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ABSTRACT 
A study of the colonisation by benthic marine algae in Surtsey was co~lducted as a coiltinuation of the mon- 

itoring of the island that started in 1964, a year after the eruption. Three expeditions were undertaken to the 
island in the summers of 1987, 1992 and 1997. Species samples were collected directly in the littoral zone and 
by divers in the sublittoral zone. Cover was ineasured directly in the littoral zone and by ~neasurillg cover of 
species on photographs taken in the sublittoral. A fucoid was found for the first time in Surtsey whe11 ficzis 
s~)i?-alis was detected growing in a crevice on the east coast. A total of 65 species were fouild in the present 
study of which 11 had not previously been recorded in Surtsey. Since the beginiling of the studies, 76 taxa 
have been recorded around the island. The algal cover in the littoral zone fluctuates unpredictably due to 
harsh eilviro~l~llental conditions. In the subliLtora1 zone the algal cover is Inore stable and seems to increase 
slowly. 

INTRODUCTION 
A unique opportunity to study the colonisa- 

tion of benthic marine algae on a new volcanic 
lava isolated from other vegetated bottom areas 
was offered by the occasion of the volcanic erup- 
tion in Surtsey in 1963. The submarine eruption 
lasted until 1967, creating an island on a bottom 
of 120 m depth. The island rapidly attained 2.7 
km' in area and a height of 174 m. Most of the 
coastliile was covered by basaltic rock, except 
the northern part which was of sand (Th6rarins- 
soil et al. 1964, Jakobsson & Moore 1980). Due 
to intensive erosion the island has diminished 
considerably and is presently only about 1.5 km' 
in area and the coastliile measures approxi- 
mately 4.5 km. 

No studies on colonisation by marine algae 
have been done elsewhere on an entire virgin 
island, initially totally devoid of vegetation. Only 
few studies have been done on algal colonisa- 
tioil on new lava flows in direct coiltact with est- 

ablished marine vegetation (Dawson 1954, Doty 
1967, Gulliksen 1974). A lava flow originating in 
an eruption in 1973 in Heiinaey about 10 nauti- 
cal miles from Surtsey has recently been studied 
(Gunnai-sson 2000) allowiilg an interesting com- 
parison with the algal colonisation in Surtsey. 

The colonisation by benthic marine algae on 
Surtsey has been moilitored on a regular basis 
since 1964, a year aftei- the eruption started (J611s- 
soil et al. 1987). The first algae to colonise the 
shores and actually the first plants discovered on 
the island were diatoms found in August 1964 
on new lava solidified a few months before 
(J6nsson 1966a, 1970). The number of species 
found on the shores of Surtsey increased rapid- 
ly from 1964 to 1971 when about 40 taxa were 
recorded (Jonsson & Guilnarsson 1982). After 
1971 the number of species increased slowly and 
in 1984, 34 species were found, while the total 
number of algal species that had been found in 
the island since the beginning was 69 (J6nsson 



Figure 1. Vertical aerial photogl-aph of Surtsey, July 21, 199G. TI-ansects studied during 1987, 1992 and 1997 are indicated in white. Note 
the boulders and lava cliffs in the southern part of the islaild and sand beach in the northern part (courtesy of the National Land Survey 
of Iceland). 

et al. 1987). The vegetation in the littoral zone the red algae Phycodrys rubens, Lomentam'a orca- 
was divided into two associations, an upper one densis and Delessem'a sanguinea. 
dominated by Ulothrix and a lower one dominat- In this study the species composition and 
ed by diatoms. In the sublittoral zone the vege- cover of the algal flora and vegetation in the 
tation was equally divided into two associations, bottom in Surtsey are presented for the years 
an upper one dominated by Alarin esculenta and 1987, 1992 and 1997. 
a deeper one at 20 to 30 m depth dominated by 



MATERIAL AND METHODS The sampling was doile from research vessels of' 
The present study was carried out during the the Marine Research Institute in Reykjavik, 

periods July 2 to 6 1987, June 19 to 26 1992, and Bjarni Saernuildssoil ill 1987 and 1-s A-ni Fria- 
July 4 to 9 1997, in the waters around Surtsey. riksson in 1992 and 1997. Samples were collect- 

T a l k  1. \rel.tical and 1101-izontal clibt~.il>~~tio~l of marine algal species fo~und in Surtsep in lttly 1987. 
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Table 2. Vertical and horizontal distributio~l of nlarine algal species foulld in Surtsey in June 1992. 

ed at three sublittoral transects at the east, south 
and west shores of Surtsey (Fig. 1). For the study 
of the littoral zone an expedition to Surtsey was 
done on a helicopter from the Icelandic coast 
guard in July 16, 1987. In 1992, bad weather pre- 
vented studies in the littoral zone and in 1997 
we landed on the island by an inflatable. 

