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INTRODUCTION 
T h e  first record of the occurrence of micro- 

scopic terrestrial algae on Surtsey was made by 
Maguire (1968) who cultured five green algae 
from ash samples. T h e  first extensive survey was 
conducted in 1968 and reported by Behre and 
Schwabe (1970) and Schwabe (1970). Follow up 
studies were made in the years to 1973. Scllwabe 
and Behre (1972) reported on all groups of algae 
recovered from samples removecl up to 1970. 
Schwabe (1972, 1974) examined the role of blue- 
green algae between 1968 and 1973 and disputed 
the claim made by Brock (1973) who regarded 
these algae to be 01 minor importance as primary 
colonizers. Castenholz (1972) examined blue- 
green algal growths on soil adjacent to steam 
vents and Heliriksson and others (1972) and Hen- 
riksson and Rodgers (1978) measured nitrogen 
fixation by blue-green algae in the juvenile soils. 
T o  date the emphasis of studies has been placed 
on the blue-green algae. T h e  present study is 
concerned solely with the green and yellow-green 
algae wit11 could be important contributors ot 
organic matelial to the soils. Thir  would support 
the establishment and development of a decom- 
posing micro1 lora ancl fauna. 

Terrestrial algae of the Icelandic mainland 
have beer1 st~~diecl  by Petersen (1928a, 192813). 
Sch~\~abe (1970) examined some mainland sarnp- 
les as urell as those from Surtsey. In  1977 a survey 
of the terrestrial algae of GlerArdalur, near Akur- 
eyri, ~vas conducted by Broady (1978). 

T h e  prerent work call only be regarded as a 
preliminary survey as only a single day was speilt 
in the removal of just 32 samples of tephra, lava 
and vegetation. Presence or absence of the algae 
was recorded lor each sample and little informa- 
tion regarding their abundance was obtained. 
Difficulties were encounterecl in identitying 

several isolates which will require prolonged 
detailed examination in culture for their charac- 
terization. However, it was thought to be worth- 
while to provide descriptions and illustrations 
of difficult forms in order to place their presence 
on record. 

METHODS AND MATERIALS 
Sampling. Samples were collected on the 28th 
July. About 25 gm. of the superficial substratum 
was scooped or chipped into sterile plastic con- 
tainers using a sterile spoon fixed within the lid 
of each container. 

Treatment of surnples. Samples were treated 
lour days after collection follo~ving transport and 
storage at ambient temperatures. Sample material 
was examined microscopically in order to obtain 
a general impression ot  the types and abundance 
of algae present. Approxiinately one g-ram of 
material was spread over the surface of agarised 
(1.5% w/v) Bold's baral medium (UBNI) (Chan- 
tanachat and 13o1d, 1962) contailling 10% v/v 
ol  an urlfertilised garden soil extract. Moist plate 
enricbmeilt cultures (Lund, 1945) were estab- 
lirhed. T h e  sample was moistened with sterile 
distilled water and the cultures examined over 
a period o l  six ~veeks. Algae appearing on 
agarisecl media were used to innoculate stock 
cultures on BBM agar slopes. 

Examinal ion of algae. Cultures were examined 
at magnifications up to xlO00 using illixmina- 
tion. Photographs ~vere taken using Iltord Pan 
F film. Lugol's iodine was used to test for the 
presence of starch ailcl occasionally to clarify the 
number of nuclei. Indian ink and tolnidine blue 
helpecl reveal the presence of gelatinous matrices. 
T h e  latter stain often helped in distinguishing 
sporangium wall remains. Chloroplast structure 
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was elucidated using a dark blue Silter. (Kodak 2. Fine-g~ainecl moist ash in small depressions 
Wratten Nr. 48) as suggested by Friedmann in lava, with a slight moss growth. 
(1 966). 3. Well established cushions of moss up to 5 

SAMPLE 1,OCATIONS 
cm in diameter, on ash ancl dust collected 
in crevices and hollo~i~s in the lava. 

T h e  approximate locations of the 32 sample 4. Coarse-grained tephra around and below 
collections are shown on the map. bird droppings. 

