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Abstract 
The aim of this study is to describe the vegetation in Reyðarfjörður, and to evaluate its worth 
and its sensitivity to emissions from an aluminium smelter.  
 
The vegetation in the entire study area was mapped to describe types of vegetation and the 
cover of the different types. A floristic survey was made of higher plants, mosses and lichens. 
For several common types of vegetation the cover of different species was measured. In order 
to describe possible effects of emissions from an aluminium smelter, the vegetation map, 
information about species composition and the cover of different species was combined with 
the results of model calculations of the dilution zone for airborne fluorides and with 
information about sensitivity of the species.  
 
Several types of vegetation were identified in Reyðarfjörður during this study.  
The most common types were the following: "moss heath," "wild grassland," "cultivated grass 
field," "dwarf shrub heath" and "wetland". No rare or extraordinary vegetation types were 
found and no rare or red-listed species in the Hraun area. The vegetation in the area should 
nevertheless not be considered valueless. 
 
Mosses had a proportionally high cover inside many vegetation types and in some vegetation 
types they compose almost the only cover. Sparsely vegetated areas were found but seldom 
signs of ongoing erosion. The diversity of species was rather high and probably increasing. 
 
Years ago, sheep, cows and horses grazed the Hraun area. Now horses are about the only 
domestic animals that graze there, though wild reindeer occasionally forage there during the 
winter. The cultivated grass fields around the abandoned farms are no longer harvested.  
Hiking, berry picking and other outdoor activities can be enjoyed in the area.  
 
Several of the identified vegetation types are dominated by species that are sensitive to 
airborne fluorides. The most common of these types is the "moss heath". Among vegetation 
types dominated by sensitive species, visible effect or damage of the vegetation can be 
expected in the dilution zone at a concentration of  > 1.0 µg/ m 3 F. Measurable effect on the 
sensitive vegetation types can be expected in the dilution zone at concentrations between  0.2 
µg/m 3 F and 1.0 µg/m3 F. 
 
 
Introduction 
In previously published work in Iceland concerning the effects of emissions from aluminium 
smelters on vegetation the analysis of the concentration of emissions and the analysis of the 
vegetation have not been directly integrated. In this research program an attempt is made to 
combine detailed information about the vegetation and model calculations on the 
concentration of emissions from the smelter. 
 
The report describes vegetation in Reyðarfjörður and presents a vegetation map of the area. 
The diversity of species of higher plants, moss and lichens in the area nearest to the planned 
smelter is described, along with the proportional cover of species among the most common 
types of vegetation. The conservation value of the vegetation is discussed and the use of the 
land for cultivation and grazing. Furthermore, within the calculated dilution zones for 
airborne fluorides the size and frequency of the main types of vegetation are calculated and 
presented on a map.  The impact of airborne emissions on these vegetation types is also 
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briefly discussed.  In a second report an evaluation of the impact of airborne emissions on 
plants, with special reference to the vegetation in Reyðarfjörður, is presented in further detail 
(Pálmason & Skye 1999).  
 
The study area 
The vegetation was mapped from Reyðarfjörður valley out to Hólmanes on the north side of 
the fjord and out to Hjálmeyri on the south side, in a zone extending from the coastal line up 
to the mountain slopes. The species composition and plant cover was studied in the area 
around Hraun, from the cliff ridge Björg (Sómastaðabjörg) in the west to the farm Flateyri in 
the east, again from the coastal line up to the mountain slopes (Fig. 1). 
 
 
 

Figure 1. Map of Reyðarfjörður. (Modified from Sveitir og jarðir í Múlaþingi1995) 
 
 
Methods 
 
Field work 
Field work was carried out during July and August, 1998. The vegetation in the whole study 
area was mapped for description of types of plant communities and their size and frequency. 
The mapping was done in the field using air photographs (1:5000) taken in 1996. The 
different plant communities were identified in the field and marked on the photographs. The 
same definition of types of vegetation was used as the Icelandic Natural History Institute uses 
for standard vegetation mapping in Iceland (The Icelandic Natural History Institute 1998, 
unpublished).  
 
The cover of vegetation on the surface of the land was estimated visually. The proportion of 
surface covered with vegetation in each identified plant community was marked on the map. 
Rocks, cliffs, sand and bare soil were marked on the map and remarks included if land was 
disturbed.  
 