In the sublittoral zone SCUBA-divers Sam- 
pled algae at 5 m depth intervals from 5 m 
down to a depth of 30 m. At each depth speci- 
mens of all algal species were sampled by hand. 
Collecting bags with a 0.5 mm mesh size were 
used. In the littoral zone species were sampled 
during low water at spring tide. I11 the figures 
the height in the littoral zone refers to the 
height above 0 cart datum, that is approxi- 
mately 10 cm below mean low water spring tide 
in Reykjavik. 

The samples were brought fresh to the labo- 
ratory on board the ship where they were exam- 
ined and identified to species. Herbarium spec- 
imens were made of the macroscopic species. 
The specimens are kept at the Marine Research 
Institute in Reykjavik. A list of species found at 
the three different sampling sites is given in 
Tables 1 to 3. Nomellclature is according to 
Gunnarsson & J6nsson (2000). 

The algal cover of the littoral zone was meas- 
ured directly within a 0.25 m' quadrant on the 
east coast in 1987. The quadrant was placed at 
40 cm height intervals along a transect line from 
the uppermost trace of marine vegetation down 
to the low water at spring tide. In the sublittoral 
zone data were obtained by photographing 40 x 
60 cm quadrants. Percentage cover was derived 
from the photographs (cf. J6nsson et al. 198'7). 
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Table 3. Vertical and horizon~al distribution of marine algal species found in Surtsey in July 1997. 

RESULTS 
In the study years 1987 to 1997, a total of 65 

species were found (Table 1-3) (the diatoms are 
omitted). The highest number, 53 species, was 
found in 1987, 35 species in 1992 and 45 in 
1997. I11 1992 the littoral zone was not sampled. 

In the littoral zone 21 species was found in 
1987 of which 11 were strictly confined to the lit- 
toral area (Table 1). Similarly, the number of 
species found in the littoral zone in 1997 were 
19 of which 9 occurred only in the littoral 
(Table 3). 

Among the species found during the three years 
of study here 11 had not previously been record- 
ed on Surtsey. The most noteworthy of the new 
records is Fucus spiralis that was found in the 
uppermost part of the littoral zone (Fig. 2). Two 
j~~venile specimeiis were found growing in a small 
crevice in the rock on the eastern shore. Most of 
the new records were small and inconspicuous 
species and have not been found every year after 
their discovery. Two species UZuaria fusca and Mem- 
branoptera alata are exception. They have become 
relatively abundant in the sublittoral zone. 
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Figure 2. Fttczts sl~imlis, a y0~111g specimen; the first attached fucoicl 
recol-decl in Surtsey. Found in the upper littoral on the east shore 
in July 1997, 34 years atter the creation of Surtsey (photo: Ihrl  
Gunnarsson). 

In the sublittoral zone the total number of 
species collected in 198'7, 1992 and 199'7 was 32, 
35 and 26 respectively. The greatest number og 
species was detected east of Surtsey where the 
coast is less exposed than elsewhere. 

The maximum number of species were found 
at 10 to 15 m depth, more rarely at 20 m and the 

number was lower both at shallower and deeper 
waters (Table 1-3). At the lower limit of the veg- 
etation, at about 30 m depth, the number of 
species fluctuated from 3 to 11 species. In the 
deepest station a mixture of red, brown and 
green algae was observed. 

The littoral zone was studied quantitatively in 
198'7. The mean algal cover for the entire lit- 
toral zone was about 24 % (Table 4). In the 
upper part of the littoral zone diatoms and 
Pseudentocloniu~n marinum were dominant. In the 
lower part diatoms were still a dominant ele- 
ment associated with Alaria esculenta and Petal- 
onia fc~scia in the lowermost part. Ulothrix flacca, 
Urospora penicillformis and Enteromorpha prolfera 
occupy the middle part of the littoral zone. The 
total algal cover is lowest in the upper part 
about 12 %, and increases generally going down 
the littoral zone reaching 32 % in the lowest 
part (Table 4). No herbivores were observed in 
the littoral zone. 

