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INTRODUCTION 
The volcanic island of Surtsey was formed by a 

series of eruptions during 1963-68. Since the 
eruptions ceased, colonization of the island by al- 
gae (Behre and Schwabe, 1970, Schwabe, 1972, 
1974), bacteria and fungi (Henriksson and Hen- 
riksson, 1974a), lichens (Kristinsson, 1974), mosses 
(Magnusson and Fridriksson, 1974) and angio- 
sperms (Fridriksson, 1975) is proceeding rapidly. 
A primary factor limiting the settlement and dis- 
persal of the organisms may be the lack of utiliz- 
able nitrogen. Unfortunately there are few data on 
the initial mineral nitrogen contents of Surtsey 
soils. However, Ponnamperuma et al. (1966) 
determined the NH,-N content of soil as 0-5 
ppm soil and NO3-N as 0-30 ppm soil. In 1972 
Henriksson and Henriksson (197413) determined 
NH,-N as 6&70 ppm soil and NO,-N as 
&I0 ppm soil. 

Various mechanisms could be responsible for 
the input of combined nitrogen to the island. 
Henriksson and Henriksson (1974b) have shown 
that organic nitrogen can enter Surtsey soil via 
the fixation of atmospheric nitrogen by blue-green 
algae and the mean value of 150 samples deter- 
mined in situ in August 1972 was 13.74 ng nitrogen 
fixed per cm2 and hour. The sea, rain, wind and 
animals may also transport organic nitrogenous 
material, either living or dead, to the island. Inor- 
ganic combined nitrogen may be deposited on 
Surtsey as NH, or NO, dissolved or suspended in 
rainwater. Also dry deposition of particulate am- 
monium or gaseous ammonia from the atmos- 
phere may occur (Soderlund and Svensson, 1976). 
This deposited ammonia may be augmented by 
ammonia released from numerous steam vents on 
the island as volcanic activity has been suggested 
as an important source of atmospheric ammonia. 

The aim of our present investigation was two- 
fold: First, to compose and evaluate the various 
processes by which combined nitrogen may be 
added to Surtsey soils. Second, to obtain baseline-- 
data on NH,-N, NO3-N and total N contents 
of soils from sites on the island, where different 
mechanisms of combined nitrogen input are 
operative, so that future studies can determine the 
importance of activities of the mechanisms invol- 
ved in the nitrogen balance of Surtsey soil. 

In 1974 (July 29 - Aug. 3) one of us (Henriks- 
son) and in 1976 (Aug. 6---11) both of us visited 
Surtsey for field works and the following study is 
based on our results from these investigations. 

MATERIAL AND METHODS 
The methods and techniques used for collec- 

ting, analysing and cultivating the samples, ac- 
cording to the data recorded in Tables 1 and 2, are 
published by Henriksson and Henriksson (1974b). 
The acetylene reduction technique was used for- 
the in situ determinations of the biological nitrogen 
fixation in the soil surface layers, and also po- 
tential bacterial nitrogen fixation was taken into 
consideration (Henriksson and Henriksson, 1978). 
However, the medium for Thiobacillus denitrificans 
was according to Postgate (1966) and as follows: 
NH,C1 0.5 g, MgC12.6H20 0.5 g, K H 2 P 0 4  2 g, 
Na2S20,.5H20. 5 g, KNO, 2 g, N a H C 0 3  1 g, 
FeS0,.7H20 10 mg, tap water up  to 1 1 (pH 7.0). 

Material from the localities in 1976 (Table 2 
and Figure 2) has also been analysed in regard to 
the terrestrial microfauna by Hedin (1978). 