A floristic survey of the area around Hraun was made for higher plants to describe exactly the 
diversity of species and the number of possible rare species. Much reliable information had 
already been collected 15 years ago (Thorarinsson et al. 1984). In the present survey, the 
species in the whole area around Hraun were carefully recorded and species of moss and 
lichen were collected for determination in the laboratory.   
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Among the most common types of plant communities around Hraun, 12 locations were 
selected for measurement of cover of different plant species. At each location two 50 m long 
transects were selected and 5 plots (0.33x1m) randomly selected for measurements on each 
transect, that is 10 plots at each location. The cover was estimated visually in each of the 
selected plots, using the following scale: x = < 5%, 10% = 5 -14%, 20% = 15 - 24%, 30% = 
25 - 34%, 40% = 35 - 44%, 50% = 45 - 54%, 60% = 55 - 64%, 70% = 65 - 74%, 80% = 75 - 
84%, 90% = 85 - 94%, 100% > 95%. All species of higher plants, moss and lichens in each 
plot were recorded. The plots were marked for possible use later in a monitoring program.  
 
For documentation of species composition and cover of different species of lichen on stones 
and rocks, photographs were taken of stones and rocks in 20 plots (0.5 x 0.5 m), and samples 
collected for species determination later if a smelter is built. The plots were marked for 
possible use later in a monitoring program. 
 
Preparation of the results 
The vegetation map was drawn in a computer using colour air photographs (taken in August, 
1998) as the background. A draft for a vegetation map of the surroundings of a planned 
aluminium smelter in Reyðarfjörður was presented in a workshop meeting at Vækerö, Oslo, 
on the 8th and 9th of February, 1999. The vegetation map, a floristic survey and information 
about the cover of different species described in this report, along with the sensitivity of 
different species (Pálmason & Skye 1999) in connection with the model calculations of 
distribution of airborne emissions (Guerreiro 1998), were discussed at the workshop.  
 
The workshop decided that limits of two dispersion zones for airborne fluorides should be 
indicated on the final vegetation map. The inner zone reaches from the planned smelter site to 
an isoline of 1.0 µg/m3 F in gaseous form. The demarcations of the outer zone are at the 
isolines for 1.0 µg and 0.2 µg/m3 F in gaseous form (for further discussion see Pálmason & 
Skye 1999). The model calculations of fluoride concentrations in the air refer to 6 months 
(May to October 1998) of metrological measurements at Hraun (Guerreiro 1998).  
 
Furthermore, the discussion at the workshop in Vækerö concluded that the influence on the 
vegetation of airborne fluorides from a 480.000 t/y aluminium smelter should also be 
analysed. For comparison it was decided to make the same analyses for a 120.000 t/y 
aluminium smelter, and to draw the limits of the dispersion zones for a 720 t/y aluminium 
smelter. 
 
The isolines for 1.0 µg/m3 and 0.2 µg/m3 F (Guerreiro 1998) for 120 t/y, 480 t/y and  
720 t/y smelters were then drawn on the vegetation map. The main vegetation types within 
these zones for 120 t/y and 480 t/y smelters were found by grouping together all subtypes of 
each main vegetation type (Table 1). The area within the isolines was calculated, as well as 
the area covered by each of the main types of vegetation. 
 
The model calculations of SO2 concentration due to emission from the planned smelter 
indicated that the area within the isoline that represents the Norwegian quality guideline for 
vegetation (25 µg/m3for 6 months) was much smaller than the area probably affected by 
fluoride emission (Guerreiro 1998).   
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Finally, a map was made of the distribution of different classes of vegetation cover on the 
land around Hraun.  
 
 
Table 1. Subtypes of vegetation within each main type 
 
Main type of vegetation  Subtypes   
Moss heath A1, A3, A4, A5, A7, A8, A31  
Dwarf shrub, Empetrum, Dryas and Betula nana B1, B2, B3, B6, C1, C2 
Dwarf shrub, Calluna, Vaccinium and lichen B4, B7, B9, J1 
Moist land T2, T4, T5, T10 
Wood and shrubland C5, D2, D3 
Grassland  H1, H2, H3, H5  
Herbs L1, L2, L3 
Wetland U1, U2, U3, U4, U5, U10, U13, U18, U19, V1, 

V2 
Sedge and rush heath E1, E2, F2, G2 
Horticultural land R1 
Cultivated land   R2, R3, R4, R5, R6 

 
The species of lichen and moss were determined in the laboratory. It was possible to identify 
all samples of moss that were collected. Of the lichen samples that were collected, a number 
of crustose lichen species could not be recognized, and for others only the genus could be 
assessed. The samples are stored for possible later use. 
 
