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Introduction 

On the 14-th of Noveinber 1963 a submarille 
eruption began approximately 20 miles off tlie 
south coast af Iceland. I t  created an island, 
Surtsey, which has become well known both 
axnong scieiltists and the general public. This 
eruption coiltinued in different places on aiid 
around Surtsey until in July 196'7. Two other 
isl;tncls were created a few huiidred meters east 
;nid west of Surtsey itself but they both dis- 
appeared after those e r ~ ~ p t i o n s  ceased. Surtsey 
alone remains and .c\iill remain for an unforesee- 
able future. 

This new islaiid inimediately caught the in- 
terest o f  scientists, xvho l'ound their ;I unique 
opportunity to study both geology in the making 
and the settlemelit of life on a relatively sterile 
piece of land out in the ocean. Scientific st~tclies 
have since co~ltinued with the emphasis changing 
some~vliat from geological studies to the I-~iologi- 
cal side when the volcanic activities ceasecl. 

In  order to strengthen and coordiilate tlie 
scientific work, the Surtsey Researclx Society 
was formed. T h e  Society has built a research 
station on the island, placed a guarcl and an ass- 
istant out there during the summers, ol)t;~ined 
I'ui~cls Cor the scientific studies, coordinated trips 
to the island and in inany other ways promoted 
the scientil'ic work. Progress reports have ;~lso 
been collected every year from every scientist 
~vorlzing oil or in conrlectioil with Surtsey ancl 
these are being published by the Society as the 
Surtsey Research Progress Reports. This one is 

tlie fifth in that series. I t  covers the work done 
in 1968. 

Previous reports have beell miineographecl. 
But with increasing deinand lor quality, especi- 
ally because of pictures and other illustrations 
aiid also in order to meet the increasing deinand 
for these publication3, i t  way decided that this 
report shoulcl be printed. 

T h e  st ientiEic work on and connected ~ v i t h  
Surtsey wo~lld not have been possible without 
support and assistance lroin several sources, srlcll 
as the Icelandic Govelnlilent and researcli insti- 
tutions, the Icelandic CIoast Guard ancl many 
others in this country. Also, financial supporl 
has been received, as previously, krom variou, 
Loreign agencies, especially, T h e  1J.S. Atomic 
Energy Cornmissioi~, T h e  U.S. Olfice of Naval 
Research, and T h e  Bauer Scientific Trust. All 
of this is highly appreciated. Finally, one must 
have in mind that the Surtsey resenrcli program 
has been made possible primarily by the ~lnself- 
isli ~vork of many scientists from It elancl and 
lrom abroad arid their fine cooperatioil. 

Much has already been learned on Surtsey, but 
there is Inore to come, if the ~vork tail be con- 
tinuecl until a balance has been reached in the 
island's development. We trust that this will be 
possible with coiitiilued understanding oC tlie 
lrnportance of this tlnique opportuility for stud- 
ies of environmental developmel~t and as~istance 
troll1 It e1,lnd and a111 oad. 

For T h e  Sr~rtsey Research Society 

Sieingr.imzcr Hermannsson 
Chairman 
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Marine Fungi of Iceland: 
A Prelin~ inary Accourl t of Ascomycetes* 

BY 

A. R. CAVALIERE 
Dcl~ar tment  of Biology, Gcttysburg Collegc 

Gcr tysb~~rg ,  Pennsylvania 17325. 

T h e  mycological portion of the total biological 
research effort o l  the Surtsey project has ernpha- 
sized a survey of the inarine mycoflora on the 
mainland ol  Icelaiid itself as a necessary pre- 
requisite to ecological studies on Surtsey. 

ASCOMYCETE FL.ORA 
T h e  present list of inarine asconiycetes repres- 

ents collections inade from 1965. All species 
found represent nery records. T h e  chiel collect- 
ing sites have been on the southwestern coasts 
(the Reykjanes Peninsula) arid on 1-Ieirnaey, the 
largest island of the southern Vestmannaeyjar 
chain. Since distributional data are constantly 
being added as new collections are made, there 
is no effort, in this report, to include precise 
site information or implications thereof. 

1. Arnphisphueria marilima L,irider. Twenty 
collections. 2. Ce?~iospo?.op.sis hudima Linder. 
Forty-two collections. 3. Corollospora conzala 
(Kohlm.) ICohlmeyer. Six collections. 4. Corollo- 
spora rncx?.ilirna Werdeririann. Three collections. 
5. Halogwign.a?-dia sp. A single collectioi~ on clrift- 
~vooci from the bay at Hafnarf,jorclur. 6. Halo- 
spl~ae?-ia appen,dicz~Lnta Linder. A single collec- 
tion on driftwood froin Grindavili. 7. Halosl~haer- 
ia circ7~mvestita I(o11lmeyer. 8. Halosphaeria 
n7,ediosetigel-n Cribb Sc Cribb. Three collections. 
9. Halosplzae?~ia to?,qzlala ICohlmeyer. A single 
collectioii on driftwood from Sandgerdi. 10. Halo- 
sphael-ia tz~21z~li[e?.a ICohlmeyer. Common on 
clrift~vood along rocky shores. 1 1. Le~ztesco,sf~o?~a 

* Surnmaly of a rep l in t  Ironl MYCOI,OGIA, Vol. LX, No. 3, 
p p  475-479, May-June, 1968. 

sz~brna,uina l~,inder. A single collection from 
Grindavik. 12. Leptosphaeria alhopfsnciata 
(Westendorp) Saccardo. One collectioii from 
I-Iafiiarfjordur. 13. Leplospha,eria cliscors (Sac- 
cardo & Ellis) Saccardo & Ellis. Common on 
clriftwood. 14. Lefjlosfihaeria orae-maris Linder. 
Three collections. 15. Lignin,cola laevis Hohnk. 
Eleven collections. 16. Lzrl7uorllzia rnedz~sa (Ell. 
& Ev.) Cribb & Cribb. Seven collections. 17. 
A4n~inospora calyptratn (Caval.) Cavaliere. A 
single collection of this iisngus has been found 
froni ICeflavik. 18. Pleospora sp. A single, un- 
identif'iable species from rocliy shores in the 
vicinity oli Reykjavik. 19. Remispora liarnala 
(Hiihnk) I<ohlmeyer. Four large collections. 20. 
12e,rnispora rnarilinza 1,inder. Two collections on 
clril't~vood. 21. Rernispora ornam .Johnson & Ca- 
valiere. A sirigle collectioii from waters near 
Reykjavik. 22. 12emispol-a pilleata ICohlmeyer. 
Three collectioiis. 23. Sphacrulina orac-mnl-is 
1,inder. Two collections. 24. Sfihne?,f~lina pedi- 
cellaln Johnson. Two collections. 25. Zigncelln 
e?zormis Patouillarcl Sc Hariot. Tnro collections. 

SUMMARY AND ACKNOWLEDGEMENTS 
This paper reports, for the first time, 25 species 
of marine pyrenornycetes from Icelandic waters. 

Support by the United States Atomic Energy 
Coiiimission, contract AT-(40-1)-3556, aiid the 
National Science Foundation, graiit GB-6447 is 
ackno~vledged. I am grateful to personnel of the 
National Researcll Council of Iceland and to Dr. 
Eythor Einarsson of the i\/Iuseum of Natural 
History of Iceland for assistance and encourage- 
ment. 



The Colonization of Vascular Plants 
on Surtsey in 1968 

klli'l'l-101) O F  INVESTIGATION 
As in  previous years, botanical investigations 

wei-e carried out on Surtsey during the sunirncr 
o l  1968. Continuous ol-~servatioris were per- 
f orlricd cllrrir~g t lie lxriocl lroirl April 16 to May 
10 arlcl J u n e  to September 17. Frorrl June  1 l and 
througlloiit i-\llgust trvo stitdents, Sigurdul 
l i ic l~ter  and Ag6ut 13. Rjan~;~son,  were engaged 
in recordirig the t oloni/,ltion 01 v:lscul,~~ l>l:unts 
on the island. 

I3;lily tonrt ol i~ ispe~t io i i  were nl;~cle and the 
rloitlierrl palt 01 tlie island n7as especially iii- 
vestigated. As new individuals were lound, tllrir 
lo(  tioi oil ;mcl stage 01 growth \\rere recorded :tnd 
their progr css 01 clevelop~nent Sollo~vecl d ~ u  iiig 
tlir su~nlr ic~ . As desciibed in last ye'ir'5 ic l~or t  
(Starl;~ I;ridrilzsson, lZjiiri1 ,Johnsen, l!)(i8), every 
11lnr1t w,is Inar lcecl wit11 a stalce be,~ring a ~ t u i ~ i h c r .  
T h e  positions of ;ill plants were then plotted OII 

;11i ael ial photograpl~. Photogl,tplis were 5iluilarly 
talien of indiviclilal p1;ults lor iecorcIi~rg p a r p o w .  

A grid had been rtlappecl ovel the isl;lnd 1~it.h 
t lieclzers t h ~ t  rvei e itlelltifiecl nu~r~er i e  ally ' ~ n d  
a1pl1;ll)etic;tlly. This is sho~vn on tlle accouipany- 
ing 111,tp. Fiotri the giid lour lixecl quachates were 
selected lor a   no re c le t~~i l~cl  a~icl a long tcrrn 
examir~ation. These qu;ldrates Iverc selected ill 
siiclr ,I rimy tliat they ~\~oulc l  represe~lt the  fort^ 
typical s1t1,strntes fonncl on the isl;111<1, i. e., trkll, 
old lava overlaid 1\7ith cinder, new b;ue lava, ai~cl 
1)eacli sand. T h e  fottr respective q~i;~duatet  are 
m,lrlced D l I ,  J 3 ,  1Cl8, ancl FIT,. 

Tlle nature ol  the various sttbstrales has pre- 
viously been clescribecl and a more cletailed cle- 
scriptioil given ot the lixecl c-juadrates. T h e  topo- 
giaphy of the i5land ill general is, ho1\7ever, con- 
stalitly chaliging. T h e  tufl ancl cinder cone is 

gr;ldually eroding, aild so is the lava on the 
southern shore, ~vhere;ir 011 tlie iiorthern side o l  
the island the loose, eroded 1r;tgments contiiiue 
to build up a coastal strip. T h e  new lagoorl (la- 
goon I1 on the map) way t h ~ ~ \  lillecl up during 
tlie wiiiter of 1!)68-(i9, ant1 the old lagoon (121- 
goon I )  is getting corisicleral~l y smaller. Organic 
rn;lterial is const;~utly bc-ing rvasbecl ,~s l~ore  in the 
l o l ~ n  ol sea\\reed, diiftrvood, and various ~crri'rins 
of ~ n ~ i r i n e  organisms, ; t i~d tlic se;tl)ircIs continue 
to lcrtilize ~ v i t h  their excreta. In  that respect the 
substrate is l>ecoi~ii~ig mole sitit;tl)lc lor p la~ l t  
gro\vtIi. 

DESC~R11'~I'ION O F  VF,(;I<'TA'l'ION 
111 l~revions repol ts the colonir;~tioir ol vasci~lar 

plants on Snrtsey 11;~s bee11 dc-sci il~ecl lronl yc;rl- 
to year since 1965, rlilie~l 30 p1a11ts ol the species 
( ; ( z I < L L P  P ~ P ? I ~ ~ I ~ N  '~VCI-e fotxnd g~ owi l~g on the 
~lortherli shore (E14). 111 19(i(j only 5 v;~scular 
pl;tnts were discoverecl on the island, and in 1067 
tlic total 11itrn1)ei- 01 v,urtular plni~ts was 52 ol 4 
spc" ies, beside t ~ v o  tpec ies ot 13ryol117y/c~. 

Daring the sitir~rnei ol l!)68 the number ol vas- 
c~ilar ~,l;tlits that \\rere retordccl rose to 114 indi- 
vic1it;tls ol 4 species. These ;ue listed in table I, 
\\1itli location, (late oL clistovery, ailcl t hc maxim- 
illn stage 01 developme~~t .  

? 7 I 11e four species cliscoverecl ailcl i~idividt~;tl  
niiir11)er ol' plants rlierc as follo~\rs: 

N o n k ~ n y n  fx.ploidc.5 (103) 
filyrnlcs a? ~ n t ~ r i u c  ((9 
i\/lcrle?z.~icx natirililntr 
U?ziclenti\ied 

(4) 
(1) 

l ' l ie  nilidentified plant may have been a small 
seedling 01 i\/la/re~a?iu maritima, .i\rl~ictl is new to 
Stutsey. ' Ihe  rest of the species have pleviously 





TABLE I 
List of plants found on Surtsey ill 1'368 

No. Species 

Honclrerzya peplortles 
Hoilc1ten)ra peploirles 

Maxiin~irn stage of growth 

2 branclles wit11 8 leaves 
1 stern will1 10 lcaves 
1 stern ~\litli 8 leaves 
1 stcln will1 10 1c;lvcs 
Cotyletlons 
1 stein rvilh I0  lcavcs 
1 stem w i t l ~  5 leaves 
1 stem rvith 8 1c;rvcs 
1 sleln n'ilh 10 leaves 
1 stem wit11 6 lcavcs 
1 stern ~vit11 8 leavcs 
1 stern  ill^ 10 lcavc~s 
9 lcavcs 
1 slenl rvitll 8 leavcs 
1 stein with 14 leaves 
1 stcnl .rvilll 2 leaves 
1 stem ~uil11 10 leaves and  2 coLylcdorrs 
3 I~r;lncllcs with 30 lcavcs ant1 2 cotyleclor~s 

1 stern with 14 1e;lves 
1 stem wit11 8 leaves a i d  2 cotyledons 
1 slcrn rvilli I6 1e;lves 
1 slern with 8 1e;ives 
I stein \\'it11 8 1e;ives 
1 stern with 12 lcaves 
1 stern with 14 leaves 
2 lcaves 
1 stem wit11 12 1c;rvcs arlcl 2 col.yletlons 
5 l)r;~nclies willr 34 leaves 
9 1c:rves 
1 stem with 18 leaves 
1 slcin  villi 10 leavcs 
1 stem rvit l~ (5 leaves 
1 stem wit11 I2 leavcs 
2 branches ~ v i t l ~  28 leavcs 
1 slcrll will1 12 leaves 
1 sten1 wit11 10 leavcs and 2 cotyledons 
1 sf ern rvitll 18 leavcs 
I stcln rvith 17 1c;tvcs 
1 stein ruilll 12 lcavcs 
2  I,rancl~es wit11 20 lcavcs 
I stern rvilli 6 1e;rves 
1 steln rvith (i 1e;rves 
1 stem rvitll 2  lcavcs ;tnd 2 cotyledons 
1 stem ruith 2 lcavcs 
1 stem rvilll 4 lenves 
1 stern rvit11 6 1e;lves 
2 leaves 
1 stern .cvith 7 leavcs 
2 branches, 14 leavcs 
2 brancl~es, 29 leavcs 
1 stem, 4 leavcs 
1 stern wit11 4 leaves aiicl 2 cotyletlona 
I stcrri will1 10 1e;ivcs 
1 stern wit11 10 lcavcs 
1 stem wit11 10 leaves 
1 stern rvith 10 leaves 
I s t c ~ n  witlr 10 leaves 



No. Species 
Date of 

Lo~at io i l  discovery 

J 18 3117 
J 18 3117 
J 18 3117 
J 17 3117 
J 17 3117 
J 17 3117 
J 17 3117 
F 14 3117 
l7 14 3117 
E I 3  3117 
E 13 3117 
K 17 3117 
I, 18 3117 
1 18 3117 
1 1 8  3117 
1 18 3117 

E 12 3117 
I3 13 1.118 
E 13 1418 
E 13 1418 
G 16 1418 
1 18 1418 
I 18 1418 
L 17 1418 
I< 17 1418 
IC 17 1418 
1C 17 1418 
IC I8 1418 
K 18 1418 
K 17 1.118 
K 17 1418 
I< 18 1418 
I< 18 1418 
F I6  1418 
1 18 1418 
I I 8  1418 
F 15 1418 
F 15 1418 
E 14 1418 

1 18 2818 
E 12 2818 
E 12 2818 
E 13 2818 
G 16 2818 
G 16 2818 
C 16 2818 
E 13 2918 
E 13 2918 
I, I 8  2918 
G 1G 2918 
U 14 2918 
U 14 2918 
D 14 2918 
D 12 2918 
D 12 2918 
E 14 2918 
E 14 2918 

M a x i l n u ~ l ~  stage of growth 

1 stein 1vitl1 8 lenvcs 
1 stem mitli 2 lcavcs 
I s t a n  witli 4 leaves 
1 stern witli 8 leaves 
1 stem with 8 lcaves 
I stein xvitli 2'1 leaves 
1 slein with 12 leaves 
1 stel11 with 10 leaves 

1 steln with 8 leaves and  2 coLyledons 
I stcln wit11 6 leavcs 
I stem wit11 G lcaves 
I stelll with 14 lcaves 
1 stern ~ r i l l i  12 leaves 
I stem with 8 leaves 
5 lcaves 
I s tc~il  with 10 1e;tves 
I ste111 'ivith 10 leaves 
1 stem xvitli 10 leavcs and  2 cotyledons 
1 stern with 5 leavcs 
I stem witli G leaves aiitl 2 cotyledons 
1 stet11 will1 6 le;~ves 
2 brailclles wit11 4 lcavcs and  1 cotyledon 

1 stern will1 12 leavcs 
1 stem with 20 Icaves 
I stein will1 12 leaves 
I stelrl ~v i t l l  14 leaves 
1 stein ~vi t l l  8 leaves 
1 stem 1vitl1 8 leavcs 
1 ste111 wit11 G lcavcs 
1 stem wit11 12 le;~ves 
4 lcaves 
I steril xvi th 13 leaves 
1 stelll ~ v i t h  4 leaves 
2 1)raiiclies ~ v i t h  8 lcavcs 
7 leaves 
4 1e;rves 
1 stem wit11 l(j leavcs 
4 br;~nclies wit11 29 leaves 
1 stern ~ \ ~ i t l i  6 le;tvcs 
3 leaves 
1 stem ~\ritli 4 leavcs 
I sten1 7~i t l l  G leaves 
1 stcill xvith G leaves 
3 branches with 28 leaves 
1 stem wit11 10 lcavcs 
1 stem 1vit11 8 Icaves 
1 leaf 
Coty lcdo~~ous  
1 stelm ~vi t l i  4 lcavcs 
1 leaf 
1 steiu !villi 16 leaves 
1 stem ~ ~ i t 1 1  12 leaves 
1 stell1 ~ui t l l  6 leaves 
I s t a n  with G leaves 
1 stem with 6 leaves 
I stciil with 8 leavcs 
1 stclil with 4 leavcs 



been found growing on tlie island. These are all 
perenriial species common on the coasts of Jce- 
land. 

