lower altitudinal 
limit drops progressively northward and it may be 
abundant at sea level (Herzog 1 926, Tall is  1 958) .  
R. lanuginosum i s  a clear dominant in many communi
ties from the coast to high altitudes, and it seems to 
have a low substrate preference (cf. Martens son 1 956) .  
According to Tallis ( 1 958 ,  1959) ,  R .  lanuginosum is 
not a true l i thophyte and it apparently always needs 
some accumulation of humus. In the younger lava 
fields, especially Lf 1 947 and Lf 1 970, i t  was frequently 
found on bare rock surfaces, where it was largely 
confined to small vesicles and microfurrows. Such 
microsites usually have some accumulation of dust or 
fragi le particles, due to the presence of aeolian material 
in the surroundings and to the fragi le microtexture of 
the surface inside the lava vesicles. Moreover, any 
small established shoot of R . lanuginosum rapidly starts 
accumulating additional aeolian material . It is difficult 
to reach a definitive conclusion as to the substrate 
preference of the species. In conclusion, I would con
s ider R. lanuginosum as a facultative l ithophyte. 

The colonization of new habitats by R. lanuginosum 
proceeds either with spores or decaying fragments of 
parent stems. According to Tall is ( 1 959) there is only 
one documented case of development from spores in 
nature .  Cooper ( 1 93 1 )  confirmed colonization by 
sporelings of Racomitrium on barren glacial moraines 
in Alaska, but here i t  i s  not certain which species was 
involved, probably mainly R. canescens; Cooper 
mentioned "R. canescens (with someR. lanuginosum)". 
Several indications that R . lanug inosum has developed 
from spores have been found . The species has been 
frequently recorded on almost vertical rocks growing 
from microscopic vesicles and furrows, where the 
number of young plants amounts to hundreds within 
0.25 m2• It has not yet been possible to verify this 
presumption firmly. However, the few specimens which 
have been prepared have traces of rhi zoids with no 
connection to parent stems, which may be interpreted 
as an indication of a juvenile stage. 

Capsules have not been found frequently,  but they 
are not as rare as is stated in taxonomic literature. An 
unusually high capsule production was recorded in  
1 972,  perhaps due to  the weather conditions during 
April and May of that year. The mean temperature was 
0.8 oc above average and the precipitation was 26 % 
higher (Veonittan 1972). Sex organs are formed in the 
spring (mid-May) and the fertilization is related to the 
uptake of water. Both sexes are mixed in the tufts. The 
high capsule production may also be related to the 
release of nutrients from tephra fall ing in 1 970 into a 
biologically available form. The capsules were confined 
to the moderately exposed parts of the main surface. 

Capsules were counted in 22 plots of 20 cm2 in Lf 
1947, Nce 1 845 and No 1 3 89. The following result  was 
obtained: 

Lf 1 947 
Nee 1 845 
No 1 389 

capsules/cm2 

63.5 
4.9 
3 .8  

The mean thicknesses of the moss carpet were, 2 cm in 
Lf l 947, 14.5 cm in Nce 1 845 and 26.5 cm in No 1 389. 
The reason for the highly different numbers of capsules 
in Lf 1 947 versus Nee 1 845 and No 1 389, may be that 
the plants in Lf 1 947 are subject to less favourable 
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Fig. 36. Racornitriurn lanuginosurn colonizing a boulder in 
the lava field of 1 94 7 .  The most exposed places are sparsely 
colonized but later the moss carpet can overgrow these 
places. 

environmental conditions than in the older, thicker 
moss carpet. 

No forms of specialized organs of asexual propaga
tion have been described in the taxonomic literature. 
Vegetative reproduction, however, by fragmentation 
of mature plants ,  is well-known and may be considered 
important in the dispersal of R. lanuginosum (cf. Tall is  
1 959) . Cultivation of apical shoots of Racomitrium 

japonicum has shown a high intensity of shooting 
regeneration through protonema (Tagawa 1 966). Dry 
plants are very fragile and crush easily if mechanical ly 
damaged by animals,  wind, etc . These fragments have 
frequently been observed in all lava fields. They get 
dispersed mainly by wind and are often mixed with 
fading seedlings and seeds (Festuca spp. ), fragments 
of l ichens (Stereocaulon spp . )  and other decaying 
material. 
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Although the fragments are not equipped to colonize 
bare areas, they become easily established in the lava 
fields, especially in Lf 1 947 and younger lavas. The 
surface of each scorious clinker is always more or less 
spongy and, with i t s  coarsel y  serrated leaves ,  
R . lanuginosum gets sufficient anchorage. The present 
author has confirmed that, from a 5 mm long apical 
stem, a new main stem can easily develop from lateral 
branches; even apices ( 'buds ' ) ,  of not more than 5 
leaves, can form new branches in  suitable habitats. The 
conclusion is that many specimens of R. lanuginosum 
originate from detached fragments . 

R. lanuginosum was found to colonize substrates of 
all types of texture, except for smooth and glossy ones. 
The species is able to colonize both horizontal and 
steep surfaces (vertical to overhanging) , provided there 
is sufficient l ight. Many boulders in Lf 1 947 have 
become almost completely moss-covered. However, 
many plants on vertical rocks in the upper part of the 
main surface only reach a size of 1 - 2 cm before they 
get washed away, except in sheltered places, where 
weathering is less rapid (Fig. 36).  The supply of rain 
water is the main factor determining the establishment 
and growth of R . lanuginosum, as in most cases of other 
bryophytes (Anderson & Bourdeau 1955) ,  and the 
effects of desiccation are broadly correlated with con
ditions in their habitats (Dilks & Proctor 1 976). Long
lasting dry periods may stop the growth, but the 
xerophytic characters of R. lanuginosum, such as 
thickness of the cell walls ,  development of a cuticule 
with marked papil lae, the capacity to press the leaves 
towards the stems when dry, and the presence of 
hyaline leaf apexes may improve its capability to resist 
desiccation. R. lanuginosum has been found to be ex
traordinarily resistant to desiccation and i t  i s  still 
capable of rapid and virtual ly complete recovery after 
239 days at only 32 % re lative humidity (Dilks & 
Proctor 1 974).  According to Kallio & Heinonen ( l 973),  
i t  has its optimum temperature for net photosynthesi s  
at + 5 ° C  with a minimum at - 1 0  ° C ,  which i s  one of 
the lowest values known for mosses; consequently it is 
'preadapted' to wide temperature variation. 

In the first four years the main stem is upright with 
few lateral branches developed. Thereafter, a further 
elongation starts and more lateral branches are formed 
with reduced elongation of the interfascicular zone. 
Later, the scattered tufts coalesce into a continuous 
mat, with a thickness of 4 - 6 cm; the moss carpet 
becomes real ly massive. Thus ,  the spreading of 
R. lanug inosum depends also on the surface roughness 
(Fig. 37) .  At this stage very few species enter the 
R. lanuginosum carpet, due to the immature substrate. 



In contrast, R. lanuginosum may overgrow existing 
phylloc ladias of Stereocaulon vesuvianum and smal l 
acrocarpous mosses on small patches with loose mate
rial , which are often colonized by such species. 

During the expanding growth of R.  lanuginosum in 
Lf 1 947 the frequency of S. vesuvianum decreased 
gradual ly, especially in the middle ofthe main surface. 
Under a moss carpet, up to 1 2  - 1 5  cm from its border, 
white dots of decaying phyllocladias were stil l  ob
served. The most resistant species is the rigid and erect 
Pogonatum urnigerum. Also Lophozia ventricosa can 
grow on R. lanuginosum. Presumably, some species 
which decrease in frequency during the initial stage are 
later able to invade the growing moss carpet, occupy
ing another n iche, when the moss carpet has accumu
lated aeolian material and small ruptures are formed .  
Examples are Distichium capillaceum, Anthelia jula
cea and Nardia scalaris. 

When R. lanuginosum reaches a height of 3 - 6 cm in 
a dense carpet, the lower parts of the stems start to 
decay. Accumulation of aeolian material, such as tephra, 
definitely speeds up the decaying process. The tephra 
fall of 1970 sunk down easily through the carpet and 
became accumulated close to the surface. Consequently, 
i t  may be fairly improbable that a tephra layer at 1 - 2 
cm above the surface of a lava is only 30 - 40 years 
younger than the lava (cf. a tephra layer of 1 34 1  in Su  
1 300, Thorarinsson 1 968).  