The species of moss on rocks and stones in the photographed plots have been determined but 
not the lichen species, most of which are crustose lichens that cannot easily be identified. 
Again, the samples are stored for possible later use. 
 
Results 
The vegetation was mapped from Reyðarfjörður valley out to Hólmanes on the north side of 
the fjord and out to Hjálmeyri on the south side, in a zone extending from the coastal line up 
to the mountain slopes (Map 1). The map shows that "cultivated land" (R) is widespread 
closest to the place where the smelter is planned. Outside the cultivated areas, "moss heath" 
(A), "grassland" (H), "dwarf shrub heath"  (B, C1) and "wetlands" (U, V) are the most 
common types of vegetation.  
 
The "moss heath" vegetation was widely distributed in the entire mapped area. However, few 
areas were covered only with moss without cohabitation by other species. Apart from the 
mosses, Empetrum nigrum, Vaccinium uliginosum, Carex bigelowii, Juncus trifidus, Kobresia 
myosuroides and species of Festuca and Agrostis were common in the "moss heath".    
Several types of "moss heath" vegetation were identified according to the dominating species 
(Map 1): 
A1   Racomitrium spp.  
A3   Racomitrium spp. - Carex bigelowii - dwarf shrubs  
A4   Racomitrium spp. - dwarf shrubs  
A5   Racomitrium spp. - Poaceae  
A7   Racomitrium spp. - Kobresia myosuroides - dwarf shrubs  
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A8   Racomitrium spp. - Poaceae - dwarf shrubs 
A31 Racomitrium spp. - Alchemilla alpina -herbs  
 
Empetrum nigrum is probably the most common species in the "dwarf shrub heath" type of 
vegetation (B). Other widespread species were Vaccinium uliginosum, Calluna vulgaris, 
Betula nana and Salix spp. Vaccinium myrtillus was found in several more sheltered areas. 
The following types of vegetation were identified within "dwarf shrub heath" land according 
to the dominating species (Map 1): 
B1  Empetrum nigrum - Betula nana - Vaccinium uliginosum  
B2  Empetrum nigrum - Betula nana - Loiseleuria procumens  
B3  Empetrum nigrum - Salix spp.  
B4  Calluna vulgaris - Empetrum nigrum - Vaccinium uliginosum  
B6  Dryas octopetala - Empetrum nigrum - Salix spp.  
B7  Vaccinium uliginosum - Empetrum nigrum - Salix spp.  
B9  Vaccinium myrtillus 
C1  Betula nana - Vaccinium uliginosum - Empetrum nigrum  
C 2 Betula nana - Kobresia myosuroides - Poaceae 
J1  Lichens - dwarf shrubs 
 
Natural "grasslands" (H) were found along the coastal line, in the lowest part of the hillsides 
and in several other places. Common in these "grasslands" were species of Agrostis, 
Deschapsia and Festuca, in snow patches Nardus stricta and in coastal grasslands Puccinellia 
maritima. Dwarf shrub species grew in many of the grasslands. The following types of 
"grassland" were identified (Map 1): 
H1 Poaceae  
H2 Poaceae- Carex spp. 
H3 Poaceae - dwarf shrubs  
H5 Puccinellia maritima  
 
Cultivated land was found in the areas around farms (Fig. 1). A great part of the cultivated 
land was "cultivated grassfield" that was not harvested any more. This was the case around 
Hraun. Horticultural land and forestry were also found. The cultivated land is classified 
according to utilization. The following types of cultivated land were found: 
 
R1 Horticultural land  
R2 Cultivated grassfield  
R3 Abandoned cultivated grassfield, not harvested at present, easy to change to cultivated 

grassfield again.  
R4 Abandoned cultivated grassfield, not harvested at present, difficult  to change to 

cultivated grassfield again.  
R5 Revegetation  
R6 Forestry  
 
The most widespread "wetlands" were found below the mountain slopes. Common species in 
the wetlands were Carex nigra, Eriphorum angustifolium and Equisetum palustre and in the 
wettest part Carex rostrata and Carex lyngbyei. The following types of "wetland" were 
identified: 
U1  Carex nigra - Carex rariflora 
U2  Carex nigra - Salix spp.  
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U3  Carex nigra - Betula nana  
U4  Carex nigra - Eriophorum angustifolium  
U5  Carex nigra   
U10 Equisetum palustre 
U 13 Carex nigra - Equisetum palustre  
U18 Eriophorum angustifolium - Nardus stricta  
U19 Carex nigra - Carex rostrarta  
V1 Carex lyngbyei 
V2 Carex rostrata  
 
