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ABS'FlWC,T 
The a c c i ~ m i ~ l a i i r ~ ~ ~  OF o ~ - p n i c  matter ;~ i l r t  1ni11-irilts ~ v i t l i i ~ ~  111~' soil S ~ P ~ C I I I  i~ cs~ciltial ros tlic plan1 VICCCS- 

sion 011 S~il-tsey, ant1 11ir soil iiiicml~inl rt~ininlti~i ty plms ;I kry role in  his I,incrss. Blicl-nhial 1,inmasscs nrtd 
:~ctiiily I~avc increascrl m:u-krrlly dill-i tig tlic st~ccc~sion Liom hatr soil tn I I IP  r r~~np lcs  plant coiilin~iili ty est;lb- 
lisherl in r h r  bird crrlonics. I'ai;~llrl lo ~l re  cl-iangcs ill ~>lan t crlvrl; l u n ~  l i i ~ ~ c  ~ ~ i n r r l  iucrr:isii~g i111port;kucr in 
IIIP soil ~nicinhial cnmrnltl~i~r: Torl;iy ;rl,c>ut 2.50 pairs r)l' gulls nrst  tie sr~11t1iri.n part ol' lhr. islas~rl, ;tirrl thc 
sii~glr inail1 cvcut sli~nr~IatilIg succrssinn ;it pi+csctit prr>halllu is L I I C  ~ ~ ~ i ~ ~ + i r ~ t t s  clcl~nsitetl Iy  tE~ese I~irtis as dl-op 
pings rlr. Tlrr mirrrh>c.s iu thc qoil hum  he h i d  rt~lolly irrhal,ii an ~r l~l is~~al ly  I I I I~I .~~. I I I  rich crl~vil-ol~lne~~~ rvhew 
a C; I~ I>OIF  arlditioir r r i thn~~t  supplemcn tary I I ~ I I I - ~ ~ I ~ L S  will stiil~lil;i~e RI-I)IYIII  and ~lielrbv aid 111c consrl-~ntion of 
nut]-ients tdtfiin ~ h c  rystcltl. TFielr are still :weas o i l  the irl:ind ~\+Iici.e 1 1 0  l ~ l i ~ ~ i t s  gvnttl, iantl hrlr tlic ~iiicrnl~iaI 
t~iomms is ypl-)r Inrt Thc- n~ic~+ol~i;ll gr-n~t+tli i l l  ~ l i rs r  h n ~ ~  snils t;tkcs ~>l;lcc ;u a high ]ale 1j$hr.11 nt~trients are av:~il- 
:~l~lc. ;u~rl  his coulrl hc at1 atlaptive nicch;~iiism Ir, wtaiii n l i ~ r i r ~ ~ t s  i l l  ~ l l c  std l iw sullseq~te~ii jllairl gl'o~ct h anrl 
~ I I P ~ P I I ~  to mrtli;l~r tllc pl.inla~-!, s~tccer.~ic)i~ rt-r~ln t,al+e soil to planr covcc 

INTRODUCTION 
The islai~d of Surtsey was ci-eated lqr a series 

or \lolcanic eruptions in the pel-iotl ii-om Nov- 
emher 1 963 un ti1 1 967 (Frirlriksson 1994), anrl 
during the Follo~ving clecacles life became eszall- 
lisherl on the bare volcanic snrlace. Some ol'the 
first colonisei-s on Surtqey were hacteria and 
I~lue-green algae {Sch~vabe 1970), aucl alreaity in 
1965 111e first plants ~vel-c ohserver1 (FI-icIt.ikssan 
1966). The question ariscs why some areas of 
the isl;ll.td at present have dense vegetation 
tvhilc ot11c1-s a l r  stilI 111ostly without vegetation. 

Niti-ogcn available ibr the eslablist~ment of 
plant grolv~h nn Surtscy may have originated 
from atmospheric deposition, sea spray and 
nit~*ogcn Fixing tnicroorgar~isrns, b11t nirr-ogen 
from 01-pnic matter t\rad~ed unto the shore and 
Iircl clt-oppi~~gs i s  probab~y more important (Fl-irl- 
rikssou 1987). I11 1985, seagulls, primarily Ikr.rr.s 

[~/sr.r~.s ;IHCI I,nr?l.s m:qwtntlrs, began ncs ting on the 
lava-fielcls of the southei-i~ pn.1 OF thc islaucl 
(Ridr ikssa~~ 1994). As a consequence, ut~trien ts 
such as nitlagen ; ~ n d  phospho~*us from the bil-cl 
rlroppii~gs, fish clel~ris and dead gull chicks dra- 
matically incl-easecl soil fel-tility near the nesting 
sikes (Fi*ederiksen ~t rrl. 2000). 

