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Durillg the 1970 NASA expedition to Iceland 
and Srlrtsey I 1vas a l ~ l c  to tontiiiue my microbio- 
logical studies ol Surtsey, lollo~ving up  on pre- 
vious work done in lO(i5 and 1S(i(i. Wly previous 
t ~ v o  visits to Slrrtsey c oint ided with the Syrtling- 
Irr and Jhlnir eruptions and rnost of the potential 
sites for biologital developlnent Ivere being cov- 
ered with volcarlic ash. Now that eltlptions have 
ceased and the 11abit;tts are more st;ible, biolog- 
ical studies can be carried orit. T h e  distribution 
ol life seems closely associated wit11 the nvail- 
ability of moisture, either as steam condensation 
troni Iuniaroles or near the sea in lava crevices 
n~ilere higher humidities would be expected. 
TI\ o liinds 01 microbiological st~ldies were done: 
1 )  Observations on the rel;~tive importante ol 
blue-greei~ algae v e r ~ s  higher plants (mosses ;md 
vascular plants) '15 primary colollizers; 2) The  
c1istril)ution of bacteria in terrestrial Ilal~itats. 
Tlie conclusions Iron1 these studies can be sil-nply 
st;~tecl: 1) Blue-green algae are not  the primaly 
coloilizers ol Surtsey, except in thermal areas 
where higher plants do not grow; and 2) Uac tcria 
are totrnd ill terrestrial environments in the 
rl~izosphere of plants, both mo5ses and vascular 
plants, and also on :tsh near blue-green algae and 
in tt~nlaroles, but not in as11 ;tIvay froni plai~ts 
;tncI fumaroles. 

METHODS 
T h c  visit \\?as made on 26 J u n e  1970. Sa~~lples 

of soil, plaiits, and algae were taken in various 
parts ot the islantl. For quantative study of iela- 
tive importance 01 blue-green algae and higher 
plants, cores of green lnaterial were talten in a 
riuml)ei- ol locations using a # 4 cork borer. Soil 

p H  vc~lues were measured the same day usisig an 
Orion 11attel-y-operated pH meter after malting 
a 1: 1 mixtule ol soil and cleio~lized water. rem- 
peratures were lneastlred wit11 ;I Yellow Springs 
Instrument Co. thermistor. Preliininary rnitro- 
scopy was done the sarrle day using a Ckrl 7eiss 
phase rnicroscope and detailed rniciostopy was 
clol~e (i July 1970 using a Zeiss fluorescent e 
mit roscope. With tile latter, hacteria Ivere sought 
upon soil particles and plant roots using acr idine 
orange ,I\ a I l~~oroc lirome ,tnd a vertic a1 illurnina- 
tor, thus permitting examination ol opaque sur- 
fates. Algae were observecl usirig the Zeiss phase 
contra5t mic loscope. 

IIESUI ,1'S AND DISC~JSSION 
1. Are blue-green algae the primary t olonisers 

ot Surtsey? 
In  a nurnber ol areas on Surtsey, visibly green 

patches were talten ancl examined mi< rosc opica I ly 
lor the pi-esel~ce of blue-green algae arid mosses. 
Suc h p'ltc hes were nlaislly lound \\?here moisture 
levels were high, either in steam conclensate froill 
iulnaroles ol in t revices of lava roclis. In regions 
very near lumarolcs, the temperature was high, 
.'3O-(iO°C, , ~ n d  in these areas blue-green <llgae 
were to~uncl. Therrrial habitats ol this type are 
rare on Surtwy, and studies 01 the algae present 
were carried out by I t .  TAT. Castenholz, University 
ot Oregon, Eugene, Oregon, who reports (per- 
soiial communication) that tile cosrnopolltan 
thermal alga f l / lu~ftgoclucl~tr lurnt7lo~7~r was pre- 
sent. Most habitat5 \vith green patches where 
conclensing steam war preseiit are not [hernial, 
and temperatuxes around 25°C or le5s were 
measured. T h e  present work concentrated on 



