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INTRODUCTJON 
Although several species of blue-green cllgae 

ancI other algae have been reported from rnoist 
areas surrounding steam vents on Surtsey, none 
of tllese appear to be true therniopl~iles exhibit- 
ing growth optima above 45°C (Sch~~abe ,  1970a, 
1970b; Behre & Schwabe, 1969). T h e  volcanic 
island of Slirtsey was first formed in late 1963 off 
the south coast ol Iceland. 

Mastzgocladzrs lurntrro~z~s (Ag.) Cohn is a cos- 
mopolitan therrnophilic blue-green alga (Schwn- 
be, 1960) and its various forms are very commori 
in almost 2111 01 the hot springs and stcam vents 
of Iceland ~vllicil have ;I neutral to alkaline pH 
and are below a temperature of about 63-ti4"C 
(C:astenholz, 1969a). Trvo very distinct forms are 
common in Icelandic ]lot water. One is a seldom- 
branching tricllome which grows at temperatures 
constantly as high as (53--(i4"C, thus representing 
the npper limit photo~ynthetic blue-green alga 
of Iceland. T h e  o t h e ~  is the typical brancliiilg 
form ~vhich doer not grow above about 57°C: 
(Castenholz, 1969a). 

011 June 26, 1970 I exarnillecl several of the 
steam vents of Surtsey, particularly those near the 
old (or easternmost) crater. Fiom these I col- 
lectecl presumptive algal specimens in the moist 
ash ~vl i~cl l  recorded terrrperatul es as Iligh as 65" C. 
T h e  greatest al)undal~ce 01 stearn vents occurred 
on the inner (5outhern) slopes of the old crater, 
on the Iava Ilats on the southeartern side of the 
crater, and within the north-south Iissure createcl 
cl~~rii lg the 196G-(57 eruptions. T h e  inajor col- 
lectiori stations ale n~lmbeled on Fig. 1. Almost 
all collections wele exnlnined in the fielcl with 
a Gooke-McArthur f~elcl micioscope fitted wit11 

a phase contrast system with 400x total magni- 
fication. Blue-gr een algal trichomes were quite 
abundant in some ol the collectior~s, particularly 
Station 2, and most of the material from the 
thermal collections looked like the high-tem- 
perature form of Mastigocladus. T h e  purpose of 
this short st~idy was to prove that this material 
was illdeed A 4 a s ~ i g o ~ l a d u s  and that i t  was capable 
01 growth at various temperatures above 45°C 

Yig. I .  M;lp of Llie norlheaslern portion of Surlscy inclicating 
collcctioll st;~tioris ill tile easlcrn crater region. 



and  even at 60°C. For this, culture isolatiolls 
ancl growth experinients in the laboratory were 
carried out. 

Sorne of the hot n~oist  areas around steam vents 
were ;3 Eairit green color due to the density of 
blue-green algae. Mosses and other algae were 
also restricted to moist areas near steam vent., 
but at lower temperatures arid in more protected 
areas such as the fissure of the 1966-67 t3rup- 
tions (Station 4, Fig.1). 

IMATERIALS AND METHODS 
T h e  collectiorls were macle and treated as foll- 

ows. Sterile vials were used throughout and for- 
ceps were resterilized between collections in the 
high temperature steam of the vents (> 90°C). 
'The samples containing algal material and rrloist 
ash were stored in darkness at bet~veen 15" and 
25°C for approximately 12 clays before culture 
enrichlneilt and irolation techniques were ap- 
plied. These conditions 01 storage have proved 
quite satislactory tor thermopllilic blue-green 
algae in past work (see Castenholz, 1969b, 1970). 
Duplicates 01 some of the sarnples were preser veil 
with lormalin on the collection day. 

T h e  culture techniques used for the samples 
in  my laboratory at the University of Oregon 
were those rtandardly used for the isolatio~~ 01 
f\.la;\tigocladus (Castenholz, 1969a, 1969b, 1970) 
except that medium free 01 combined nitrogen 
was 11ot lequired in these cases for the initial 
enrichment of the organism. T h e  high-tempera- 
lure lorlnr were sought tor, in particular, by the 
methods used. 