T n d q  the numbers or plai~t species ai-e mucR 
higher and the avelxge plant cover much clenser 
in the lii-cl co1011y than in the areas l~nrlel. lim- 
ited in t l~~ence  of bircls. Vegetation analyses fl.0111 
1994 tn 1995 (Magdsson rf nl. 1996) sl~onrecl 
that plants coverecl approximately 4% of the 
area i11 the sui-veyerl plots outside the colony. 
Illside the hiscI colony 30% "of the area was cov- 
crerl I q l  plants. 

Many of the plants on Sur~sey have pi-oducecl 
seeds which have spread orel- most of the islancl, 
but in seine areas they have been unallle to gel+- 



minate and become established as plana (Frid- 
rikssan 1992). The low rrrtccesrr of the seeds is 
probably due to a combit~atlon of the sandy tep- 
hra being unstable, of the lw water retention 
capacity and low truuient status of the soil (Frid- 
rikson 19921, Nitrogen and phosphorus were law 
in these wxas due to a srinall and/or infrequent 
input, but the sail may dm have a law ca@ky to 
~vtaii~ nutrients h m  the few occasional bird 
droppings that actually occur in these al.eas. The 
microbial community mtabkhccl in the= soils 
must be tolem~r to sewre food liinimtio~~s. But 
when nuvients are introduced into the sail 
through bird droppings, the microbial biomw 
mmt be able to mimilate the nuuients extremely 
f f i r  in order efliciently to prevent the niu.ogen 
and phosphon~s input €om leaching, Magnhon 
(1992) measuitd the soil respiration, and diffel~ 
ent acti~ries were Lurid within he dif- F i p 1 ~ ~  1. Mnp d Surtwy, rvhich ~IIW the paition nr the th~re!  

qerimcnul plot#, J;S: Hnnkaffjn plor, j4: htrc mil ~ n d  J5: Blril felenr ees ofplnnt cover. wspiratio'l low ro~oity NO arii ~lunpln r c w  follr~cd aL ~ h o  h i r e  uher pluu. 
in the bare sail and only slightly higher in sail with M~tp From jnkolmuan tt  ni, (19~21, ~ i t h  pclainldon S. md- 
Hmkqa $@hi& cover, but 5@2QO% higher in rthfin- Nol-lfi LIP In tllc fi8um. 

soil with E! )~ Iw mmiw cover. 
The aim of this study was to study which nutri- 

ent deficits limited the rnicraoqpisms in sail The Hmh~zya  paw11 US) was established in 
during the primary succession on Surtsq, in 1974, and pmitianed in quadrant L13; 36%- 12 m 
three areas that differed Jn quantity and quality south of plot 12 which had a plant cover of 19%. 
of plant cover, and hence illustrate three stages The smallest coastal distance was 550 m to the 
in the aucce~ion. We wanted to study the ability eastern beach, and the pIot was located on a 
of t h e  microbes in  he bare soil ta retain and s a ~ ~ t h  facing slope (15')). The soil ww tephra 
utilise a sudden nutrient input, and thereby to sand with H o h y a  &!doihs, and some Faiwsmrecs 
improve the nutrient status of the soil far plant gla& were nesting nearby, 
growth, Moreover we wanted to clarify whether The control with bare soil 04) was pasi timed in 
the funcrional differences in the soil microbial q~adrar.lt 010 approximately MO m nartl~wes~ of 
communities occurred in parallel to differences pbt 11 which had a plant cover of 4%. The small- 
in plant cover, est coastal distance was 500 m to the southern cliff. 

The mil was imvegetated tephra sand, but some 

MATENAU AND METHODS 

S t d y  a m  
In the summer of 1995, six plots (3x3 m) were 

established for survey of the soil fauna. The sites 
were chosen in order to obtain a succession gm- 
dient of plant communities 01 increarsing com- 
plexity. In July 1996, soil samples were collected 
in the bare #oil plot U4), in the Honkmyn plat 
(J3) and in the bird colony (JB) (Fig, 11, 

The poaidons of the plots are noted in refer- 
ence to the co-ordinate system which divides the 
island into quadrants of 100x1 00 ~n (Fridriksson 
19921, and to plots established for botanical sur- 
v e y ~  by Magnbssan d al, (1996) who investigated 
the plant-cowr in the reference plats duling 
19?4! !!as, -.,. .- 

mot material wu ktmd in &e soil samples. 
The vegetation in the bird colony U5) was 

established in 1983, and since 1986 guIh have 
been nesting, The plot was positioned in quad- 
rant Q12; 318"-22 m south of plot 1 which hacl 
a plant cover of 70%. The smallest coastal die 
tance was 250 m to the southern cliff. The mil 
was ttphra sand with a dense vegetation cover 
primarily consisting of Hmkmjla $qblo id~ ,  Pan 
~ l m s b ,  S,ccimUiu aimflexre, C o c h h h  oflciradis 
and SidInria ~laerlia Lunar jwcw aiad h c s  taw 
tdus were nesting. 