Further development of the moss carpet depends on 
the elevation and on its position in the lava field .  The 
main growth patterns described by Tall is  ( 1959), where 
most of the variation can be grouped around a ' central ' 
growth-form, are all represented in the area. In the 
m iddle part of the main surface,  below 350 - 400 m, the 
moss carpet reaches its best development, becoming 
up to 40 cm thick, occasionally intersected by one or 
two tephra layers. The main stems grow upright with 
l i ttle growth of lateral branches. In sheltered places 
they can reach an uninterrupted length of 35 cm, with 
a fully vigourous uppermost top of 1 5  cm but gradually 
decaying downward. In exposed s i tes and at higher 
elevation the branching pattern becomes more ob
scured. The specimens become typically asymmetric 
due to strong winds, which is also the caie where they 
grow on slopes (cf. Tal l is 1959).  

The structure of the carpet varies in density , depend
ing on the influence of aeolian material , shelter, etc. 
The carpet is very loose with very few or no companion 
species, where the deposit of aeoli an material is very 
small and no tephra fall has occurred after 1 94 7. In 
some places, where R. lanuginosum has completely 
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Fig. 37. The distribution of Racomitrium lanuginosum in the 
lava field from the 1 947 eruption in 1 972 and 1 980. The 
spread of R. lanuginosum takes place more rapidly than on 
small pebbles when the surface consists of big boulders. 

leveled the lava field, i t  forms characteristic cones, a 
feature which i s  most l ikely related to the soil moisture 
regime (Fig. 38) .  
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9.3 Succession of the Racomitrium 
lanuginosum carpet 

Some observations on stands with a pure and thick 
R. lanuginosum carpet, which were carried out during 
up to 8 yrs (Su 1 300-11 and Pa 1 554), have confirmed 
that such carpets may remain monospecific for a long 
period of time. This  agrees with the observation that 
many vascular species are restricted to rock ledges. In 
other stands, also with a thick moss carpet still unaf
fected by aeolian material, small ruptures in the carpet 
have enabled some vascular species to become estab
l ished there. These vascular species have prominent 
stolons in common (e.g . ,  Festuca rubra) or prostrate 
shoots (e.g. ,  Empetrum nigrum and Sa fix herbacea) . In 
Pa 1 554 quite v igorous, light green shoots of F. rubra 
extended 1 1  cm down in the loose moss carpet. Fig. 39 
shows the changes in  one stand of R. lanuginosum with 
Empetrum nigrum in No 1 389 during a period of four 
years. The retrogression of E. nigrum and F. rubra 
within the analysis is clear. On the other hand, Carex 
bigelowii and Polygonum viviparum prefer a more 
densely packed moss carpet. 

In three places some thick tussocks of R . lanuginosum 
were del iberately turned upside down by the author. 
Two years later, one of these tussocks, which contained 
some stolons of Car ex bigelowii, had developed some 
fairly v igorous specimens of that species, but no other 
invasion into the tussock was observed. The two other 
tussocks remained totally unchanged. Only the borders 
had become more diffuse three years later, due to the 
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Fig. 38. A 30 - 40 cm thick moss carpet 
of Racomitrium lanuginosum in the 
Suourhraun lava field from the 1 300 

eruption. These characteristic cones are 
typical for a thick and continuous moss 
carpet. - August 1 980. 

growth of R.  lanuginosum from the margin . 
In areas with very little or no aeolian deposits, the 

moss carpet becomes damaged only in some places.  
This confirms its high resistance to wind force. On the 
other hand, when the moss carpet reaches the edge of 
a rock it becomes hanging. Such a suspended moss 
carpet i s  often peeled off in rainy and stormy weather 
(Lye 1 967) .  Small ruptures, which are frequently ob
served around more or less big protruding stones, are of 
little importance. They are most often vegetated by 
small acrocarpous mosses and liverworts, e.g . ,  Bar
tramia ithyphylla,Antheliajulacea and Gymnomitrion 
concinnatum. 

Under certain conditions, wind can destroy the moss 
carpet (cf. Ostenfeld 1 908) ,  but in the areas with l ittle 
deposi ts, damage is mostly confined to specimens on 
small hi l locks. One such opening in Pa 1 554 was 
mapped during 1 972 - 1 979. About 30 cm x 50 cm of 
the 1 0 - 1 5  cm thick carpet had blown away, most l ikely 
in 1 972, leaving a 2 - 5 cm thick decaying moss layer. 
No plants were found on the surface, except for one 
specimen of Poa glauca, which may have occurred 
there before the damage. At the northeast side the 
surface was bordered by a 5 cm vertical wall of R. 
lanuginosum carpet, at the southwest the carpet was 
gently sloping. The barren surface had been colonized 
by R . lanuginosum in two ways:  (a) by smal l scattered, 
isolated tufts and (b) by lateral branches growing into 
the area from the sloping R. lanuginosum carpet. No 
regeneration occurred from the 5 cm high vertical wall 
of carpet. Pogonatum urnigerum, Bryum inclinatum 
and Ceratodon purpureus colonized already in 1 973  



Fig. 39. a. Empetrum nigrum and 
F estuca rubra in a moss carpet of 
Racomitrium lanuginosum in the 
Norourhraun lava field from the 1 389 
eruption in July 1 976(50cm x50cm). 
b. The same stand in  August 1 980. 
The retrogression of E. nigrum and F. 

rubra is obvious. A small rupture has 
been created by the wind. 

but they were restricted to small depressions with 
densely packed humus. In 1 979, small specimens of 
P. glauca were present only in a small patch. 

Consequently, changes in pure and dense moss car
pets of R.  lanuginosum are very slow. The establish-
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ment of other plant species is favoured mainly by the 
occurrence of more or less big ruptures in the moss 
carpet (cf. Haapasaari 1 988) ,  especially where the 
moss carpet is influenced by tephra deposits (Chapter 
1 0) .  
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1 0  Influence of tephra fall on vegetation 

1 0. 1  Introduction 

Mt. Hekla has emitted much tephra during the various 
eruptions, causing considerable damage to the vegeta
tion already developed on the older lava fields. In this 
chapter the main emphasi s  wil l  be on the physical 
influence of the tephra from the 1 970 eruption on the 
main surface of five lava fields. 

The bulk of the tephra was emitted during the ini tial 
phase of the 1 970 eruption and was deposited in a 
narrow sector with a northnorthwest direction. It covered 
22,000 km2 of land. About 95 km2 were within the 5 cm 
isopach, 33 km2 within the 10 cm isopach and 9 km2 
within the 20 cm isopach (Thorarinsson 1 970) . 

1 0.2  Thickness and distribution of the 

tephra 

In the investigated area, nine sites(listed below) were 
influenced by the tephra deposits in 1 970. The thick
ness there varied from 0.5 - 55 cm depending on the 
distance from the main tephra bulk, the irregularity of 
the surface and the amount of existing vegetation on 
the lava field. 

As a rule, the tephra thickness decreases exponentially 
with the distance from the vents (Franci s  1 976).  How
ever, close to the vents the deposits vary considerably 
in depth. For example, a 1 - 2 km broad zone north of 
the summit of Mt. Hekla, between Lf 1 970-I and Lf 
1 970-11 , remained completely free from tephra (e.g. Lf 
1 766-11). As to particle size in the tephra, the median 
diameter decreases exponential ly with the distance 
from the volcano (Francis 1976) . Close to the vents, 
particle s ize may vary considerably, usually from 0.2 -
25 mm in diameter. The tephra thickness (cm) at the 
nine investigated sites was ( 1 970) : 

Ef 1 1 58 
No 1 389-III 
Lf l 693 
N<e 1 845-1 
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0.5 - 5 (- 1 0) 
2 - 4 
5 - 1 0  
5 - 1 2  

N <e  1 845-II 30 - 50 
N<e 1 845-III 20 - 40 
Lf 1 947-I 5 - 8 
Lf 1 947-II 1 2  - 20 
Lf 1 947-III <3 

These figures of initial tephra thickness are important 
to know in view of the future development of the tephra 
layer and its colonization by different sorts of plants . 