In the sublittoral zone the total cover of algae 
observed off the east coast was highest at 5 m, 
86.2 % (Table 5). It diminished gradually with 
increasing depth and was about 1.6 % on aver- 
age at 30 m. Inversely the animal cover was low- 
est at 5 m, 9.7 %, and increased generally with 
depth and was 89.5 % at 30 m. 

Alnria esculenta was the species with the high- 
est cover. It dominated at 5 and 10 m depths in 
the sublittoral zone, but its cover decreased rap- 

Table 4. Percentage cover of littoral algae on the east coast of Surtscy in June, 1987. The height on the shore indicates level above 
chart datum. 

Tzxa height (m): 5.5 5.1 4.7 4.3 3.7 3.3 2.9 2.5 2.1 1.7 1.3 0.9 0.5 

Diatoi~~s 0.5 14.0 23.0 4.0 14.0 2.0 12.0 19.0 22.0 21.0 18.0 8.0 4.0 
Ulothrix Jlnccn 0.5 2.0 8.0 12.0 0.5 0.5 
Blirli~zgin inini~~za 1 .O 0.5 2.0 
Corliolzi?~~ sl,. 1.0 0.5 0.5 0.5 0.5 0.5 
Eiztcroi~zo,pha prolqerfi 2.0 1.0 5.0 1.0 3.0 3.0 
Uruspora fic~ziciIli/o,azis 2.0 8.0 5.0 0.5 
Pctaloiaia fascia 0.5 1.0 8.0 2.0 15.0 
Ectocn~i',zcs jitscic~ihtzcs 0.5 3.0 8.0 0.5 
Porpl~~11-a mi~aiatn 0.5 0.5 0.5 0.5 0.5 
Alnrin esczile~zla 0.5 11.0 
A~ztithn~it~zioiz~lln Jloccosa 
Pscztdcizlocloizii~,a i~~nriizzinr 
C)~a~zol,l~~~cea 0.5 
Bnizgin f~ucoj,urpzirca O.., 
Urosporn ruor~~~sltiollii 3.0 2.0 0.5 0.5 
Petnloizia zos/eri&olin 0.5 

total cover: 12.5 15.5 23.0 20.5 22.5 22.0 30.0 27.5 26.5 29.5 32.0 23.0 31.5 

Meat1 algal cover for the entire littoral zone: 24.3 



Tahlr 5. Percentage cover of stthlittoral biota ;it t l ~ e  east section 
of' Surwey in July 1997. The I I L I I I I ~ C I S  i l l  LIIC table are averages 01' 
fivc estimates. 

'l'axa tlepth (m): 5 10 15 20 25 30 

Alaria esculenta 32.5 39.8 16.8 0.3 
Brozuiz fila~~zcnts 3.1 0.4 56.8 1.7 2.2 0.6 
Halosifho7z to~t~entosw 11.6 1.6 0.G 0.1 
Conclzocelis sf. 0.3 
Delessetia salzguinaca 2.1 0.3 
Desinarestia aculeata 1.32 5.2 
Desitzarcstia viiidis 1.3 0.2 
Lanzinaria I~ferborea 10.7 10.1 
Lo~nmtaiia orcadensis 0.2 
Loinmtaiia clavellosa 3.0 
Me~tzbranopera alata 0.1 
Playcodrys rubens 0.4 12.5 1.8 0.3 
Polpiphonia stricta 12.6 3.3 1.1 1.7 1.0 
P@lzyra miniata 22.4 13.8 0.4 
Pmplzyropsis cocciizea 0.1 
Ulvarin fusca 4.1 2.1 0.3 0.4 

Total plant cover 86.2 78.0 75.7 28.5 11.2 1.6 
Mean algal cover of the 
entire sublittoral zone: 46.0 

Figui-e 4. ,411 underwater photograph showing an area of 60 x 40 
cm of the bottonl at 15 m at the west coast of Surtsey in July 1997. 
Species appearing in the photo are the seaweed species Delcsseria 
sangui?zen, Plycodrys inbens, Lonlentaria otcahzsis and juvenile A1a1-h 
esculenta. Prominent animal species are sea star, Asterins rubens, 
sponge, Gmiztia con$ressa, mussel, Mjltilus edulis and hydroid, Tt~bu- 
laria larynx (photo: Karl Gunnarsson). 

