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INTRODUCTION 
In August 1972, forir days were spent on Surts- 

ey, 12-1518. In tlie years after 1968, colorlization 
by mosses on the islarid has been followed in 
detail (cfl. B jarriason and Fr id r iksson ,  1972; 
Fr jdr ikssor i ,  B j a r n a s o n  and Sveinbj t i rns-  
s o n ,  1972; Fr id r iksson ,  S v e i n b  jiirnsson and 
Magnusson ,  1972a). Tlie largest patches of 
danse rnoss cover are f'ound in the thermal area 
of the island (cf. Magn6sson ,  Sveinbj i i rns-  
son and F r i d r i k s s o n ,  1972). This does not 
mean, however, that the largest number of re- 
corded localities with primary colonizatiori by 
1)ryophytes are to be found within the thermal 
area. 

At the beginning of 1972, I received the gene- 
rous invitation of the Surtsey Research Society 
to come to Sllrtsey. My intention put Eorward at 
that time was to study microclimatic conditions 
in the thermal area ill places .where moss cover 
was present. T h e  main question to be studied 
were the influence of heat, steam and windtrans- 
ported material (accumultitiori and erosion) on 
colonization by mosses. 

A "Grant multipoint temperature recorder, 
nlodel D, was usecl for the temperature recorcl- 
ings. With this instrument, it is possible to record 
temperatures from 28 thermistor probes within 
Y minutes, i.e., almost sirnultanously. T h e  re- 
cordings are made automatically at. intervals of 
one hour. Reading the recorded values, and calib- 
ration of the instrument, including the necessary 
use of a conversion chart, allows the measure- 
ment of temperatures to rirr O.ZO. 

T h e  probes used during the measurilig series 
were equipped with radiation shelters of alu- 
minium foil. T h e  full capacity of the instrument 
coulcl not be used, as there were difficult prob- 

lems with short circuit because o f  the pernlaiient 
stearn in the measuring areas. 

Meteorological measurments iri August on 
Surtsey (cl. Sig tryggsson, 1970) indicate a mean 
temperature of 10.7", wind velocity at 2 m above 
ground level of' 3.9 m/sec. (13 days) ancl precipita- 
tion of 25.4 rnm (13 days). 

MEASURING AREAS 
A. A total of 13 probes were scattered within 

and in tlie vicinity 01' the so-called "Bell", which 
is a cave formed by tephra and accunitllated sand. 
I t  has a W-facing entrance and a hole in the roof. 
T h e  "Bell" is situated in the section J 13 (1 10 m 
above mean sea level) to the NE of the so-called 
Surtur I crater (cf. below). I t  is situated on a 
S-facing slope with an inclination of about 30%. 
In the area are numerous steam-emitting holes. 
Stearn conies out continuously from places in and 
close to the cave. Moss cover is concentrated in 
the vicinity of tlie stearn holes, in the interior 01' 
the cave and at the top of the cave where the 
sand is permanently moist. In this locality, sand 
covers 90-100%, of the riew lava (cf. Fridri lzs-  
son ,  Sve inb jornsson  arid M a g n h s s o n ,  
197211). 

U .  A total of 21 probes were placed in the 
northern part off the crater "Surtur 1" (local 
names cf. T l i 6 r a r i n s s o n ,  1968) in the section 
I, 12. This part of the crater has very many steam 
fissures and holes. There is continuous condensa- 
tion of water in the area, arid the accumulation 
of salids is considerable. 17 probes were placed 
~vithin the crater; 2 probes on the northern rim; 
and 2 in a place with no steam emission, E of the 
rim. Moss cover is frequently present close to 
places of stearn emission. T h e  degree of cover 



~vitllin sample plots of the size % mQxceeds 
5001, in several places. 