On a horizontal surface the tephra is equally distrib
uted. With irregular topography, as in apalhraun, the 
distribution becomes very unequal; a deposit less than 
1 0  cm gets easily carried away by wind and water from 
hillocks into depressions and holes.  Also, tephra s inks 
into the moss carpet, depending on how loose the 
carpet is. To fol low the changes , the tephra cover (%) 
was estimated during the period 1 970 - 1 987 at 6 sites :  

1 970 -72 -73 -75 -76 -79 -80 -82 -87 

Ef 1 1 58 1 0  5 0 0 0 0 0 
No 1 389-III 50 5 < 1  0 0 0 0 0 
Lf 1 693 60 40 35 20 20 1 5-20 1 5  10 1 0  
N<e 1 845-I 40 35 20 20 1 5  1 0  2 < 1  
N <e  1 845-II 95 95 95 95 95 95 95 90 
N<e 1 845-III 95 95 95 95 95 95 90 80 

In Lf 1 947 the tephra soon percolated through the 
clinker layer, due to the roughness and bareness of the 
lava field and disappeared. Some amounts were also 
accumulated quite quickly in holes and, therefore, the 
estimation of tephra cover was here inaccurate and has 
been excluded. 

It is clear from the figures mentioned above, that 
where the thickness is less than 5 cm only small traces 
are left 5 years later. The difference between the 
duration period oftephra in No 1 389-III and Nre 1 845-
I is caused by differences in the irregularity of the 
topography. In No 1 389-III (and even in Ef 1 1 58 )  the 
irregular topography had been leveled by thick deposits 
during recent decades . In Nre 1 845 the topography is  
much more irregular due to  the young age of the lava 
field. The tephra deposit from crags and boulders was 
soon accumulated in depressions, where it formed 
more or less big and thick tephra patches,  clearly 
demarcated by surrounding moss-covered lava stones. 
Already two months after the eruption, crags and the 



uppermost parts of R. lanuginosum on top of boulders 
were almost free from tephra. The tephra deposit in N re 
1 845-I never covered a large unbroken strip of land. 
The widest continuous strips of tephra were situated on 
slopes but not in the horizontal plane, which is broken 
by up raised rocks or big lava stones. The lava field with 
the large number of tephra patches looked l ike gray
mottled horses. 

Where the thickness was less than 2 cm the tephra 
percolated directly into the moss carpet. Already a few 
months later the uppermost parts of the stems (5 - 1 0  
cm) were nearly free from tephra. Where the thickness 
was 2 - 5 cm, the most fine-grained tephra also perco
lated into the moss carpet and formed a distinct tephra 
layer 0.53 cm below the uppermost sprouts of R. la
nuginosum. B igger particles remained attached to the 
sprouts of R .  lanuginosum and thereby caused slight 
damage to the mosses. Usually, at a thickness exceed
ing 8 cm, most of the moss carpet was covered. 

At Nre 1 845-11 the main surface and all types ofholes 
were entirely covered by tephra. From a distance the 
field looked l ike a black desert. Only raised crags and 
some hil locks emerged from the surface, either nearly 
barren or covered by a thin  carpet of R. lanuginosum 
with a scattered occurrence of other species. In the few 
places which jutted out, the carpet of R .  lanuginosum 
was more or less intermingled by black, fine-grained 
tephra. It is  therefore clear that when the thickness of 
tephra cover exceeds about 20 cm the area becomes 
nearly devastated, at least for a period of years . 

Before the eruption of 1 970, Nre 1 845-111 and Lf 
1 693 had previously been highly affected by deposits 
of tephra, mainly from the eruption of 1 94 7. These sites 
are located in  the upper part of Mt. Hekla and large 
tephra quantities are also transported there from the 
tephra covered summit by wind and water during thaw. 
The main surface in N re 1 845-Ill is a sandy or tephric 
slope where the running water makes deep furrows in 
the ground. The lava has been almost buried by tephra; 
raised crags and some hi l locks are sparse. Here and 
there small ridges covered by scanty vegetation are 
situated downhill  between thick tephra-drifts. 

1 0.3  Mechanical influence of tephra 

The mechanical damage caused by tephra is due to the 
direct deposition of the tephra (primary damage) .  On 
level surfaces, especi al ly with a supply oflarge amounts 
of tephra ( 1 5  - 20 cm or more),  erosion starts (second
ary damage) through the supply of wind-blown tephra 
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Fig. 40. The destructive action o f  wind and tephra. Tephra 
can certainly start the erosion by destroying vegetation as it 
spreads during an eruption ,  but also wind-carried tephra will  
attack vegetated areas. Severe damage by wind-carried tephra 
was noticed in the Nc:efurholtshraun lava field from the 1 845 
eruption (site 11)  after the eruption of 1 970. - July 1 972. 

(Fig. 40) . Generally, the secondary damage does not 
really take place until one year after the tephra fall and 
is much more destructive than primary damage (cf. 
Homer 1949, Sigbjarnarson 1 969, Thorarinsson 1 96 1 ). 

The species of the lava fields are differently tolerant 
to the tephra supply. R. lanuginosum has a high toler
ance against primary damage but low tolerance against 
secondary damage. A few species are capable of grow
ing in highly eroded areas. Graminaceous species and 
Salix spp. are the most adapted ones. The most sensi 
tive plants are the l iverworts because they have a small 
size and susceptible leaves. Some l iverworts, e .g . ,  
Anthelia julacea, Gymnomitrion concinnatum and 
G. corallioides, have their leaves densely arranged and 
surv ive if they are not totally covered by tephra. 
Lophozia ventricosa can surv ive a moderate tephra 
fal l ,  as it often grows mixed into the moss carpet, l iv ing 
on the uppermost parts of the R.  lanuginosum stems. 
Other l iverworts l iving on the ground become very 
easily damaged. 

The very porous tephra grains get easily attached to 
the plants. Already smal l  amounts of deposits on the 
leaves decrease the total area for assimilation . A few 
examples were found where tephra grains up to 2 mm 
had damaged some leaves (perhaps scorch) of the stem 
apices of R. lanuginosum. Where folious l ichens were 
partly covered, damage was only noticed on a few 
specimens. However, most species tolerate quite a lot 
of tephra fall w ithout being killed. For example, a 
8 - 1 0  cm thick tephra fall is needed to fill the carpet of 
R . lanuginosum completely. 
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Fig. 4 1 .  Salix lanata two years after the tephra fall in 1 970.  
The deposit was 30 cm deep at this place. The N ::efurholtshraun 
lava field from 1 845. - July 1 972. 

In spi te of the tephra fall in Ef 1 1 58-I, No 1 3 89-III 
and N re 1 845-I, only small secondary damage has been 
noticed, except for that onEmpetrum nigrum (N re 1 845-
I) .  Due to the surface roughness there, the damage is 
only restricted to places within or around the tephra 
patches. 

In Nre 1 845-II & Ill the tephra will remain unstable 
for a long time. Secondary damage was not noticeable 
during the first months after the tephra fall .  In 1 97 1 ,  
and especially 1 972, the situation became the opposite. 
The visible remnants of R. lanuginosum carpet, not 
buried by tephra, were h ighly damaged by erosion or 
all the uppermost 5 - 10 cm of the living shoots were 
blown away and only the brown and decaying humus 
was left. Only few cryptogams were recorded in  the 
tattered remnants, or in small sheltered rock ledges. 

The influence of the tephra deposits from 1 970 
differs in some respect from that in  the sandy/tephric 
areas, e .g . ,  in No 1 389-IV and in Kr 1 878-I, which are 
continuously affected by aeol ian material from sur
rounding openings. The difference is probably due to 
variation in substrate. Although that material also 
originates mostly from tephra, it has been weathered, 
resulting in a substantially different substrate regard
ing particle size, porosity and nutrient values. 