The data recorded in Table 3 and 4 were based 
on the following methods. Soils were collected and 
stored in polythene bags prior to analysis. 
NH,-N, NO3-N and total N contents of soil 
were determined by the extraction and distillation 
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Figure 1. The  symbols show the locations for samplings and the nitrogen fixing determinations in situ in 1974 and refer to Table 1. - 
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Fugure 2. The locations for the samplings and analyses in 1976. The symbolsA,m,@ refer to Tables 2, 3, and 4, respectively. - Map of 
Surtsey by John Norrman, Uppsala. 



procedures of Bremner (1965). Ammonia distil- general atmospheric pollution since they were 
lates were collected in 5% boric acid and analysed taken. 
for ammonium by the indophenol technique of The distribution of lava and tepbra areas on the 
Rommers and Visser (1969). island is analysed by Norrman et al. (1974), and 

Dry deposition of ammonia was calculated by their results have been taken into consideration. 
exposing 12.5 cm diameter Whatman No. 41 filter 
papers to the air a t  various sites (Table 4). The 
papers were clamped in perspex frames and only 
one side was exposed to the air. After exposure the 
papers were stored in sealed polythene bags until 
return to the laboratory. The papers were dis- 
solved in 5 ml 18M H,SO, and the solution de- 
luted to 30 ml with H20, then steam distilled for 3 
minutes in a Markham distillation amaratus  with 

RESULTS 
The analytical results from the field seasons 

1974 and 1976 are recorded in Tables 1-5 together 
with short descriptions and actual data of the 
localities investigated. The presence of the in- 
vestigated microorganisms involved in the nitro- 
gen cycle is also reported in Table 2 and the sites 
are plotted out in Figures 1 and 2 respectively. 

L 1 

50% NaOH. The  distillate was collected in 5% The biological nitrogenfixation 
boric acid and analysed for NH,-N. All localities investigated in  situ in 1974 and 

~ ~ i ~ ~ ~ t ~ ~  was collected in a rain gauge but the 1976 showed biological nitrogen fixation which 

amounts collected during the field work period in could be referred to the activities of the frequent 

1976 were too small for analysis. Therefore figures presence the Nostoc muscorum 
for the nitrogen content of rain were taken from Ag. and Anabaena uarinbilis Kiitz. (Tables 1 and 2). 
those of ~ i l l e r  (1913) for Vifilsstadir (Heimaey, 

Table 1 .  The results of the nitrogen fixing determinations 171 J I L U  in 
Westman Islands) during lg l  '-lg1 2. These fi- 1974 and the total-N contcnt, pH and spec, conductance of the soil 
gures may be underestimates due to increases in and a description of the localities studied. Location Nos refer to Fig. 1 

Sample 
location 
No. 

ng N:, fixed 
~ m - ~ h - l  Mean 
of 9 samples 

Tab le  I .  

Total N 
mg/ 100 g 
dried soil 

Spec. conduc. 
tance 20°C 

- 

- 

- 

0.3 

0.9 

0.3 

0.3 

- 

- 

- 

1 .0 

0.4 

63.0 

Description of the locations and temperature and light conditions at 
time of sampling and during the In sztu experiments 

- -- 

The south outs~de of the crater, 4 m from border L ~ g h t  green lava 
Water vapour So11 temp 38°C 110 000 Lux 

Crater border. Moist. Sparse young mosses. Soil temp. 2g°C. 110.000 
Lux. 

2 m from site 49, near steam vent. Soil temp. 48°C. 110.000 Lux 

1.5 m from opening of the "Belln-cave (according to G.H. Schwabe) 
Moist. Sparse moss cover. Soil temp. 22°C. 110.000 Lux. 

Right interior wall of the "Bell". Very moist. Moss-covered. Soil 
temp. 32°C. 450 Lux. 

Northern lateral crater of Surtur I. Moist. Green surface. Soil temp 
2Z°C. 68.000 Lux. 

East-side of lateral crater site 60. Slightly green lava soil. Soil temp 
22'C. 91.000 Lux. 

East-side of island about 30 m above sea level. Moist. Brown-yellow 
tephra. Soil temp. 17'C. 62.000 Lux. 

Lava field, south of Surtur I, 35 m above sea level. Moist. Brown-. 
yellow tephra. Soil temp. 19°C. 59.000 Lux. 

About 50 m north site 68. Moist, brown-grey tephra. Soil temp. 19OC. 
59.000 Lux. 

South-eastern slope of Surtur I, 120 m sea level. Moist, grey-brown 
lava. Soil temp. 22°C. 130.000 Lux. 

Pass between Surtur I and 11. Moist. Soil temp. 16.5'C. 78.000 Lux 

North-eastern slope-base of Surtur I, 10 h above sea level. Moist. 
Soil temp. 27°C. 110.000 Lux. Obviously contaminated by the sea. 