T h e  location of growth was, ;IS in previous 
years, the coastal area on the iiortheastern shore 
of Surtsey ~vliere in fact tlie beach is becoming 
rather favourable to plant colonization due to 
the organic material ~vaslied np from the sea that 
is deconiposing ailcl mixing ~vitli the sand. 

T h e  majority of the illdividual plants grew 
from seeds that apparently were ~vashed up  by 
the tides, as a number of plants were foniid grow- 
ing in line at the high-tide mark. One plant of 
E/yrnzc~ u ~ r n n ?  iu5, in q~~aclrate F15, hotvever, 
over~vintcred. T h e  distiibution 01 plants dilferecl 
lroin last year's in the lact that more plaiits were 
louricl on the lava meas, ~vliich have partly beer1 
covered -cvith dril ting sand. Thur  the lixed quad- 
rate 1<18 which Tvas bare in 1967 no~lr had ;I 

colony of 18 FIonckenyn plants. 
It is iiotewortliy tliat no Cuhile plaiits were 

round in 1968. Crxkile edentz~lu was tlie first vas- 
cular plant to co1oni;le Surtsey and in  1967 it 
flowered and bore rnatured seed. T h e  species, 
1\7hicli is an annual, thus had an advantage over 
others iri liavirig ~nultiplied locally. Ho~vever, 
iione 01 the local seeds axid no ne-cv seed succeeded 
in gro'i~ii~ig in 19(i8. Or1 the other hand, plaiits 
of Hon(l.ce?zyrl peploides cornpletely dominated 
the coloiiy of 1968. T h e  first plant was observcd 
grolvirig fro111 seed June 8th, and new seedlings 
kept on sho~viiig up till inidclle of August. These 
young plants rernairiecl rathei small aiid did riot 

develop ariy flo~\iers. Of the six Elynzzu inctividu- 
als found, tlie plant tliat overwintered in F15 
cleveloped to form nine leaves. Others apparently 
grew from seed and remained smaller. None of 
the four 1\4el-len;\ia plants reacliecl beyond the 
seedling stage. 

MOSSES RECORDED ON SCJRTSEY 1968 
011 the acconipanying map are also slio~vii the 

locations ot niosses discoverecl 011 Surtsey in 1968. 
These .c\7ei-e identified by Bergth6r Jhhannsson, 
01 the Museum of Natural History, Reykjavik: 

Species: 1,ocation: 
Leptobryu~r~ pirilortnc (I-Iecl~v.) TVils By lava cratrr 
Pohlia bulbifern (Warnts.) Warns[. By lava cratcr 
Ilryuna argenturn I-Icdw. Edge ctf n e ~ v  lava 

illid lava crater 
ZTuizaria hygroni,cLricn I-Ieclw. - 
Ceratoclon $urpure,us (I-Ictl~v.) Brid. 0 1 1  lava along w. Ilryuni 

No lichens have as yet heen Eo11iid gro~\~ii ig on 
the island. 
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Records of Drifted Plant Parts on Sutsey in 1968 

I)ur i~lg  t l ~ c  surnrner ol 1968 rc.toids were 
nritdc, ;ts in previous years, or various plants that 
had driltecl upon the island. l l i i s  sholxlcl ieveal 
\vh,t~ slxcics might 11;tve a chance lo to1onii.c the 
is1;111d via OCC';II~ clispersal. '1-11c floating di;lsporcs 
call l)e ill the lor111 of seeds, or ally other living 
pl;t111 l ~ t l t s ,  ~vhich arc .iv;islied up011 the s h o ~ o .  
So inr all the vasc~~lar  pla~its  011 the islantl Ilnvc 
grolvt] Irolri seetl, b ~ ~ t  il conclitions arc I'lvo~ll;~blc 
ollrcr plal~t  parts may ]lave a t l~ance  to survive 
the o( c;tn t1'111sport ;111d tnltc roots 011 the islnnd. 

'I'he sllolcs ol Surtsey were thus inspec led lo] 
drif tcd pl;ui t rnntel i;tl du r i l~g  the reseal cli period. 

Froin this i ~ ~ a t e r i ~ ~ l  sarnples were t;~kcii lor vi- 
;tbil ity tests. 

' rhe  plan1 parts ol  tllc va~ious  v;tscular species 
recorded are listed in Table I, with dates 01 01)- 
servation ancl the part discovei ed. Tllese v;ls( trl;tr 
plants Jvere of 15 species, l)ut, it) ;ldclitiol~, var i- 
oils ;tlgnc nie coiist;lirtly l)eing ~vasllcd asllore. 

O n  April 27t11 a thall~ts of ;I lichen 1 ~ ; ~ s  dis 
covered, ;tnd on May 5th n I)ranr(h ol' nross \v;ls 
1 ccordccl. 

v 3 

I 11e v,~scrrl;ir plant pa1 ts .i\!ele lrlostly ol the 
same species as disc overed in p rev io~~s  years. Nine 
oi tllc species ,Ire iound growing on tlre ilrig11- 

Fig. 1. A tuft of Festuca rubra hangil~g over the cliffs of Siilnaskcr. T h e  rock of Gcirfttg1;tslter and Surtsey erupting arc 
seen ill tllc tlistance. Photo: Stln.1;~ I'l.iffrikssoll. 



boiuring islands. These are rnarlzecl with an ast- 
erisk in the table. T h e  remaining species are 
either found growing on Heimaey, the largest 
member of the Westman Islands, or on the 111ain- 
land of Iceland (see map). 

As in previous years species coinlnoil or1 the 
neighbouriiig islaiids are most abundant in the 
drifted material which indicates that the incicl- 
ence of dispersal is mostly influenced by the dis- 
tance froin source of plaiit material, and its avail- 
able quantity. Thus Cochlerin officina1i.r and 
Festzica rzsbr.n were most frequent in the drifted 
material, both being common species on the 
neighbouring islands as well as on Heirnaey 

(figure I) .  Parts ot Betlrln piiDe5ce?z~, Empelrurn 
nig7 urn, and H z p p l ~ r i ~  vulgaris must have de- 
rivecl from the mainland ol Iceland as these 
species do iiot occur oil the Westman Islands. 
Parts of such species can easily be tnrried trorn 
the interior dox\~n by the rivers and then driit 
over to the islands as seecls or other lloating plant 
parts. I t  is interesting to note that seeds ot 
Cnkile eden l l~ la  weie discovered among the 
debris on one occasion, although that species xvas 
not touiid gron~ing on the islancl during the 
summer. It remains clitti~ult to explain ~vhy  this 
species, ~vhich previously had been most al>tund- 
ant on Surtsey, did not t oloni7e in 1968. 

ISLANDS 

(O Hellhsey 

- 63'20' ') Geldungur 
6 3' 20'- 

\Sti lnosker 
> 3 n 5  
L - - I 

k m  

Surtsey 

21' 1 30' ~- 21' 120' 

' Geirfuglasker 



Species ailcl plant parts recorded dirfted ashore 
on Surtsey in 1968 

Species % 74 134, 1y7 1% 1% 1% 3% 
*Arcl~a?lgelicn officiiznlis Se 

*5lellalict rr~erlia 
- - 

13 - Branch 
I - Inflorescel~cc 
L - Leilvcs 
R - Iloots 
S - Stems 
Se - Srecls 

* - Fot~ntl  on IIeirnaey 
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Seed Dispersal by Snow Buntings i11 1968 

1% Y 
STUIII.,A FRIDRIICSSON 

7 ' 1 1 ~  Agrict~ltural I<esc;~~.ch Instit utc, Rcykjar~ik 

Migration o l  birds cluri~zg the spring \\Jar 
again observed on  Surtsey in 1968. In a p r e v i o ~ ~ s  
report (Fricliiksson ancl Sigurdsson, 1969) il ~vas 
clernonstrated that S~xrtscy oflered a ui~iqlic 
opportuiiity lor stuclying the possiblc role pl<~yecl 
1)y biids ill transporting seed. From the birds cap- 
tured ill l!l(i7, ho~vever, only sno1\1 b~n l t i~ igs  
seemed to be seed carriers, as ten of the 32 snow 
b~il~tir igs caught had a total ol  87 seecls 01 variorls 
species in tlieir g iz~aid .  Follo~\rillg ;1 gcrmiization 
test two 01 these seeds were grown to maturity; 
these were Polygonz~n7 peraiccrg icr I,. and (( '(1 c.x 
n t g ? ~ .  (C. f u ~ t u  All.) See Fig 1. 

111 1968 the capture of inigrntiilg birds n7,1s 
repeated. Three assistants 9tayed on the islalid 
dl~riiig the period April I(i  to May 10 ;lizcl 
t ollec tetl over 200 bircls 01 vnriolls spec ics. 

T h e  bilcls werc dissected and tllei~ alimentary 
tract5 cleaned or content. This  content was the11 
inspet ted lor organisms; ~ { ~ h e i i  seeds were present 
these were classifiecl ancl tested lor genni~iation. 
'The grit froln the g iz~ard  ~ v , ~ s  in5pectecl 101 

minerals ~\rhich miglzt reveal its origin and ~1111s 
the possible locatioil oC tlze List foocl intake. 

01 the 200 birds caught, only five were 
bnntings 01 tlze noiniriate rate P l ~ c i )  o p h e r l ~ x  
)1271clLis nil/aLis ~vhich is llot native to Iceland but  
llliglates via Icelancl to (;reenlancl from the 
British Isles. Four ol tllese 1)ircls were lound to 
c nrry seed ill their alirne~italy tr;ic t. As in 
previous years the seeds were lotuid in the g i ~ ~ a r d .  
No other I)ircls carlied seed. In table 1 the 
n1111il)er o l  seeds ol)t;~iizecl are listecl. 

Fig. I. Cnrex f l~sctr  (Icft) and P o ~ ) ~ ~ o I ~ ~ ~ I I z  p e ~ s i c a ~ i n  (~igll t)  fro111 scccl found ill gizzards of siio~v buntings at Surtscy. 
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Number of seeds found in sainplcs lroln ~ n o ~ \ r  
buntings ca~rght on Surtsey in 1968 

Tota l  
Biid hTo. Per 

I<ind of Seccl 12 I S  68 110 ICind 

Silene (vulgaris!) 2 1 2 1 ( i  
- -- - -- -- - -- - - 

Ca? e x  niprtn 1 3 4 

Totalseeds  perbirc l  3 1 5 1 10 

T h e  ten seeds discovered were of two species: 
six were identified as seed of Silen,e species, 
possibly that of S, vulgaris, which is a recent 
introduction to Iceland found growing in culti- 
vated areas; but the seecls might also possibly be 
of! the species S. ma?.ilirnu which is common to 
Iceland. Four seeds were tllose of: Carex nigra 
(C. fuscu All., C .  Gooden,ozuiZ Gay.), which is a 
common sedge to Iceland. When tested for via- 
bility one of the Carex seed germinated and 
grew to the seedling stage. Seed ol' this same 
species was also found in the snow buntings 
caught on Surtsey in 1967. 

T h e  grit accompanying the seed in the gizzarcl 
was exclusively that of Surtsey ;1sh. Contrary to 
the discovery of metamorphic rocktypes and 
younger sediments accompanying the seed in 
the snow buntings of 1967 only lightbro~vn 
glass from Surtsey was found in the sno.i\r 
buntings of 1968. However. there .i.\7;rs neither 
any old Icelandic basalt among the grit, which 
inclicates that the birds hacl r ~ o t  recently been 
on the rnaiilland of Iceland. 

From these results nothing definite can be 
stated about the origin of the seed found in the 
snow buntings. T h e  two kinds of seeds discovered 
are 01' species mrhicli are found growing in Ice- 
lancl as well as in the neighbouring countries. 
T h e  observation, however, supports the previous 
discovery on Surtsey, that s1101'v buntings are 
most likely to be carriers of seeds. And that the 
seeds cliscovered were either carried by the sslow 
buntings from the European countries in the 
south over the ocean to Surtsey on their migra- 
tion to Greenland via Iceland, or, which is also 
possible, that the seecls were picked up  in Surts- 
ey by the birds as .r\rell as the Surtsey ash. 
Should the seed ha.ve been picked u p  ill Surtsey 
they ~vould previously have had to clrift to the 
island. Whichever was their way of dispersal, 
the discovery shows that the seed of these plants 
can reach the island by dispersal and that the 
Ca.rex seed at least retains its germination ability 
following such a dispersal. 
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Prrlirnil-lary Studies of the Vegetation 
of the Southern Coast of Iceland 

BY 

S. FRIDRIKSSON, S. H. R I C H T E R  ancl A. H. BJARNASON 
The  i\g11~ulliu,11 I<escn~ t 11 Inst~lutc,  RcvkjdviL 

INTROD1 JCXIOIY 
Ecological studies were undertaken during the 

summer months 01 July ,lnd August, 19(i8, with 
the purpose o l  doing a piovisional suivey 01 
vegetation on the south coast af Iceland, ~v i th  
regard to clispersal of plants and plant coloniza- 
tion 011 the island of Surtsey. Siinilar investiga- 
tions had previously been carried out i11 the 
Westman Islands (Fridriksson ancl Johnsen, 
1967). 

WIETI-IOD O F  RESEARCH 
Observatioiis were made at 34 pl'lces aloi~g the 

south coast, Iroln T1~iorlAltsh6fn in the 'itrest and 
as 1'1r east as Vik, Wljirdal. Eftorts were 111acltt to 
select tlic ol~servation points at fairly regular 
inteiv,lls, althougl~ account had to be taken 01 
~vllcr c at cess to the coast was convenient. 

T h e  method of research was such, that the 
topogr'lphy ancl the substrate of the coast was 
primalily investigatecl and descril~ed. Fmtlier 
st~tdy depended 011 the type of coast. Where 
inoulztains or clitfs descended straight into the 
sea, i t  .ivas collsidered sufficient to list the species 
gro~ving nearest to the sea. Where there was a 
sandy l~eacli o r  1o.i~ 1,~va protruding illto tlie sea, 
ol>servc~tions commenced nearest the sea and 
thcn p~oceeded inlalid. Species were enunlcrated 
on a trailsect diagonally from tlie shore, ancl 
attempts were made, ~trhere possible, to obtain 
a survey of zonaton of the vegetatiolz. T h e  
transects varied in length, depending on the 
~vidth  of the coastal region. Stuclies were colz- 
finecl to the coastal area, which was often 1)orcl- 
ered by grass or moorland vegetation. 

T h e  n~etlzod used in measuring vegetation 
cover was sucli that the cover ~v i t l i i~ i  a quadrate 
of 1 i i i ~ v a s  estimated. Five snch acljaceiit quacl- 
rates Itrere investig~ted at each observation site, 
and an average found for these five quadrates of 
each site. T h e  vegetation cover was estimated 
in units not smaller than 5y0. 