Several other less common types of vegetation were found in Reyðarfjörður.  
"Wood and shrubland" was found in small spots along the hillsides. Betula pubescens (C5), 
Salix spp (D3) and Salix arctica together with Betula nana (D2) were dominant in this type of 
vegetation. "Sedge and rush heath" was found in small spots. It was dominated by Kobresia 
myosuroides (E1, E2), Juncus trifidus (F2) or Carex bigelowii (G2) together with dwarf 
shrubs. In several small areas the vegetation was dominated by small herbs (L1), tall herbs 
(L2) or stands of introduced Lupinus nookatensis (L3). "Moist land" (T) was frequently 
found, though in small areas.  The following types of moist land were identified according to 
the dominating species. 
T2   Juncus arcticus - Carex spp - Poaceae  
T4   Salix phyllisifolia - Carex spp - Poaceae  
T5   Carex spp - Poaceae.  
T10  Juncus arcticus - Salix arctica - Salix lanata  
 
"Cultivated grassfield", "grassland" and "moss heath" are the most common types of 
vegetation within the isoline 1.0 µg/m3 gaseous fluorides for a 120 t/y aluminium smelter 
(Fig. 2). The "cultivated grassfield"  in this area is not harvested any more.  Between the 1.0 
µg/m3 and 0.2 µg/m3 lines, "moss heath" covers the largest part of the area.  Mosses, lichens 
and Vaccinium spp are classified as sensitive species according to Pálmason & Skye (1999). 
The vegetation types dominated by these are the "moss heath" and  "dwarf shrub heath" with 
Calluna, Vaccinium and lichens. (Fig. 2) 
 
Within the 1.0 µg/m3 isoline for a 480 t/y aluminium smelter the most common types of 
vegetation were "moss heath", "cultivated grassfield"  and "grassland". Between the 1.0 
µg/m3 and 0.2 µg/m3 lines "moss heath", "dwarf shrubs", "wetland",  "grassland" and 
"cultivated grassfield" all covered extensive areas. (Fig. 3) 
 
The area within the 1.0 µg/m3 isoline for a 720 t/y aluminium smelter is almost the same as 
the area within the 0.2 µg/m3 line for a 120 t/y smelter. The area within the 0.2 µg/m3 isoline 
for 720 t/y is largest and includes the village at Reyðarfjörður, the tree plantation area around 
Teigargerði and a small part of the protected area at Hólmanes. 
 
For the 120 t/y smelter the calculated area within the 1.0 µg/m3 isoline was 83.5 ha of land. 
"Cultivated grassfield" covered proportionally the largest part of that or 39% (20.3 ha), 
"grassland" covered 23% and "moss heath" 24%. The estimated area in the zone between 0.1 
µg/m3 and 0.2 µg/m3 for 120 t/y was 137.7 ha. "Moss heath" covered 36% (50.3 ha) of this 
zone, "cultivated grassfield" 14% and "grassland" 15%. (Table 2, Fig. 2) 
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Table 2. The area covered by different types of vegetation and the total land area, within the 
1.0µg/m3 and 0.2 µg/m3 isolines, for gaseous fluorides for a 120 t/y smelter 
 
Vegetation Area (ha) within isolines 
 1.0 µg/m3  

 
ha              
% 

1.0 µg/m3 
-0.2µg/m3 
ha              
% 

0.2 µg/m3 
 
ha                
% 

Moss heath                  20.3 24 50.4 36 70.7 32 
Cultivated grassfield            32.3 39   20.0   14 52.3 24 
Grassland         19.1 23 21.3 15 40.4 18 
Unvegetated land                 3.6 4 11.9 9 15.5 7 
Dwarf shrubs w. Calluna, Vaccinium and lichens 0.1 <1 14.0 10 14.2 6 
Dwarf shrubs w. Empetrum, Dryas and Betula nana 2.9 3 10.6 8 13.5 6 
Moist land        3.9 5 3.8 3 7. 7 3 
Wetland           0.1 <1 3.8 3 3.9 2 
Herbs                           0 0.6 <1 0.6 <1 
Horticultural land              0 0.2 <1 0.2 <1 
Sedge and rush heath         1.2 1 1.0 <1 2.2 <1 
Total                           83.5  137.7  221.2  
 
For a 480 t/y aluminium smelter, the land area within 1.0 µg/m3 was 212.5 ha. "Moss heath" 
covered the proportionally largest part or 30% (64.5 ha), while cultivated land and  
"grassland" covered 25% and 19% respectively. The calculated land area in the zone within 
the 1.0 µg/m3 and 0.2 µg/m3 borders for a 480 t/y smelter was 616.6 ha. "Moss heath" covers 
proportionally the largest part of it also or 32% (196.9 ha). "Grassland" and "wetland" cover 
18% and 13% respectively. 
 