'Table 2. The occurrence of some different types of microorganisms involved in the nitrogen cycle of Surtsey, the results of the nitrogen fixing 
a description of the localities studied in 1976. Location Nos refer to Fig. 2. and symbols A .  Organisms present +, absent 0. 
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Table 2 

; dried soil 

Description of the locations and temperature and light conditions at 
time of sampling and during the in situ experiments 

Crater border Surtur 1. Sparse moss protonemata. Moist. Soil temp. 
10°C. 50.000 Lux. 

4 m from site A/76. Sparse moss protonemata. Moist. Soil temp. 
11.5"C. 48.000 Lux. 

12 m from site A/76 on outside slope. New moss protonemata. Soil 
temp. 16'C. 40.000 Lux. 

Interior south-eastern slope Surtur I. 8 m from crater border. Surface 
blue-green. Some moss protonernata. Soil temp. 26°C. 26.000 Lux. 

Next to site D/76 and of the same appearance. Soil temp. 33°C. 
32.000 Lux. 

The rocky knoll between the "Bell" (the cave according to G.H. 
Schwabe) and the southern lateral crater. Blue-green algal masses on 
the vertical, steaming site. Soil temp. 40--45'C. 20.000 Lux. (The 
highest soil temp, for Surtsey this visit was recorded here, 7Z°C). 

Eastern lava field. Elyrnus arenarius area (Surtsey No. 74/75). Samples 
from surface close to the plants. Soil temp. lZ°C. 55.000 Lux. 

About 15 rn from site G/76. Continous tuft of Honkenya peploides 
(Surtsey No. 73/440). Surface samples just under the plants. Soil 
temp. 11 "C. 30.000 Lux. 

About 50 m south site G/76 nest to lava blocks. 1-1.5 m2 of soil with 
young species of the lichen Stereocaulon (rather common). Soil temp. 
12OC. 38.000 Lux. 

The "Bell", the interior left wall of the cave, 4 m from the entrance. 
Water leaking out. Wall greenish and occasionally mosses. Soil temp. 
12°C. 8.000 Lux. 

At the right side of the entrance of the "Bell". Soil greenish. Very 
moist. Soil temp. 16°C. 50.000 Lux. 

About 15 m from the entrance of the "Bell" and about 10 m from a 
bigger steaming vent. Greenish soil and occasionally mosses. Soil 
temp. 18°C. 38.000 Lux. 

South-eastern slope of Surtur I, about 100 m above the sea level. Signs 
of erosion, greenish surface. Soil temp. 16'C. 40.000 Lux. 

The upper part of the passage between the head craters. Soil grey. 
Moist. Soil temp. 11 "C. 32.000 Lux. 

About 3 m from site R/76. Blackish soil. Soil temp. 11 'C. 30.000 Lux. 

The shore plateau at the eastern slope of Surtur I, about 20 m above 
sea level. The blueish lava sand contaminated by the sea. Colony of 
Rissa tridaclyla L. (more than 200 kittywakes). Soil temp. 10°C. 36.000 
Lux. 

The southern part of the crater bottom of Surtur 11. Continuous 
well-developed areas with mosses. Moist. Soil temp. 13°C. 39.000 
Lux. 

About 15 m from site U/76 and similar. Moist. Soil temp. 16.5"C. 
45.000 Lux. 

Southern part of the crater bottom next to sites U/76 and V/76 and 
similar. Soil temp. 14.5"C. 40.000 Lux. 

The investigation square (6X 6 m), marked out by the Swedish Bio-- 
Geo-Group, Uppsala Aug. 8, 1976. (Ref, map point 1:4 p. 61 1, John 
Norrman, Uppsala). 



The total number of the in situ determinations 
from Surtsey 1972 (Henriksson and Henriksson, 
1974b), 1974 and 1976 are collated in Table 5 and 
the average values from the different seasons 
indicate that the biological nitrogen fixation 
seems to be of the same order during this time. 

These data from Surtsey and those of Henriks- 
son et al. (1972b) and Henriksson and Henriksson 
(1974b) correspond well to the results published 
by Englund (1976, 1978). Thus she reports about 
the same values from the new lava fields on 
Heimaey in 1974 and 1976. Crittenden (1975) has 
also obtained results of interest in regard to nitro- 
gen fixation by lichens on glacial drift at S61- 
heimajokull, Iceland. 