Sax@1ing 
On July 23.' 1996, bulk samples each consist- 

ing of Aw sub-samples (36 cmy, a5 an) were mn- 
domly collected from tach plot. The samples 



WCI'C 1 1 1 i 1 ~ ~ ~ 1  i l l  ilirtigllt ~ I H s ~ ~ c  Ixlg~ i111~1 S ~ ~ I ' C I ~  ;I( 

5°C; I I ~ C , I I  nrrivill in Rr.)tkjavik thc f{,ltowing ctav. 

Soil ?*r~/)h.t~Iio17 
111 r~rrlc~. to i i ~ v ~ s ~ i g ; ~ ~ c ~  W I I ~ C I I  11~1ti ' i~ ' i i1$ 1f111it 

t l ~ c  micl-t>l>i;~l gtmo!vth, ;I rc*spir;~tini I cxpr.lnilnc~i l 

12~1s sct up. 2 g .samplrs r>l' sirvrcl s t ~ i l  (t'rcsll 
~srchigl~t, sicvc* mcsll s i x :  2x2 n ~ m )  nfrre pli~recl in 
1 1  t i  ml st*ntnl 31ot~lrs. Dililillrcl watrl- anrl ii~rtri- 
c n ~  s o t ~ ~ l i o ~ i s  contain i i ~ g  llaclorinl combin ;~ l ic~~s  
ol' C:, N and P wr3l-c. iltlrlrrl (i.c. 2" = K llr.;llinrnts), 
Distitlcd wn1c.r IV~IS ; ~ c I i l ~ ' r \  t o  tillill liqllicl \ ~ ) l t l l l ~ < *  

~ ) f '  1 .50 1111 111- Ililsk, ;lnrl finill ct)ncc~lrr;~tions in 
eiicli I'Ei~slr wct-r 0.278 M T; i ts  C,,H ,,Ill;; 0.1 IiS M 
hl as N1-l., NO:, anrl/nr 0.073 M P ar KH,PO.I t 
0.08H M P ils Nil, 1-1 I",, . TI1 is was equal t t ~  1.5 
rng C, 0.34 1 1 1 ~  N N;II(! /or 0.37 t i~g P ~ C I .  ~ I ' ; I I I ~  

so i  I (rr(*s11 1vttig11 t), T11rcc rcplici11 (4s 14~~rt- pi-e- 
p;lrrrl for c.;~ch or ~ l ~ c  tliroc soils. The swum hot- 
tlcs WCIT s < > i ~ l ~ t l  with 1 . i l l 3 l ~ i .  S L O ~ ~ I P I ~ ~ ~  anrl 1 0 ml 
; i t~i ios~~hcric  air was :ulr led in olnclcr. lo a\loirl l>iIl-- 
tial tractturn r l ~ ~ r i n ~  s;~mpli~lg. To p r c ~ c i i ~  any 
fixygml Iimi~atinns in the soil slun.l-y, thc Ilnslcs 
rvcril shakcn a[ nrodr~l-:~tc. sprerl rl111.ing tlic IH 
h o l ~ i  i~lculxiiifln pcriorl 31 t rot~m tempc.1-;I t 1ri-v. 

I-I~i~rlsp;lcc p s  snmplcs (0.5 ml) wcrr ~.oll(*c~ccl 
crrry 3-4 Iio1~1.s ;IIICI ;IH;II~SCCI t ~ i i  ;I gits C.~II.O- 

rn;1in~1.;11>h rq~~ippr r l  ~ v i l l ~  a TC:n i~nrl iI 1,8 m s 3 
in tn 1'01-npzk Q c.olumn np.c+r.;~rrcl ;rt 35°C:. 

IJil-rrt rnrr nlirtg of hn('tnin nnfl,[~tnfi.i 
Thrcr 1.rp1ici11 rs I'rnu~ rilcl~ 1311,~ wcrr prcpa1.- 

rcl fix clirrcr ct~timr~rntion o f  Ixlclcria ;mrl l i ~n -  
gal Iiypl~ac 1)y 1ixi11fi 2 g li-csh nil in 5 1111 0.4% 
l ~ ~ ~ + m i ~ l t ~ ~ * l ~ ~ ~ ~ l t * .  