1 0.4 Vegetation recovery on tephra 

Vegetation recovery on tephra-damaged lava fields 
depends on whether the deposits are primary or sec-
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F i g .  42 .  Racomitrium lanuginosum in 1 980  in the 
N::efurholtshraun lava field from 1 845 . The species was 
buried by tephra in 1 970 but each stem has developed several 
lateral branches and continued to grow. 

ondary and also on the presence of survivors, which 
strongly influence the recovery (Fig. 4 1 ;  Griggs 1 933) .  
The character of  the colonization i s  also related to  the 
types of tephra surface.  The tephra surfaces,  consisting 
of grains with mixed size, become hardened by some 
chemical reactions. When the fine-grained material is 
drying after percolation of trickling water, some kind 
of solidification occurs and a stable shel l ,  up to 2 cm 
thick, is formed. The details of this process are not 
known. Tephra surfaces consisting only of coarse 
particles remain very loose for many years and are 
easily moved, even by weak winds . 

The distinct tephra patches have undergone widely 
different changes . Some of them, I - 5 cm thick, 
disappeared in  the course of 1 - 2 years . The tephra was 
carried away or incorporated in the substrate. R. la
nugin.osum also has a great capabil ity to grow through 
the tephra, due to the abi lity of the species to develop 
lateral branches (Fig. 42) .  Generally, most of the tephra 
patches, with a tephra thickness of 5 - 25 cm, become 
colonized by R. lanuginosum from the sides. The rate 
of the process varies highly, depending on the forms of 
the margins. No invasion occurred in the tephra patches 
from sides with vertical moss- covered stones during a 
period of 1 2  years. From a horizontal to gently sloping 
moss carpet, R. lan.uginosum managed to invade up to 



Fig. 43.  At the border of the tephra patches Empetrum nig rum 

changes its branching system and the shoots spread out 
towards the patches, the Nrefurholtshraun lava field from 
1 845. 

1 0  cm in the period (see section 9 .3), with an increasing 
growth of lateral branches. 

Vascular species, which usually grow on rock ledges, 
colonize the tephra patches, mainly at the border. They 
are dispersed from nearby places. Examples are Car
daminopsis petraea, Cerastium alpinum, Oxyria di
gyna, Festuca rubra, Luzula spicata and Botrychium 
lunaria. These species are not long- lasting; they disap
pear mainly 4 - 5 years after they have become sur
rounded by R. lanuginosum. 

Three l igneous species have a special position, Sa fix 
herbacea, Empetrum nigrum and Betula pubescens. 
B. pubescens will be discussed separately below (see 
section 1 0.5) .  S. herbacea has a high tolerance against 
unstable tephra but its growth is extremely  slow; it i s  
wel l  documented (cf. Wood & del Moral 1 987) that 
plants adapted to infertile soils generally exhibit reduced 
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maximum growth. E. nigrum is very susceptible to 
secondary damage. The stems become entirely barren 
due to severe injury caused by the blowing tephra. On 
the other hand, where it grows at the border of stable 
tephra patches it develops new branches in the direc
tion towards the patches and the shoot systems spread 
out close to the surface (Fig. 43). About 20% of all 
tephra patches were overgrown by Empetrum nigrum. 
The rate of growth is much higher in these patches than 
in a pure moss carpet, because the shoots are not 
covered by mosses. 

The hardened shell oftephra surfaces i s  colonized by 
several cryptogams. The course of establishment i s  
very similar o n  all such surfaces and resembles that on 
barren lava fields. When the solidification has finished, 
the first recorded species were Ceratodon pwpureus 
andR.  canescens. The specimens ofC. purpureus were 
scattered on the surface but R. canescens grew at the 
edge c lose to the border of R. lanuginosum. Gradually 
more species followed. The followi ng results of spe
cies frequencies were obtained in 1 979 from 25 
analyses within 1 00 cm2 in  Nre 1 845-I, where the 
scattered tephra patches were colonized by 1 - 8 species 
each. Racomitrium lanuginosum, R. canescens ,Anthelia 
julacea and Gymnomitrion corallioides were moder
ately frequent, species which have a wide ecological 
amplitude in the lava fields as to topography of the 
surface. Infrequent or rare were species such as Ce
phaloziella arctica, Gymnomitrion concinnatum, 
Lophozia sudetica, Saelania glaucescens , Barbi
lophozia hatcheri, Tritomaria quinquedentata and 
Stereocaulon alpinum. 

In N re 1 845-II, plants were very slow in  getting 
established. Very small changes have taken place during 
the last decade. In 1 973,  the first recorded colonizi ng 
species on the tephra flats were O.xyria digyna, Cera
stium alpinum and Luzula spicata in sheltered places, 
mostly on small slopes. The colonization was very 
unstable and this instabil ity has been maintained. 
Consequently, the succession became interrupted. The 
reason is certainly that while the thick tephra is loose 
and unstable, only a few plants are capable of develop
ing roots. A place free of tephra on one day may be 
completely covered on the next day due to the weather 
conditions. The fol lowing species were recorded in  
tephra deposits exceeding 20 cm in N re 1 845-II during 
the period 1 973 - 1 987:  
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1 973 1 976 1 979 1 980 1 987 
Oxyria digyna X X X X X 
Silene maritima X X X X X 
Cerastium alpinum X X X X X 
Luzula spicata X X X X X 
Poa glauca X X X X 
Cardaminopsis petraea X X X X 
Armeria maritima X X X 
F estuca vivipara X X 
F estuca rubra X X X 
Saxifraga cespitosa X X X 
Salix herbacea X X X 
Salix callicarpaea X X 
Trisetum spicatum X X 
Cystopterisfragilis X X 
Agrostis stolomfera X X 
Saxifraga nivalis X X 
Minuartia rubella X 
Galium pumilum ssp.norm. - X 

In some places, where the tephra fall had diminished 
to 8 - 1 0  cm, Salix lanata and S. herbacea grew through 
the tephra layer already in 1 972. Some tussocks of 
Silene acaulis appeared to be severely damaged, where 
they jutted out of the tephra. 

In N re 1 845-Ill the water washed off the tephra from 
the h illocks. The tephra in  the furrows became continu
ously thicker and was still unvegetated in 1 987. Where 
the tephra was thinned out, the most frequent species 
were Poa alpina and P. glauca, apart from R. lanugi
nosum. Other species, such as Salix herbacea, S . lanata, 
Saxifraga rivularis, S. cespitosa, Cerastium alpinum, 
C. cerastoides, Oxyria digyna, Luzula spicata, De
schampsia alpina and Epilobium latifolium occurred 
very scattered. The latter species is not uncommon in  
loose screes and seems to  thrive there as  well as  on 
sandy banks along rivers and dried-out river beds. 

It has been implied (see, e .g . ,  Eggler 1 959) that pure 
volcanic tephra is more deficient in nutrients, mainly 
fixed n itrogen, than lava. It has also been suggested 
that possibly the tephra exerts an inhibiting influence 
upon plants (cf. Eggler 1959).  However, among vas
cular species established in areas with thick tephra no 
deficiency symptoms were observed within the present 
investigation. Nevertheless,  a long period is required 
before Nre 1 845-II becomes equil ibrated. The me
chanical inhibition will be the wind-transported tephra. 
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1 0 .5  Invasion of Betula pubescens 
into the moss carpet 

The birch growing in the Hekla area throughout has 
characters ascribed to leaves and flowers of Betula 
pubescens . B. nana is entirely absent from the area 
although it is relatively common elsewhere throughout 
a large part of South Iceland. 

The birch is usually  fully leaved by the middle of 
June and the leaves usually become coloured before 
the end of September. The estimated period for the 
assimilation is 1 1 0 ± 5 days and the rate of growth is 
very s low. The birch trees are very sparse and the tree 
canopies do not form a continuous layer. Most of the 
trees are polycormic. Monocormic trees occur only 
occasionally .  

The present woods close to Mt.  Hekla may be rem
nants of a formerly much larger wooded area. The 
greatest threat to the distribution and growth of birch 
has most probably been the grazing by sheep. It is 
known from other parts of Iceland that sheep-grazing 
has prevented natural birch regeneration. Both the 
leaves and the buds of the birch form a significant part 
of the food, not least early i n  the winter when grazing 
by sheep was practiced (Bjarnason, H. 1 942, 1 947) .  