Unless the contrary is stated, the species are 
arranged in alphabetical order. 

T h e  terminology used for the various species 
is based on Fiirlechning uver Nordens vax le r ,  
l)y Nils Hylander, pnblishec~ in 1955. 

DESCRIPTION OF T H E  COAST 
AND VEGETATION A T  T H E  VARIOIJS 
OBSERVATION SITES 

1 .  \'\fES'I' 0 1 '  ~ ' H ~ H I ~ , ~ I < S I - I ~ I ' N  
'Tl~c co;tst is about 1.5 km .ivest of llrc ligl~thousc at Hafnar- 

Ires. At this site ~.opy lava protrudes into the sea, foriniilg 
5-10 m I~iglr cliffs. Skcrries ant1 under\\-atcr rcefs arc off- 
sllore. In stornry .iveatlrer the sea breaks over the cliffs iind 
l ~ a s  for~~ret l  a ridgc of big, slo~ly boulders ~vithiir 10-50 rn 
of tlle cliff-edge. ?'lie coastline appears silnilar lo this for a1 
least scvc~.al Itilomctrcs to the west ;rnd as far ;IS Thorl6ksl16f11 
to tlic easl. 

T h e  sea-cliffs arc completely clevoid of vegetation, ; t~~cl t l ~ e  
area of I~oi~ldcrs is also largely lxrre. Kevertllelcss, t l ~ e  follo~v- 
ing species .ivcre eiicountcrecl t1lel.c: Agrost's ,sloloi~ife~.cr, 

Agl-oslis fe i~ l r is ,  Feslrrra 1.1117rn, Adel-lensin i~ rc r r i l i ~~ rc r ,  l\liilrlrrl-licr 

j )el?loi t l rs,  P ~ t c c i ~ ~ r l l a  l-etroflesrr and .Yile11e i n r o - i l i ~ ~ ~ n .  This 
veget;rtion grows in tllc cracks bct~vee~l  thc rocks. 

Tlre ridge of boulders is 10-15 nl wide, and on its lancl- 
ward side IC lg~i r~rs  cil-e~in,.i~ts gro~vs in so~lle places. 

T h e  ropy lava 11ehi11d the ridge of boulders is smootll ;ulcl 
very sandy. Altllough there is some vegetatio~i ill tlic sand, 
tlicre arc hare lrunps of lava in bet~vcen. T h e  total covcr of 
vegetation in this area is abor~t 40y0.. Results of measurements 

of vegetation cover pcrforlned 50 ~n above the ridgc of I~o~rlcl- 



M A P  O F  V E G E T A T A T I O N  O B S E R V A T I O N  S I T E S  

ers slio~v: Agroslis ,s/olor7iferti 5U/,, Agroslis lerrrtic :if;/;,;,, I.'e.\lric(r 
rrtbrct ,5%, Silene crccru1i.s 574, and Thyrrrris tlrricei 5%.  111 addi- 
tion tlierc were found ~ v i t l ~ i n  the measuring quadrates, ar- 
r:tngctl in ortler of freclue~lcy: Pln~ilczgo rrrcirititrici, .Vilefre 1rrrrr.i- 
tirr~n, Arnrel-in mnri f i tnn,  Cnrcla~izii?o~~sis petmea,  11 t~mex  nceto- 
selln, Llirula sljicntcz ant1 Arericirin ?7orvegicc~. Outsitle the 
mc ;~s~~remen t  area tllc follo~ving species were tliscovrred: 
Cercrslitrtri / o ~ ~ l n ~ i t c ~ t i ,  Elyrlrrts nl-ef7o).iri.s, Gnlitiri~ ve7.trrt1 ;tntl 
Pon glnfccci. This belt of .i~cgetation reaches at least 2 k ~ n  
inland. 

2. EAST OF TI-IORL,AI<SI-I~I~N 
Tliis coast is located 2 knl NNE of Tltorliksl~ofn, with a 

sandy sliore, black sand, but mixed with sliellsa~ld nearest to 
the sea. 

'I'llr first plants ;ire of thc foreshore vegetation visible ;1l)o11t 
10 111 fro111 higlr-water mark, viz: Cnkile ~~tn~. i l ir t ic i  antl filytrrtis 
cirerinritls. The  next 5 ~n llave thicker vcgetalion, ant1 tlien 
cotues a I~elt  about 10 111 I~roacl, with a measured cover of 
abont 40% Cakile riznl-tittra, 5% E l y f t ~ z ~ s  nrennri~ts  and some 
Aliftrinl-tin pe$loitles. 

After that t l ~ c  vegetation tliins out stidtle~~ly, antl thc next 
5 nt liavc very little vegtation. 

Then follorvs a 3-4 IKI Iiigll s;lndy ritlgc, a 1);lrriel. clune. 
completely covered with Elyn~rts  a7-eiznritts. This  dunc. is ap-  
proxi~nately 30 m I)road, and bcllind it t l ~ c  1:uttl tlescends 
again. I-Icre Elyrrrtis arericirilrs grows on small cluncs, tl~ickly 
nearest the cdge, bul the clunes bccolnc less f r e q u c ~ ~ t  al,ont 

4 km inlatld, ~vhere  this zolle of vegetation cntls. Setween 
the santl-tlnnes, nearest the ridge, the following specics grow: 



Armeria inaritima, A t r i l ~ l e x  patlila, Cardanzinopsis petraea, 
Fesltcca rtcbra, Minuart in peploides, Potenlilla anserina, R u m -  
e x  acetoselln and Sileize maritirna. 

T11c distinct zonation stretches frorn Tliorliksliiift~ in the 
west most of the way to the 6 l fud r6s  cst.uary in the east. 

s. WEST OF THE ~ L F U S A  RIVER 
This location is on ~)scyrartangi, 1 km west of t l ~ c  mouth 

of 6lfusi .  At this place 6scyraratangi isthmus is about 400 m 
broad bet~vccn the sea and the 6lf1tsirl6n 1;1goon. 

T11e contlitions arc in many respects similar to those at  tlie 
preceding observation sitc (No. 2). T l ~ c  shore is s;~ndy, wit11 
the s:inle b:~rricr dune abovc the sl~orc. I-Iowcver, there is no 
foresliore vegetation zoue on tllc sea sitlc of the barrier dune. 
T h e  sea ;tpproaches ~nucl i  closer ant1 has b r g u ~ ~  to break it 
tlowti, in some places Ilavi~ig broken tlirougli into the lower 
land beliind. 

From high-water mark u p  to the barrier dune it is about 
I5 rn. 'The ridgc is co~nplctcly covcretl with I,'lyt~rr~s clretlnritis. 

On tlie lower land bel~intl the barrier d~r t i r  the vegct;ition 
arca appears to I)c very ~rniform. Results of rneasuremcn!s of 
vcgct:ttion cover performed about 200 m from t l ~ e  sea show: 
Feslttca rribra 250i;, Elyni,~ls are~inl-iris 10y,, A. . l ' i~~~~nr l ia  f>el~lo- 
ides 5%. In adtlition thcre werr f o ~ c ~ ~ d ,  ~vitliin t l ~ c  meawring 
quatlratcs, armngccl according to frequency: Poteiitilln anser- 
i i ~ a  and Merteirsin itlnrtinlu, and outside the itren.sziren~enl 
area: Aizgelica c~rchangelica, Ar111erin tnnritirlzn, Cflrdaii%ii?o~~i,\ 
pelme,  Cali?eiiz .~~errrin, FIieraci~~iiz species, Lathyrz~s nzaritiiiz- 
2 r ~ ,  I,eonlotlon aulzimiialis, Polygo~iuiiz avic~tlare, l i u m e x  aceto- 
selln, R ~ e i n e x  l o ~ ~ g i / o l i ~ i s ,  Sileize irrarilii~rn, Taraxnct~iii sprcies 
;und Tripletrrosf~er~~it inz  niaritiiii I I I I ? .  

In  onc or two places on the isthmus, Lat1tyr1l.s n1aritin~rr.s 
grows in large patclies and is absolntcly predominant there. 

One of sucli patches mas close to tlre observation sitc, having 
an  arca of ca. 200 mz. 

T h e  6 l f u d  river is constantly encroaching on 6scyrartangi 
istllrnus from the 1lort11. 

4 .  MOIJT~I  OF 61,~;us.A RIVER, TO THE WEST 
This  location is 011 the extreme east of  (1seyrartang.i 

isthmus. 
T h e  isthmus extends into sandspit, which is at  its outer 

extremity tlevoid of vegetation. Farther west E ~ ~ I I I I L S  nre~ln~irrs  
is most couspicuor~s, but Cnliile i~rnritii~rn, Aderterisia ~nar i l ima  
;trrtl Adin~~ar t ia  pef)loirles are also fountl. One specimen of  tllc 
plant, l ' o lygo i t~r~ t~  uviczclare, was discoverccl. 

Tllc vegetation beco~ncs denser with increasing d i s t a~~cc  
westwards on the isthmus, and grad~rally lncrges into the area 
of vegetation described above (No. 8). 

5. iL1OUTI-f OF OI~FUSA RIVER, T O  'THE EAST 
This  site is on a level xvith 6seyrartangi isthmus. 
Tlle shore is sandy, with dark sand, which secrns to be corn- 

posed of usual black sand and light to light-brown pumice. 
Vegetation comnlcnces about 30 In fro~ri I~igh-~vatcr mark 

and docs not appear to have :~ny clistinct zonation. Nearest 
the sea Elyi~trrs nrennriits, Adertetlsia niol- i t i~t~n and Afiizzcnrtin 
f ~ e f ~ l o i t l e s  arc most conspicuous, but  also to I)e f o ~ ~ n t l  there 
arc Cnkile i~inritiiitn, Festucn rrtbra, Plaiitngo ~iiaritittra, Poa 
nnnrto, Silene iiiaritinza and Tripl~t tro+e?~trrrl~~ ttiarilittirirti. 

6 .  WEST OF EYRARBAICICI 
This location is about 500 m west of the breakwater an0 

;tbout 2 knl west of the cllulch at  Evrarbakki. 
Tlie slloie is sandy ~c'ith similar sand to that clcsciibed in 

the in~~riediately preceding section (No. 5). 

Vegetation commences about 20 n~ from high-water mark, 
with Cakile mari t ima anti n/Iinzrarlia fiefiloities. T h e  vegetation 
becomes thicker ovcr the next 5 In, after which i t  is replaced 

by an  approximately 10 In broad zone in which were measured 
iUiiztiartia f~efiloirles (45% cover) and E l y z t ~ t ~ s  areizaritrs (57, 
cover), wliilc inside the ineasuring quadrates were also to be 
found Adel-teirsin m a r i t i ~ ~ z a  and Cakile m a r i l i r ~ ~ a .  

Then t l~crc  is a 100-200 m zone of Ely t t~us  al-eir(rrires dunes. 

Results of measurements taken about 50 m from seashore: 
E ~ ) J I ~ Z I L S  areiznrius 25%, Minz6articL peploirles 15%, ancl ill aclcli- 
lion, ~vitliin the measuring quadrate, Cnkile ittaritinin. Out- 
side tlie qnatlrate were Festz~ca rzibrn, Galizim, vertii?~, Lut1t)~r- 
u s  rtzaritinzus, Leontotloiz atett~ir1izalis, l'oteirtilla ntrserina, 
R ~ i l ~ i e x  czcetosell arid Silene inarilirna. 

Above tlie Elyr~rris areitari~is zone tlic dunes I)ccomc less 

frequent, and thc area between them is covered witli varior~s 
psam~nopliilic plants, of which IZirnrex r~relosellez is most co~i- 
sp ic~~ous .  

A little farther cast there is a 20 rn I~road belt of El)ltrigia 
,repe?rs between the I<ly t t i t~~  areit(rrin,s dl~ries i ~ n d  the Afitlli- 
artin f)eploitles zone. Cakile i n a r i l i t ~ ~ a  is also fornitl tl~cl-e in 
large areas of the sliorc. 

Near Eymrbakki the influence of the village becomes more 
tlo~ninant, antl all the vrgetation zones become Inore irrcgnlar. 

7. BETWEEN EYRAI1UAI<ICI AND STOI<I<SEYRI 
Tliis sitc is about 1.5 krn wcst of the Stokkscyri church. 

Lava protr~ldcs as far as 1 km into the sea, forming many 
skerries without vegetation. For thc last 50 m upto the coast 

thr  skerries arc cornplctely covered wit11 profuse growth of 
Pricciitellia i~taritiina, but also iso1;rtetl plants of l'olygoi11iii7 
nvic?rl(rre ant1 l'ltr~~lrrgo t~iaritirrrn. The  skerrics are very lo~v, 
apparently nowhere nlore than 1 m Iligli, rneas~~rcd at high 
water. I t  is obvious that the sea often breaks ovcr them. 

Itnznediately inside the skcrrics, and adjacent to the inner- 
111ost ortcs, there is a ca. 20 1x1 broad sandy shore wit11 dark- 
1)rown sancl ant1 fine gravel. 

T l ~ e r c  is mrlch decaying seaweed in this arca. In  these 20 111 

t l ~ c  shore rises by 3 In. T h e  following species grow there 
without any distinct zonation: Acltillea t ~ i i l l e f o l i ~ ~ m ,  Agroslis 
fenuis, illopec~trzrs genic~i lalz~s,  A til-plex f~nttrln, Cnkile mari- 
i i i~in,  Capsella bursa-$asloris, Cerastiz~i~z /ontanziin, Elyrnz~s 
nrennrizrs, Elytrigia repeiis, liest~tcn rribra, I.eoiztorlon aulrtmn- 
trlis, Aderteiisin ~nari t i inn,  Mi?lttclrtia peploi(le.s, Poa firatensis, 
Polygo11rt11~ izviculare, Potentilla nizserina, Pttrciilellia inari- 
tima, Ra~rrcnc~tlzr,s acer, Silene n~ari t i tnn,  Siellnria media, 
Tril~lrrrro.sl~c~rtntii~t itznrilii~rztni and Urlica w e n s .  

Then there is a ca. 10 In broad flat zone u p  to the strorigly 
constrncted break~oatcr, ~vhich rxtentls along the coast for 
:t long way. 13chintl the b~.eaknvater the l:~ncl tlesce~lcls again 
ant1 heconlcs grassy. 

T h e  coastline is rather irregular, althottgh i t  appears to he 
si~nilar for a long may to Eyrarbakki in the wcst and to I<n;trr- 
arbs in the east. I-Io~vever, the breakrvater does not extend 
more than 1 knl east of Stokkscyri. 

8. RAUGSSTADIR 
This sitc is located about 200 ~n ~vcst of Bat~gsstadir. 
Lava protrudes into the sea. I t  is everywhere lolv ;uid 

smooth; nowhere liiglier than 1-2 m at  high water. 
At the outcrtuost extremity there is a 100 m broad, con- 

tinuous line of skerries, largcley devoicl of vegetation. 

Insitle this is a ca. 100 m broacl channel. 
Then one finds a ca. 200 m broacl belt of lava inland. Down 

Ily the channel are h~~mmocks  antl, in some places, tlense 
vegetation of Ptrccinellia i ~ l n r i t i ~ ~ i n ,  bnt farther up, the lava 



llas little vegctatio~~, or only a 1% cover in that area. Most 
conspicuous is Brtneria maritiiim, but the following species 
grow also: Agroslis stoloiaifera, Agrostis teizrtis, Cakile innri- 
tiinn, Cnpselli~ bz~rsa-pasloris, Cochlearia officiiznlis, Elynl,r~s 
aret?nrizrs, Festrtrn rzibra, Merleizsin 111aritinza, Plantago mari-  
l i ~ ~ z n ,  Potaiatilln nirserina, Pucciizellia nsnritima, Pz~ccinellia 
retroflesn and Slellnria inerlia. 

Above the lava there is flat grassland. 
At Ba~~gsstadir  tllc I;tv;~ ends towards tile easL, ancl is rc- 

placctl by a sancly shore. 

9. WEST OF 'THE T Y J ~ R S A  RIVER 
This site is locatctcl about 2 km west of the Thj6rsd cstnary. - I he shore is santly, witlr black sairtl. For tile first '40 In from 

high-water m;~rli the shore rises illto ;I coastal ridge ca. 10 nl 
high. l 'llcn t l~crc  is a tlowrlwartl slope inla~rcl for abonr. 1 kin. 

Abont 50 m from the sea t l ~ e  first p l ; ~ ~ ~ t s  appear. T l~cse  are 
Merteiisin ttrai.itintn antl i2/linz~(zrlia I-)ef)loi(les. 1I4erteirsin rnnri- 
titr?ii is ])rctloa~ir~at~t,  tllough it noxvhere a t t ; t i~~s  ;I cover of 1%. 