k~ctrri ;~ wmmc stais~ccl ~vich i2ci~irli17r-01~111g~: 
(ilr~l>l)ic* P/ n?, l t l f7 ) .  12 100 111 s;lmp)c ol'tlie lixrcl 
suspension was arldecl t o  5 rnl ctilu~ccl srcrilr fil- 
1c1-cd ;~cciic xcirl (0.15 m M ,  pl-l=4). O n c  in1 Acr- 
idi~lc-oi.angr (0.5 rngllnl) rws ;wlrlccl to t l ~ c  II~IC- 
tc.~.i;il st~spcnsion, wliic!~ rvzs IpFr till. two miu. Thr 
S I I S ~ ~ I I S ~ ~ I I   IS filtcrr~l (111 t t ~  a l>ladi p c ~ l y c + ~ ~ ~ = l ~ ~ ~ ~ ~ -  
;IIP tilt r t- (pol-c-six: 0.2 i1n3) , R;~ctcl~-i;~ n~un~l~c~i-s 
wcarr= rl(=tr~~i~inr.rl I>?! rlircct cnlinting ~wiug  an epi- 
I l ~ ~ n r c s r ~ n r r  mirlr~scrq~t~ c-q~ ~ippcrl w i ~  li an c y -  
piccc griltir~llv (glxti~llles 14t tl. To~~l>r+iiFgth, 1.JK), 
'TIILL nlirnhrr. r,T l i r . 1 ~ 1 ~  i~lspcclccl pc t' E i P r  cr. wxs 30- 
50, ;mrl n niinilti~im or 2130 cclls ~vcrc. cou t~trcl. Thc 
l,ic~vc~l~i~ilc~s ( ) ~ l ~ l i i l ~ . ~ o ~ ~  )J/ 01, 1!3713) 01*21) cclls prr 
tiltcr wclr rstimi~wrl ~rl;ing a Ptla-~rm GI2 r.ycl~ic.cc 
p t i c u l c  (G1.;~1ic1rlcs l,crl, Ironllrir9gc, UK) , bar- 
~ c * ~ - i ; ~ l  I~io1t~;1ss-cat-l31~1i 1+21s ~aIc\llatetl rising 310 I& 
lnn" ;IS l~,ii~volun~c crmvcrr;ion litctor (Fry 19!)(1). 

Th[a Ii~ngnl llyphi~o wcrr sti~incd wit11 (:ill- 

r.l)flr>~~r-\vl~itc. (U'CS~ 19)HH). R H00 111 ~ i l ~ i ~ p l ~ '  01' 
rh r  Iisrrl si~sllr~ision w;ls i~~lclrrl lo 5 1111 strrilt' 
liltc'rrtl, rlisiillcrl watcl: ?i, 1h.c. Iiy1>1i;11 SII?;PI*II- 

sicjn 1 1111 ( ~ ~ l c t ~ ~ l ~ ~ o r - ~ ~ ~ l i i ~ v  ((;.[I ii1g/t111) I\liIV 

ZICICICCI. i111d th<: s ~ ~ s p ~ + l i s i o ~ ~  ~ V ~ I S  1~:Ii li~r. olir I I O I I ~  
i ~ t  I-orun I r.mpr.l-,lr~tn~. TI ~ r .  siuai plr \tfi~s Ii I I c ~ r b c l  

o r 1  Ltl ;I hl i~ck ~ I O ~ ~ S ~ I I ~ ~ > O ~ J ~ I ~ ~ ~  lillcl. ( ~ ~ U W - S E Y C :  0 . H  
{tm). 7 '11~  I~yl>IliiI Irnfllt~ Ijfi\s I I ~ C S ~ I ~ ' L ' ~  13)' 1 2 1 ~  

grid i~ i t (~ i ' s t*c~i~~g t11vt li(1r1 (Olsrt~ 1!350) tising :111 
c.l)iIll~o~.c*ser~iicc niici-cncopr c*q~ripl~ctl wilt11 ;I 

10x1 0 squa1.c.s c)rrbpircr ~ I - ; I I  ir I I I P  (jii-:~tic.~~lr.s Ltcl, 
T t ~ s ~ l ~ ~ ~ i ~ l g ~ ,  LIT<). TIIL* I C I J K ~ I I  OS iI 1i11r i11 t110 
gsirl, ;!I .5OOs ~ ~ l a g ~ ~ i f i c a ~ i o n ,  was 200 llm iu i r l  (i13 
grirlu rvrnrcI i ~ ~ s l r c t c d  pci' liltri: F i l n l ~ ; ~ I  hfoinnss- 
c;lrhnii {\!as c~sti~n;rlctl ;lssuir~ing i1 rlii~inctrr IIP 2 
\IIII, 311d ~ t s i i y  I30 SgC: pm-' ;IS con~r<*n~;ic>n f';~rtor 
(VUI V ~ C I I  tk l'a~ll 1979). 