1. Green crust-like algal growth thinly coating 5 .  Coarse-grained tephra a few metres distant 
the underside of a portion of lava. from the droppings sampled in 4 above. 



6. Fine-grained tephra in the centre of a well 
established growth of Honkenya  peploides 
one metre wide. 

7. Bare tephra a few metres from sample 6 
above. 

8. Moss from extensive cushion growths in a 
damp, dimly illuminated cave in the lava 
field. 

9. Scrapings from green crusts of algae on damp 
lava surfaces in cave, as 8 above. 

10. Fine-grained tephra, moist, lodged in crev- 
ices and depressions in lava. 

11. Green crust of algae coating the bones of 
a dead bird, adjacent to 10 above. 

12. Tephra in depressions in one of the last lava 
flows, only slight moss development. 

13-15. Samples removed from a lava knoll the 
summit of which was used as a nesting site 
by black-backed gulls; bird droppings and 
bones in the immediate vincinty. 

13. Rich growth of bright green filamentous 
algae on summit of knoll. 

14. Moss from a large cushion 30 cm in dia- 
meter on the edge of the knoll. 

15. Blackish felts of filamentous Cyanophyta. 
16. Moss cushion cm. in diameter; an isolated 

growth on lava. 
17. Fine-grained, moist tephra in depressions in 

lava, adjacent to 16 above. 
18. Coarse-grained, loose tephra, distant from 

phaiierogamic colonisers. 
19. Coarse-grained tephra from within a Hon-  

kenya peploides stand. 
20. Fine-grained moist tephra with a slight moss 

development, warmed by adjacent steam 
vent. 

21. Adjacent and similar to 20 above. 
22. Brown algal slime in water film on rock 

surface within the opening of ,,the Bell" 
fumarole. 

23. Macroscopic grotvths of blue-green algae, 
adjacent to 22 above, but in a hotter region 
of the steam vent. 

24. Fine-grained tephra with a greeiiish surface 
coloration, around ,,the Bell" fumarole but 
hardly warmed by steam emissions. 

25. Slight moss grotvths in a region of steam 
emission. 

26. Moss from extensive grotvths in the crater 
of Surtur 11. 

27. Moss growths warmed by steam, on the 
southern lip of Surtur 11. 

28. Loose tephra from the summit of the high 
ridge above and to the north-west of Surt- 
u r  11. 

29. Loose tephra from around steam bases in 
the most extensive stand of Elymz~s  aren- 
arius, the area spotted by many bird dropp- 
ings. 

30. Lower leaves, dead basal leaves and stems 
of Honkenya  peploides, partially below 
loose tephra or just below the surface. 

31. Fine-grained tephra with slight moss growth, 
from steam-warmed ground above a fuma- 
role. 

32. Fine-grained tephra in depressions in lava. 

GENERAL NOTES REGARDING 
ALGAE RECOVERED 

I n  the present study 59 forms of green and 
yellow-green algae were recovered. Of these 
over 20 are thought to be new records for Surts- 
ey. However, certain isolates could correspond 
to the problematic algae noted by previous re- 
seartchers. For instance, Behre and Schwabe 
(1972) recorded ,,Chlorococcz~m and related 
genera'' in samples removed since 1969. These 
could have included Bracleacoccus, Neochloris, 
Borodinella, Tetracystis and illyrmecia, des- 
cribed here for the first time. Similary, the taxa 
described here as species of Chlamydocapsa and 
Palmellopsis could have been included as palmel- 
loid stages of Chlarnydomonas in previous studies. 

Genera of terrestrial and freshwater algae re- 
covered on Surtsey since 1967 are listed in Table 
1. Comparisons between studies have shortcom- 
ings because of taxonomic problems and the 
varying extent of the individual surveys, for in- 
stance the differing number and locations of 
the samples removed by different workers. How- 
ever, it appears that the number of algae that 
have reached the island as viable propagules is 
still increasing. T h e  absence of forms found in 
previous studies is probably due to an insuf- 
ficiency in sampling rather than to the absence 
of those algae. T h e  number of genera recovered 
in the individual studies has risen from 8 in 
samples taken in 19G7 (Maguire, 1968) to 37 in 
the present investigation. The  total number of-' 
genera recovered since studies began now stands 
at about 52. 