RECORDINGS 
A. 1,ocality: "T11e Bell". 
T ime  period: 1218 14.00-1418 13.00 (1972). 
Weather: 12/8 14.00, 100% cloud cover, tvinds 

from SE about 10 rn/sec. I n  the night 12-1318, 
strong winds and scattered rain showers. 1318 
12.00, generally 10001, cloud cover, winds from 
W-SW, about I5 mlsec., scattered rain showers. 
1418 after 07.00, about 75% cloud cover, winds 
From S-W, 5-10 rn/sec. 

All measuring points (fig. 1: 1-5): Tenipera- 
tures measured at intervals of one llour l~ave 
been connected in the diagrams. Values from 13 
probes will be discussed below. Mean, maximum 
and minimnm temperatures refer to tlre whole 
measuring period of 4-8 hours. Probe numbers 
f'ollowed by (a) indicate that the positioli was be- 
lot\i the soil surface, if; followed by (b) the posi- 
tion was at the soil surface. 

(Cib ) 8 dm S of the steam hole, (7b -.-.-) 
10 dm S of the sailie steam hole. All the probes 
at the surface, hard surface .ivith very little loose 
windblown sand. 

5b. max. 26.2" rnin. 9.4" mean temp. 15.5" 
6b. ,, 20.4" ,, 7.4" , , 11.0" 
7 ,, 23.1" ,, 8.0" , ,  11.7" 
Size of the oval stearn hole at the opening, 15- 

20 crn in diameter. Hot steanl is continuously 
blowri out, generally in a southward direction 
down the slope. T h e  stearn moves continuously 
over a narrow field Iron1 the opening of the hole 
to 5 dm to the S of it. T h e  field between 5-8 clm 
is less in contact with the stearn and is wetted by 
the condensation of water froin the cooled steam. 
During windy weather the steam is frequently 
forced do~vn  by the winds on to a srnall area to 

the S of (ib, which explains the higher maximum 
and minimum and mean temperatures at probe 
7b than at lib. There tvas less wind alter 07.00 
14/8 and the steani could not then reach probe 
7b so easilv. - There is moss cover i11 a narrow 

Probes la and 2b (fig. 1:l). band frorn 5-8 dm to the S of the steam hole. - 
Position: Inside "the Bell". ( l a  ---) at the Bryophytes: Hry?irn argrnierlm, Fr~naria hygro- 

base 01 the northern ~vall, 1 cm belo~v the soil rne/rica. 
surface iri moist loose sand; (2b ) same 
local~ty, at the surface. 

la. max. 19.0" rnin. 8.7" mean temp. 13.8" 
2 1  ,, 14.8" ,, 5.6" , 10.5" 
At short intervals stearn is blown into the cave 

from the steam hole to the W arid it is also ernit- 
tecl from the bottom ol the cave. T h e  stearn 
keeps the sand permanently warmer tllan the air 
at the sand surface where stearn is frequently re- 
moved by the winds bloarirlg thro~xgh "the Bell". 
Condensation of tvater is especially abundant on 
the N vertical wall in the cave, where the rnoss 
cover has the highest degreee of cover. - Bryo- 
phytes: Atrichrim u n d z ~ l a t i ~ m ,  Leplobrj~ztrn pyrt- 
forme. 

Probes 3a and 4b (fig. 1 :2). 
Position: Inside "the Bell". (3a ---) at the S 

~\iall, 1 m above the bottom of the cave, 1 cm be- 
low the surface in densely packed moist sand; 
(4b ) same locality, sand surface. 

3a. max. 26.0" rnin. 14.5" mean ternp. 20.9" 
4b. ,, 22.5" ,, 4.2" , ,  12.9" 
Tlle sand is kept permal~ently warrn by the 

~eneira t ing steam. Air temperatures are much 
less, because of the rapid air circulation in the 
cave. 

Probes 5b, (ib and 7b (fig. 1:3). 
Position: 1 rn to the W of the entrance to "the 

Bell". (5b - . -) 5 dm S of a stem hole: 

Probes 8a, 9a, 1011 and 1 l b  (fig. 1 :4). 
Position: T o  the N of the opening in the roof 

of the cave. (8a ---) in densely packed sand 
5 cin below ihe surtace, 2 d n ~  to the N of the 
edge of the opening- in the roof of the cave, 
(9b . . . . .) same locality but at tlie surface, (10a 
---- -) in densely packed sand 5 crn belocv 
the srrrface, 8 dm to the N of the edge of the 
opening in the roof of the cave, ( l l b  -.-.-.-) 
same locality bnt at the surface. 