Aborct 150 m from the sca tllc first Elytt~ris nrennrins tl~lncs 
;~l>l>ear, :in0 ;tt t l ~ c  200 111 bouutlary they ]lave becolnc fairly 
tlensc. I%et.iuecn them i\derleir.sin innrilittt(~ ant1 ~Iditt~trirlin 
~ ~ e i ~ l o i r l e s  gro~v in the satrcl. 

At tlic 500 111 bountl;~ry no olhcr spccirs hntl 11ce11 for111tl 
tll;ln these tllree, ;~ntl  a vcgelalioi~ are:( simil;~r to this Eeelns 
to extr~rtl al)ol~t 1 km i11l:111tl, t l ~ c ~ i  I)cing rep1;lcetl I)y grass. 

7 % 

l l ~ e  vegct:~tion appears to be si~nilar to this a11 l l ~ c  way 
\vest ;IS far ;is Haugsslatlir ;rl~tl rnst as fnr as t l ~ c  7'11,j6rs;i 
esluary. 

lo. TIIJORSA ESTIJI\I<Y, 7'0 'I'I-TE M7ES'T 
7'11~ sandspit betrvcen tllc Tlij6rsd lagoon :111d 111c sea is 

xvitlionl vcgetatio~~, but lo tlle wcsl. of the lagoon the follow- 
i l ~ g  slxcies grow sc;~ttcrctl ancl ~vitllout ally d is~i l lc~  zonztion: 
Agrostis .slolo t t  ifera, Ag~~o.sli,s 1 en  rris, Arni erin it?nriIin?n, Elyiiz - 
11,s riretri~?.ius, ~Ifertet~sici rtrt~rilit?~ci, Afi~zriczrlin fie$loitles, l'Ol(;l?- 
lillo cr~lseritrn ;untl Sileire ttrrrt.ilitttcr. I-Iighcr 1111 1~e.strirn rirl)~.n 
:u~tl  ,lti~rr~i.s ciretirris :1rc fount1 gro~ving. 

I I .  \\'ES7' OF '1'1-IF. I-~OI.SA l<l\JElZ 
' l ' l~c  co;~st is (i km NMf of l l ~ e  t-161d estuary; xvith ;I santly 

sl~orc, I)l;icli s;r~~tl ,  co;trsc ;I( 1l1c surk~ce. 111 t l ~ c  first 50 In fro111 
11igl1-water n1;11,k t l ~ c  slrorc, sisrs I)y ;11)o11t 5 111. 'Tlle~i 111~: s l~orc 
tlcscc~rtls iril:~ntl. 

t\l)o~rt 100 m from I~igI~-\\ . ;~tcr mark tile first 111;1i\ts a))pc;w, 
I)cir~g i\~Iittiicirliri l ~ e p l o i r l ~ . ~ .  111 Illis ;lren c 'o~n~nc~~c'cs ;I 300 In 
broatl 7onc of i\li~trrcit.tiri /~c~/)loitles, ~ v i t l ~  sc;lttcrctl I:'l!~~trrr.c 
trl.o~ttrr.iri.s. 7'11~ z o ~ ~ c  t l ~ i c k c ~ ~ s  for r l ~ c  first 50 In, tlicn ; I ~ ; I ~ I I  
t11i11s ont for 111c 1;lsl 50 Illclres. Accortling lo Inc;lsllrclilcnts 
of tlie x,egct;~tion (:ox8er 111;~dr 300 111 fro111 tllc sea, ~llitrr:nrIi(~ 
f)el)loitle,s covers ;~ l )o i~ t  .51(,. (This vrgctatio~l Tone is \.cry 
re~ni l i i scc~~l  of  t l ~ c !  Ileynisf,i:tr:~ shore - No. 30.) 

N ~ X I  tltcrc is a 50 111 11ro;ctl zone xoitli littlr vegetation. 
l'llcrc follo\\rs ;t 50 m broatl irreg111;rr 11~11 of I?'lytrt~i.s ( I I - C I I -  

cit.irrs tlunc>s, xvitli ~Ilitrzicirticz f)el?loitle,s I)ctx\~cen the tluues. 
Thcn o ~ ~ c  filltls a 800 In I,roatl 7o11c ~ v i t h o ~ ~ t  vcgctalio~i, 

wliicl~ is ~>rol);~bly an oltl ~nutl-flat. 
Above tllat E1yt1tri.s rrrc~t~rrriri.~ re-;ippc;~rs ill tl~unes. This 

\.cget;~tio~l arc;( is r;t111er il.rt:gt~l;ir ant1 is about 1 k ~ n  I)roatl. 
Agrostis letrrris, Gcrlirtt~r v e r r i ~ ~ t  and i\.lizrna~ticr I)el)loirlc~.s arc 
also to be fo~rntl thrrc. 

Al)ove tllis 1;1st belt grass ;~nd  cultivaletl fields are f o ~ ~ n t l .  
Tllc sliorc I)ctx\~een the 'Thi6rsi and I-I6lsri rivcrs seems to 

I)e si~nil;rr to tliis, althoguh it is not ccrt;~in that the zonation 
is exactly the same. 

12. EAST OF T H E  HOLSA RIVER 
Tllc coast is about 2 km SE of the I-Iblsd estuary. 
T h e  shore is santly, with black sand, rising 2-3 n~ close 

lo t l ~ c  sea, and is then flat. 
Tllc zoilatioil on this shorc is I ~ O L  as clear ancl regular as 

ill many other places. 
From high-~vater mark upto the first vegetation is a dis- 

tance of ;~l)out 100 In, and the species fotlncl there are E ~ ~ I I I I L . ~  
rirenari~ts ant1 Miizuarlin j~e$loirles. 

This  is the slart of a ca. 100 m broad belt, where Minz~nr l in  
/)c.l)loitles prcdominatcs over Ely~tizis arena~riri,s. Tllc covcr is 
very irregular, IJLI t l ~ c  total cover is :tbout 1-5%. 

T l ~ c n  colncs n 100 111 zo~rc, where the vegetation is still less. 
Affcr th;tt comes a 1 5  ktn broad zone of Rlynzus ciroiccrifts 

t l~~l lcs .  This area of vcgctation is extrc~ncly irrcglllar,  villi 
large intcrmetliate patclles tlcvoitl of vcgclalion. T h e  total 
cover of L<lyr~tri.s cire~ic~~,ircs is abo i~ t  5%. Bctwecn the dnnes 
lI/li?rr~arti(~ peploitles grows in isolatetl places. 

Al~ove t l~ is  zone conies a ca. 500 111 broad, hare tn11t1.flat 
ant1 al~ove that marshy ground. 

\\'here tllc l<lyttlrt.s (iretia~,ilis mounds :III(~ tile lnutl-flat con- 
verge, tile s;~ntl is rather moist, and the followi~lg species grow: 
A g ~ o s l i s  .sloloiti/ern, Agrostis Irt~ttis,  Calnn?agrosti.s neglectn, 
Cnrex lyngl))'ei, Corex i~ igra ,  Elocl~nris r i~a ig l l~n~i .~ ,  Eqziisetzinz 
rrwetrse, Eqrti,selrrttr I~nl~rslre ,  Fe.slf~cn 'rribrn, Galiz~tir borenle, 
Grilirrttt 7~erri111, Jiitrrrr,~ ai~cficri.~, A/liii~ic~rlin fiefiloi(les, Pnri~assia 
l~cilrr.slri,s, Poteiililln nttseri~rci, IInnrttzcr~lr~s ciri,i,s, Rfrrties oceto- 
selln, S i l e r t~  rtrcrrili~t~cr ;urtl Tnrrixacrrnr sf)ecie.s. 

13. T\'ES'Z' 0 1 7  'TI-IF. AFI;AI,L. RIVER 
This site is locatctl ; I I IOI I~  200 111 x\rcsl o f  tllc ~rrot~tli of the 

Affall river. 
r - I l ~ c  s l~o~ .c  is sal~tly, wit11 black sand. T h e  sllorc risrs about 

2-3 111 near ~ l ~ e  sea, rl~eri becomes fl;~t. 
'1'11~ first pl;~nls :Ire fount1 a l~onl  200 111 fro111 high-water 

111;1rk. T11cy arc l< l )~ t t~~ i , s  (rr(:t~(rritis :i11(1 ~ ! l i r ~ f i ( ~ ~ l i n  f~rf)loicle.s, 
b111 no\vliere (lo Ihcy a t t ; t i ~ ~  ;i covcr of 1%. 

r\l)proxi~n:~tely 300 m fi.om t11c sea t l~cre  arc a fcxv isolalrtl 
nrotuitls of gravel. 

I%cl~illd lllc glaxlcl 11ior11rtls is ;I en. 150 m zone of littlr 
vegetatioil, ~vl~ic l i  is j)rol);tbly an old mucl-f1;tt. 

Tlien o ~ ~ c  finds ~\lirrricirlin i ) e f~ lo i t l~ . s  ;~ga i~ i ,  ;ilnollg ~ \ ~ I l i ~ l i  
tl1o.c arc ill scvcl.;ll 1)laccs sinall tufts of 1?1~111ti~,s (ir(!t?nritis. 

i l l ) o r ~ ~  ii50 111 f~ .o l~ i  111c sea, the vcgelatio~~ lras 1)ccoiric Il~ick 
c ~ ~ o ~ ~ g l l  to cover ; ~ l , o ~ ~ t  1%). I t  is joinetl by Cnkile c~tleitirrln 
(OIIV s]x!ci~ne~l), C(ir(~.x t~t(~l: i I i t~t( i ,  l ~ l n i i l ~ i ~ ~ ~  i t i ( ~ i ~ i l i ~ ~ r ( i  :11ic1 Sileire 
tri(rritinrcr, ; ~ l t I ~ o ~ r g l ~  ~I/fi~tri(trti(z ])c./)loi(l(~,~ is still 111e ( I o l l i i ~ i ; ~ ~ ~ ~  
s]wcics. 

i\l)oul 800 m from tlrr sea one also finds Agroslis lenziis, 
Arttt(>l:i(r ~t t~rri t i i~t(r ,  (:or(l(i171itio~1,si.s /)(:li,(~(!n, F(~,slric(~ r r~ l?r (~  : I I I ~  

I t  t~trt(?.x (rreto,s(~ll(i, T l ~ c  covrr is l-51j$, 

i l l~ou t  850 nl from t l ~ c  sea tlrerc ;Irr tlircc strips ~ v l ~ c r c  
R1y1t1ti.c circ~ttrrrirr.~ II;IS 1x.c.n sown parallel to the sliore. T h e  
s t r i l ) ~ a r c  each :~l)out 2 111 l~roatl. .ivith ;I spacc bet~vcel~  llrc111 
of ~ t b o l ~ t  10 in. !\l)ovc tl~c.sc 7o11c.s arc s111;1ll gravel 1no1111tls 
ill o ~ ~ c  or t~vo p1;lccs. 

l\ccortli~ig lo ~ ~ l e ; ~ s r ~ r e ~ i i c ~ ~ t s  of llic vcgctation covcr 111;1cle 
;il)out 1100 1x1 fro111 lllc sea, no  species of pl;rnt covevetl on t l ~ e  
:tvcragc .',(xi or more, but ~\ . i t l~irl  tllc measurilig quatlrate tlte 
follolving species, ; ~ r r a ~ ~ g c t l  in order of f r eq~ lc~~cy ,  xvcre found: 
.Tiletre ttrnrifimn, Rzitncx aretosello, Corrlaii7ino~),si,s p e t ~ a e n ,  
Cnres tnnrili~ttn, Eq rii.se1 rim r i~vense,  Platzlngo nsa~i t inzn,  Fest- 
ztrcr ~ . r t b ~ n  allrl Avrnerin ~r~rrri t i t i~n,  airtl outsiclc the measure- 
Inell t area: Ag~.osli,s s f o l o t ~  ifera, Agrostis lentcis, Calni~rngro.sti.s 
ii~glerlcr, 1~lytttrt.s cit.rtinriris ant1 ~Ilittiinrlicr ~ ~ e p l o i t l e s .  Tliis 



area of vcgetation continues almost unclia~iged for about an- 
other kilometre, until the grassy area is reached. 

14. EAST OF TI-IE AFPALL IIIVER 
This sitc is located about 2.5 km SE of thc m o ~ t t h  of the 

Affall river. 

T h e  shore is sandy, with black sand, rising by 2-3 in near 
the sea, then becomes flat. 

Tlie overall picture of tlie shorc is one of sand withoal 
vegetation, but in isolated places there are low Elyn~zts aren- 
ctrizts dunes. 'The dune observed nearest the sea was i~bout  
250 In from 11igh-water mark. One Minzrartin fieploirles was 
also found there. 

Otherwise, no plants werc found until a distance of about 
700 111 from tlic sc;t had been reached. There E1yrt~lt.s cireiz- 
ariz~s h i ~ s  IICCII S O I \ ~ I ~  in ca. 2 ni broad strips at  iritcrvals of ca. 
50 111. These strips, which are diagonal lo t l ~ c  tlirection of the 
coastliiic, are about 350 m long ancl extcntl into the grasslantl. 
Between the strips tlrcre is hardly any vegetation, tho~rgh 
a few codyledons of Ely?ttzts arenaritls were observed. 

15. ICROSSSANDUR 
The  coast is about 6 km SE of the mouth of t l ~ c  Affitll river. 
I t  is a saridy shore, with black sand, rising 2-3 rn near the 

sca, thcn becomes flat. 
T h c  overall picture of the shorc is one of sand ~vitliout 

vegetation, but in isolated places tlicrc arc single El~nt !rs  
arenarills dn~tcs.  

In many places on the sand tlierc are visible signs that 
attempts have been made by various methods to introduce 
vegetation. In  somc places therc arc protection screens against 
sand-clirfting, or open boxes in which B1)lrrrz~s are~zctrir~s has 
I~ecn sown. These attelnpts appc;tr, however, to have niel 
~uit l l  little success. 

About 1.5 km from the sea is a 100 111 broad, irregular zone 
of Elyrrltrs cire?iarilw dunes, with large open spaces in bct~veen. 

Abovc this zone marshy vcgctalion ill moist santl is fou~lcl, 
follolvetl by c~~l t iva tcd  land. 

16. WEST OF TI-IE M A R K A R F I ~ J ~ T  RIVER 
The  coast is about 3 knl west of the mouth of the M;trk;tr- 

fljbt rivcr. 
I t  is a s;tndy shorc, ~uit l i  black sand, rising by 2-3 m close 

to tlie sea, ancl then becoming flat. 
Tlic first 250 rn from high-water mark are ~vithout vcgcta- 

tion, after rvliich comes a 50 m broad zone, ~vliere protective 
screens l~avc  been erected and E ~ Y I I I I I S  ~rertctril~s SOIVII. 'There 
is ho~revcr little sign of growth. 

Then comes ;I 2.3 kin hroatl zone, ~vherc  the overall picturc 
is one of sand tlevoicl of vegetation, although in one or 11vo 
places tlicrc are Ii~tmmocks of El?ri~~zls arenariirs, together ~vitlt 
a single 1111minock of Minl~artia I ~ e ~ ~ l o i d e s .  As at t l ~ c  precccling 
sitc (No. IS), attempts have been ruade to introtlucc vcgetatio~i 
on the sand, but. these seem to have hacl only limitctl success. 

iibove the santl there is a 10 111 broad zone of Elpr~rtrs nre11- 
nrirrs 1~111n1nocks. 

Immediately above tlie liumniocks marshy vegetatiori in 
moist sancl is founcl and 5 ni above that cultivatetl lantl. 

17. EAST OF R ~ A R ~ Z A R F ~ ~ J ~ T  RIVER 
This sitc is located about 4 knl east of the mo11t11 of the 

Markarfljbt river. 
Tlie shore is sandy, xvith black sanrl, rising by 2-3 m close 

to tlie sea, ancl then beco~ning flat. A large part of the santl 
consists of a mucl-flat .ivith rivulets, .ivhich on this occasion 
contained shallow water. 

In this area Il~erc is a distanra of about 3 km until con- 
tinuous vcgetation is reachccl, and the ovcrall picture is one 
of saritl dcvoicl of vegetation. 111 one or two places, however, 
there is I E l y t t ~ t ~ ~  arenc~rit~s ill s1n;t11 or large dnncs, a i ~ d  M'inzr- 
nrlic~ fie@loides was also found. 

18. VESTURI-TOL,'T 

T h e  coast is s o ~ ~ t h  of Vesturl~olt, about 8 kin cast from the 
moutll of the Markarfljbt river. 

? - l h e  shore is sanely, wit11 black sand, rising 2-3 m close 
to the sea, ancl then becomi~ig flat. 