B .  pubescens now occurs in  four h istorical lava fields 
up to 400 m a.s. l . : Ef 1 1 5 8 ,  Su 1 300, No 1 3 89 and with 
a few specimens in Nre 1 845 . The most splendid 
birch wood in the lava fields i s  growing in  Ef 1 1 58 .  As 
mentioned earl ier, the name comes from the farm Efi i
Hvoll ,  Hvolhreppur county, which formerly had the 
right to use the woodland in the lava field . In the 
Jaroab6k (Farm Register) of Magnusson and Vfdalfn 
(1 9 1 3) from 1 709 it is stated that the woodland i n  
Nrefurholts teiTitory, which belongs t o  the farm (i .e .  to 
Efri-Hvoll) ,  was almost of no importance any longer, 
due both to former util ization of the woodland and by 
accumulation of tephra from Mt. Hekla. From this 
description, which is given by the farmer 16 years after 
the eruption in 1 693,  one can get an impression of the 
negative effect of the heavy tephra fal l .  As the farmers 
suspected that the register would be used for taxat ion,  
they tended to minimize the benefits and exaggerate 
the disadvantages (Bjarnason, A.H.  1 980). 

The Betula shrubs cover i solated spots and are en
tirely absent over a very large part of the lava. About 
20% of the main surface of Ef 1 1 58 is now covered by 
B. pubescens in one form or another, especially on 
hills ides towards the south and west. The h ighest tree 
was 2.40 m but such trees are very rare in the area. The 



Fig. 44. Betula pubescens growing 
at the border of a tephra patch in the 
Nrefurholtshraun lava field from 
1 845 . - August 1 979. 

shrubs are usually 0.75 - 1 .5 m high (average 1 .20 m) 
with very sparse sprouts and often many dead shoots. 
About 60 years ago most birch shrubs were not more 
than 30 - 50 cm high, according to the farmers at the 
N refurholt farm. They consider that reduced grazing by 
sheep and totally abolished winter grazing caused a 
considerable height increase of Betula shrubs. 

The recovery by formation of shoots is presumably 
the most effective way although it occurs only occa
s ionally .  Most of the trees have a large thickening at 
the base, which indicates a high age and highly frequent 
damage. The few recorded seedl ings ofB . pubescens in 
the moss carpet of the three oldest lava fields all occur 
in small ruptures. In 1 972, eight seedlings were noticed 
in Nre 1 845-I .  It was particularly interesting to note that 
they were growing at the edges of the tephra patches, 
but not in deep depressions, fissures or thick moss 
carpet as is found for, e .g . ,  Salix spp. There was no 
evidence of secondary damage of the stems at the 
bases.  Most often the stems were, or became eventu
ally, shielded by some R. lanuginosum within a few 
years. In 1 987 all the tephra patches had disappeared 
around the birch except in one place. Of the 16 specimens 
in 1 975,  all had developed numerous branches grow
ing from the roots, and the height was 5 - 1 2  cm. The 
numbers of specimens are presented below: 

year 

B. pubescens 

max. height 

1 972 75 76 79 80 83 88 

8 16 14 1 2  9 9 
1 2  30 45 60 

The ability of B .  pubescens to colonize and survive in 
the lava field depends on the supply of the seeds, on 
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favourable conditions of germination in small ruptures 
or tephra patches, and the survival of the seedlings. 
Continuation of growth depends on the effects of 
weather conditions, grazing, etc . As the seed of Betula 
is a small nut with two wings, it is easi ly dispersed over 
long distances by the wind. The nearest place with 
B. pubescens is on the hillside of the mountain Melfell, 
only a few hundred meters away. 

Germ ination depends, among other things, on 
(a) temperature, (b) l ight, (c) water supply and (d) 
thickness of the sward. These factors have not been 
examined. An examination of germination in different 
habitats in Iceland has, however, shown that the seeds 
fail to germinate in a sward more than 1 cm thick and 
the seedl ings were shortest in the carpet of R. lanu
ginosum in  comparison with four  other communities 
(Magmisson 1989). 

This observation confirms that the establishment of 
B. pubescens in the dense moss carpet is promoted by 
the presence of some kind of rupture (Fig. 44 ) .  A 
moderate tephra fall must be considered as one of the 
most favourable substrates for the invasion of B. pu
bescens, as i t  splits the thick moss carpet. Sheep
grazing may perhaps also favour reafforestation in  
some way, as  trampl ing creates habitats for seed germi
nation (cf. Haapasaari 1 988) .  

In S u 1 300 the birch wood has an interesting distribu
tion. It grows only at 1 00 m a.s.l .  at the northern point. 
In the middle of the lava field the birch wood forms an 
unusually straight border diagonally to the lava stream. 
The birch wood covers ea. 8 - 1 0 % ofthe main surface. 
This remarkable distribution is probably not related to 
grazing, although the sheep-fold of the farm Selsund is 
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found in the v ic inity (see 2 .2 .2) .  The distribution of 
B.  pubescens coincides with the area which is influ
enced by accumulation of the ' Selsund pumice ' 
originating from the flat areas northwest of the mountain 
Botnafjall . Probably, the distribution can also be related 
to the accumulation of tephra. 

In some summers it was noticed that 5 - 1 5 %  of the 
older branches of many birch shrubs in Ef 1 1 58  were 
dead, being most obvious in the summer of 1 987. 
Similar damage was reported also from other localities 
in South Iceland. Possible explanations include : 

1 .  The sheep often cause damage to Betula by 
gnawing the bark around the stem. Careful observations 
confirmed definite bite-marks on several trees; however 
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not sufficient to explain the total damage. 
2. Eight species of lepidopteran larvae are known to 
cause damage to B. pubescens in Iceland. The most 
abundant species are Acleris notana, Operophtera 
brumata, Epinotia solandriana, Rheumaptera hastata 
andApotomis sororculana (Koponen 1 980). There was, 
however, no clear indication of defoliation by the 
larvae. 
3. The death of some branches may be regarded as a 
physiological adaptation to withstand water defic iency. 
This would then be an effect related to the local 
topography, resul ting from the very ramified root sys
tem. In my opinion, these three factors interact to cause 
the damage observed. 



1 1  General discussion 

1 1 . 1  Vegetation typology 

It has not been easy to classify the vegetation of the lava 
fields,  although the application of the program 
T ABORD with the elaboration of clusters of the first 
and second order was satisfactory. Due to the relatively 
young age of the historical lava fields, the vegetation 
largely consists of primary successional phases and has 
not yet fully developed . A common element in the 
vegetation c lassifications i s  the dominance of 
Racomitrium species, mostly R. lanuginosum but also 
R. cane se ens. These two species form plant commu
nities of their own. At higher altitudes, mainly in the 
northeast part of the area, Stereocaulon vesuvianum 
also forms a community of i ts own. Variants of several 
communities exist and are characterized by locally 
dominant species. A full floristic-sociological char
acterization of community types is difficult because 
( 1 )  only few species in a given s ite occur with higher 
cover-abundance values and most species scores 
(> 95%) fall in cover class 1 ;  (2) the species composi
tion varies widely between similar s ites and only few 
species reach a high frequency of occurrence in any 
one cluster. 

There are also problems with comparisons between 
the vegetation of the lava fields in the Hekla area and 
(a) lava vegetation described from other countries and 
(b) similar plant communities described from other 
countries but not necessarily growing on lava substrate. 

(a) Most descriptions of lava vegetation elsewhere 
mainly cover the first step in the primary succession , 
i .e . ,  colonization and establishment. Moreover, most 
of the dominating species in other lava areas do not 
occur in Iceland as these areas belong to quite different 
phytogeographical regions (e.g . ,  alpine Japan, tropical 
Indonesia and Hawaii) .  

(b) Because o f  the differences in  phytogeography 
and climate, succession on other lava fields is more 
divergent than on Iceland and ends in various types .  
Communities dominated by Racomitrium species, so  
common in the Hekla area, although known from 
oceanic locations in many parts of the world, are not at 
all common in other volcanic areas. S imilar commu-

nities are only known from parts of North Europe, e .g . ,  
the species-poor Racomitrium heath associ ation 
(Cariceto - Rhacomitretum lanuginosi)  in  Scotland 
(Me Vean 1 964a) and the northern boreal Racomitrium 
lanuginosum type in northern Fennoscandia (Haapa
saari 1 988) .  Hekla dwarf-shrub communities, which 
follow the Racomitrium lanuginosum comm.,  such as 
the Empetrum nigrum - Racomitrium lanuginosum 
comm. (including its variants) are similar to commu
nities in Scotland, e .g. ,  Rhacomitreto - Empetretum 
(Me Vean 1 964b) and to oceanic  heathlands of the 
heath scrub types (arctic, hemiarctic and northern 
boreal types) in Fennoscandia (Haapasaari 1 988) .  
However, this resemblance is  mainly physiognomical 
and less floristical (cf. Gunnlaugsd6ttir 1 985) .  The 
same applies to the Racomitrium canescens-rich veg
etation types described for the Faroes (B�cher 1 937)  
and Scotland (Birse 1 980). Their physiognomical re
semblance is high but they differ floristically. 