83. rnax. 44.6" min. 33.4" mean temp. 39.0" 
9b. ,, 27.2" ,, 7.80 ,, 18.00 

10a. ,, 39.0" ,, 30.0" 34.3" 
11b. ,, 31.2" ,, 8.8" , , 17.4" 
Steam permanently warms the sand of the roof 

of tlie cave. Tlle air at the surface is, however, 
cooled clown by the permanent turbulence round 
the cave. Slightly higher rnaxirnum and mini- 
mum temperatures at l l b  than at !)b might be 
explained by ranciom downward rnoven~ent of 
the steam by the ~vinds. There is moss cover be- 
tween 9b and I l b  where moisture is provided by 
the cooled steam. - Bryophytes: Funaria hygro- 
metrica, Dicranella crispa. 

Probes 12a and 13 b (fig. 1 :5). 
Position: 5 m SW of "the Bell" between si~iall 

steam holes. (12a ---) 5 cm belolv the s~xrface 
in densely packed sand; (13b . . . . .) zame locality 
at the surface. 
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Fig. 1:l-5. Temperatures recorcled with IS thermistor probes 
a t  intervals of 1 liour, inside and close to "the Bell", section 
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J IS in the tl~erlnal area. (The positioll of t11e probes is dc- 
scribed in the text). 



12a. rnax. 50.8" min. 41.1 " mean temp. 46. l " 
13b. ,, 28.8" ,, 12.1" , , 18.2" 
These were the highest maximum, minimum 

and mean temperatures recorded with soil ther- 
mistors within the area. Turbulence in the air 
strata close to the ground is most efficient in the 
locality, but the high soil temperatures mean 
that 13b recorded the highest minimum tem- 
peratures of the air thermistors in the area. - 
Uryophytes: Bry7,im argente~sm, Polzlia albicans. 

Comments: Temperatures in the thermal area 
in and around "the Bell" are already cornpara- 
tively high at a clepth oi  5 cm in loose sand or in 
tephra. They are characterized by rather small 
diurnal amplitudes. Low air temperatures at 
night seem to have only a small effect on the 
ground temperatures, which are regulated by the 
hot steam penetrating frorn below. T h e  diurnal 
temperaturc amplitudes are thus much larger at 
the soil surface as shown, especially clearly by 
the probes of iig. 1:4. I n  the temperature gradi- 
ents indicated by J b h a n n e s s o n  (1972, p. 129 if.), 
there is no information about temperatures Irte- 
tween 0-20(30) cm depth. His curve of point 11 
("the Bell") indicates ten~peratures of only 35" 
at a depth 01 30 cm, which seems to be much too 
low for t h i ~  area (cf. also Jakobssoii  1972, p. 
122). 

B. Northern part of "Surtur I" (70-72 m above 
sea level). 

T ime  period: 1418 14.00-1518 13.00 (1972). 
Weather: 1418, 14.00 to 18.00, 75-100% cloud 

cover, winds 5-10 m/sec. 1518, after 04.00, winds 
below 5 rn/sec. and 75-100"/b cloud cover. 

All measuring points (fig. 2: 1-9): Tempera- 
tures measured at intervals of one hour have 
been collnected in tlle diagrams. Values from 
21 probes will be discussed below. Probes wit11 
numbers followed by (a) are situated below the 
soil surface and those by (b) at the surface. 