Table 3. The area covered by different types of vegetation and the total area of land within 
the 1.0µg/m3 and 0.2 µg/m3 isolines for gaseous fluorides for a 480 t/y smelter 
 
Vegetation Area (ha) within isolines 
 1.0 µg/m3  

 
ha            
% 

1.0 µg/m3 
-0.2µg/m3 
ha            
% 

0.2 µg/m3 
 
ha           
% 

Moss heath  64.9 30.2 196.9 32 261.8 32 
Grassland  40.7 19 113.0 18 153.7 18 
Wetland   5.1 2 77.9 13 83.0 10 
Cultivated grassfield   53.3 25 53.0 8 106.3 13 
Dwarf shrubs w. Calluna, Vaccinium and lichens  10.5 5 48.2 8 58.7 7 
Dwarf shrubs w. Empetrum, Dryas and Betula nana  16.1 8 45.1 7 61.2 7 
Sedge and rush heath  2.1 <1 22.1 4 24.2 3 
Moist land           7.4 3 16.4 3 23.8 3 
Herbs                 0.6 <1 1.7 <1 2.3 <1 
Wood and shrubland   3.3 <1 3.3 <1 
Horticultural land     0.2 <1 1.0 <2 1.2 <1 
Unvegetated land          11.4 5 37.7 6 49.1 6 
Total  212.3  616.4  828.7  
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A map of the total cover of vegetation on the land surface shows that large areas are not fully 
vegetated. In quite a considerable part the vegetation covers a mere 1/3 or less of the surface 
(Fig. 4). 
 
In the area around Hraun (Flateyri-Björg), 190 species of higher plants were recorded in this 
study (Appendix A). No red-listed, rare or protected species were found in the area around 
Hraun. A red-listed species (Rosa pipinellifolia) has been found around Kollaleira west of the 
village Reyðarfjörður. Of mosses 99 species were found (Appendix B), along with 89 lichen 
species (Appendix C).  Though it was not possible to identify all the lichen species, samples 
will be stored.  
 
An estimate of the proportional cover of different plant species and of species composition in 
the "moss heath" showed that the most common species was Racomitrium lanuginosum. 
Other common species were Emeptrum nigrum and Vaccinium uliginosum.  The vegetation 
was dwarfish, with the proportion of bare ground considerable. The cover of mosses varied 
from about 20 to 70%. A number of species with low abundance were found in this type of 
vegetation. (Appendix D, transect 1, 3, 9, 10, 12) 
 
In the "dwarf shrub heath" the estimate of cover was made at two locations. Empetrum 
nigrum and Vaccinium uliginosum were the most common species, with coverage around 
50%. Other common species occurring in this type of vegetation were Calluna vulgaris, 
Betula nana, Salix spp and grasses. The cover of mosses was about 20-30%. (Appendix D, 
transect 2,4) 
 
Agrostis capillaris, Festuca vivipara, Dechampsia caespitosa and D. flexuosa were all 
common in the "grassland" type. The cover of the grasses was 8- 25%. Other species 
commonly found in the "grassland" were Empetrum nigrum and Salix spp. More grass species 
and a number of herbs were also found in the "grassland". The cover of mosses was very 
variable between locations. (Appendix D, transect 5, 7 and 11)  
 
Betula nana covered 9%, Vaccinium uliginosum and Emeptrum nigrum 12%, Carex nigra 8% 
and mosses 23% in one measurement in "wetland". In another wetland measurement 
Vaccinium uliginosum covered 5%, Salix spp 9%, Equisetum spp 7% and moss 78%. 
(Appendix D, transect 6 and 8) 
 
 
 
Discussion 
Types of vegetation 
"Cultivated grassfields" are located around the farms in Reyðarfjörður. Around the abandoned 
farms of Flateyri, Hraun (Staðarhraun), Sómastaðir and Sómastaðagerði, in the Hraun area, 
the grassfields have not been harvested for several years. The grassfield around the still 
inhabited farm Framnes is not harvested either.  Around Flateyri and Hraun the grassfields 
are used for horse grazing. The "cultivated grassfields" around Hólmar and Teigargerði are 
harvested at the present, as are the grassfields around the farms west of the village 
Reyðarfjörður. 
 