So.il vr(risltr,r nrtd / ) I /  
(h- i~~~i~r~c~t i+ ic  IViItrV C O ~ I I P ~ I ~  IG~S c l t* l~ i -~ i~ i~~ce l  

i~l'lrl* rlr*?~ing 1Q-IS g soil fiw 24 11o11i-s at 105°C:. 
p1-1 was i n ~ ~ a s ~ ~ l . r ~ r l  it1 ;I s~tslwnsiil~z 1vi111 5,O g 
(l'14rsh wc.ig111) soil ;ulrI 1 Ornl clis~illrct ru;I tel :  T l ~ c  
sits~-j.c.nsicl~a w;~s sllalccu l i l t .  30 min ;111rl Iet'r 10 w t -  
t f i>l4  t l l i l l  F~t*li)t-(* 131-1 M?;IS ~TIC:ISII  I 'CC~.  131-1 \V;~S 

also mr;~~~~l-clr l  in c.rdl[*c.~ oil Ili lLsl rlmppings. 

SErtli%licr 
Dxr;t w c ~ o  :~nalyscrl ~rsiug a onr--\vily ANOVA 

or Kri1sk11-M1:lllacc ANOVA 011 l-ilnks i111~l Ti~kry's 
~tu~liiple r;ltlKr tcsts \vc13c: usccl m i ln i t l v s~  foi. sig- 
nif ic ;~nt  clil'rrrr.ncc.u bc.t\vccn tlic 1111-cc stjils. 

I t  i s  possible ttr lrsc thc liric*ar' incrc;tsc in  I I I  
(~ r~pi ia l ion  I-i1rt.s) cllll.i~~g 111t. cxpot~cntii~l pli:lsc8, 
3s 311 c%ljl3?il2r t h e  fil+~l c , l - ~ l t . l -  gl't)~t!l Wt ch tl l '  

t l ~ c  miclqol~iill I~iomiiss (Col(~rcs P I  ((1. Ig!I(j), Tllc 
Iiillc= i l ~ t ~ ~ l ' ~ * ; ~ ~  1 ~ ~ ~ 1 r l ' ~  r~gl-~*ssit)~l I I ~ W  lllcb lligh- 
r s t  I + ~ I I ; H ^ ~ *  is 11cc.d lo lilltl ~ h c  grnwl11 riItc8 ;ls thr* 
sIO]x= M i l  11 t i l ~ l i ~ .  ~ ~ 1 ' 0 1 4 ~ [ ~ 1  I'i1lt'S, FVI IP I I  c>~Ir~~[ ; l t iY~ 
this \v:I~, may rhuly Ilc v:~licl w l ~ r ~ r  ~hc* mirro1~i;ll 
growth yiclrl ctocs not ch;i~igc clt~ring thr prl-ird 
;I t1:lIysi~rl. 

Sign i lic;~ti r rli iT(~r.c~nc~ l>c.t\vr*ca~ Lrvo r-cg~.cssion 
lints rv;ls rcs~crl ilsing lllr T~tk~y-K~.i l~nt*~.  ~cst.  

Rpat~lls linonl t 11r s r a t i s t  ir;il ;~ri;ilyscs ;lr+c pl-('- 
s~Iltf2tl 31 Lht: ;713~11'~~ll'iil%t' Iiglll'vs illld l i l I l I ~ ~ .  

Sig~tlastat [illn Winr to~a ,  Vrl-sioll 2,0? li+onr SPSS 
III( . ,  we unrd to pcrlimn 111c sti~tistici~l i ~ u a l y ~ ~ l ; .  

11T:SLJl ,TS 
I f hrrc WIS ;I sigiiiiici~nt clirii~is~ncc. in llic witrtbl- 

contcnr in tl-tr. 1111.c.r* soils (Tczlllc I ) ,  Tlic Ix~r(a 
~ t l i l  ~lild tllr l+ f~ l l  (*Im, i 1 l l ~ I  1 1 1 ~ ~  s O ~ I  ~~1'0171 1 ll<a 

coli~ny. r v i l l l  111t> I i ~ r ~ c ~ t  plalr L I~iou~;lss, hacl rlic 



Tnhlc 1.8011 pH and mntent of sail wtiur (dw), ~tnnduld mwr In 
prmnttlesls. Mmna wlth di&rent Iruem we 8ignlficlintly dl2Temt 
(0ne-w~ ANOVA, p d . O O O I ) ,  

most water, pH in the bare sail and in the How 
kmya plot was 7,5 and 7,9 (Table 1). pH in the 
colony sail was 6.5 even though bird  dropping^ 
alone had a pH  of 8.0, The high content of 
ammanta in the guano (Bedard td d. 1980) pro- 
bably resulted In a high nitrification activity that 
reduced the pH. 

Initial respiration rates were very low in the 
bare soil and virtually unaffected by C, N and P 

R p r e  2. Snltbmte knduc~d reupirarian mtel in the bare plot 
(I), the Nunbnyn plat (I}) and 111 the btrd colony plot (c) For tlie 
falldng atnrndtnel~tp: ~vnter, C, N, P, CN, CP, NP and CNP, + 
standard ermr bars br h e  CN ~ n d  CNP Wrment. 

amendments (Fig. 2a). In the Honhya mil, sim- 
ilar respiration rates were slightly stimulated by 
the simultaneous addition of C and N, whereas 
added P had no effect (Fig, 2 b), The soil from 
the bird colony showed a marked increase in ini- 
tial respiration rates upon C addition alone, 
whereas addition of N and P had no additional 
effect on fie initid rate (Fig, 2c), This indicates 
that indigenous microbes in che Hwtkmyn soil 
and the soil under the bird colony were apable 
of increming their activity if supplied with a 
suitable subatrate, in contrast to the organisms 
in the bare soil that showed no such response. 