Macroscopially visible growths of Chlorop- 
hyta were present in only four of the samples. 
Green, po~vdery crusts of an unidentified chaeto- 
phoralean alga occasionally occurred in small 
fissures ancl depressions in the lava surfaces. 
These growths were only found where the lava 
surface was shaded and in moist surroundings 
(samples 1 ancl 9). Sample 9 was taken from 



within a small, damp cave in the lava field and 
it was here that this type of growth showed its 
greatest luxuriance. T h e  influence of bird life 
on algal growth was readily apparent. Bones of 
dead birds, which were not infrequent in the 
lava field, were foci of enriched algal growth and 
often had a greenish coating of algae over their 
surfaces. Sample 11 consisted of a bone with a 
green crust of' predominantly Chlamydomonas 
augzlslae associated ~ \ ~ i t h  various other green and 
blue-green algae and diatoms. A prominent knoll 
in the lava field was used as a nesting site by a 
pair of black-backed gulls. In  the nutrient- 
enriched area on the top of the knoll consider- 
able growths of the f'ilamentous "Hormidium" 
stage of Yrusiola crispa were present (sample 13) 
together with a felt of "Phorm,idium" and moss 
cushions. The  final sample with macroscopic 
green growths was taken from the steam mois- 
tended soil adjacent to "the Bell" fumarole 
(sample 24). T h e  fairit green coloration was due 
to the presence of abundant cells of Chlorella 
vztlgaris var. uz~lotrophica. 

T h e  macroscopic felts of blue-green algae, and 
brown slimes of diatoms in the warm, damp 
regions around the active steam fumaroles are 
svell known from previous studies. Samples 22 
and 23 consistecl of such growths removed from 
within, and adjacent to, "the Bell" fumarole. 
They revealed an associated flora of green ailcl 
yel101,v-green algae of respectively 9 and 10 forms. 
Samples 20, 21, 25, 26 and 31 were of bryophyte 
growths adjacent to steam enlissioil and contained 
a mean number of 10 algae. 

In  general the greatest number of I'orms were 
recovered from well-established bryophyte 
cushions. Six samples (number 3, 8, 14, 16, 26 
and 27) coiitained from 7 to 16 and a mean of 
11 algae. Sample 16 contained 16 algae, the 
maximum number found in all samples. Where 
bryophyte growth tvas at an early stage of develop- 
ment without any cushion formation (samples 2, 
12, 20, 21, 25 and 31) fewer algae were recovered, 
ranging from 6 to 13 and with a mean of 8 per 
sample. 

Tephra completely devoid of bryophytes and 
phanerogamic colonisers (samples 4, 5 ,  7, 10, 17, 
18, 28 and 32) contained fewer algae, with a 
mean of 4 and a range of 0 to 8. T h e  four sam- 
ples recovered from amongst ~vell-established 
growths of the phanerogams Honkenya  peploides 
(samples 6, 19 ancl YO) and Elymzis arenarius 
(sample 29) produced similar numbers of algae 
to the bare tephra, a mean of 3.5 and a range 
of 0-7. 

Only two samples failed to reveal the presence 
of any viable algae of any type (samples 4 and 
29). Both of these were in areas covered by many 
bird droppings. I t  would appear that toxic 
material in the droppings killed even dormant 
cells transported into these areas. 

It is likely that there was sufficient moisture 
for algal gro.tvth only amongst the bryophyte 
cushions, in small depressions in the lava where 
wind-blown tephra had accumulated, and in 
areas affected by steam emission. T h e  bare un- 
consolidated tephra, which covers large areas of 
the island, and the similary loose tephra amol~gst 
the pllanerogam staricls, was probably too freely 
drained and too unstable for algal growth. T h e  
algae recovered from such samples were probably 
present in low numbers as dormant cells blown 
in from the limited areas of abundant algal - 
growth or from regions outside the island. 