From the high-water mark up to the first plants is a dis- 
tance of ;~borrt 60 In. 11.Jint~artin f~ej)loirles appears there in 
small tufts, but nowhere docs it attain a covcr of 1%. I n  orie 
or two places there is Elyrnzrs nreitc~rirrs, but nowherc in the 
dunes. 

About 1 km from the sea tlierc is a 1 ktn broacl mud-flat, 
containing sliallo.iv water. I n  isolated plnccs in the mud-flat 
there are large Elytr~us clrenaritts inoniids. 

Abovc tlie m11tl-flat marshy vcgel;ttion in moist sancl is 
colrllc1. 

19. EYJAFJALI~.ASANIlUR 
This place is locatccl between the I-loltsbs cstuary ant1 the 

sca, abo~r t  6 km east of the mo~rtlt of Holtsbs. 
I t  is a santlspit about 400 m I~road, with black saiitl ant1 

fine gravel on the srrrface. For thc first 50 m the shore rises 
lo a height of ca. 5 m, thcn slopes in tolvards tlie lagoo~r. 

T h e  overall pictt~re of the spit is saticl without vegetation, 
but the following species arc fount1 scatterccl about the sand, 
tvithoul however ;tttainiirg any~vlierc anytliing near a cover 
of 1%: Agrostis sloloni/era, Agro.~tis tennis, Cctleile ?rrarilirtzn 
(one plant), Elyttitrs nrenctrizcs (nowhere forming rriounds), 
Merte~rsin mczritiirza (one plant), filinz~ctrtia f~e~)loi t les ,  I'on 
nlznzcrr, lJttcci7rellia ,reiroflexn and 1Et~rtle.v ncetoselln. 

20. YZTABAELI 
This is ;L coast locatetl south of tlic farin Yztabacli, about 

10 km cast of the inoutli of the I-Ioltsbs estuary. 
T h e  shore is sandy, with black saiitl inid fine gravel 011 tlie 

surface. For t l ~ c  first 50 m froni the sea, thc shore rises to 
a height of about 5 in (with respect to high-water inark), 
then slopes in~vartls for the next 300 in. 

The  shore is about 400 m broad, ancl its overall picture is 
one of sand without vegetation. In  one or two ~?laccs there 
the follo~ving species arc folmd ~vitltout anywhere att;~ining 
anytliing nc;tr a cover of 17': Agrostis stoloi?ifern, Agrostis 
letllris, El)~rrrns c~reilnrizts (not in dunes), 114ertensin nzarititrzn 
(one plant) ant1 A.lin11nrfin pelrloitles. 

Above 111c sandy shore is flat land and c~rltivated grass. 
For the last 50 in before the boundary is rcaclletl the follow- 
ing adtlitional species appear on tlie sand: A1ofiecltrtt.s gcrti- 
crtlntlts, Cnrex ?iinritinia, Eqflisetzcin nrvense, Festztca rtthra, 
,Jrrr~crts nlpinrts, ,Jrrr~cus rairnritls, Poa nnntrn, Poteniilln an- 
serinn, P~tccinellict retroflexa, Rzc~nex ncc~to.selln ;nid Soginn 
f~roctrin bens. 

21. EYI~INDIIRI-I~LAR 
This coast is located socrtli of the farm Eyvindarhblar. 
The  shore is sandy, wit11 black sancl. I t  rises for tlie first 

100 in to a height of abont 5 m, thcn descencls in~vards. 
The  first 200 in from the sea are witltout vegetation, I ~ u t  

then there are two 5 m broad so~c~ing zones of E1y111tt.s nrerz- 
nritts. T h e  zones lie parallel to the sliorc at  intervals of 10 m. 

Theit one finds a 100 m zone, in ~vhicll the follo~ving 
species grow without any distinct zonation ancl ~v i th  a cover 



of' less t1i;ul 1%: Aclrillecr ~~ti l le fol i ir~tz ,  Agros1i.s .clolo?~ifern, 
Carclnrnii~of~sis f~elmecr, Eljmrrs crl-eital-ills, Bqt~isetzrlt~ arvefzse, 
Festzlcn rz~111.0, ~I/[itrzrnrtia fx!l)loitle.s, Plnnttrgo inaritinzn, Poa 
nrt~rrra, R I L I I ~ ~ . Y  cicelorelln and Sile~re ~ ~ r a r i t i m n .  

Above t l ~ a t  t l~crc  is fl;~t 1:u1d ant1 cultivatctl grass. T l ~ c  
bo~untlary is abr[lpt, but irrrgolar. 

22. S I < ~ G A S A N D U R ,  \~\~ESTEllN EXTIIEMITY 
These arc sar~tls, about 500 In cast of t l ~ c  Sk6g;i river, 

before the lat tcr t~u-11s rvcstrv;n.ds. 
'I'he first :100 m fro111 I~igll-water rnark consist of hlack sand. 

'I'l~cn t l ~ e  sl~ore rises 1jy 2-3 ni, ant1 tlie terraill I~ccomcs 
black sand rvith gr;tvcl on t l ~ e  surfi~ce. 

About 300 rn fro111 l l ~ e  sea ;?ppc;lr t l ~ e  first plants, a11tl 
:~bollt 4 0 0  m fl.oln t l ~ c  sea Lllc following species 1vcl.e fount1 
scattered about the sand, 11ow11ere a t t ; t i~~ing a covcr of 1%: 
Agr(~st is  slolo~zifern, Car t la~~~ino$s i s  fielraen, Crrrex mnriliinn, 
E ly t~~zrs  c~rennrirrs, Feslnccl r ~ t b m ,  I'lnrrlogo n7ariti1rzn, 12rciz- 
zr~rczilrrs no-is, IZn~rrex (7celosc1, R ~ I I ~ P X  c~celoselln :rnd Silelle 
11tnrili1nn. 

About. 500 In above sea level al>pc;Lrs tllc so~rthern ctlge of 
thc lantl reclamation fence, ~vliich cncloscs ;r rccl;rm;~tion area 
of 7-8 k1112. 'I'llis area reacl~es almost up  to t l ~ c  national 
Irigl~rv;ty, ~ v l ~ i c h  is a l ~ o ~ l t  4 km from tllc shore. Tnsitle the 
fc~icc  rhc thick~lcss of tllc vcgetatio~i is somc~vl~at greater, but 
it nowhcrc attilins ;i cover of IT,. T h r  spccics ;lppeal. to I)c 
the satne. 

Tnsitlc the I ; I I I ~  r c d a n ~ ; ~ t i o ~ ~  ~CIICC,  ;11)011t 2.5 kin from the 
shore, appear extensive sowing areas, rc;rcl~ing nearly ;In far 
;is the 11:ltional higl~rvay. 

2.7 S I ~ ~ G A C A N D U I I ,  CENTRAT, PART 
These s;rntls nrc about 3 km cast of t11c \k6g,i Ilvcr, l )e lo~c 

i t  trlrns wcstw;i~tls, about 500 m rast o f  the c,lsteln cdgr of 
r llc lancl i eclanlat~on fence>. 

Tlic first 80 m f ~ o t n  I~ipl i -w;~tc~ ~ n a l k  consist of black ,,rlid 
~ ' i t l l o l ~ l  veget:ttion Tl1e11 comes a 2-9 111 Iiigll ~it lge,  follor\~ed 
I)y sa~ltl strett l l~ng tar inl '~nd. L a ~ g c  ho l~ l t l c~s  arc to be fount1 
hcic a l ~ d  thele on tile sands. 

Abolrt 90 1x1 from the sea a ly ra r  the first p l a ~ ~ t s .  Tl~csc  arc 
Ccrrrln~iziitopsis f~elruen,  I?'l?jinzr~ (rre~terr.itrs, A/liirz~(irtin peplo- 
icles, Pln~rtrrga i~tnriti~nci, Pote~ztilln nnseri?rcr, K z ~ ~ n e x  t~cr lo -  
sell/r and .Sile~te ~trnritir~tcl. This  vegctation rcacllcs norvhrrc 
al~ytliing near a covcr of I:!, but the El)~rr~tr.s cirrnnrirrs ill 
one or trvo places forms isolatccl rno~~nt ls .  

Al~out 180 m horn the sea is a fairly cle;u.ly tlefinetl p;ttch 
in the sand, aljout 1 l1a in area, with R r ~ ~ n e x  nc~lo.selln ;IS ihc 
cllaracteristic spccics. Ivlcasurcincnts of the vegctation cover 
were taken where tllc vegctation rvas thickest, and they sl~orvctl 
the follorvi~~g rcsult: Rrrnlex nc/c>sclln 40%, Silene rnnr i l i~ t~a  
5%,. In acltlition there rvex founcl i ~ ~ s i t l c  the measuring c1u;tcl- 
rate: C~nrrln~~tirrop.sis f ~ e l m e n ,  EIjrrbrls nre~-rnrirrs and 12tlrtlex 
ocelosn. 

Al~out  500 In fro111 t l ~ c  sea tllc vegeta t io~~ is vcry sparse ;tntl 
norvhcre a t t a i ~ ~ s  a covcr of I:(,,. Tlie follo~vi~ig spccies ~ \ ~ c r c  
for~nct: Agrostis .$lolo~ri/ercl, Ari~rericr r~rnr.ilir~rn, Cccrtlnt~rirtol~sis 
petrnen, E1)'nrtl.s nre~lnrirrs, Festrrcn rrrbl-n, Plonlngo ltrnriti~nn, 
Rniizl?zc~tlrrs ncris, Rzrnzex ncetosn, Rrsttrex crcc.tosella XICI .Silette 
r??nriti~nn. 

)\bout 1 km fro111 the sea Gcrlittrrr r~errrrll also appc:urs, :ind 
it1 that area Plonlngo ~ ~ t n r i f i n r n  is dominant in malry placcs. 
FIorvcver, ~lorc~here does the vrgetatiotl attain a covcr of 1%. 

l i p  by the national liigl~rvay, a l~ou t  4 linl h o ~ n  tllc sea, the 
vegctxtio~l is sinlilar to that a t  the .500 111 borundary. I-Iorvcver, 
here is an addition ill the form of, for example, Tlr!'trtri.r 

rlrtrcr,i, nrhich is in many placcs domin;ult. Vegetatio~l nowhere 
attains ;l cover of 1%. 

24. MOUTH OF TI-IE JI~I(UI,SA RIVER 
ON S ~ I ~ H E I M A S A N ~ ) U R  SANDS 

This is tile eastern side of the mouth. 
T h e  santlbar~ks in the river arc formctl of black sand ;wtl 

of irregtilar gravel. 
In some places the sandbanks have vegctation, especially on 

the west side of t l ~ c  river. E1yrnrr.s nl-ertrri.irts in sand-dunes is 
vcry ~~oticcablc.  

?'he follorving spccies grew 011 tile satitlba~~ks on tllc caster11 
side, I ~ I I L  except in sniall patcl~es, no~vllerc atlai~ictl n cover 
of 1 % : Agrostis stolonifern, Agl-osl is l e~r  //is,  Angelica urch- 
n~zgrlir.cl, Arahis o l f ~ i ~ z a ,  Areizarin norr~egicn, Arnierin inai.itinzn, 
Cnrtlnnri)~o;bsis p e t m e ,  Cnrex mor i l in~n ,  Ceraslitcm fo~zlni lr~~ri ,  
IC ly~ tr~~s  nrentirizrs, Festzlca r~ir~if~nrct, Feslircn rzrbra, Pfinirtr~tin 
pefiloides, Plantago niciritintn, Porr glntrca, Rzunex ~~ce tose l ln ,  
Sr,rlrr~~r nrr.e, Silene ~ncrriliina ant1 Tllyr~lirs rlrzlcei. 

2.5. S~I .HEIMAFJARA 
7'11is coast is locatetl al)out 1 k ~ n  cast of the mouth of thc 

Jokl11s;i river. 
Nearest to the sea is a 150 m I~roatl I)c;~cli of black sand, 

rvit l~ol~t vegetalion. 

Next there is a vcry steep ridge, about 10 m high, follo~ved 
by sands with fine gravel on the surface. This penetraie far 
iltlancl. At first glance the sa~lds appear to be withor~t vegeta- 
tion, but in one or two pl;~ccs n fcrv plants can be secn, rvl~icli 
nowhere form cotitinl~ous vegetation or attain a covcr of 1%. 

Nearest to t l ~ c  ritlgc the follolving species rvcre fotu~cl: 
Agroslis sfolonifern, Arinerin mnritinla, Cnrrlnirzi~zof~.sis fietrnea, 
Ely11b1r.s rrre~?rrrirts and Sileize rnarilinicr. 

About 450 111 from the sea the following spccics al>peascd 
in atltlition: Feslzlccr rnbro, Plnntngo ntc~l-ili~na, IZt~rnex acctosn 
ant1 R rr~~rex ncetoselln. 

About 1 km from the sea linnzrncrrltrs ncris was ohscrvctl. 
About 1.5 k u ~  frotn tllc sea T l ~ y ~ n ~ ~ s  ( f r t ~ e ~ i  was also found. 
l i p  I)y the national I~iglirc~~y, about 5 km from t l ~ c  coast, no 

~ ~ c r v  species rvcrc ol,scrvcd, and noruhcrc tlid vegctation i t l t ;r i~~ 
a covcr of 1 %. 

A few 111111drccl mctres farther r c~s t  along ihe highway, ;are 
extensive seeded ficltls inside the Iantl rcclatnation fence. 

26. N\JOI,L 
This coast is locatetl south of the farm I-Ivoll. 
'The first 80 1x1 froin high-water 1nm.k consist of l~ l ;~ck s;~ntl 

rvilhout vegetation. 

Then tllcrc is satld tc~ith fine gravel 01% tlie surface. T'hc 
first plants also appear there, being Mintrczrlin /)ef)loirle.s. 
According to mc;~surements of the vegctatiotl covcr *nade at  
the 130 In boundary, 11.lirzziarlicr .I,c,l)loitles coveretl 15% and 
I:'l)]~trtr.s nl.e~lcll-ilrs 5%. No other spccics rverc found. 

At the 200 111 I)oundary there appc;trs E1yr1ril.s nrenc~rirrs on 
sand-dunes, i~itcrspcrsetl with other species. Accor;ling to 
mcasurernclrts inatlc a1 the 240 1x1 boundary, Ely~ttlrs ctrertnrilrs 
covered 25% ant1 ~Ifinzrnrtin f ~ e l ~ l o i d e s  5%. 111 adtlitioii, rvit l t i~~ 
the meas~uirtg q~r ;~t l ra t  Eqtrisettr~~r nl-?!e~rse ro;ts fo~rntl. Accol.d- 
ing to incasttrentents ~ n a d e  at the 280 in boundary, Elymzis 
nrenctrirts coverecl :150/, aucl Eqttisetzln1 nr.?!ense 57,. Also there 
rvcrc ol)servctl outside the measuring quatlrat: A r ~ ~ r e r i n  inori- 
t i ~ n n ,  Cnr(1nminofisis $etl-cren, Galzrin verzon, A/linrlnrtin pc f~ lo -  
ides, P l ~ ~ i t ( t g o  mnl-itirnn, Pote~ztilln nnserinn, Rtlntex nceloselln, 
.Vile~re ~~rctritintn, Tnrnxc~crrrri species ant1 ' I ' l ryn~rc rlrrccri. 



About 300 In from the sea the sand becomes damper, the 
cluncs d~sappcar and specles more associated with marshli~nd 
make their appearance. 

About 450 In fiom the sea, cult~vatcd grass is fountl. 
T h e  vegetat~on zotlcs in this alea are somewhat i ~ ~ c g u l a r ,  

but vegc3tation seems to be ralhei s~rnilal lo t h ~ s  o v a  a long 
stietch of the coast. 

27. TI-IE SANI) WEST OF ~ ) Y K I ~ ~ L , A E Y  
This  site is locatcd about 1 km west of Dyrh6laey. 
Tlie sand is black, with corse shingle nearest the sea. 
1;rom the sea and as far as the farm IIyrh61;1r, is a 1 .2 k n ~  

broad stretch of sand without vegetation. 
Tlic s;tnd narrows to the west, but is as I>roatS i t ~ ~ t l  j~rst as 

tlevoid of vegetation castwarcls to Dyrh6laey. 

28. DYIII-IO~,AEY, 'ro TI-IE WEST 
T h e  co;lst consists of sheer tuff cliffs right clown inlo the 

sea, thoug.11 ill some places with piles of coarse shingle at  
t l~c i r  foot. I t  is obvio~ts that in stormy wcatl~cr tltc sea I~reaks 
I~igli u p  the cliffs. 