The maximal initial substrate induced respi- 
ration mte (SIR) has been correlated with the 
microbial biomass (Anderson & Domsch 1978). 
Using the CNP amended respimtion rates from 
[he first 5 6  houi-s, the estimated respiration in 
the three aoik were significantly different (Table 
21, The initial respiration rate in the bird colony 
soil and the Hmhya soil were 24 and 6 times 
greater than in the h e  soil, indicating a much 
lower active microbial biomass in the bare sail. 
The direct counting showed a significantly high- 
er bacterial biomass in the colony soil compared 
with the H d m j a  and the bare soil (Table: 2). A 
significant increase was also found in the hyphal 
biomass, which correlated with the increase in 
vegetation cover. The difference in Eungal bi* 
mass wsr~lted in large differences in the ratios 
between bacteria and fungi. The ratio was 1:l.h 
in the bare soil, but 134.3 in the H d m y a  soil 
and 1:15,2 in the mil under the bird colony. Due 
to the extreme nature of the bare soil and the 
very low regpiration rate, it was not appropriate 
to calculate the microbid biomass in accor- 
dance with the equation found by Andenon 8c 
Donuch (19781, 

The addition of C, N and P resulted in the 
largest respiration race increase (i,e, growth) far 
all three plots, but there were differences in the 
time elapsed More this effect became appar- 

%ble 4. lnillal aubstntc tllduced irsplratiun awes a h  M hoitm 
o l  incul1;ltion with CNP, ahncntlad c m r  in p r l ~ ~ n t h e l .  M!an~ with 
rliffe~mi letten within a iwv am significantly dinerent ( O n w y  
ANOVA and '"Kruskni-Walli~ ANOVA on rn~~ke, 1xO.Q011), 



vut. Thc hi1t.c soil rt~sponrl~cl slowly, wit11 a maxi- 
mal rt-spi~.ation raic thai ort.rrrrerl ;~l'tci= 27-34 
llcmrs. P 11 comp;irison, tl~r I -Jonk~l~ jw  soil amrl 1 lle 
hi rcF colr>n y soil atcainccl n mnximlunr rt:spii-ation 
rate d ~ r r  011ly 23 31~)~li-s. Intl~rctinn ol' growth 
1-cquircr1 the :~rlrlEtii~n ol' C as ~rcl l  as N in the 
~ ; I I - r  s o i l  a11(1 the l i f l l 7 1 f ~ ~ 1 1 1 1 1  s~lil (Fig. 2i1, 2111, 
~ h c r c n s  ~rowt l i  w;ls inrlt~cerl 11y C ; arlclilion 
alonc, LO ;I lwe i -  lmr coml~i~rithlc: 1r:vr.F ;IS round 
wit11 arlclition or C, N anrl I' in ~ I I P  soil ~lntlclr zlir 
hir-rl colony (Fig. 2c). 

Estiinating li rst ordcr growl 11 I-itt(! or t t ~ c  
iniri-c~hial hion~ilss (7';1blc 5 )  r ~ r  CN ;-II>c~ CNP 
arlrlitinn showctl thar g~*owlIl ;12 i1 r lr tcctahl~ IPV- 
cF hrp,r;lu i~rtcr. 3-7 I ~ o u ~ ~ s  i l l  ~ l ~ c  soil I inm the hil-rl 
colony, anrl ~ R e t -  8 1113111% in LIIC I ~ o I I I ~ P ? ~ ~ ~ ~ J ' w  soil, 
(;l.0t41t 11 in 111r I~are  soil I>cgan a h r  10- I I hours 
wit11 C:NIY ar l~l i l i r~i~,  and ; I E ' L ~ I -  17 11oul.s whcn 
only CN was nrlclcrl. T h e  gl't>rvtrtEl law wcrc. s i p  
ni f  canily lowcr lor the microhrs in thr. soil I'rorn 
thc hil-rl colony, corn pal-rrt with the micl.ohes in  
rhe clrl~c~. two plots (Tahlr 3) .  'Thr ilrlrlition (>I' P 
incl-r;rsecl growth r-atcs 11y 40-(iO% i i i  rhesr soils. 