these lion-tlierrnal are'ls, ~ v h i t h  \irere rriairily II'ABI'E 1 
arouiid the newest crater of S ~ i r t n r  I1 in the Sea? tl.r for bl~re-green algae in grern fiatchr7~ 
southeast qt iadra~it  ol the island. T h e  data ,Ire 1r1 nori-ih~?rnal ayecls i u h ~ r e  tonc lcn~ing  \!earn 
presentecl ill Tnble 1. T h e  soil pH measured on utlr pre\rrr/ 
several samples was 7.8-7.9, \ ~ l i i t  11 is in  an ap- 
propriate range lor  the gro~vth ol hlue-green 
algae, ye( no  blue-gieen algae were touilcl. I con- 
clude, therefore, that blue-green algae are not 
the ~ x i r n a i  y < olonizer s ol non-thermal I~aljitats 
on S~lrtsey. In  the 1rioi5ter areas rnosses were 
lourid ;lnd in drier l~abitats v;~scnl;~r plants were 
found. These observations suggest that vascular 
plants and mosses are the primary colonizeis of 
nori-tllernlal habitats, and ctnly in thermal I~ahi-  
tats are blue-green algae present. 

Altlioltgl~ these observ;~tioris may seelri at I ari- 
;Ince ~ v i t h  those of St1iw;tlje (C;. H .  St l~wabe,  
1070, On the ;~lgal settlemel~t ill craters 011 Surts- 
ey during Sirmmer. 19(i8, ,Szrrt.tey 1ie.searth P ~ o -  
g7e.r~ l i e l~or l  V ,  (58-69; Schwabe, (;. H., 1!)69, 
Pionier e del 13esiecll~in~ aul Snrtsey, Urr~sclra?l 
in I/T/'i.$~~n.rthnf/ ~rrr T6.t hnik 2, 51-52; Schrvabe, 
G. 13. 1969, 0kogcrlese auf- vul kanisctiern Sull- 

-- - - 

5.~1nplc M o s  Iltuc-glee11 algae 

Near Surtur  I1 
87 8 Present Abser~ t 
033 Present Absent 
869 Present Absent 
930 Present Abseil t 
$1 1 (i Present Al)serit 
963 Present Aljwri t 
$17 1 Present Absent 
964 Present Aljsen t 
$124 I'resent A1)sent 
I) .'9 (i Prewiit Absent 
!1CiO Preserit Aljsc-nt 
954 Present Absent 

Near Surtui 1 
863 Present Al~serit 
$11 2 Present Absent 

srat, Intern. Syrnposiuul liir Vegetatioiiskullcle, 

T A B L E  2 
Racde~ia as.socialerl wi th  volcanic czs!~, (and p1ant.s 

-- 

Sample Ma trt ial 

As11 (i cm tro~rl  A4inlrnr/i(c. pef~loicle.$ 
pH 6.4 
Ash attached to 114. j~r~ploir1c.r IJH 6.85 
Root hairs of 114. peploicl~s 
Ash in 1 umarole with alga 
i\'ln~/igcladu.r Iurnino.rri.,, liO°C:, pI-I 7.8 
Ash in In~narole with 114. l(rmi?zo.c?cs 
40-50°C;, pH 7.8 
Ash in  lum~irole no  algae, 90°C, pH 7.9 
As11 in lum;uole, no  algae, 55"C:, p H  5.1 
Ash in fumarole, 110 algae, .'<0"C:, p H  5.1 
Arh in condensing steam near 
Sartur  11, 2S0C, p H  7.9 
As11 in  fn~r i a~o le ,  95"C:, p H  7.5 
As11 in fumarole, 74"C:, pH 7.9 
Ash in tufa cliff away Proni Fumaroles, 
air temperature, p H  7.3 
Moss rhizoicls 
Ash near :nos  1-hi~oicls 
Roots ol 1\4i?~~rtrr lit1 Peploicle~ 
Ash near 11/l. peplozde~ rootr 
Ash lrom tufa clifk neal hut, 
air tempeiature, p H  (5.65 