Due to the prevalence of bryophytes in  the Raco
mitrium heath in the Hekla area, often neglected in 
earlier descriptions from Iceland, a comparison with 
earlier Icelandic descriptions is difficult. The most 
relevant descriptions are these from J6nsd6ttir Svane 
( 1 964) and Gunnlaugsd6ttir ( 1 985) .  

The following community types distinguished are 
well- characterized and could be compared with existing 
descriptions: 

(a) The Racomitrium lanuginosum comm. with the 
Rhacomitrium type of J6nsd6ttir Svane ( 1 964) and the 
inops subass. of the Racomitrio lanuginosi - Thalic
tretum alpini of Gunnlaugsd6ttir ( 1 985) .  

(b) TheSalix herbacea variantoftheR . lanuginosum 
comm. with the Salix herbacea - Rhacomitrium soc. of 
J6nsd6ttir Svane ( 1 964). 

(c) The Empetrum nigrum variant of the R.  lanu
g inosum eo mm. is related to a part of the 'Rhacomitrium
reiche Zwergstrauchheide' (mainly nos. V :2  & 3 and 
V: 1 1 - 1 4) of J 6nsd6ttir S vane ( 1 964) and partly to the 
inops subass. of the Racomitrio lanuginosi - Thalic
tretum alpini of Gunnlaugsd6ttir ( 1 985) .  

(d) The Empetrum nigrum -R . lanuginosum comm. 
(especially the Vaccinium uliginosum variant) i s  very 
similar to the ' Rhacomitrium-reiche Zwergstrauch-
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heide ' (mainly nos. V: 1 5-2 1 ) ofJ6nsd6ttir Svane ( 1964) 
and the Empetrum nigrum - Racomitrium lanug inosum 
comm. of Gunnlaugsd6ttir ( 1 985) .  

The community types recognized in  the Hekla area 
differ slightly from those included in the above-men
tioned descriptions in the floristical composition of the 
field layer, as some of the characteristic vascular plants 
are presented only with low frequency and cover value. 
Regarding the bottom layer, the differences are mainly 
due to the low abundance of lichens in the Hekla area. 

The Racomitrium canescens comm. ( including its 
variants) in the Hekla area deviates widely floristically 
and cannot be related to existing descriptions (J 6nsd6ttir 
Svane 1 964 and Gunnlaugsd6ttir 1 985). Further stud
ies elsewhere in Iceland are necessary to confirm 
whether this community type is only confined to young 
lava fields or more widespread. 

At high altitudes, mainly in the northeast part of the 
area, the Stereocaulon vesuvianum comm. seems to be 
the only community restricted to relatively young lava 
fields. It has also been found in other lava fields of the 
apalhraun type, mainly at high altitudes in northeast 
Iceland (Gall�e 1 920, Venzke 1 982). Further studies 
must be made to confirm i ts phytosociological status .  
TheDrepanocladus uncinatus - Car ex bigelowii comm. 
is restricted to one lava field. Its phytosociological 
status is uncertain;  perhaps it is most related to some of 
the Carex bigelowii soc . (nos.  3 86-393) in the 
Rhacomitrium heath of Steind6rsson ( 1 974). The 
Anthelia julacea - Pohlia drummondii comm. shows 
close resemblance to the alliance Polytrichion norvegici 
(Gj rerevoll 1 956) but no corresponding investigations 
are available from Iceland. 

The dwarf- shrub heath Empetrum nigrum -
Racomitrium lanuginosum comm. (including its vari
ants) ,  has developed from theEmpetrum nigrum variant 
of the Racomitrium lanuginosum comm. ;  it may pass 
abruptly into that community, but gradual transitions 
are also frequently found. The Arctostaphylos uva-ursi 
variant is similar to the Empetrum nigrum - Arcto
staphylos uva-ursi soc . ofthe 'forest sward vegetation ' 
of Steind6rsson ( 1 974) . The closest relatives that can 
be found to the Vaccinium uliginosum variant are the 
Empetrum nigrum -Racomitrium lanuginosum comm. 
of Gunnlaugsd6ttir ( 1 985), several sociations (Tables 
IV and V) of J 6nsd6ttir Svane ( 1 964) and the Empetrum 
- Vaccinium uliginosum soc. of the dwarf-shrub veg
etation of Steind6rsson ( 1 974) . As pointed out by 
McVean ( 1 955 ,  I 964b), Hylocomium splendens is an 
important constituent of the Icelandic moss heath . The 
Hylocomium splendens variant seems to be a transition 
between the Empetrum nigrum - Racomitrium 
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lanuginosum comm. and the grass heath community 
types. 

The Salix phylicifolia variant has no direct counter
part in Icelandic vegetation, although Steind6rsson has 
described some sociations with S. phylicifolia. 

The phytosociological status oftheAgrostis vinealis 
- Drepanocladus uncinatus comm. ,  occurring on only 
one site, has been regarded as intermediate between the 
nutrient-rich grasslands and the vegetation types of the 
R. lanuginosum heath (see 7 .5 .4) . The sand and open 
field vegetation communities are of little importance in 
the characteristic lava field vegetation . 

In conclusion, the plant communities of the histori
cal lava fields in the Hekla area, even the most developed 
ones, are sti l l  phytosociologically ' unsaturated' .  

1 1 .2 Community - environment 

relations 

The use of the canonical ordination program CAN OCO 
has generally been effective. Altogether eight envi 
ronmental factors were included in the environmental 
description ofthe sites, two of which were only recorded 
in Lf 1 947. In the fol lowing integrated description of 
all lava fields together (see section 1 1 .3 ), the age of the 
lava fields is added as a ninth factor. 

As has become clear from the descriptions of the 
individual lava fields, most of the environmental fac
tors show variation in only part of the fields. In seven 
of the 1 1  fields only three factors or less show varia
tion; in two fields there are five varying factors and in 
two other fields there are s ix .  Hence, the use of 
CANOCO was rather to indicate the extent to which 
the factors included relate to floristic variation, rather 
than to detect the significant factors in a much larger 
series of factors. 

Some of the environmental factors are common 
l inear variables, e .g . ,  number oftephra falls (N) ,  eleva
tion (E) , age (A), others are quasi - linear ordinal factors, 
such as surface roughness (R), tephra cover (T) , quantity 
of accumulated material (Q) and irregularity (!) . Position 
(P) is a nominal variable. Although the environmental 
factors included are not all l inear, the relationship 
vegetation-environment was described with the biplot 
scores of the environmental variables, the option ad
vised for l inearly varying variables (ter B raak 1 987,  
Jongman et  al .  1 987) . The alternative approach,  the use 
of the centroid options for the environmental factors 
which is recommended when nominal factors are in-



volved (Jongman et al . 1 987), was tried for some lava 
fields but the result ing diagrams were less easy to 
interpret. 

The biplot diagrams could be easily interpreted and 
contributed greatly to an effective description and also 
a further subdivision of the community types on the 
individual lava fields. If we compare the CCA results 
obtained for the 1 1  fields, it appears that the percentage 
variance explained on the first axis generally decreases 
with the number of environmental factors included in 
the analysis, as may be expected. 

As mentioned above, most of the environmental 
factors included in the local analyses are a variable 
factor in only part of the lava fields. The surface 
roughness and tephra cover are the two factors varying 
in most of the fields. However, they are not always the 
most important factors in terms of the strength of the 
correlation with the axes of floristical variation (Table 
1 7) .  No less than five of the seven environmental 
factors are the most important factor in at least one 
field. Another observation is that there is no relation 
between the age of the lava fields and the preponder
ance of a certain factor as the most important one. The 
conclusion is that the physiographic conditions deter
mining the floristical composit ion of the vegetation in 
each lava field are at least partly independent of the age 
of the lava fields. This wil l ,  of course, obscure the 
successional patterns. 