The  most striking observation will be the low 
nitrogen fixing capacities for the Icelandic virgin 
soils, both on Surtsey and on Heimaey and on the 
main island as well in cornparisor1 to e.g. many 
Swedish soils (Henriksson, 1971, Henriksson et al., 
1972a, 1975 and Granhall, 1975). In the Swedish 
soils a biological, ecological balance is already 
established and this balance is still missing in the 
new Icelandic soils. 

However, a t  present the nitrogen fixing 
activities of the blue-green algae must be of major 
importance for the nitrogen input and economy 
on Surtsey as even a small input of nitrogen to an  

ecosystem characterized as nitrogen deficient 
must be of hithest importance. This fact is of 
fundamental significance for the primary stages of 
soil formation (Schwabe, 1963, Harley, 1970, 
Shtina and Nekrasova, 1971, Vlassak, 1972). 

The heterotrophic bacterium Azotobacter was re- 
gistered for the first time on Surtsey in 1976 and 
was frequent occurring (Table 2) and also the 
chemoautotrophic bacterium Beggiatoa was found 
in about one third of the localities investigated 
(Henriksson and Henriksson, 1978). Any nitrogen 
fixing activities in the Surtsey soil by these organ- 
isms has, however, not yet been observed. 

Nitrification and denitrification organisms in Surtsq in 
1976 

The occurrence of nitrifying and denitrifying 
organisms on Surtsey was demonstrated in 1972 
by Henriksson arid Henriksson (1974b). Further 
studies were continued in 1976 (Table 2) and the 
results showed the frequent occurrence of organ- 
isms representing these significant activities in the 
nitrogen cycle. In 1976, however, the chemoauto- 
trophic bacterium Thiobacillus denitrificans was also 
registered in most localities investigated. 

As far as can be judged from the observations 
and results recorded nitrification may be assumed 
to occur on Surtsey and, although bacteria ca- 

Sarnple 
location 
No. 

1/76 

2/76 

3/76 

4/76 

5/76 

6/76 

7/76 

8/76 

9/76 

10/76 

11/76 

12/76 

Table 3. Analyses 
and symbols 8 .  

Description of the locations 

Soil under Honkenyu peploides (L.) Ehrh. colony. 

On bare hillside 100 m above sea level. 

Top of slope 125 m above sea level. 

Steam vent, near the opening. 

Soil with mosses near Surtur 11. 

Soil without mosses near Surtur 11. 

Steam vent with visible blue-green algae. 

Soil from the "Belln-cave with blue- green 
algae. 

Surface (1-2 cm) soil near Surtur 11. 

Soil at 2&25 cm near Surtur 11. 

Soil from boulder zone on shore with 
bird excreta. 

The investigation square, marked out by the 
Swedish Bio-Geo-Group, Uppsala, Aug. 1976. 
(Ref. map point 1:4 p. 61 1, John Normlan, Upp- 

sala). 

localities studied in 1976. Location Nos refer to Fig. 2 

mg / 100 g dried soil 
Soil type 

0.32 

0.27 

0.35 

0.13 

0.37 

0.20 

0.27 

0.33 

0.38 

0.24 

6.10 

0.20 

of NHq-N, 

0.03 

0.06 

0.03 

0.04 

0.03 

0.05 

< 0.01 

0.34 

0.04 

0.04 

0.18 

0.06 

NO3-N, and 

1.06 

0.75 

0.45 

0.25 

0.52 

0.44 

2.53 

3.44 

0.89 

0.42 

14.40 

0.68 

total-N, and a 

Tephra 

Tephra 

Tephra 

Lava 

Lava 

Lava 

Lava 

Tephra 

Lava 

Lava 

Lava 

Lava 

description of the 



Table 

-- 

A. On clifftop. 

Site and description 
Time papers 
exposed (h) 

B. O n  the north-eastern slope. I l W  

Height above 
sea level (m) 

C. At a fumarole opening. 1 loo 

Deposition 
ng ~ m - ~ h - l  

D .  At Surtur 11, near steam vent. 1 100 

Deposition 
kg ha-' ann- '  

pable of denitrification are present, it is doubtful if 
denitrification can generally occur due to the ab- 
sence of organic carbon or reduced sulphur 
compounds necessary for energy formation and 
growth, and also the well-drained nature of 
Surtsey soil. 