"Moss heath" is widely distributed in the mapped area. This type of vegetation covers dry, 
exposed areas with thin or negligible soil. In several places the moss vegetation covers   
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broad areas. Usually, however, the "moss heath" is patchy, intermingled with sparsely 
vegetated areas, bare cliffs and stones or other types of vegetation like "dwarf shrub heath". 
The most common moss species in the "moss heath" is Racomitrium lanuginosum.  In 
Reyðarfjörður the "moss heath" usually contains more plants than mosses although mosses 
are most abundant. Species of dwarf shrubs, grasses, sedge, rush, or herbs commonly 
characterise the "moss heath". The total number of species was rather high in the "moss 
heath", although most species have a very low abundance. (Appendix D, 1,3,9,10,12)  
 
"Dwarf shrub heath" was found throughout most of the mapped area. It was found on hill 
slopes and heathlands that are less exposed than the "moss heath". In Reyðarfjörður the 
"dwarf shrub heath" rarely covers large unbroken areas. Several types of vegetation are 
classified as "dwarf shrub heath". Empetrum nigrum, Calluna vulgaris or Loiseleuria 
procumbens dominate in the more barren areas. Vaccinium myrtillus grows in the most 
sheltered areas that are covered with snow during the winter, while Betula nana and 
Vaccinium uliginosum are dominant in moderately exposed areas. Lichens are dominant or at 
least common in several rather small areas, especially towards the innermost end of the 
valley. Lichen-dominated vegetation was on the other hand rare around Hraun (Map 1). Quite 
many species of grass and herbs generally grow in the "dwarf shrub heath," although most of 
them have a low abundance. (Appendix D 1,3, 9, 10, 12)  
 
Natural "grassland" is scattered throughout the whole area, although it seldom covers 
large uninterrrupted areas. It is commonly found on dry banks along the coast and in the 
lowest part of the mountain slopes on old landslides where the soil is sandy e.g. above 
Sómastaðir and Hraun. Small spots of natural "grassland" are also scattered in the heath land 
making a mosaic with the "dwarf shrub heath" and the "moss heath" vegetation. In addition to 
the dominating grass species a number of species of herbs and dwarf shrub species were 
found in these grasslands. (Appendix D 5, 7, 11) 
 
The largest areas of "wetland" in Reyðarfjörður are beneath the mountain slopes, above rock 
ridges. Most of the other parts of the mapped area are rather dry, although small spots of 
"wetland" were found in several places of other sorts. "Moist land" has rather heterogeneous 
vegetation. It is frequently found on small spots in Reyðarfjörður.  
 
"Wood and shrubland" is mainly found in the lower part of the mountain slopes and partly 
outside the mapped area. It consists of about one-metre-high shrubs of Betula pubescens, 
Salix arctiaca and Salix lanata. 
 
To sum up:  "Cultivated grassfields" extend around the farms, relatively large "wetland" 
areas are found beneath the mountain slopes, and "grasslands" commonly follow the 
coastline. Other parts of the investigated area are covered with heathland vegetation. The 
heath land in Reyðarfjörður is usually a mosaic of different types of vegetation. The "moss 
heath" dominates on the most exposed parts where the soil is usually thinnest. "Dwarf shrub 
heath", natural "grassland" and in several places "sedge or rush heath" are usually found on 
the less exposed areas where soil is thicker. 
 
No rare or extraordinary types of vegetation were found in the area. Nevertheless the value of 
the land and the vegetation should not be underestimated. The wetlands found in this study 
are undisturbed. All undisturbed wetlands have a nature conservation value,  
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because very many wetlands have been drained and dried in Iceland over the last decades. 
Large areas of Reyðarfjörður are completely covered with vegetation, although sparsely 
vegetated areas occur also. Fully vegetated land is valuable in such a heavily eroded country 
as Iceland.  
 