1 1 .3 Multivariate analyses of the 

eleven historical lava fields together 

The results of the CCA on the material for all the lava 
fields together, shown in Figs. 45 and 46, can be 
summarized as follows: 

axis 2 3 4 
% variance explained 30.4 1 6 .0 1 4.2 1 1 .4 
biplot scores of environmental variables : 
surface roughness (R) 276 50 - 1 04 1 40 
tephra cover (T) 2 1 5  - 223 203 - 64 
age (A) - 430 3 - 46 - 1  
elevation (E) 406 -6 - 1 04 - 6 1  
no. of tephra falls (N) - 4 l l 1 5  - 3 1  1 9  
quantity of ace . mat. (Q) - 260 - 1 70 - 47 1 07 
irregularity (I) 1 30 1 47 202 1 62 

Seven environmental factors have been included in the 
analysis of the CCA of all the material together. The 
environmental situation in the ordination diagram can 
be interpreted in view of (a) the distribution of each 
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Table 1 7 .  Shows the percentage of variance explained, the 
number of factors involved and the factors in order of 
precedence within each lava field. 

axis 4 

Ef 1 1 58 2 67. 1 R 32.9 T 0 0 
Su 1 300 5 46.2 Q/N 23.5 E 1 4.9 N 8 .8  R 
No 1 389 6 32. 1 l{f 2 1 .7 1/Q 1 8 .0 E/N 1 6.2  T 
Pa 1 554 I 1 00 R 
Lf 1 693 2 69.7 T 30.3 R 0 0 

Tr 1 725 2 8 1 .6 R{f 1 8 .4 T/R 0 0 
Lf 1 766 3 44.7 E 34. 1 T 2 1 .2 R 0 

Na: 1 845 5 1 .7 E/Q 27.3 T I I .O N 2.5 T 
Kr 1 87 8  5 3 . 3  E 32.7 T 1 4.0 R 0 
La 1 9 1 3  2 68.2 T 3 1 .8 R 0 0 
Lf 1 947 6 30.5 I 23.5 AE 1 6.3 T 1 1 . 1 E 

lava field and (b) the relation between the plant com
munities distinguished and the seven main environ
mental factors - the age of the lava fields, number of 
tephra falls, elevation, surface roughness, quantity of 
accumulated material , tephra cover and iiTegularity -
for the 1 1  historical lava fields. 

The main differentiation runs along ax is 1 .  It is 
related to the age of the lava fields, number of tephra 
layers and partly to the quantity of accumulated mate
rial to the left versus the elevation, surface roughness 
and partly the iiTegularity, which run to the right. The 
factor tephra cover runs diagonally downwards to the 
right. The reason for the negative coiTelation between 
the age and elevation is mainly due to the older lava 
fields being covered by the younger ones at higher 
altitudes. Moreover, the older fields have more often 
been exposed to tephra falls  and other aeolian accu
mulation. 

The former ordination diagram shows the relation 
between the sites of the 1 1  lava fields and the envi
ronmental factors (Fig. 45 a and b). On the basis of the 
environmental factors the lava fields can roughly be 
divided into three main groups: 1 .  Lava fields issued 
during the period 1 1 58 to 1 554 are situated to the left 
of the diagram and are related to high age, numerous 
tephra falls, and quantity of --accumulated aeolian ma
terial; 2. Lava fields issued between 1 693 and 1 845 are 
situated in the middle or slightly to the right, and 3 .  The 
youngest ones, where Kr 1 878 stretches to the left 
towards the top where Lf 1 94 7 is located. Moreover, Su  
1 300 and N re 1 845 extend towards the lower part of  the 
diagram as they are partly influenced by aeolian mate
rial , and Kr 1 878 reaches a high altitude. 

The latter ordination diagram shows the relation 
between the sites and the plant community distin
guished (Fig. 46). 
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The R. lanuginosum comm. is restricted to the mid
dle part of the diagram along axis 1 .  It is absent at high 
quantities of accumulated material and thick tephra 
cover. The R. canescens comm. is a little more scat
tered but is also mainly found in the middle part along 
axis  1 .  It shows a clear preference for h igher elevation 
and surface roughness. The chionophilous vegetation 
types are related to h igh elevation, except for the 
Drepanocladus unci natus - Carex bigelowii comm. in 
Pa 1 554. Moreover, the Stereocaulon vesuvianum 
comm. is also l inked to surface roughness and high 
irregularity of the lava field. 

The dwarf shrub Empetrum nig rum -R.  lanug inosum 
comm . with its variants is situated to the left, mainly 
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Axis 1 
Fig. 45 a and b. CCA ordination dia-

8 
gram, axes 1 and 2: All s ites arranged in  
relation to  the 1 1  h istorical lava fields. -
Ef 1 158  = the Efrahvolfshraun lava field 
from 1 1 58 (a);  Su 1 300 = the Suourhraun 
lava field from 1 389(b) ; No 1 389 = the 
Norourhraun lava field from 1 389 (b) ; 
Pa 1 554 = the Palssteinshraun lava field 
from 1 554 (a); Lf 1 693 = the lava field 
from the 1 693 eruption (a) ;  Tr 1 725 = the 
Trippafjallahraun lava field from 1 725 
(a); Lf 1 766 = the lava field from the 
1 7 66 eruption (b);  N::e 1 845 = the 
N::efurholtshraun lava field from 1 845 
(a); Kr 1 87 8  = the Krakatindshraun l ava 
field from 1 878 (a) ;  La 1 9 1 3  = the 
Lambafitjarhraun lava field from 1 9 1 3  
(b); Lf 1 947 = the lava field from the 

Axis 1 1 947 eruption (a) .  

related to  the older lava fields and high number of 
tephra layers. The grass heath vegetation type, the 
Agrostis vinealis - Drepanocladus uncinatus comm. , is 
located farthest to the left. 

The sand field vegetation types, the Oxyria digyna -
Si le ne maritima comm. ,  the F estuca rubra - Agrostis 
stolonifera comm. and the Calamagrostis stricta -

F estuca rubra comm. ,  are mainly related to high tephra 
cover. The Luzula spicata - F estuca vivipara comm.is 
more related to the quantity of accumulated material. 

The position of some species in relation to the 
environmental factors indicates a clear preference for 
certain communities. Vascular species such as Galium 
boreale, Erigeron borealis, Luzula multiflora and 



Fig. 46. CCA ordination diagram, axes l 
and 2 :  All  sites in the 1 1  historical lava 

C\1 fields arranged in relation to the plant (f) 
communi t ies  d i st ingui shed.  - 1 = � 
Racomitrium lanuginosum comm. 1 .3 = 

ibid . ,  Stereocaulon num variant; 2 = 

Racomitrium canescens comm.;  3 = 

Stereocaulon vesuvianum comm.;  4 = 

Drepanocladus uncinatus - Carex 

bigelowii comm.;  5 = Antheliajulacea 

Pohlia drummondii comm.; 6 = Empe

trum nigrum - Racomitrium lanuginosum 

comm. ;  7 = Agrostis vinealis - Drepa

nocladus uncinatus comm.;  8 = Luzula 

spicata - Festuca vivipara comm.;  9 = 

F estuca rubra - Agrostis stolonifera 

comm.;  1 0  = Calamagrostis stricta -

Festuca rubra comm. ;  1 1  = Oxyria 

digyna - Silene maritima comm. 
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Deschampsiaflexuosa, are confined to the left, i .e . ,  to 
the older lava fields. Carex maritima, Oxyria digyna 
and C alamagrostis strict a are l inked to sandy or tephric 
areas. A few vascular species, e .g . ,  Deschampsia al
pina, are restricted to high altitudes. Mainly bryophyte 
species and lichens are l inked to the upper part to the 
right ofthe diagram, such as Placopsis gelida ,Peltigera 
spuria, Scapania curta and Conostomum tetragonum. 