F - I lie shingle is ~v i t l~ou t  vegetation, but u p  i r ~  the cliffs the 
following species were fountl: Agrostis stoloiziferc~, Angelica 
czrrlzarrgelica, Cnkile nzaritinza, Ueschainl~sia caespitosa, Festnca 
rz~br(t, Afi?zziartia l~el~loides, Poa firatensis, Potentilla alaserina, 
Pltccinellin retroflexa, Rnnz~nczilz~s ncris, liz~nzex acetosc~, Runz- 
ex longifolins, Sagina j)roczimbens, Seclurn rosect, Senecio ~jltlg- 
aris, Sileile inaritima, Stellaria naedia, Tarnxaczrrri sl~ecies 
autl 7'ril1le?tros~1em111r~ inarilimuin. 

Al~out 100 111 cast of I)yrh6laey, and about 70 In from the 
sea, thc followittg species grow in the sand in ;III are21 of 
several squarc metres: Cokile ~nclri t i~r~a,  A~erlewsict nrnrilirrrcr, 
~l~lirr~rc~r.lin pel)loirles zliitl Feslzlca ri t l~ra.  

20. DYRI-I~LAEY, T O  TI-IE EAST 
This  is the coast from the easternlost part of Dyrl16la::y ;~ntl  

 vest its k ~ r  as Dyrb6lag;lt. 

It co~lsists of sheer tuff cliffs right dow11 iuio. the sea, but 
ill some pl;lccs wit11 a ~iarrow stretc11 of sandy beacli at their 
foot. 

. . l l l r  shore is witho~rt vcgetatio~i, and tlte cliffs have very 
little. It was impossil)lc to rcacli this vcgctatiott for observatio~~ 
~"IrposC'S 

30. REYNISFJARA 
This  coast is located between Reytlisfjall aud l>yrt16lacy. 
It is about 400 in broad sa~ldy beach, bounded on the upper 

sick by the l)yrl161abs estuary. Tlic sand is black, with pebbles 
OII the surkice. 

TVith the cxcel>tion of one small plat11 of Elyrnrts nreirnrirts, 
only otlc species, A4inlrarlia pel~loides, grew on the shore. I t  
grew in small tufts, the biggest about oue foot in diameter. 

\'cgctatio~i starts ca. 90 111 above high-water mark, aud at. 
that poirtt the bcacl~ also begins to dcsce~~t l  it~rvartls to Dyr- 
h61a6s. 

At the 100 m boutltlary the cover was 1%. 
At the 200 m boundary the cover 'cvas 1-5". 
At the 300 1x1 boundary measurements were made of the 

vegetation covcr, which proved to be 15%. 
After the 300 in botmdary vegetation again begins to thin 

out,  and it terlnitlates at  the 360 m boundary. 

T h e  last 40 In to Dyrh61a6s are without vegetation. 
Do.rv11 by the farm Gar5ur in Reynishvcrfi clistrict Elynrrts 

crvenrrrizts grows on the sand in an area of about one hectarc. 

111 the extieme west of Reynisfja~a o ~ r c  hlyinns a?errcrir~rs 
hummock was also seen. 

31. KEYNISFJALL, T O  TI-IE WEST 
?. l h i s  is a steep, and in some pl;lccs, sheer tuff mountain. 

At the western extremity there is appr. 50 m broad sandy 
beach at  its foot. The  sea adv;lr~ces right up to the cliffs in 
stormy \veathcr. Towarcls the top of the ~noutltain there is 
a ~ i e s t i l~g  groutld of a puffin colony. 

T h e  sand beach is ~vitllout vcget;ltiotl, but the follo.ic~ing 
species lvere found or1 the slopes and among the rocks: 
Agrostis stoloizifera, Angelica arclzn~rgelica, Anthoxc~~ltkzin~ 
orloratz~~n, Arineria marilinza, llotrychizinl lunaria, Cernstizcrrz 
fontairurn, Cyslopleris fragile, Desclzanzpsia cnespitosfl, Drabs 
incana, Ez~frasic~ jrigirla, Festzica rnOra, Galizrnz .oerzlni,, Hiera- 
ci161n slecies, Leo~ztodoi~ nzetz~r~~izali,s, Ligrisliczcm scoticulia, 
Lzizzcla multiflora, Lz~z~rla spicala, Dfyostis arueilsis, Plnntago 
lanceolala, Plnnlngo major, Planlago maritinza, Pon prcrlensis, 
lJotentilla ctnserina, P~tcciizellia relroflexa, Ra~zzcncrilzis ncris, 
Iirirnex ncetoscr, Rumex longilolici, Snginn l~roctemben.~, Serlt~trt 
(rue, Sedzcri~ rosen, Sileize rnnritinrcr, Stellaria inerlia, Tnrtzza- 
crlrir speries, Tl~)rrnris tlrrtrei a11(1 Trif~l(~~trosl)ertrrrtrrr nrciri- 
/ill1 l l l l l .  

32. REYNISI'JAI,I,, TO TI-IE EAST 
This  is ;i steep, scree-covered tuff m o ~ c n t a i ~ ~  tlesce~~tling 

right into the sea. Rip puffit1 c o l o ~ y  is foiultl OII  the slopes. 
The  follo~vitlg species were obscrvccl on the slopes: Agrostis 

.stolonifera, Agrostis tenz~is, A?lgelica arclrangelica, Arnierin 
rrrarilinlct, Cardnmiiiopsis ljetraea, Cerastizim fontanti~n, Iles- 
r l r a n ~ ~ ~ s i n  ctte$itosn, Drclba incalza, Efiilobiztin colli~~z~nz, BII- 
frosin frigirla, Feslttcc~ rribra, Hierctcizon sfecies, Leoirloclo~r 
az~t~en~i~al is ,  Myosotis arveiisis, Oxyria digyna, Plfl?zlago Innce- 
olala, Planlago ~naritima, Poa glaztca, Poci l~rntensis, I'olentilln 
nnserina, Pziccinellia nzaritima, Iiarrzcncnlus acris, liitniex ncel- 
osn, Saginn $roczcnzbeizs, Saxifraga ??ivnlis, Setlunr rose(/, Sore- 
cio vtclgnris, Silene mciritinra, Stellnricr ntetlin, Tr~rcrsnc~rnt 
.+ecies ;~ut l  Trif11erlros$erir1rir?r ~rrar.ilir~rzir~~. 

33. virc, MLRDAJ, 
This coast is 1oc:ltetl east of the Vik1u.A river, ant1 clue soutl~ 

of the church. 
I t  is :I s a ~ ~ d y  shore, ~r i t l t  black sa~itl atttl fine gr;lvel on thc 

surface. 
Vegetation commertces al1o111 90 111 ahovc Iiigll-n7;itcr mark, 

wit11 the species ~Ifiilncirlin $eploirles 
About 100 m from the sea the vegct;~tio~i cover was lll~!aSLIr- 

ed, and this showed that ~I,linnlnrlici !~ef~loirles coverccl a l~out  
5%. Also fomitl but not ~ncasurctl were: Elyrrrrts nrcrlaritr.c 
; L I I ~  A~lrrtensia inarilirna. 

About 200 In from the sea another lncasurelncllt was  take^^, 

;kccording to ~vhich Rriniex ctcetosc~lla covered lo%, Elyrntts 
clrerrorirts 5% and Sileize rrrnriti~na 5%. 111 :tddition there were 
fo1111d withill the measuring square and arrangctl in order of 
frccluency: Mintrcrrtia ;I)e$loirles, Agroslis le17 ltis and ihfertensirr 
nlnritinrn, and ~vithout mcasurcmellt: Cnrrlnriiino~~.sis [)elroefl 
and Carex iitarilinra. 

tibout 2GO m from the sea sowing sqtlat-cs co~nmencc, reacll- 
ing 1111 close to Vikurhamrar abo t~ t  500 rn front the sea. Ac- 
cordi~tg to mcasuremcnts nladc about 300 111 from the sen, 
Elyriiz~s arenaritls covered 40% ant1 Xunre.x acelosella 30%. 111 
aclclitiotl, within the measuring square therc 1vcrc found: 
Cnrdnrnirtofi.sis pelmen, A4inzinrlict f~el~loirles ancl Silene i11o9.i- 
tiiilct, and w i t h o ~ ~ t  nleasurement: Agsostis terrziis, Hiernciltrn 
sfiecies, Afatricaria n~atricnroides, Aferfeirsitr ~nnrifirna, Plant- 
ago rilnrilinicr and Polentilla ct?rsrrinrt. 



TABLE I 
l i s t  01 Plant Species So~~ncl on the South Coast of Icelaild 



3.1. E/\ST 01;  WI~JLAI (V~SZ ,  
'I ' l~is co;lsf. is locatctl a b o t ~ t  500 111 cast of Mhl;iltvisl. 
, -  1l1c s;liitl is I~lnck, mixccl ~ v i t l ~  gr;tvel. 

Ovcixll piclurc of this area is one of santis ~ \~ i t l :ou l  vcacta- 
tioil, exrcutliug far iilla~itl. 

7 7 1 lip f'issl plallls rvcrc foiui~tl ; I ~ O I I ~  150 In ;~l)ovc hig11-~v;ltc.r 
m;11.1<. 'l'llesc .iveve i\/liiir(cil!licc f~ef)loirle,s a ~ ~ c l  Sile~ie  iticrl!ili~~rtt. 

i\l)o111 300 111 from l l ~ c  sea t l ~ e  following sl)ccics wcrc f'ou~rtl, 
~ v i t l ~ o u l  ;~l~y\\rlicrc : ~ t l a i ~ ~ i ~ ~ g .  ; ~ i l y t l ~ i ~ l g  ilcar ;I cover of 176: 
Agl-oslis sloloicifern, Agroslis lelzt~is, Cnrr lnmino~~s i s  petrnen, 
(;(trc~x ~ii(rrili~tr/f ,  (;el!(r,\/iit~r~ jorit(~~iztrrt, IJo(i gl(trtr/t, l ' o l i ~ o ? i ~ t ~ t i  
vivif)ct~rlrtr, Rr~rrrex c~celoselln anil Silc,~re ~t~ctrilirrrcc. 

i\ccortling to mcas11rc111c.111~ m;ttlc ;~ l )o~ i l  500 111 fro111 I l ~ e  
sca, 110  p l a l~ t  altxiilctl a coves of 501,, b111, l l ~ c  follonling 1,lal1ls 
~ \ ~ c r c  I'o[lritl ~viLliin Ll~c lnc.;~s~rl.ir~g c]l~;l t l~;~tc,  ; ~ r i - a~~gc t l  in oi.tlo. 
of l 'rccl~~(:~~c).: Si l e~ ie  rrrclrili~~rn, Ce?-t lnr~~i?~of)s is  /1cll-(rrtr, Sngi~ict 
~l~~oc.illirl~cri,s,  (:(:r/f,\/illlii fo11L(lr1lllt~, ; l l l ( l  /lg?-o,\li,s , \ lO lO~i i j~~~~( l ,  
;u~t l  ill ;~tltlitiou, ~ v i l l ~ o u l  Inc;lslirclliei1l: I)c~,scltcttril),sict c.crc,.sl)i- 
lo.\cr, /<~)ilobirtrrr slleci(,s, Eqzri.setrt~~i nwc,lise, Fo.slrrcc~ rr~brn,  
Os?'i.icl tlig)r?rri, Plnnlcrgo nzor i t i~ t~n ,  I'oti n l l ~ i ~ r n ,  l'on glirrrc.n, 
IO~rtrcs ~ r r c l o s e l l ~ ,  .Snxi[rcrgci ~ivrrlnri,s, Serlrrrti cirrc ant1 ?'c~t/r/rii 
villo,srrrtr. 

After t11at Ihc vegetalioi~ sl~ou,s l i t ~ l e  ;rlIcratioii, a ~ ~ t l  .i\'l1(!11 

r l ~ c  11;11ion;1l liiglirv;~y 11;~s I)een rc;lcl~ctl, ;~l)oul  5 k111 fro111 lllc 
co;~st, 1l1c vegcl;lliol~ cover ;IP~W;II-S sinlilnr :111(1 IIIOSI of 1 1 1 ~  

spccics itlclltical. 

4'o111c sl)cc:ics Iliar ;Il)pe;lr in llic foregoin$ list of p la i~ ls  
accor t l i~~g lo 111c i~oiriciicl;~ti~l.c in I ' i i r rcck~~i i~g  ijr:c.~ Nor t l c~~s  
rriixtpr :1i1(1 I I I C ~ Y  SYIIOII~I I I  f1.0111 Flora i s l : i~~ds :  

I'iirlcclcning ever Norilci~s viixlcr: Flhra islantls: 
-1 

/ l~igel ira rrl-cltctngclic.ci Arc1rnrrgclic.c~ ofjic.iric11i.s 
A r.ri~er.i/l rt1c1rilittr(t A r.rr~rl!ict vrrlgcrris 
Cnltile trictrilirncf ssp, i.tlnirtlirc~ C~lc i l e  etlerrlrrln 

Co1 .e~  lrigra C n r ~ x  goo t l r~~o l rg l~ i i  
Cei.cr,,lirtt~~ [orrlcl~rri~i~ ssp. sr/ortlicri~t~ Cer(z.slir~iri C ( ~ ( : S ~ ) ~ ~ O S I I I I I  
I:'lc,oclrc~?~is r111ig1lt1ili.s .Sril!l)rrs ~ t i~ ig l r~ t i r i s  
Rlpl~igict repeiis A g ~ o l ) y ~ o r r  ~ - c ~ j ) r j r r . s  

Fe.clrtca r r~brn  1'. 111ir1ir.ct Fesl zt ctl 1.11 brn 

G(1lirt111 ?~,1!11rir  ssp, (,1~71errittt (;(1lir1171 7~(,1-rttrr 

lr~iicrrs crl/1i11rrs ssp. ~lotllrlo.\l~s [~trr(:rt,\ (~l/)irir~,c 

\rr~rc.rrs n?.c./ic.l~,s ssl), ii11rrrilctli1r.c l l l l i ~ l l ~  nl.clicl1.s 

, / I / I I ~ I I . S  r(riiefl!if~.~ ~~crrrrt,s brtJoizizis 
I.ctllij~).rr.s ~tioriliz~rtts 1'. glrtbrr I,ollrj~~-ri,s 11ia~i1ir11 r t s  

I'lnrrlogo i~rnol! ssp, crrrtrnjol! Plnnlago i?rnjol! 

I'oct ~)rctIerr,sis ssp. irrignln l'ocr ~~rtrIrirsi,s 

I'on l)r(rlerr,si,s s s l ~  rri/>~cileir,si.s Poa fimlensis 
IZn~ririrc~rtlrr.~ ucris ssp, borerrilrrs I~ri~~zri?crrlrts nrris 
I<n~rrr~~rrtlrt,s c~rris 11. ~~rirrril/rt,s lln~ir~nrrtIu,s i.sln17rlicz1,s 

l?rrr~~r.x lo??gi/olirrs Rrcinex tloiireslirrts 
.Vetluri~ 1-osen .Scrlrr177 1-o.sr r r  111 

Tliy1771t.s dvr~cei Tlry~nzts  nrcticz~s 
T r i ~ ~ l r ~ t r o . ~ / ~ c r ~ t r r i ~ ~ ~ ~  ~ ~ ~ n i ~ i l ~ r i t f ~ ~ r i  118nlrircrricr r~rrr~-ifi~trtr v. : 

c~roce~)l inln 

1)ISCUSSION 
T h e  types of coast at the 34 observation sites 

may be c1iviclecl illto four rnaili categories: 
I. Saiicly sliores: This type was re( ovclecl at tlie 

Iollo~ving oljservation sites: No: 2, 3, (4), 
(C;), 6, (7), 9, (lo),  11, 12, 13, 14, 15. I f ,  17, 

18, 19, 20, 21, 22, 2:$, 25, 26, 27, 30, 33, ancl 
34.. It  is most cli;~racteristic for tlie so11tll 
shore of' Icelancl. T'liese sliores are often stlch 
that C:cileile m a r i l i m u ,  i b ' l c ~ l e n s i c l  and M i ~ t z i -  

c i ~ l i u  f ~ e p l o i d e s  - either one, t ~ v o  or all tt-~rec 
ol' these species .- are Sound ill ;t zoiie near- 
est the sea. T h e  next zolie i~ilancl is theli 
~ ~ s u a l l y  clolnirlated I)y 1Zlyrnrrs a r e n c i 7 . i z ~ s ,  f i r -  
qlleritly rnixed with tlie al~o~le-rrier~tioried 
three species allel perhaps otller species ils 
distance from tlie sea increases. 

11. River rnor~tlis -cvere stucliecl at sites (4), (5), 
(lo), a l ~ d  24.. All tlie estuaries strlcliecl are 
1)orclered with saiicll)ai~lts sornetiines ~ \ f i t l l  
irregul;~r gravel. 'Tile vegetation is extrcrncly 
scanty 011 tlic saliclspits as ~\rell ;IS oil tlie 
riverbanks ;uld a ~oi i ;~ t ion  is olten ol)sturc, 
\\rliel e IZlynr u.r N T  p ) ~ n l  ill.\ is coinlr~oiily rrlixcd 
\\rith i \ i l c7 /cTu ia  illit1 i\linrccillitr,  ( : ( L / < / ~ P  and 
tile gi asses. 