A s s ~ ~ m i n ~ :  thilt a ~n i l~ imt tm 01'40% n l  ttlc ;Ins- 
imilnterl c;lrhoil h i d  hven rcspirccl into ~ h c  

h ~ i ~ r h p a c e ,  it is possihltn to ca1cul;ltc thc ~nnxi- 
1n:i l p r l rvn  taRe (st' gt~icose-(: tlli~t I I ; ~  h c c ~ ~  inin- 
rr;ilisecl hy thr mici-r)l~es (Vomney #c Pi~trl ICIHI). 
Tlic mici-ohrs in Ihr rnlony snil wt.~-r ahlr* t o  
u~ilisc 90% 01' 11ic arltlecl glurose-C ~ v i t l l i i l  24 
I I O I I ~ S  ~ 1 1 ~ 1 1  C:, N i~tltl  P \+TIT i~~lclt'cl (TxIJP I ) ,  
In thc Iionlr~rq+rr soil, 52% wc*rr8 111i nr*fi~lisccl, 
wl~c*~-p;~s l l ~ r  t~~ictnl,c.s in 111c 1~a1.c soil only Iniln- 

agvcl to ~ t l i ~ ~ c ~ ~ i ~ l i s ~  4 "Jo oI" ~thc adrlerl g111co~c-T: 
cl~tring 24 hottrs. This indicnlcs ~ I I ; I I  rFic mirt= 
ollcs i l l  t l ~ c  r111Iy alnc~~clr~tl  incul~at ions l'1n111 thr  
h i r~ l  colony wcrc* carholl linlitccl atccr. 24 hours. 

X1ISC:USSI ON 
I n  thc c i ~ ~ l y  sti\grs CIS pri1nal.y successiol~ 1 1 1 ~  

l ~ i i i l c l - I I ~  or soil fci-~ili~y rcqt~ir's t l l i ~ t  pl:111 t I I L I ~ I - i -  
c i ~ t s  arc rclaincrl within i he sysirm. Thc* i l ~ t c i - i -  

C I I ~  Cil l l  13c SIOI.CCI ill lllr snil SJS~CIII hy sorplion 
10 lhr orgillli c !Ilatf rl+ (11' \Vi ~ l l i l 1  tllr lTb~~lW~~l+gilll- 
isms. In t l ~ e  s;iurly t rphm soils of S~~r rs ry ,  rhr 
(+on r.11 t i) f '  or'giulic ru;tttur was cxt rcmely lo~v, ;IS 

3% r;lfinn ; I I I ~  0.3% nitrogrt~ M J C ~ ~ C  Soi111c1 in thc 
Iiwl rolon?l stkil, in crsnrlAast to (1.2% cat-l~on anrl 
no rlctcrri~hlr niln,~c>n E I I  soil without vcgc~~t i f ln  
(Frcdel-i kstv  pf 01- 2000), 

Tl~cl-c waq ;I signific;lnz i~icrrane in tllc total 
mic~uhial Iiomass rletrrminrcl as rlii-rct rolmts 01. 

;a SiR (luring t t ~ c  successinn. Thc sun1 d' hacrer- 
ial and litng:ll hiomass in zhr h i d  colony and tlir 
Sinnkrwllrr soils 1vcl.c 17 nncl 9 I ~ I I ~ C S ,  r~~prclivcly,  
Iargrr th;ln in Ilir. I>art3 soil. 'Tl~t~s thc~r  i a  ilcr- 
nlrtniice hehveen t i l t -  \%~~.ii~tir)n in ancl tnicl'o- 
qcopical 1~ioin;lss vstimi1rt:s betwcril 111e silts. Tllc 
cl ircct csli mirtcs of t'ttnk~tl ~ 1 1 ~ 1  hactcrial I>io!llibss 
s l ~ o ~ v r c l  I I ~ I  r1111gi totally C I O I ~ ~ I I ~ I ~ C ~ C I  111~ tl~icro- 
Ilia1 co in t~~uni  t lrs in t l ~ c *  11101s 1vit1-1 vc*gc*t;iticln, 
wl~erca;ts Ix~crcria comp~.iscrl 413% rd' [IIP ~nirl.ol)ial 
hiomass in thc harp soil, 'l'lic input of l~li1111 rle- 
Iwis ~~EIVOLII 'S  1 i111pl  rlccoinpnsiiic>n as in thr  Idon- 
kmjw srlil, 13111 the arldiciot I 01 casy clccompos;ihle 
n l a ~ t r r  s~rt-11 as I>il.tl rli=oppings also l'acilitalcs I~ac- 
rcrial gl-rnvt 11, This cor~lrl c.xpl;~in 111c I-clntivcly 
lower bactrl-i;~l:Ii~ng;d ~ x t i o  in thc hil.cl ctllcmy soil 



(115.2) compared with the H o d m p  plot 
(1:34.8), whereas the funga1:bacterial mtio in the 
bare soil was much lower (1:1.4). 