Vegetation cover 
Mosses are very common in many of the vegetation types that were identified in this study. In 
the "dwarf shrub heath" and the "wetland", mosses are usually abundant. Taller plants 
compose more or less continuous cover above the moss in these types of vegetation, while 
moss makes up a second cover beneath the taller plants. In the "moss heath", moss frequently 
provides almost the only cover to the surface although a number of other species are present. 
 
Eroded cliffs, gravel flats and landslides are commonly found in Reyðarfjörður. Especially in 
the heath land, the vegetation is sparse or discontinuous. The proportion of bare ground is 
therefore considerable in heath lands and mountain slopes. Nevertheless, few signs were seen 
of ongoing erosion. Instead, the vegetation shows signs of increasing. In areas with clear 
marks of earlier erosion the vegetation appears to be recovering. The low grazing pressure of 
the last 10 years might be the explanation. Ten years ago (1988), all sheep in Reyðarfjörður 
were slaughtered because of an infectious disease. Sheep were allowed again in 1991 but have 
only been kept at the farms Kollaleira and Slétta.  
 
The plant species 
No species of higher plants, lichens or moss found in the Hraun area are listed in the red list 
nor protected by law (Válisti I 1996).   However, several of the species of higher plants 
found in the research area have limited distribution in Iceland. Distribution of Alchemilla 
faeroensis, Campanula rotundifolia, Saxifraga azoides, Saxifraga cotyledon and Trientalis 
europea is limited to eastern Iceland. Carex glacialis and Erophila verna belong to the 
northeast part of Iceland. Juncus castaneus is found in eastern and western Iceland. Linum 
chatarcticum, Saxifraga paniculata and Veronica officinalis are sparsely distributed around 
Iceland. Other research reports no records of rare or red-listed species in the research area 
from Flateyri to Björg (The Icelandic Institute of Natural History, unpublished).  The ferns 
Dryopteris filix-mas and Athyrium distentifolium have been found in Urðarhvammur and in 
Hólmaborgir at the protected area of Hólmanes (The Icelandic Institute of Natural History, 
unpublished). Though not red listed, these fern species have a limited distribution in Iceland 
and are only found where snow cover is heavy during the winter. The rare and red-listed Rosa 
pinpinellifolia grows near the farm Kollaleira (Þórarinsson et al. 1984, personal obs.). The 
very rare species Vaccinium vitis idea has been found outside the mapped area in Breiðdalur 
and Hafnarnes-Kolmúli on the south side of Reyðarfjörður (Thorarinsson et al. 1994, The 
Icelandic Institute of Natural History, unpublished).   
 
Species of higher plants in the research area are highly diverse relative to what is common in 
Iceland. Thorarinson et al. (1984) recorded fewer species around Hraun in 1983. The higher 
number of species found now probably indicates a rising diversity because of low grazing 
pressure. Species which are tasty to grazing animals like Angelica are now common but were 
not recorded around Hraun in the earlier study (Thorarinson et al. 1984). It should be pointed 
out that in the present research botanists that are not specialised in mosses and lichens 
performed most of the collection of them in the field. 
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The cover of plant species 
Measurements of the cover of species in the field are very time consuming. Therefore, they 
focused in this case on the vegetation types that were believed to be most important to 
describe. The chosen sampling sites are located in the most common types of plant 
communities, and where the dominating species vary regarding their sensitivity to emissions 
from aluminium smelters.  In the "moss heath" the dominating moss (Racomitrium) is 
sensitive to airborne fluorides, but some of the other species that are common in this type of 
vegetation are tolerant, e.g. crowberries (Empetrum nigrum) and dwarf birch (Betula nana) 
(Kristinsson 1998, Pálmason & Skye 1999). In the types of vegetation that cover small areas 
like sedge or rush heath (E, F, G) and in moist land (T), or where all the dominating species 
are classified similarly regarding their sensitivity e.g. "cultivated grassfield" (R), no 
measurements of cover were made.  
 
Measurements of cover aimed to describe the species composition and proportional cover of 
common types of vegetation. These measurements had to be made before the vegetation map 
was prepared. The selection of the sampling locations could therefore not be based on the 
map, which would have been desirable to assure that the sampling locations be representative 
for the main types of plant communities in the area. The vegetation map also shows a rather 
high diversity of subtypes (e.g. A1, A3, A4, A5) within each main type (i.e. A = "moss 
heath") of vegetation. This means that numerous measurements would have been needed to 
describe the variability within each main type of vegetation. The measurements of cover for 
different species should therefore not be interpreted as a fully reliable description, but rather 
as a hint of the possible situation for each type of vegetation, which also gives valuable 
information about the diversity of species in the plant communities. All the plots that were 
used for the measurements of cover were marked, providing an opportunity to repeat the 
measurements later.   
 