111. 1,ava protlutlii~g into tlic sea is 1o11ncl :rl 
sites (7) alid 8, \\111cre it Iorlns ntlmerous 
slteirics. 'The inricrl~lost sltcrrics arc olten 
ric 11 in vcgctation. 'Tlie elominant s1,eties is 
1 ' ~  t inellic~ n r c l ~  ilirrrcr of tell ;~ssociatecl wit11 
Polygnlln~ tr-uitzrla)(> and P l c r ~ i l c r g o  rnci.tctir~rci.  

I~isicle tlie skcrrics is it s'1nc1y shole 5c;lttcl cd 
\\ritll sea\\reccl ant1 nlitli ,I dense vegct:~tic-ni 
ol vnlious coastal species ~nixcd .r\rith \l,ll.ious 
otlicrs. 

IV. M o ~ u i  tailis ol slrccr c lills dest eudillg i ight 
do~\iil  into tlie sea ~\ici c o1)seivecl at sites 28, 
29, 31, and 32. 'The nionntains ~vhicll arc of 
tull are sheer or scree-cove~.ed, uiostly with- 
o r ~ t  vegetation in t l ~ c  spl~~sl i i~ ig  mile. Above 
This /one tliele are various gr~lss specie, 
found gro~iring, assot iated with s~rc h spec ies 
as Angc71zcci ctr ~ l i c i ~ r g c l i c n  anc1 Sec17rm ~ o t c c ~ .  

l;iiially, tliere is ill1 ilitei rnedi,iry stage 1)et~veeli 
111 ; ~ n d  IV at site 1, ~vllcrc thcie 'tic snnd dunes 
on ,I lava base ~vhich lornl, tlills at the seashore 
or  is I~rokcii rtp iiito bor~lclcrs. Thesc ille devoid 
of veqetatioli, but  further illlancl various coastal 
species are gro~viiig in 1nixec1 c onininnities. 

DISTI<I13U'I'ION OF 7'1HE SPECIES IN 
TI-IF, O13SERVATION AREA ON T H E  
SOTJ'I'H COAST O F  ICE1,AND 
TI-IA'T I-IAVIT, BEEN FOLJND ON SIJRTYEY: 

O n  SLII tsey islancl f o ~ ~ i -  species have now beell 
clearly iclentified: Cakile r17n7 i l i r n a ,  E l y n z l i s  nr-en- 
(11 i l l s ,  M e ?  fensin ma, i f i n l c r ,  and f\linz~n~ tin prplo- 
ides. 111 addition, A l ~ i l ~ l e x  )clllrla has also been 
recorclccl i11 1968. This identitication is, ho~vever, 
some~vhat clo~tbtful. T h e w  plants are all found 



ill the  area s t~ td i ed  on the  south coast ol Iceland: 
Cnh~Lr ~rrc~l~tinrtl: 'This species was found iu the 

ohseivatiou area, i n  some places with a large 
ir11nil)cl ol illclivic111;il plailts, het~veen Ttror- 
1;iltslitilli i n  the .ivest (site No. 2) and  U a ~ ~ g s -  
st;itlir in  the cast (No. 8). 1'ast of there it  was 
no t  found, apart  train one specimeii at  No. 13, 
one  ;it No. 19, and  a lew plants in  ;I l imited 
;Ilea ,II No. 28. 

XLynrlr\ a7cllclti7l~: 'l'his species ~va5 iouiicl in the 
ohseiv,ltioll aren ,it l ~ea l l y  all o1)servatiori rites, 
~ ~ s u ~ l l y  ~ v i t h  a 1,lrge 1-rn11-11,~r ol indiviclual 
plallts. 

i1lc.t tc?~,icr I ~ I ~ I  i /~rn( i :  T h i s  species ~ v , ~ s  lound in  
thc ohservation area, in some places with 21 

large n1unl)er ol individual plants, l)et\veen 
'1'horl;iltshiiln in the Tvest (site No. 1) ant1 as 
fa1 as tlie 17hj6rs;i liver in the east (No. 10) - 
tho11g11 i t  does rlot appeal at No. 2 (see later). 
l',;~st 01 the 'I'hjtirs,i i t  was not  been ext ept at 
Nos. I!), 20, 28, arid 83, ancl then only in \ ery 
small nuniljcrs. 

1\li?77~al tia p(>j)Loide\: T h i s  spec ies \vas lorlrlcl in 
the ohser;iv~ion area a t  ~ iear ly  all sites, usually 
~ v i t h  ;r large nurnl,er o l  individual plants. 
All the above tour  species grow also in the 

Westlliarl Islands, ancl there only at the t\vo 
places ~vhe re  there is a saiid-shore: I<lanfin and 
Eidia on the islallcl of Heimaey. 
AtripLes pnllila: 'This species was found i n  the 

ohservatioii area only a t  two sites, Nos. 2 ancl 
7, and  a t  1)oth sites only i n  very small nurnl~err .  
111 the Westlnali Isl;~nds i t  m;1y grow together 
with the other four  a t  I<laukin ;111d Ei8i8, b u t  
i t  is also lound  i n  several o b  the ontlyiiig isler 
o t  the arcl-ripelago, \ \~herc  i t  grows on rotltr 
;lnd on the nestiilg grounds of the p111 tin. 
(Sturla Friclriltsson ancl IZjiirii Johnsen, 1967.) 
'The species ELymzis clrencrrirls and  Min7lat tin 

p ~ f i l o i c l ~ s  are fairly evenly distributed over the 
whole oljser va tion area, h u t  the distribution of 

CakiLe r r w  itirncr ancl i\/lc.l fen\icr m a )  ~/irrrn is more 
limited. 

T h e  distribution of the two latter plnnts is 
very similar: they grow almost exclusively in  the 
\vesternmost part of the ohservation area. I n  inost 
places they grow together, ~ v i t h  i\/lin7lur/io peplo- 
I ~ ~ s ,  1 ~ 1 t  i t  is interesting to note that,  ~ v h e l e  
(:cilzzle ~ n t ~ ~ l i r n t r  is most al~uncl ' l l~t (site No.  2), 
Met len.rzci ma7 lit~rncr is no t  found a t  all. 

I t  is cliflicult to  explain why these t\vo spccics 
are hardly encotmtelecl ill the (entrnl  ;und c'istel1-r 
parts of the ol~servation ale;]. Yet the saiid-sliores 
there seein to be just the type where o i ~ e  ~voulcl 
expect the species to grow prolusely. The re'l5on 
lor this is no t  qui te  cle;~r, though i t  should 1)e 
lneiltioned that  ;it least C:crl~~lc r r m  itirr~tr is nit1 o- 
pliile slid seems to depend on the presence ol 
clec,~yillg se;rl\leed ill the snncl ill ~vliic 11 it  gro~vs 
T h e r e  i5 a lot of seaweed on  t t ~ c  toast i n  thc 
~vester~lrnost par t  of the ol)servation area, ~1s sea- 
weecl grows profusely of1 the co;ist. O n  thc other 
hand, there is hardly any decayii-rg se;l.rvecd on 
the coart i n  tlie central and  solxthern parts ol the 
observation area, as growth of sea~veed in that 
section is much less, except in limited areas near 
Dyrhtilaey and  Ileynisl jall 
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Bird Migration Studies on Surtsey 
in the Spring of 1968 

BY 

FINNUR GIJDMUNDSSON 
Museum of N a t t ~ r ; ~ l  History, Ilcykjavik 

I. INTRODUCTION 
In lWi8 Surtsey was again manned during the 

height of the spring nligratioi~ period. Mr. Jhn 
Baldur Sigurdssori, Mi-. Volundur Herm6dsson, 
arid Mr. T.Villiarn N. Woodin stayed on the is- 
lalicl Irom April 16 to May 10. 'I'hey made 
careful observations on all land-birds stopping 
on or passing the island en route to the main- 
land of Iceland. Over 200 birds were collected. 
They lvere weighed and sexed and many of 
them .ivere prepared as study skins for the Nat- 
ur;tl I-Iistory Museum, Reykjavik. 

Tlie degree of fatness of ~ndiviclual bird5 Ivas 
determined according to the scale proposed by 
lLlcCabe (MtCabe, T. T. 1943. An arpec t of col- 
lectors' tecniqlxe. Auk (i0:550-558). Actoiding 
to this scale, which is based on both subcutanc- 
ous and visceral Int, (i classes of fatness are re- 
cogui~ed: 1) no fat, 2) littel tat, 3) moderate fat, 
4) fat, 5) very tat, and (i) ex( essively fat. I n  vie\\l 
of the fact that annual fat and weight cy~les 
of ~ n a n y  bircls ,Ire still imperfectly k1101~11 it 
appenred desirdble to check weight and fdtness 
of land-birds upon aiival on Surtsey attur n sea- 
crossing of 500-650 miles, ~vhich is the distance 
l,et~\reen Iceland and the northern- ancl Itrestern- 
nlost  arts 01 the British Isle5 from ~vhere  most 
o t  our migrants no doubt depart for Iceland. 

Plevious observations 011 Surtsey have shown 
t11,lt this 11e.i~ volcanic islancl, ~\lhich no1v has 
an 'Ilea of approximately 2.8 knl2 and reaches 
a height of 160 m, has both advantages ancl dis- 
advantages as n base for bird migration stuclies. 
As the southernmost outpost 01 Iceland it is 
ob~rious that it will attract more or less exhausted 

land-birds approaching Iceland, but, on the other 
hand, the still rrlainly lifeless habitats of' the is- 
land do not provide food or other essentials of 
life for most migrants, with the exception of 
1)irds of prey, which have access to a rich select- 
ion 01: prey among the exhausted rnigrants, as 
well as scavengers aiicl a ferv ~vaclers, ~vhich rriay 
subsist for ;I time on organisms, clead or alive, 
~vhich are washed upon the shores of' the island. 
Consequently it is not likely that niarly migrants 
will stop 1'01- any length of time on the island. 
However, the maill disaclvantnge of the isl;~nd 
for migration stuciies is its location at the west- 
ern periphery or even west of' the main path of 
n l igrantu~rr iving ill Iceland by ~vay ol' the 
Uritisll Isles. I t  is  ell k n o ~ \ ~ n  that llnder normal 
conditio~ls inost migrants turn first up  in spring 
in S. E. Icelancl and then proceed .ivest~\iard along 
the south coast or northward along the east coast, 
although some species no doubt cross the int.er- 
ior. But if the lrligrants experience strong cast- 
erly or northeasterly ~viricls before they reach 
Icelancl they may be subjected to a lateral drift, 
and it is exactly under such conditions that they 
will reach Surtsey in considerable num1)ers. 411d 
this applies particularly to the poorest llyers 01. 

the small passerines, which are affected by ad- 
verse ~vinds to a greater extent than bigger and 
more po~verful flyers. It is obvious, therfore, that 
the passage of migrants through Surtsey xvill 
vary a great deal from one year to another. 

A3 observations on Surtsey in the spring of' 
1968 did not start until April 16, i t  must be 
regarded as certain that the observations did 
not cover the main arrival of erly migrants, such 



as the oystercatcher, the redwing, the golden 
plover, the redshanlz, and the commoil snipe. 
Birds of these species which xirere encountered 
on Surtsey during the study period must there- 
lore be regarded as laggards, but all the saine 
their occurrence is no less interesting because 
it sho~vs how long aftur the 11ulk of the popula- 
tion has arrived, certain inclividuals may conti- 
nue to turn up. 

I11 the follo~ving notes a fairly detailed in- 
tormatil~on will be supplied about the o l ~ r v a -  
tions carried out and their results. 

11. SPECIES LIST 
W 11 o o p e r S T\J a 11 (C:yg?zu.\ r n u , z c ~ ~ ~ ) .  On  Api il 

30 t ~ u o  came flying lrom SW and headed for the 
Westmail Islands. 

G r e y  I, ag (; o o ,e (An,\c, unte?). Tllree lvere 
seen on April 17 one of which 1va5 c-ollec tecl ( 5 , 
 roba ably a yearling; weight 2870 g (fat)). 'Two 
were again seen or] April 20 and on April 22 
~ v e r a l  sinall f locks (5-2-3-3-4-1 2-2-1 0) 
passed the islancl, toilling frorn SW and Ileacling 
tor the Westrnan Islands. Some of these birds 
circled the island before colltiiluillg their journ- 
ey. During the follo~ving six days grey lags were 
see11 every day, but only in small numbers (2-1 5 
each day). Some of them settled on the island. 
Four Tvcre collected, probably txvo pairs: April 
24: 8 3195 g (excessively fat) and P 2922 g 
(very lat); April 27: 8 2780 g (little fat) and o 
2252 g (no fat). 

P i i l k - f o o t e d  G o o s e  (A?lse? bruchyrl~ync- 
hlrs). On  April 29 two lloclzs (20 bircls in each 
llock) passed the island and headed for NE and 
N respectively. T h e  next day 32 birds passed 
the north side ol the island, Slying in a north- 
eily dilection. About the saine time 55 came 
flying from E and headed tor the maillland 
west ol the islailcl after having ciiclecl it. 011 May 
(i one was sitting among gulls on the ~zorthern 
heach ol the island. 

I3 a r  n a c 1 e G o o s e  (Blanfa le?~copsz\). On 
April 27 two were flushecl from the island. They 
proceeded straight N. T h e  next clay 36 came 
fioin S and headecl for N-NW, and on April 29 
(i0-65 pdssed the island. On  April 30 one passed 
the islaid, flying in a westerly direction, ancl 
later that saine day four wcie sitting on the 
northern beach one of 1\7hich was collectecl ( 8 
2017 g (little lat)). To~vard,  evening that same 
day 7 came flying lrom SW and settled oil the 
island. When flushed they p~oceedecl towards 
E. They were flying slon~ly ;ind lo117 and appea- 
red to be exhausted. On May l one Jvas sitting 

among gulls on the NW corner of the island, and 
on May 3 eleven passed the island and bedded 
lor NNW. 

Unideiztif iecl  Geese  (Art~et spp.). On  April 
19 tx\io headed for the mainland .i\rest of the 
island. On  April 29 a llock of 50 geese passecl 
in a northerly direction between Surtsey and 
Geirfuglasker, ancl later that same day 35 geese 
circlecl the island. T h e  next day three llock5 of 
geese ((3-14-18) pasred or settled on the island. 
On  May 4 28 geese passed from SE to N W  north 
of the island. 

Mal1;lrd (Afras l~lulyrhynchos). O n  May 4 a 
solitary female was flushed lroin the shore of 
the island. 

T e a l  (Anah crecca). On  April 23 a pair ~vas 
encountered on the lagoon on the liortlz side ol 
the islaizd. 

W i d g e o n  ( A n a ~  penelope). On NIay 1 a pair 
was seen flying to~vards W along the N shore of 
the island. I t  apparently intended to lancl on the 
lagoon but gave it up  and headecl lor the West- 
marl Islands. 

E i cl el- (Sorna/ef icn molli.rrirnu). Eiders Tvere 
larely seen arouizd the island. On  May 6, how- 
ever, a solitary male Ivas swimming off the north 
shore and the next day 2 were reell flying along 
the north shore ( 8  and irnrn). 

R e d - b r e a s t e d  Mer  g a ~ z s e r  (A4ergzr.5 \c?7a- 
lor). On May 28 a solitary bird was s~vim~ning 
close to the shore. T h e  next day one ~vas seen 
on the lagoolz ancl later the same day onc .iva\ 
shot on the lagoon (8 722.2 g (no Sat)). 'The 
bird appeared to be either exhausted or in poor 
(oiidition. 

M e l l i n  (Falco colr~mborizu). 011 April SO 
merlin stayed on the islalzcl the ~\lhole day. 

Eally the next day a nlerlin Tva, entountcred 
where it was eating a ~vlzeatear. About two hour, 
later one was caught in a mist net at the reiearch 
station ( 8  168.8 g (little lat)). I11 the gizzard 
there were leathers and bones of a srn,~ll pass- 
crine. I t  had apparently bee11 tempted by 3 
meado~v pipits and 3 ~vheatears which hacl be- 
come entangled in the net. 1,ater that same clay 
a female was seen chasing a meado~v pipit r o ~ u l d  
tlie research station. T h e  next day (May 2\ a 
female (probably the same bird) was repeatedly 
seen. Four or five kills were found (~\~lleatc.ais 
and meado~v pipits). 

0 yst e r c a  t c h e r  (E-Iaernotopz~s ortrt~leglra). 
From April 18 to May 6 oystercatchers weie 
repeatedly seen on the shoies ol the island. 
the i ~ ~ ~ i n h e r  seen in ally one day varying horn 
2-18. 