T h e  chemical soil analysis and the air-borne nitrogen de- 
position on Surtsey 

The chemical soil analyses both from 1974 and 
1976 indicate an increasing total nitrogen content 
of the Surtsey soils in comparison to earlier avail- 
able data (Ponnamperuma et al., 1967, Henriks- 
son and Henriksson, 1974b). Increasing values 
were specially recorded in respect to NH,-N and 
organic nitrogen (Tables 2 and 3). 

In respect to the in 1976 registered and calcu- 
lated air-borne NH,/NO, depositions on Surtsey 
(Table 4) the nitrogen contributions to the soil will 
be between 2 . S 5 9 . 7  ng N cm-zh-I. This actual 
nitrogen deposition on Surtsey must however be 
divided into two main sources: one generally oc- 
curring (A and B in Table 4) and one greatly 
enlarged just in the vicinity of the fumaroles and 
steam vents (C and D in Table 4) on the island. 

The determinations of the specific conductance 
(Table I and 2) indicate an  increased inclusion of 
inorganic matter in all localities investigated (cp. 
Henriksson and Henriksson, 1974b). This contri- 
bution in the upper layers of the soil has obviously 
come from the sea. 

The pH-values of the soils investigated in 1974 
and 1976 represent neutrality or small divergences 
from that (Tables 1 and 2). However the results 
show a clear tendency of the soils becoming more 
alkaline in comparison to the earlier available 
data from 1965 p H  4.5-6.8 (Ponnamperuma et 
al., 1967), 1970 pH 5.7-7.0 (Schwartz and 
Schwartz, 1972), 1972 p H  6.6-6.8 (Henriksson 
and Henriksson, 1974b). 

During dry weather in 1974 and 1976 several 
restricted areas (up to 1-2 mz) were covered with 
noticeable and rather thick surface layers of cry- 
stals. These spots were especially noticeable on the 
slopes of Surtur I and 11. Analyses have shown, 

Table 4. NH4/NH3 dry deposition at different sites on Surtsey in 
1976. Location characters refer to Fig. 2 and symbols a. 

that these crystals were principally built up by 
chlorides of sodium, magnesium and potassium 
but sulphates were not found (Location 0176, Fi- 
gure 2). It seems possible that these crystal spots 
are the result of leaching processes. 

Some observations about the water conditions on Surtsey 
and the water and temperature factors according the biolo- 
gical nitrogen fixation of the blue-green algae 

Any annual mean values of the precipitation 
and temperature on Surtsey are not recorded. 
However, from the seasonal data and calculations 
by Sigtryggsson (1968) an annual mean value of 
the precipitation can be estimated to about 1000 
mm from the basis of the annual long-term values 
from Stcirhofdi Meterological Station, Westman 
Islands (Vedrhttan, 1944-76). The precipitation 
variability may be less than 10% of the longterm 
average (Morales, 1977) and the long-term records 
from Stcirhofdi also indicate a rather uniform di- 
stribution of the precipitation during the year. 

The annual mean temperature is recorded at 
Stcirhofdi to be + 5.4"C for the period 193 1-1960 
(cp. +5.7"C for Uppsala) and there will probably 
be small differences between Stcirhofdi and Surts- 

ey. 
In regard to temperature conditions it has been 

demonstrated that the blue-green algae have a 
remarkable nitrogen fixing capacity at low and at 
sub-zero temperatures (Kallio et al., 1972, Eng- 
lund and Meyerson, 1974). 

During the period Aug. 6 1 1 ,  1976 the re- 
corded precipitation on Surtsey was 24 mm. The 
air humidity values just over the soil surface varied 
during the same time between 84.8-101.0% and 
the supersaturated values could be related to ef- 
fects from steaming vents. The air temperature 
during daytime was for the same time 10.5-- 
15.0°C, however two shorter periods of 18.0 and 
15.5 "c respectively were observed. 

Shtina (1972) reported that the soil moisture 
was one of the main conditions that determined 
the distribution and degree of nitrogen fixation by 