1 1 .4 The vegetation development on 

the main surface 

In this section a summary will be presented of the 
process of colonization and succession on the histori
cal lava fields. Colonization and establishment of plants 
on new surfaces are processes of great significance for 
ecologists. Areas which have quite recently become 
ice-free (Cooper 1 923,  1 93 1 ,  Polunin 1 946, Persson 
1 964, Matthews & Whittaker 1987), coastal sand dunes 
(van der Maarel 1 978 ,  1 979b) , man-made environ
ments (Rydin & Borgegard 1 988,  Borgegard 1 990), 
deltas (Waldemarson Jensen 1 979), volcanic rocks 

(see Chapter 1 ) , or any 'bare ' area (Lotschert 1 97 4) are 
examples of virginal substrates which are colonized by 
plants. They offer fundamental problems regarding 
transport of diaspores, initial colonization, establ ish
ment and development, reflecting the often extreme 
environmental characteristics .  The lava fields are a 
very extreme environment indeed, where only a few 
vascular plants are adapted. The few species which can 
establish there show a slow development and a low 
degree of interaction with other species. A further 
limitation seems to be created by the early development 
of the moss carpet of Racomitrium lanuginosum, which 
makes it  impossible for most other species to establ i sh 
on the main surface. Lava fields are evidently suitable 
environments to study succession, the most central 
form of dynamics. 

The concept of vegetation dynamics includes sev
eral components, namely fluctuation, patch dynamics, 
regeneration succession and primary succession (van 
der Maarel 1 988) ,  which are relevant for the dynamics 
on lava fields. 

The supply of diaspores to a lava field starts imme
diately after its formation. The first diaspores to arrive 

Acta Phytogeogr. Suec. 77 



1 02 Agust H. Bjarnason 

are mainly those carried by wind, as small fragments of 
cryptogams and vascular plants. Dispersal of diaspores 
into a new lava field by birds is negligible. Some 
seedl ings ofvascular plants may sometimes occur only 
where the young lava field is supplied with certain 
amounts of drifting sand. However, the sand is  loose 
and the seedlings die quickly. Vigourous fragments of 
mosses, mainly of the dominating species Racomitrium 
lanuginosum, may get sufficient anchorage on the 
spongy lava surface and establish easily. Fragmenta
tion of the other major cryptogam Stereocauion 
vesuvianum could not be confirmed but some other 
l ichen species (e.g .  Pseudephebe minuscula ,  Peltigera 
spuria) are l ikely to spread in this way. Although 
fragments of S. vesuvianum cannot become estab
l ished they are generally equipped with many soredia 
which may easily give rise to new specimens in nearby 
suitable habitats.  Thus , colonization from specialized 
organs for asexual propagation is certainly the principal 
way of dispersal of the species, especially for bryophytes 
and l ichens .  Many species produce spores (also R.  
lanuginosum) that may be  especially important in 
colonising vertical surfaces. 

During the first ten years the initial colonization 
occurs rapidly. The most favourable habitats are those 
with loose material (in small patches on rock ledges or 
in microfurrows) in holes that are not too deep, in 
depressions and in the middle part of the layer of 
clinkers . Relatively few species colonize the scorious 
rock surfaces, where the surface texture is unfavour
able .  R. lanuginosum is the most successful species. 
Epili thic lichens (e.g. ,  Stereocaulon vesuvianum) suf
fer on the spongy surface due to the fast weathering of 
the most fragile points during the first years. The initial 
colonization does not seem to vary with elevation in the 
Hekla area. 

The l imi ted occurrence of loose material prevents 
continuous distribution of most of the small pioneers. 
The unique abil i ty of R. lanuginosum to tolerate the 
prevai l ing xeric conditions and its wide ecological 
amplitude as a whole is an advantage. R. lanuginosum 
develops into a thick, mainly monospecific carpet over 
the middle of the layer of clinkers, forming the main 
surface. 

The modification of the environment by the pro
gressive development of the moss carpet of R. lanu
ginosum secures the space and other available resources 
in a lava field. The species suppress the growth of the 
pioneers by overgrowing and inhibits the invasion of 
subsequent colonists.  The vegetative regeneration of 
R. lanuginosum is the main factor which excludes all 
other species in the primary succession on the virginal 
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substrate. This  may be considered a c lear case of the 
inhibition model of succession as indicated by Connell 
and Slatyer ( 1 977).  So far, inhibition as a mechanism 
has been considered to belong to regeneration succes
sion but here we seem to have an example of inhibition 
during primary succession, through occupation of the 
avai lable space. 

Intermittent environmental changes of various kinds 
in the moss carpet may delay, obstruct or pave the way 
for vegetation development. Disturbances occur over a 
wide range of magnitudes. Wind force, frost damage, 
trampling or grazing and accumulation of aeolian 
material, especially tephra falls ,  are some of the most 
important disturbing factors in the Hekla area. 

Various kinds of disturbances may occur in the moss 
carpet of R. lanuginosum. Small ruptures are formed 
around protruding stones by running water in periods 
of thaw and sudden heavy rainfall .  Trampling (sheep 
paths),  frost  and wind may also create more or less big 
ruptures as well as small amounts of aeolian deposits 
from the surroundings. The influence must be relatively 
long-lasting or very heavy; vegetation damage caused 
by temporary, weak influences is repaired quickly by 
R . lanuginosum. Mainly small acrocarpous mosses and 
liverworts grow in these ruptures, but also some vas
cular species may establish (e.g . ,  Empetrum nigrum, 
Salix herbacea) .  In rarely used sheep paths grami
naceous species grow with R . lanuginosum in the bot
tom layer but the heavily trampled ones are ' bare ' or 
with only a scattered vegetation of small herbs and 
grasses. 

Accumulation of aeolian material is the most im
portant disturbance. It is  a rather complex phenomenon. 
The severity of the impact of accumulation is mainly 
related to the stage of development of the main surface 
and the vegetation types. Considerable amounts of 
deposits are needed to fill the thick layer of cl inkers in 
a young and 'barren ' lava field. In fields with a more or 
less developed main surface, the deposits level the 
irregularity of the topography. It is necessary to make 
a distinction between two different forms of deposit: 

1 .  Tephra fall s  from an eruption. Mainly of short 
duration, with variation in thickness, linked to the 
distance from the vent and the main bulk of the fal l .  The 
time of the year when this  occurs is decisive. The 
degree of damage ranges from none to catastrophic, 
and may sometimes have a positive influence. Particle 
size ranges from 0.2 - 25 mm. 

2 .  Wind-blown deposits from the surroundings . 
There i s  a permanent supply, with different amounts, 
and this is l inked to the distance from the openings and 
prevailing winds. The damage i s  catastrophic and 



always has a destructive influence. Particle size ranges 
from 0.2 - 2 mm. 

The tephra deposit may disturb and even destroy the 
moss carpet totally when it is completely covering the 
existing vegetation . A new main surface of quite diffe
rent community types, mainly composed of grami
naceous species will be developed (e.g . ,  the Oxyria 
digyna - Silene maritima comm. in Nre 1 845- Il). The 
loose material causes great disturbance and the recov
ery is delayed for at least several decades. Surviving 
species, such as Salix lanata and S. herbacea, may speed 
up the process of recovery, as they have a great toler
ance to wind-blown tephra. These tephra flats become 
exposed to heavy sheep grazing as soon as they are 
vegetated and that will also delay the recovery process. 

Moderate accumulation of aeolian material may 
change the species composition in a way that several 
vascular species become more abundant, such as 
Empetrum nigrum, Salix herbacea and several herbs .  
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The conditions are stepwise changed and R. lanu
ginosum will be replaced by other mosses,  especially 
H ylocomium splendens and Drepanocladus unci natus. 
A dwarf-shrub community has become established. 
Repeated accumulation creates cond itions for other 
vascu lar plants to take over. In situations where graz
ing is minimal or absent, Betula pubescens will  invade 
the dwarf-shrub community or the grass heath and 
transform them into birch shrub land or woodland. This 
is not the situation when sheep grazing, especially in 
winter time, takes place . Heavy grazing pressure may 
virtually change the dwarf-shrub community into a 
grass heath (cf. Su 1 300). Then some species will be 
favoured, such as graminoids and herbs, which easily 
regenerate vegetatively (e.g . ,  Cerastiumfontanum) or 
annual species (e.g. ,  Stellaria media). 

Fig. 47 presents a comprehensive scheme of the 
various pathways of succession and may conclude this  
study of the vegetation dynamics on the historical lava 
fields in the Hekla area. 
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Fig. 47. Successional pathways in the vegetation of the historical lava fields of the Hekla area. 
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