Probes l a  and 2b (fig. 2:I). 
Position: 2 dm above vertical oval opening 

wit11 steam emission. Diameter of the hole is 10- 
15 cm. (la ---) 1 crn below the surface in loose- 
ly accumulated moist sand; (2b . . . . .) same place 
at the surface. 

l a .  max. 25.6" min. 7.1" mean.temp. 17.1" 
2b. ,, 24.3" ,, 9.1" $ 3  19.5)" 
Steam emission in the vicinity of the hole dur- 

ing the morning hours with rather light winds 
clearly increases the temperatures in the air close 
to the ground surface above the temperatures in 

the sand. Between 14.00-24.00, the winds blow 
the steam downwards in a SW direction from 
the hole (cf. probes 12a and 14b). 

Probes 3a and 4b (fig. 2:2). 
Position: 3 rn SW oi: the same steam hole as 

above. (3a ---) 1 cm below surface in moist, 
fine, densely packed sand; (4b . . . . . ) same place 
at the surface of the sand. 

3a. max. 19.2" min. 12.2" mean temp. 14.5" 
4b. ,, 18.7" ,, 8.9O , j 12.4" 
T h e  winds do not continuously blow the steam 

as far as 3 m lrom the hole. Sand temperattlres 
are thus almost continuously higher than air tem- 
peratures. Values should be compared wit11 the 
lower values recorded at 15a and 17b, a t  the same 
distance from the steam hole but in a place with 
loose sand where the percerltage content of fine 
grain material is small and penetration of steam 
is apparently easier. 

Probes 5a and 6b (fig. 2:3). 
Position: 5 m E of rim of the crater, on slope 

facing E. (5a ---) 1 cm below the surface in dry 
loose sand; (611 . . . . .) same place, at the surface. 

5a. max. 17.9" min. 8.7" mean. temp. 11.3" 
6b. ,, 18.50 ,, 7.90 ,, 10.1" 
Lowest minimurn anci maximum air tempera- 

tures recorded within the area. Comparatively 
low minimum temperatures and the lowest 
maximum temperatures recorded at a depth of 
1 cm in the area. The  lowest mean temperatures 
were at these probes. 

Probes 7a and 811 (fig. 2:4) 
Position: Rim of crater, 1 m to the E of stearrl 

hole mentioned above and 5 m W of positioli of 
5a and Gb. (7a ---) 1 cm below the surface in 
moist sand; (8b . . . . .) same place, at the surface. 

7a. rnax. 18.5" rnin. 10.7" mean temp. 13.0" 
8b. ,, 19.7" ,, 9.6" ,, 13.0" 
During morning hours with light winds, only 

slight influence of steam at probe 8b, much 
weaker than at 2b. Comparatively low minimum 
and maximum values at both probes. - Bryo- 
phytes: Dicranella crispa, Leptobryum pyrilorme. 

Probes 9a, 10a and 1 l b  (fig. 2:5). 
Position: 3 dm W of steam hole (same as 

above). (9a ---) 1 cm below the surface in moist 
sand; (10a - - - -) same place, 5 cm depht; (I 1 b 
. . . .) same place, at the surface. 

9a. max. 27.2" min. 11.1" mean temp. 18.9" 
10a. ,, 32.2" ,, 21.3" ,, 26.4" 
l l b .  ,, 27.6" ,, 8.3" , ,  16.7" 
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There is a steep rise in temperature from the 
surface to a depth of 5 crn in the sand. - Bryo- 
phyte: Pohlia nu tans .  

Probes 12a, 13a and 14b (fig. 2:G). 
Position: 1 m W of the steam hole. (12a ---) 

1 cm below the surface in moist sand; (13a - - - -) 
same place, 5 cm clepth; (1411 . . . . .) same place, 
at the surface. 
12a. max. 20.8" min. 12.6" mean temp. 15.7" 
13a. ,, 26.7" ,, 18.8" ,, 21.0" 
141). ,, 24.4" ,, 9.1" ,, 15.8" 

The  three probes measured series of tempera- 
tures of special importance to the understanding 
of conditions close to steam enrission holes. The 
increase of temperatures with depth of only 5 cm 
is very marked. Tlle air terrlperatures at the sur- 
face are influenced by steam blowing down from 
the hole in the first half of the time period; dur- 
ing the second half the influence decreases as the 
wind decreases. A cornparison of air temperatures 
at a distance of 3 dm ancl 1 111 frorn the hole 
shows that the stearn emerges from the hole in 
a steep upward direction and then is carried 
down by winds to the gxonnd further away. 
These conditioris were also observed at probes 
(ib and 7b outside "the Bell" (fig. l:3). 