Only five algae Tvere recovered from more 
than ten samples. iZlz~riellu terrestris var. A was 
the most widespread and present in 15 samples. 
I<lebsormidiwm flaccidz~m, Chlorella uzilguris 
var, autotrophicu, Bracteacoccus m inor  and 
Clzlo~ella zofingensis var. A were found in re- 
spectively 14, 13, 11 and 11 samples. Four algae 
occurred in 6 to 10 samples, namely Chlamy- 
clomonas psezidinterrnedia, Oocystis minzi,ta var., 
Borodinella polytetras and an unidentified 
member of the Eustigmatophyceae, with res- 
pectively 9, 7, 7 and 7 occurrences. T h e  large 
majority of algae were only occasionally recover- 
ed, in less than 6 samples, and 22 of these were 
present in only a single sample. 

SYSTEMATICS 

CHLOROPHYCEAE 

T h e  classification of Bold and Wynne (1978) 
is followed to the ordinal level. Genera are listed 
alphabetically within each order. 

Volvocales 

C:hlamydomonas a7~gustae Skuja 
Fig. 1, 2 
Ettl, 1976, p. 403, Tal'. 63a 
Samples; 2, 10, 11, 14, 32. 

Cells ellipsoidal, 13-22 pm long by 7-17 pm 
wide; chloroplast axial wit11 radiating arms 
spreading to form plates at cell urall (Fig. 2); 
pyrenoid slightly posterior, surrourlded by small 
starch grain. 2, 4, 8 and 16 zoospores formed. 

Previous records: Surtsey, Behre and Sch~vabe 
(1970). 



Chlumydomonus  foraminata Behre and Schwabe 
Behre and Schwabe, 1970, p. 68-69, Taf I 
Fig. 1-6 
Samples; 22, 27. 

Previous records: Surtsey, Behre and Schwabe 
(1970). 

Chlarnydomonas  perpzlsilla Gerloff 
Fig. 5, 6 
Ettl, 197(i, p. 516, Taf. 100, Fig. 3 
Samples; 25. 

Cells narrowly ellipsoidal straight or curved, 
8-12 pm long by 2.5 - 3 pm wide; chloroplast a 
parietal plate; pyrenoid lateral, surrounded by 
small starch grains; stigma slightly anterior to 
pyrenoid; nucleus posterior. 

Previous records; Surtsey, C.  sp. ad perpusilla 
(Korsh.) Gerloff, Uehre and Schwabe (1970). 

Chlamydomonas  cf. perp~is i l lu  Gerlof'f 
Fig. 8-10 
Samples; 17. 

Cells narrowly ellipsoidal, straight or slightly 
curved, 5-13 vm long by 2.5-5 ym wide; chloro- 
plast a lobed parietal plate; pyrenoid lateral sur- 
rounded by an apparently complete starch sheath; 
nucleus posterior; stigma anterior. 

Chlam,ydom,onas psez~dinlermedia  Behre and 
Schwabe 
Fig. 143 
Behre and Scllruabe, 1970, p. 70-7 1, Taf.  I, 
Fig. 8-1 2. 
Samples; 2, 3, 8, 10, 12, 21, 22, 25, 27. 

Previous records: Surtsey, Uehre and Schwabe 
(1970). 

Chlarnydomonus  sp. A 
Fig. 3, 4 
Samples; 17, 27, 31. 

Cells ellipsoidal, 5 - 8.5 prn long by 2.5 - 6 pm 
wide; chloroplast a perforated, parietal cup; 
pyrenoid lateral and somewhat posterior, sur- 
rounded by large starch plates; stigma anterior; 
nucleus anterior. 4, 8 and 16 gametes formed, 
these copulating immediately on relase; palmel- 
loid stage formed. 

T h e  lateral pyrenoid and perforate chloroplast 
place this isolate in the Chlamydel la  - perforata 
group described by Ettl (1976). 

Chlamydomonas  sp. B 
Fig. 7, 142 
Samples; 25. 