No bacteria 

Maiiy sniall rocls, I'e~v actiriornycete hyphac 
Few small rods 
i\/Iany sinall rods, some in mi( roc.olonies 

Many srrial l rocis, sorrle in m icrocolonies 

Frequent srnall rodr, sonie in microcolonies 
No bacteria 
No bat teria 
Many small rods, niany in nlic rocolonies 

Frequent srnall rods 
Frequent small rods 
Frequent small rods, some ill ~nit,roc~olonies 

Rllany actinoinycete hypliae 
No Ijncte~ ia 
Many sriiall bacteria 
No bacteria 
No bac teria 

Asscssr~~cllt basetl o n  fluoresccncc microscopy after ;trridinc ol.;lrrgc staining. 



Rinteln; Sch~vabe, G. H., Ultie-green algae as 
pioneers on post volc;~iiic substrate (Srrrtsey/Ice- 
Inncl), unpublished manuscript, Pliiri, Jariunry 
1970), exarnii~a tion of Schtvabe's papers shows 
that he ;~ssessecl blue-green algal developrnerlt by 
eni-icllinent culture techniques, wllicll are ex- 
c ellerlt for Iloristic surveys airned at detec ling 
organisms present even in small arnormts, but do 
not provicle any estirnate 01 quantitative ahuncl- 
ante. Direct mit rost opy, used in the present 
atrldy, will miss rare organisins but ~vill give 21 

good estirnate of the q ~ a i l t i t ~ l t i v ~  importance of 
dorriinants. Thus the Iact that 1 have not de- 
tected blue-green algae in my cores does not 
mean that they are not present, 11ut orily that 
they arc rare. Blue-green dgae are hence pro- 
bably not ol any great ecological significan:e in 
tontributiiig org;~iiic matter for soil Lorrn~tion 
ancl lor the developinerit ol het er otrophic micro- 
organisms and higher levels in food ch,lins, 
xvhereas rnosses and vascular plants clearly are. 

2. Bacteria in terrestrial llabitats on Surtsey. 
T h e  use of the fluorescence microscope with 

acridine orange staiiriilg perrrlits a direct exa- 
mination for the preseiice of: bacteria on opaque 
sur1aces. Samples of volcanit ash, rnosses, ancl 
vascular plants were studied. Some samples of 
as11 Tvere collected lroiil around plant roots and 
othcrs .iverc collected n t  sites quite distant f i o ~ n  
plal~t  ~ o o t s .  Tlie results, given in Table 2, sl1o.t~ 

that bat teria are ~videly but not uiliversally dis- 
tributed in terrestrial enviiorlnients on Suwtsey. 
Viitually every plant root or rhizoid examitled 
h;td a high bacterical popr~lation, ;is ~vould ltc. 
expected since it is well linow that roots aiid 
rhi~oids excrete organic rria terials upon which 
bat teria tan grolv. Bacteria xvere also found in 
large nurnl>ers in ash near fumaroles, even ones 
ol quite high temperature (90-9S0C), ;~lthough 
not in ones where the ash is aciclic. Sonle samples 
of ash c ollected near to but not attached to roots 
or rhisoids were devoid of bat teria. Thus  it seenls 
that bacteiia develop in large numbers ~vheie  
appropriate energy sources are available (pro- 
hably orgnnic materials in pla i~t  rhizospheres arrd 
inorganic reduced tompounds in Lumaroles). 
A1 though the sources 01 1)ac terical inoc ula are 
unltriown, it seeins reasonable that those bacteria 
associated with plaiits were 1)rougllt to Surtsey 
attached to the plant disserninules. Those bat- 
teria associated with funlaroles were probably 
dispersed through the air, eithel lree or ;tttachect 
to particles. 

T h e  assistance o f  W. N.  Doernel in some of the 
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ported in part by a research grant f-rom the 
National Science Foundation (GB-19138). The 
visit to Surtsey took place during my participa- 
tion in a lield trip sponsored by the National 
Aeroll i~~~tics ancl Space Acli~lii~istratiori. 