Total animal cover 9.7 16.6 5.1 36.8 74.9 89.5 

Mean cover of a~~imals  over 
the entire s ~ b l i t t o r  zone: 38.8 

lucida. Elsewhere along the basaltic cliffs the 
algal growth, although less abundant, represents 
similar main featues as on the east coast (Fig. 4) 

Figure 3. Laittiizaria hyperbol-ca, a typical view of a Laminaria-stand 
on top of a boulder at the depth of 10 in at the east coast of 
Surtsey, in July 1997. The highest plants measure about 1.5 m in 
stipe length (photo: Ibr l  Gunnarsson) . 

idly with depth. Laminaria hyperborea had its 
highest cover at 10 and 20 m where it formed 
dense stands on the top of the highest stones 
(Fig. 3). Brown filaments that consisted of a 
mixture of filamentous diatoms, Hincksia spp. 
and/or Ectocarpus spp. were found at all depths 
in all years and generally had high cover. In the 
sublittoral zone the most conspicuous herbi- 
vores observed were Echinus esculentus, Strongylo- 
centrodus droebachiensis, Lacuna vincta, Padina pel- 

DISCUSSION 
Fucoids are common in the littoral zone in the 

Vestmannaeyjar archipelago, including Geirfugla- 
sker, at about 2.7 nautical miles NE of Surtsey. 
Fucus spiralis is normally found forming the upp- 
ermost belt of fucoids on the shore. Fucoids have 
been found drifted ashore from the early years of 
Surtsey (J6nsson 1966b). It was therefore not sur- 
prising to find Fucus spiralis growing on the littoral 
rocks on Surtsey as anticipated by J6nsson (1967). 
Perennial vegetation has not established itself in 
the littoral zone on Surtsey probably due to ero- 
sion and scouring action by sand. On Surtsey I? 
spiralis was found in a crevice and thus partially 
sheltered from the sand scouring. 

Another new record, not expected in Surtsey, 
was Omphalophyllum ulvaceum. It was found in the 
sublittoral zone at the depth of 10 m. This spe- 
cies has not been recorded in southern Iceland 
before but is a common species in northern Ice- 
land. It has also been found in Greenland and 
elsewhere in the Arctic (South & Tittley 1986). 
This species was recently found on the French 
side of the English Channel (Simon 1985). 

In Fig. 5 and Table 6 is shown the increase in 
the number of species recorded since 1964 a 
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year 

main factor preventiilg 
the developmelit of 
perennial f ~ ~ c o i d  vege- 
tation. On the new 
lava in Heimaey f~lcoid 
vegetation was only 
fouild in extremely 
sheltered location while 
at the more exposed 
location only annual 

Figure 5. T h e  number of species o f  seaxveed I-ecol-clecl on Surtsey since the beginning of settlement, foulld as 
s1101vi11g a rapid ini~ial incl-case in species ~lutnber and a le\lelling o f f  after 1970. has been the case for 

year after the eruption started when only bacte- 
ria and diatoms were detected on the littoral 
rocks. The number of species increased rapidly 
until about 1970 and then levelled off and has 
increased slowly since with the number of 
species fluctuating around 40 to 50 species re- 
corded on each sampling occasion the last tell 
years (Fig. 5). 

Most of the species that have been recorded 
on Surtsey are not permanent residents of the 
island, but are opportunists that have been 
found sporadically over the years (Table 6). 
Some of these species have only been found 
once after their discovery like e.g. Laminaria dig- 
itata an extremely common species in the other 
islands of tlie Vestmannaeyjar archipelago. One 
of the species, Hincksia recurvata, has not been 
found elsewhere in Iceland. Some faithful col- 
onisers that were first found shortly after the 
eruption have been recorded on every occasion 
since, such as e.g. Alaria esculenta that has been 
common in the sublittoral zone ever since it was 
first found in 1966. Among the faithful colonis- 
ers are both annual species that possibly invade 
the island every year fi-om a nearby stand, as 
probably most of the littoral species do, or sur- 
vive through die winter in a reduced form. 
Other colonisers are perennial such as Lamin- 
aria hyperborea that has been found on every 
occasion since 1968 and plaiits of up to 9 years 
have been collected on Surtsey. 