(1). T ~ ~ b e s  and fasks containing rnedinrrr I )  
were inoculated with samples horn 7 oi the col- 
lectiorls and incubated at 60°C under approxi- 
mately 2,000 lux (coolzuhite fluorescent lamp,) 
- contiiiuorrs light. Sinlilar inot ulations Tvere 
rnade of all the collections ill liquid medium I )  
with incu bations at 45 " C. Some n7cre treated 
similarly at 30°C:. 

(2). lnocula iiom almost all collections '~ncl 
enrichlnent. cultures were also placed or streaked 
o n  medium I) solidified 1vith 1.5V/, (w/v) agar 
in 20x150 mm plastic petri plates. Incubatioris 
were primarily at 45"C, but some plates wele 
also hclcl at 60°C or 30°C:. Individual trichomes 
.cvhich s~rbsequently radiated from inoculum as 
motile llorlriogollia or by grolvth piocesses were 
then easily isolated ~\rith ~+7atch-maker's iorceps 
on  small pieces of agar. These were transferred. 
to liquid rnediuln I) to estaI>lish clone cultures. 

T h e  decisions '1s to xvh,it forms of 1Wcr~llgo- 
clndw~ were p~esent  at the various sites 011 Surtsey 

are based primarily on the culture isolations 
rather than the fresh or preserved collections of 
ash. Tlie taxonomy of blue-green algae (includ- 
ing fl/la;\ligocladz~s) is currently in a conlused 
state, principally because it has traditionally 
been based solely on morphology, a highly vari- 
able criterion in some groups. Thus,  clonal cul- 
ture should be used whenever possible together 
wit11 collections. 

COl,l,EC~TIONS (FIG. 1) 
stearn vent on flat ground; ash ternperature 
58-60°C at lip of orifice; slightly green 
cover - unbranched Mastigocladus-like tri- 
chomes in clusters on ash particles. 
crescent-shape ridge on crater slopes with 
vents on and under crest; a = east vent, 40 
-50°C (collection site); b = center vents, 
35-50"C, pH 7.8 (cletermined by W. Doe- 
Inel), slightly green cover of unbranched 
fMastigocLadzi,s-like trichomes; c=west vents, 
45-55°C: and 15-20°C. 
on crater slopes, several vent:s, 45-65" C; 110 

algae found in collection. 
large north-south oriented fissure and crater 
froin 1966-67 eruptions; many steam vents 
at base ancl on walls of fissure; a = steamy 
area on top of north end, < 20°C:, visible 
moss cover; 6 = near t-op of north end, 20 
-25"C, crevices in rock wit11 moss and algal 
cover; c = wet wall below steam vents near 
base of fissure, ca. 55"C:, no visible algal 
cover, but unbr;~nctled i\/lnsligoclnclers-like 
trichomes in clusters on same ash particles. 
several steam vents on flat lava flow below 
inner wall of crater; a = 45-55"C, un- 
branched A/lasligocladz~s-like trichornes and 
more typical branching f\/lastigocladeu also 
on ash particles; 6 = 55-(i5"C:, no algae 
found (111 particles. 

CULTURES 
T h e  1 esul ts of the or igirinl culture enrichments 

in liquid medium D at 30°, 45", and (50" are 
sulnmarized in Table 1. Most collections iricub- 
ated at 45°C: gave rise to f\/la.stigoclad~~s but only 
the urlbrai~ched torm. Two of thc collections of 
material macle below 25°C did not. Almost all 
01 the collections which gave rise toi\4a.stigorladziL~ 
at 45°C also did so when incubated at 60°C. This 
again was the unbranched "high-temperature" 
iorrn. None 01 the collections gave rise to this 
foim of iWu~tzgot laclzl. ~ v h e ~ ~  incubated at 30°C: 
instead of either oi the higher temperatures. 
Other filarnentou~ and coccoid blue-gr een algae 
came up at 30°C in addition to unicellular ancl 



Fig. 2. C:ullr~rc I-S2-m Clolic 3- the non-branching form of Mc2stigocla~lus, originally isolatccl frorrl a 60°C enrichmcut (collcctctl 
from st;rtion S-211, 35°-.500(:). (A). grown in colnplete mctiium at  60°C:. (U). g1.own ill complecc nledi~un a t  45°C. (C:), grown 
in completc m c d i ~ ~ t n  a1 45°C - slow growtll conditions. (D). gro~vn in m c t l i ~ ~ m  lacking combi~lctl llitrogr~l at  4.5OC; dcvelopillg 
hcterocysts axe indicatetl. 