Temperatures very close to a stearn hole are 
evidently subject to larger and more frecluent 
changes (cf. probes 9a, 1 Oa, 1 l b) than at a longer 
distance from it .  - Bryoplryte: B r y l ~ m  argen- 
tezlm. 

Probes 15a, liia arid 17 b (lig. 2:7). 
Position: 3 m to the W of the steam hole (2 rn 

W of 12a, 13a, 14b). (Ilia ---) 1 cm below the 
surface in moist loose sand deposits; (16a - - - - - j  
same place, at a depth of 5 cm; (171) . . . .) same 
place, at the surface. 
15a. max. 24.8" min. 16.9" mean temp. 19.4" 
](?a. ,, 33.7" ,, 27.5" , , 30.6" 
1711. ,, 21.10 ,, 9.80 , ,  14.80 

The heat provided from below to the accurnu- 
lated sancl and to the air above in this thermal 
area depends on the depth of the deposited sand 
layer. There was a much thinner sand layer above 
the lava here than at a distance of 3 dm or I rn 
from the stearn hole. 

Probes 18a and 19b (fig. 2:8). 
Position: At a distance of 1 111 W of the large 

steam hole, 10 cm from the opening of a small 
round steam hole with horizontal opening 3 cm 
in diameter. (18a ---) 1 cm below the surface 

in moist loose sand; (19b . . . .) same place, at the 
surface. 

18a. max. 60.3" min. 25.2" mean temp. 40.3" 
19b. ,, 49.4" ,, 20.1° ,, 35.2" 
Largest temperature ranges recorded within 

the area both in air and sand. The very large in- 
crease in temperatures between 03.00-05.00 can 
not be correlated with similar changes in condi- 
tions at the other probes. Temperatures very 
close to steam holes change rapidly and freyuent- 
ly (cf. 20a, 21b). 

Probes 20a and 2111 (fig. 2:9). 
Position: At a distance of 1 m W of the big 

steam hole, 3 cm from 2 dm long narrow fissure 
in the sand. (20a ---) 1 cm below the surface 
in moist loose sand; (21b . . . .) same place, at the 
surface. 
20a. max. 47.6" min. 39.1" mean temp. 43.1 
21b. ,, 55.4" ,, 31.3" ,, 46.ii0 

Highest maxirnurrl air temperature recorded. 
Highest mean temperatures both in air and sand. 
- Uryophytes: Pohlia albicans, Rryurn argen- 
fezbrn. 

C o m r n e ~ l t s  Tlle series of records have shown 
the same conditions as within the first described 
area: generally lower temperatures at the soil 
surface than at a depth of 1 crn in sand or teplrra. 
The further increase in temperatmes nntil the 
depth of 5 cm appears to be very steep. Strength 
ancl direction of winds influence air tempera- 
tures, in relation to the contribution of hot steam 
in localities close to stearn emission holes. Depth 
of accumulated sancl probably has an influence 
on amounts of heat penetrating up to the surface 
but not on the frequency and time ot change in 
temperatures. 

Steam from holes and fissures is apparently car- 
ried by the ~vind in a cmve from the opening 
down to areas around, unless the winds are very 
weak. Amounts of stearn errlilted depend on the 
size of the holes; the direction o f  the steam de- 
pends on the inclination of the holes and the 
exposure of the situation to the rvind. 

DISCIJSSION 
Thermal areas on Surtsey locally provide suit- 

able conditions for colonization by mosses. Such 
localities are situated in the vicinity of steam 
emission holes anci fissures. In these places there 
are now coherent moss carpets with fairly large 
degrees of cover. The  colonized areas are fre- 
quently distinctly limited, with few specimens 
growing outside the dense carpets. 