Also of interest are species that are common 
in the Vestmannaeyjar archipelago but have not 
been found on Surtsey. In Ve~tmannaeyja~ fu- 
coids dominate the littoral zone whereas in 
Surtsey only small specimens of Fucus spiralis 
have been found. In the case of the littoral spe- 
cies the erosion of the substrate is probably the 

the extremely exposed 
littoral zone of Surtsey 
where the erosion of 
the substrate and 

scouring by sand are likely to exert its action 
(Gunnai-sson 2000). Similarly Doty (1 967) pro- 
posed that the instability of the substrate was the 
main factor delaying the succession of the lit- 
toral vegetation on new lava flows in Hawaii. 

In the sublittoral of Surtsey the absence of 
crustose corallines is striking. These have been 
foulid in abundance on the new lava in Heimaey 
that dates from 1973 and is thus ten years 
younger than Surtsey (Gunnarsson 2000). Their 
absence on Surtsey might be due to negative 
buoyancy of the spores of the crustose corallines 
that prevents long range dispersal (Okuda & 
Neushul 1981). 

In the littoral zone only thin vegetation covers 
the rocks. Dominant species in the upper part of 
the littoral are microscopic and cover only about 
1/4 of the rocky surface. In a previous survey in 
1983, the algae was estimated to cover 2/3 of 
the substrate due to an important development 
of UZothrixflncca in the upper littoral. U. jlacca is 
a seasonal species with a relatively short growing 
period and changes in its cover can be impor- 
tant in a short time span. In compariilg the two 
observatioiis of algal cover in the littoral zone in 
1983 and 1987, one can conclude that there are 
enormous variations between years both in 
cover and species composition. 

The highest cover of sublittoral species was in 
the depth interval from 5 to 15 m after which 
the cover decreases rapidly with depth and is 
down to 1.6 % at 30 m. The main factor influ- 
encing tlie depth distribution of the algae is 
most likely light, which is very reduced at 30 m 
depth. Increasing cover of animals coincides 
with the decrease in algal cover. Below 25 m the 
algae have almost disappeared and the animals 
are predominating. 



Table 6. Order of arrival of seaweed species in Surtsey fro111  he beginning of colonisa~ion  until 1997. Diatonls and Cyanophycea are 
omittecl. 

species years 65 66 67 68 69 70 71 77 80 83 84 87 92 97 

3 Gzleronzorphn flc,vtiosc~ 
4 Enlooirzorphn intesti~zalis 
5 Pylniellr~ liltoralis 
6 Ectocr~r/)zrs ~ilici~loszis 
7 Scytosiplzoiz lone~ztnriz~s 
8 Pelalonicr fascia 
9 Pelalo~zirr zosterifolin 

10 Alaria esczrletzln 
1 I Po,pl~)~ru ~i~nlbilicnlis 
12 E~,lmoirzor/~ha Eilzzo 

14 Acrosi/1ho?7in nxta 
15 Hi~~clrsin hincltsine 
16 Des~t~nrestiavirirlis 
17 Urosporu ruort~~sl~iolcLii 
18 ~lz~ootrlor/~/l~L /l,vlijcra 

- ~ 

~VIonostrot~za grmillei 
La?tlitznrin il)$erbo,an 
Des~rm~estin ligulaln 
Desmnreslin aculenln 
Po,pl1y y,u ptl.r/)zlrefl 
Porplzj~m ~rzininln 
Lottletztarin orcnclensis 
Antilhc~tttitzella Jloccosrr 
P l~~cor l r~s  I-116etzs 
Pol~siplzo~lin strictn 

38 Delesso-in snngi~inen 
39 Hinclsia ovnta 
40 Hi~lckszn r~ctrrvnla 
41 Clzo~dr~ jlilum 
42 Hnlosi/~hon lo?rzetlloszLvl 

44 Rlzodoplysetrzn elegans 
45 Lonzoatarza clr~vellosa 
46 Scngcl~a picszllr~ 
47 Conclzocelis st]. 



Table 6 (continued). 

species years 65 6G 67 68 69 70 71 77 80 83 84 87 92 97 

71 A.o/ec/ocrrrPus s/)crios~rs o 
72 Uros/)orct brri~gioide.r o 1 

73 Ulvco.icr ,fitscri 0 0 0  

74 O r ~ i / ~ l r o l o / ~ l ~ ~ l l t i i ~ i  crlvcireunr o o 
75 Ei~clodictjoi~ iiZfestcti~s o 
76 I'ttcccs s/~irrrlis o 

Total number of s~~ecies:  1 1 1  13 25 21 21 28 33 38 31 35 51 33 44 
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