Cells broadly ellipsoidal, 12-15 pm long by 
6-9 lsrn wide; chloroplast a perforate, parietal 
cup; pyrenoid lateral, surrounded by large starch 
plates; stigma slightly anterior of pyrenoid; nuc- 

leus approximately central. Palmelloid stage 
readily f'ormed. 

Similar to C.  sp. A in the Chlamydel la  - per- 
forata group of Ettl (1976). 

Tetrasporales 

Chlamydocapsa sp. A 
Fig. 12-14, 140, 141 
Samples; 12, 21, 24, 27. 

Colonies mucilaginous with cells arranged in 
groups o f  2,4 and 8 throughout (Fig. 140, 141); 
mucilage faintly stratified around cells and cell 
groups. Cells broadly ellipsoidal, 8-12 ym long by 
5-10.5 ym wide; chloroplast a lobed, perforate, 
parietal plate (Fig. 12, 13); pyrenoid surrounded 
by large starch grains. 2, 4 and 8 zoospores for- 
med, with posterior nucleus, anterior stigma (Fig. 
14). 

Following the scheme proposed by Fott (1972) 
the presence of lamellations in the mucilage 
places this alga in Chlamydocapsa rather than 
P(~lrnel1opsis in which lamellations are absent. 

Previous records; GlerArdalur; Broady (1978) 
described two Chlamydocapsa isolates. 

C:hlamydotapsa sp. B 
Fig. 17-19, 135, 136 
Samples; 21, 24, 31. 

Colonies mu~ilaginous with cells in groups of 
2, 4, 8 and 16 surrounded by faint remains of 
dilated sporangium wall. Adult cells generally 
broadly ellipsoidal (Fig. 17), to 13 by 8.5 pm, 
some approaching spherical (Fig. 136); chloro- 
plast axial with broad radiating arms joining to 
form a perforate parietal portion (Fig. 19); 
pyrenoid surrounded by numerous small starch 
grains. 2, 4, 8 and 16 (Fig. 135) zoospores released 
by gelatinization of sporangium wall; zoospores 
(Fig. 18) with an anterior nucleus and stigma. 

Palmellopsis sp. 
Fig. 15, 16, 137-139 
Samples; 3, 21, 23, 24, 27. 

Colonies mucilaginous tvitl~ cells in groups of 
2, 4, 8, 16 and 32; mucilage without distinct 
larnellations. Adult cells broadly ellipsoidal (Fig. 
15), up  to 19 by 17.5 pm; chloroplast an exten- 
sive, perforate cup (Fig. 138, 139); pyrenoid sur- 
rounded by numerous starch grains tuhich are 
often arranged in rows (Fig. 16). 2, 4, 8, 16 and 
32 zoospores released by gelatinizatio~l of spor- 
angium wall, these are often released .cvithout 
the formation of flagella, as aplanospores, and 
remain in close groups (Fig. 137); zoospores 
with posterior nucIeus and anterior stigma. 



Fig. 1, 2, ~ h l a ? ~ ~ ~ ( l o ~ ~ ~ o ~ z a s  nl~gustne; 3, 4, C. sp. A; 5, 6, C. pe~pusil la;  7, C. sp. B; 8-10, C. cf. f)e~pzrsilln; 11, Pedi?zo,~~onas 
nzilzor; 12-14, C1~ln1nydocnf)sn sp. A; 15, 16, Pol~?lellof~sis sp.; 17-19, Cl~la~nydocnpsn sp. B; 20-22, B~acteacocctts miizor; 23, 24, 
B.  gignnfeus; 25-27, CI~lorella 71zrlgnris var. ntctot~oplticc~; 28-30, C. sp. B; 31-34, C. sp. A; 35-37, C. saccharofil~ila var. ell i f~soi~lea; 
38-42, C. zofinge?zsis var. A; 43-49, C. zofiizgensis var. B; 50, 51, C. sp. C(?); 52-54, AIc~rielln terrestris var. A; 55-58, M. t er~es t r i s  
var. R. The scales represent 10 pru. A; Fig. 12, 13, 15-19, 20-22. B; Fig. 1-10, 14, 25-58. C; Fig. 11. 
