The exponential growth ram with CNP addi- 
tions were significantly lower in the colony mil 
than in the two other plots. This implies chat the 
microbial, cells in the colony sail were relatively 
slow in asimilating the added nutrienh, cam- 
pared with the equivalent miciabid biamnsa in 
the H&nya plot and in the bare soil, This indi- 
cates char the microbial community had a difkr- 
ent srructure in the Werent aiteil, since it is con- 
sidered unlikely that micronutrients are more 
limiting to microbial growth in the bird colony 
soil than in the hare sail and H&p soil. 

Communities, which are dominated by bacte- 
ria would be able to perform exponential growth 
in response to a sudden input of nutrients and 
thus exhibit a faster response than would a 
community dominated by fungal hyphae with a 
mare linear growth pattern. The bird colony 
sail, with the highest fungal biomass, also had 
the lowest growth rate as compared with the two 
simpler communities. This could indicate that 
h e  microbial communities in the H d q a  soil 
and in the bare soil were dominated by r-strate- 
gho, whereas the bird colony sail was domillat- 
cd by a mixture of r- and K- strategy microbes, 
which corresponds well with the theories on 
succescrion (Odum 1962). 

Carbon was the primary limiting factor for 
microbial activity and growth in both the Hon- 
h y a  sail and the bird colony soil communities 
at Surtsey, as In mosl decomposer communities 
(Swift d ab 1979). Carbon was able to stimulate 
activity but not growth in the bare soil cammu- 
nity, and the overall respiration rate was very low 
in the bare soil as compared with both the 
calony mi1 and the Honhys soils, The Iwel of 
available nutrie~~ts w a s  unusually high in the 
bird colony soil, since addition of carbon alone 
could induct an initial growth responae similar 
to the response when carbon and nitrogen were 
added, Tlze effect of N and in part also P was 
secondary, and addition of N and P resulted in 
an increased and prolonged growth response, 
but only whe~l these nutrients were supplied in 
addition to C. 

A depletion of the organic nutrient wKlurce 
could explain the decrease? in growth rate at late 
stags of the inoculation (Stotzky 8c Norman 
19641, In the colony soil and H m h y a  soil with 
C, M and P addition, 52.90% of the added C 
mineraliscd after 24 hours, Growth also de- 

creased in the bare soil during the late s h e s  of 
incubation with C, N and P, but in cht case less 
than 5% of the added C was rnineralised. There- 
fore, a ther explan ations than reduced carbon 
supply, far example production of inhibitory 
substances and/or depletion of micronutrientti, 
were probably involved in the reduced growth 
rates in the bare soil. 

The capacity of a soil community to utilke 
and store a sudden supply of nutrients has been 
important for the dwdopmenr of the Surtsey 
ecosystem. The ability to do so depends on the 
specific growth rate of the microorganisms corn- 
billed with the response time and the standing 
biomass of the micmbial community. The high 
growth rate of the microbes in the bare soil 
shows a great capacity of the cells to retain nutri- 
en& when available, and tllis adaptation is prob- 
ably important for the accumuhtion of nutri- 
ents in the bare soil. But despite the higher 
growth rate, the d c ~ b i a l  community in the 
bare sail may only be able to tttitise a minor frac- 
tion of a sudden nutrient input such as a bird 
dropping. The long time intervals between occa- 
sional bird droppings or inputa from other 
nutrient sources prevent the formation of a suf- 
ficient microbial biomass, allowing the bare sail 
to efficiently immobilise the nutrients in a bird 
dropping before the nutrienrs fire lost, In spite 
of the lower growth rate, the microbes in the 
colony soil have a great potential far utilising a 
sudden nutrient input as this community hias a 
much higher standing biomass, and therefore a 
higher net-production rate, Howwer, here the 
microbial capacity to stare nutrients may be less 
important, due to he high concentration of sol- 
uble nutrients available for the plants. 

During the more than 30 years that have 
elapsed since the eruptions began, a new ecmp 
tern has evolved on Sur~ey. Bacteria were estab- 
lished early on h e  island, even before the erup 
tions ceased (Ponnarnperuma ei ak 1967). In the 
following years life forms colonised the moist 
areas near the thermal vents and in cmbrs, in 
what Schwabe (1971) called the o m s  of ecqen- 
egis. Our investigations indicate that the birds 
currently may be the single mast important fnctor 
for the further development of the ecosystem, as 
the level of microbial activity is significantly high- 
er compared with the simpler communitie~. 
The potentially k t  growth of the microbial 

community in the bare soil is a mechanism 
evolved m rerain Introduced nutrients within 
the system for eventual tlzse in plant growth, The 



small biomass of microbes in the bare soil and 
the low ability to store nutrient3 result in a very 
slow accumulzttion of organic matter in the bare 
soil, however. These resulcs show that the estab 
Iishment of plants in the bare areas an Surtsey 
is still strongly limited by the low nutrient status 
of the soil, 
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