Utilization 
At present, the investigated area is not important for the grazing of sheep and cows, though 
horses range there. Wild reindeer occasionally forage in the area, especially during the winter.  
The situation was different several years ago when all the farms in the area were inhabited 
and sheep, horses and cows were raised there. Flateyri has been abandoned since 1974, 
Sómastaðir and Sómastaðagerði since 1982. Hólmar and Framnes are still inhabited; Hraun 
was until 1993.  Horses are kept at Flateyri and Hraun (Sveitir og jarðir í Múlaþingi 1995, 
Guðmundur Beck, personal com.). 
 
Several old kitchen gardens were found in the area. Nearest to Teigagerði, some of these are 
cultivated at the present. In most of these potatoes have been grown. At the farm Sómastaðir a 
plant nursery is now operated. A foresting area is planned in the Teigagerði area, where small 
trees have recently been planted. As pointed out by Pálmason & Skye (1999), conifers might 
be affected in the dilution zones. 
 
The investigated land might seem barren and unsuitable for outdoor recreation and 
experiences in nature.  Nevertheless, many beautiful places in regard to vegetation and 
landscape can be found throughout the area, such as the sheltered slopes of the mountains 
beneath the cliff walls, along small streams or between rocks, where the vegetation is often 
luxuriant. Along the coast numerous other beautiful places can be found, with nicely 
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vegetated banks above grey coastal sand or cliffs. Proximity to the village of Reyðarfjörður 
also makes the coast accessible to people. 
 
Crowberries (Empetrum nigrum) are found in large amounts in the heath land in 
Reyðarfjörður during late summer, but less of blueberries (Vaccinium uliginosum and V. 
myrtillus). Both of these are commonly picked in Iceland for making jam or juice, which is 
probably also done in the neighbourhood of Hraun. 
 
The effect of emissions 
According to Pálmason and Skye (1999) threshold limits of SO2 for vascular plants are not 
exeeded by the SO2 concentrations that the model calculations (Guerreiro 1998) predict in the 
air, but negative effects on mosses and lichens might occur right near the smelter.  
 
Pálmason and Skye (1999) also conclude it to be unlikely that plants and vegetation will be 
affected by emissions from an aluminium smelter at lower concentrations than 0.2 µg/m3 F. In 
the outer zone of dispersion (1.0 µg/m3 - 0.2 µg/m3) sensitive plants may be affected by the 
emission of fluorides. Detectable effects can thus be expected in this zone. In the inner zone 
mosses and lichens may be damaged or destroyed beside the smelter, along with sensitive 
higher plants being damaged to an increasing degree. Intermediately susceptible plants may 
develop symptoms in the inner zone (Pálmason & Skye 1999). Visible effect on the 
vegetation can therefore be expected in this zone.  
 
Of the vegetation types found in Reyðarfjörður, several are dominated by species classified as 
sensitive to airborne fluorides (Pálmason & Skye 1999). The most common of the types 
dominated by sensitive species are the "moss heath" and the "dwarf shrub heath" with 
Calluna, Vaccinium or lichens. The "moss heath" covered 24-36%, and the "dwarf shrub 
heath", with Calluna, Vaccinium or lichens, from 1 -10% of the area within the different 
dilution zones (Tables 2 and 3).  For further discussion of the effects of different 
concentrations of fluorides on the vegetation see Pálmason and Skye 1999. 
 
The placement on the map of the isolines for concentration of gaseous fluorides and the 
calculation of the area within the chosen limits should be interpreted with caution. Firstly, the 
lines are based on meteorological data from only 6 months, which might be too short a period 
of time to describe the weather situation adequately. Secondly, the map that was used as a 
basis for the calculation of the lines was only a rough one, and the margins of error in the 
calculations make an exact placing meaningless (Guerreiro, personal com.). Thirdly, as 
pointed out by Pálmason & Skye (1999), estimating the susceptibility of the vegetation to 
airborne fluorides is very difficult. The maps presented in this report showing the area within 
the isolines and the calculations of the land affected by emissions may therefore not be 
interpreted as an exact prediction of which areas will be affected if a smelter is built. The 
maps are only one way to describe the order of magnitude of the effects of emissions on the 
vegetation in the area around Hraun, for a given set of conditions.  
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