K I rl g c d P l o v e r (C:l~al cldl izr.~ l?icllic 11la). O n  appeared on  the island, b ~ ~ t  i t  .itas vigorously 
I\l,iy 7 one \\la5 seen flying zilong t l ~ c  shore 011 ,~ttatlced ancl tliased aw;ly I)y the tnio resiclent - - 
the n o r t l ~  side 01 the isl;~ncl. 

(, o l c1 c n I' l o v e r  (lJlr~vicrlz\ ap?i~clricl). Sccii 
o r  licnrtl 011 ~ri;lsiy occasions I lom A l ~ i  il 22 to 
hl'iy 10, t)ut rnostly o i ~ l y  a lenr l ~ i ~ d s  cat l i  t i l~lc .  
l-Io~\~c~\ici, A p ~ i l  22 ;I Iloclc ol 10 1)iitls c-,ilrlc 
I i o l i ~  Sli: ,ulcl con t in~ l ed  in a no1 tllerly tlircc t ion, 
;111cl o n  April 27 tlilec llot lis (10-20-15) ltcrc 
I Inslied 11 on1 tlic is l ;~~l t l .  T l l r rc  were t ollct tcd: 
All1 i l  27: ~i 147.0 g (110 fat); i\lxil SO; 6 

1112.8 g (no Iat); M,ly 1 :  6 132.6 g (no 1;it). 
'1'11 I 11 st o n e  (Alrr~n?icr itztcrprr~r). Sccrl on 5 

d i l l e ie~ l t  tl;iys I ~ o u l  A p ~ i l  17 to April 27, tllc 
11111111)c1 see11 C ; I ( I I  clay valying l i o ~ i l  :(-1:3. Orle 
~\l,ls shot 011 Apiil 27: o 114.5 g (vcly 1;lt). Ali- 
Iricnt;ii y tr,ic t cont;~ir~ccl a t onsidcra1)lc ;lrnount 
ol li~~pll;lttsicls, ~ v l ~ i t  11 ;Ire Ircq~lcllt ly ~vashcd 111)- 
(111 t l ~ c  sliole ol the isl;il~d i n  large t lu; i~~t i t ics .  

1%' li ill] I )  i c I (Nrrrrrrllirr.c /)l~ciro/~rc.\). Oilly 2 
scc.11 a ~ i t l  I)otll weie tollettetl. A p ~ i l  27: 301.1 
g (110 I,it) ant1 T 275.4 g (no fat). 

I<e tlsll ,In lc (Tr ittgcl lolnrr~lr). Seen 011 7 clil- 
I c ~ c n t  tl,iys Iro~rl April 24 to R/l;~y 3, the iir~ml)ei 
sc~11 c;it l i  tl;ly varying from I -!). i\/lost of these 
ljircls rnarle a stop-over o n  the island. Two Tverc 
collcc ted. May 3 :  o 115.9 g (no fat) ;11lc1 8 181.9 
$!, (11lc)clcl :I tc f :I t). 

I( 11 o t ((ictliclt ic c trlr rrirrc). O n  &/lay 3 t ~ v o  T \  el e 
seen ant1 tollct ted on t l ~ c  north side of tlie isla~ltl: 
d 100.7 g (no [;it) and Q 106.1 g (no fat). 0 1 1  

, \ I ) I  il 2:) a t i g l~ t  I IoclL of 200-500 \\l;~clcr\ \ \us  
o1)sc.i vccl l lying in the c i i~  cc.tion ol N-NW 1)c- 
t.\vecll St11 tsey and (lie Wcstrn:ill Islantls. 'I'licy 
; I I ~  t l ~o~ ig l i t  to Iinve been lcl~ots. 

1'111 1) Ie S a u t l p i p e ~  ( ; 1 1  ~rr/orlintcr). 
0 1 1 c '  01 tlirce seen on the 1101 th sick of the isl<intl 
o n  I \ ~ I  il 26 Ivas collected: ~i 62.3 g (very lat). 
h o t  seen on  otllei occ ;isiolls. 

D t r i i l i n  ((:c~lidri.\ clll~incl). A 1e1v I~ i lds  \ \ c l c  
\cell on the shores ol tlic isl;tncl on 5 tlillelent 
d;lys Iron1 April 27 to Alay (i.  Eight \\lcl e c ollcc t- 
ctl: Aplil 27: 6 42.1 g (~nod?r,ite I'it), d 48.4 g 
( \e iy [at),  nncl 0 4:1.8 g (very fat); April 28: d 

34.4 g (no fat) and  p 34.2 g (no lat);  April 30: 
d 31 .7 g (no fat);  May I:  6 31.7 g (110 fat) and 
? 40.0 g (110 hit). 

I t a l i e n  ((:or-i/rr,c tortiv). ? 'x \o  I)il-ds (;I pail?) 
4t'i)ecl on the island tliroughont the stucly period. 
'They  ere Lrequently seen, l ~ u t  no  signs of nest- 
I)uilcIi~lg or  breeding were observecl. 'I'hey iiabit- 
11ally patrollecl tlie tidelilie fol anytliing edible, 
st1t11 as dead sea-llircls, fishes o r  inveitebrates, 
~vnsliccl ul1011 tlie sliore. O n  i\I,~y :",;I third raven 

, , 

i avens. 
R e d \v  i 11 g (?'?17 tlrrs zLicr( 115). O ~ i e  rvas seer1 or1 

Alxil 16, ;il)out five 011 April 17, one  on  April 
19, arid IOLIY 011 April 5 0 .  Folu were colle( led: 
April  16: Q 68.8 g (very lat); April 17: o 58.6 g 
(1nocler;lte Sat) and 61.2 g (littlc Iat); April 30:  
p 56.6 g (littlc iat).  

W I I  e a t e a r  ( O e n t r n l l ~ ~  oe?~cit~/llo). First seen 
(a siriglc bird) on April 17 and  o ~ ~ c  (ollet ted (the 
s;lrnc l)iicl?) the llext day. Fro111 tlien o n  it  1v;is 
ltot well i~l l t i l  April 26 I V I I ~ I ~  olle 1\1;1s see11 rie~ir 
tlic rese;lrc li st;ition. During the next t ~ v o  days 5 
-10 11i1-cls 1vere ol)servecl each clay ancl several 
were tollectecl. O n  April 21) a Iew sc;~tterctl 
I~ i rd r  rvere ob$ervecl, 1)ut after ;~ l )ou t  1500 11 

tl1;it clay ~\llleatears ;is ~liell as r ~ ~ e : ~ d o ~ v  pipits 
' i t ~d  \\~Ilite \\laat;lils 1)eg;ln to appear ill solne\i71l;it 
1;1igc1 I I I I I I I ~ ) ~ I S  011 tlic is1;isicI. 15y 0445 11 01 Aj~ri l  
30 tlie 11~1~1ll)cl ol .i\~he;itears oil the isl,illtl Iiad 
g~ catly i l l (  1c;isecl ;illcl it c olltinrietl to  ill( reasc 
thloiigliot~t t11;it tl;iy ;~ltllough ~ n ; i ~ i y  nlny havc 
Iclt t11t. islantl lor  the m;iinl;i~ld. I-l~uidrccli of 
~ \ ~ l i c ; ~ t c : ~ i s  ~ v c ~ c  ese11t 011 the isI;intl t11:it clay 
;111d 11l;iily T\JCIC tollec lecl. l > ~ ~ r i ~ l g  thc tiex1 two 
clays (M;ly I ; I I I ( ~  2) the n l~ ln l )c r  ol \vlle,itenis 
present 011 tllc i s l n~~ t l  grac111ally dccic;~sctl (t1111s 
o n  I\/l,iy 2 not Illore t l ~ a n  allout I0 biitls n7erc 
o1)scrvetl). O n  Miry 3 a s in~i lai  01 a slightly 
sniallei 11111nber ol ~\lIiente;lrs 1\7;1s ol~serveti, and 
on M,ly ,i 'i11(1 ( j  only 2-3 1)ilds I \ C I C  see11 eat 11 
tl;1y. 

As la] ;is is laior\ln It cl;~t~clic \\rl~entc~irs appai- 
crltly ~ \ l l n t c ~ .  in W .  Aliita,  bu t  \\re mrlst ;~ssr t~l~c.  
that they reat 11 Icelaad in  spring by \\lay ol the 
\ \ l c , s t c ~ ~ ~  11'11 ts 01 the Uritiali lsles altliougll i t  is 
pc)ssil)lc t l1,it soll~c 1i1;iy 11 avel dil ec t Iro111 West- 
C I ~  Al l ic ;~  o1 t l ~ c  1l)elian I 'enins~~ln to It elnntl 
.r\~itIiorit tout l ~ i n ~  t l ~ c  l5ritish Isles. II we ;issl1lnc 
t l l , l t  t11c.y travel by \\7;1y ol the Britisll Isles ;lnd 
])lo( cctl ,it ,111 ,Ivel<igc speed of 25 nl.y.11. - Illore 
ol less depending o n  tlie clirec tion and  velocity or 
tlie ~v i i id  they experient e - i t  shoulcl talke thern 
, i t  Ic<~st  20-2(i Iiours to r c ~ t  11 It eland (distallt c 
hl~l tscy - Isle, ol I , e~ \~ i s ,  Otlter Hel)ridcs, about 
300 lnilcs, Sul tsey - (:ape Wr,ith, N.W. Stotl,ind, 
;rl>out .iT,O n~ilcs ,  and Sul tsey - No1 tlicrn Irclnlicl 
;tl)oitt 650 miles). T h e   rheate tears re'lching Surts- 
cy (1111 ing the night 01 April 30 and  the follo~v- 
ing c1,iy lu t~s t  tIicl.elore llave left the Bl itish Isles 
late (311 April 28 o r  dlli ing the night of April 20. 
Figs. I-,'', sho~\1 the 1n;iin Ieatrlrc-s ol the ~\rc,~tlicr 
t onditions existing ill tlie North Atl;lntic at 1800 
(;RIT on  April 28, Api.il 29, ant1 April 30 



0 1 1  Alxil 28 (;it 1800 (;NIT) the ~veatllel ill (;AlT on April 29  ~ \ rheu  p;~ssage 01 p < ~ s w ~ i ~ i e s  
t l ~ c  I i s  I i s  I to  t loucly \\lit11 light hac! all e;tcly started ou  Slirtsey the ~\~e;ttl lei  \ \ l i t$  

~;15tcily ~\f i~icls .  For ;tl)o~tt 2L3 01 the wily froin t l ~ t ~  vciy siitiilar to t h ; ~ t  of the day 1,elole. 111 the areit 
13ritisll Isles to  Icclailcl light E 01 1<Sl7, ~vi11c1s ol tile 12iitish I5les thcle were light e;tstc.rly 
.ii7cle ~)~-cvitilitlg, 1)ut f o r  the I a t  34% of  tlie ~\l;ly \villcls, I,iir to tloucly in Stotl;tncl ailtl sc;itterc~tl 
t I I C  .\\lint1 t fi,tllged t o  N aiit1 N E ;uicI 1)cc alnc slio~\rel s in Ireland. Uet.r\~een tlie 12rit ish Isles 
5tloiigc1 '15 It el;incI w;is ;~pl~roacllecl. At 1800 iintl Icel;~~ltl  easterly ~\~incls  prcvailetl cxtept for 



about the last oof the way ~vhen  NE or N 
~vinds became plevalent. At 1800 G M T  on April 
30 there were still NNE wincls in Iceland, but 
lighter than on the two previous days. On  all 
these days there was slight rain or showers in S. 
Iceland. 

T h e  ~veather conditions on these three days 
inay x\~ell have cansecl migrants heacling for Ice- 
land to drift toward W and SW ancl this lnay 
explain their appearance on Surtsey. And the 
weather coilditiorls on the British Isles at the 
assumecl time of departure of these birds ~ v a 5  

prol~ably fairly favo~~rable  lor the onset ol 
inigra tor y inovernents. 

T a b l c  I 
Sex and collecting dates of ~vheatears 

froin Stxrtsey 

Dales 

April 18 
- 27 
- 28 
- 29 
.- 3 0 

May 1 
- 2 
- 3 
- 5 
- 6 

Total 

AI,1le5 Pcln,tlcs 'I'otal 

1 1 
3 1 1 
3 1 4 
6 .ti 9 

4 0 34 7 4 
7 5 12 
5 1 (i 
1 1 2 

1 1 
1 1 

67 4 8 115 

Altogether 1 15 wheatears were collected 011 

Surtsey in 19(i8. Their sex and collecting datcs 
are sho~vn in Table I. 

T h e  mean .rveiglit of these 115 birds waj 27.6 
g (rnnge 18.2-38.6 g). If we treat the weights of 
males aiid feniales separately we obtain the 1011- 
o~ving results: 

($7 males: 28.1 rt 0.59 g (range 18.2-38.6 g) 
48 lernales: 26.8 1. 0.61 g (range 18.3-37.0 g) 
Although niales are slightly larger than ie- 

niales there is not a sigl1ific;int clilteielice be- 
tween the sexes as regards ~veight. A clistinc tivc 
feature, lio.cvever, is the great incliviclnal varia- 
tion in ~veiglit in both sexes. 11 ~ v c .  gro11p the 
birds of e;ich sex accoiding to their Iatiiess we 
obtain a distribrltion of latiicss as sho~vn in 
Table 11. T h e  mean weight of bir ds in each t lass 
01 fatiless is also given ill Table 11. 

Table I1 shows clearly that there is a close cor- 
relation between weight and latness af individual 
bircls. Furthermore the table sho.ivs that a great 
niajority of the wheatears collected on Surtwy 
was either excessively fat (47.87, oL the males 
and 47.9% of the females) or very fat (17.9?, 
of the inales and 18.8% of the females). 
This sho~vs that they have not used up much 
of their pre-migratory fat deposits during their 
20-26 hours oversea-crossiiig (more or less 
depeiliiig on the direction aiid velocity of 
the wind experienced on the way) froin the 
British Isles to Iceland .This is not very sl~rpris- 



ing because wheatears are relatively long-winged 
and powerful flyers. However, a relatively slriall 
contingent of the birds (1 1.9y0 of the males and 
14.6% of the females) hacl no fat reserves and 
were correspondingly light (mean weight of 
males 20.1 g and that of females 19.7 g) If we 
exclude individual differences in pre-migratory 
fat deposition, which may be possible, this indi- 
cates that the birds in question must have made 
a much longer journey (direct from West 
Al'rica?) or must have experienced very adverse 
weather conditions clming their sea-crossing. 
Ho~vever this may be, in both cases they must 
have used up  all pre-migratory fat cleposits to 
provide metabolic water as well as energy to 
meet the stresses o f  their oversea flight. 

' T a b l e  I 1  
Degree of latl~ess and mean ~veiglit ol c;~ch Sat 

class of ~vheatears froin SIII tsey 

M a  1 c s 
Eat~icrs Numt,cr\ %,b 1ccluc.11~) iMc,ui wclgllt 

1) No Lat 8 11.1) 20.1 
2) 1,ittle lat 3 4.5 21.8 
8) Moderate Sat 3 4.5 28. I 
4) Fat 9 13.4 25.7 
5) Very kit 12 17.0 28.2 
6) Excessively [at 32 47.8 81.8 
Total (i 7 100.0 

F c m a l c s  
F '11 ~iers  Yumbc.1 .r '%,I:> ecluc.~lc\ h l r a l ~  wcigl~t  

1) No lat 7 14.6 19.7 
2) 1,ittle lat 2 4.2 23.8 
3) Moderate lnt 3 6.2 24.4 
4) Fat 4 8.8 25.9 
5 )  Very lat 9 18.8 27.3 
6) Excessively Sa t 23 47.0 29.5 
Total 4 8 100.0 

I11 this connection it is ol intere5t to comp;lrc 
the weight og rvheatears a5 they arrive in spiing 
with the weight of  lieate at ears before their exo- 
d11s in autumn. Nine wheatears collectecl in S. 
Iceland just before departure (on Oktober 4, 
1959) were all excessively fat and their tnean 
weight xvas 38.1 g (34.9-40.3 g). T h e  meail 
rveighl ol 55 birds (both sexes) of the correspon- 
ding lat class collected up011 arrival on Surts- 
ey in 1968 was 30.8 g (25.1-38.6 g). T h e  spring 
birds rvere therfore only 19.274 lighter thall 
the autumn birds. Such a comparison, however, 
may not be justifiable, arid we \\rill therefore 
compare the weights of a l l  wheatears (intlud- 

ing those with no or little fat) collected on 
Surtsey in 1968 (mean weight 27.6 g) with the 
~\reigl~ts of the above nine autumn birds (mean 
weight 38.1 g). I n  this case the spring bircls 
were 27.67, lighter t11:un the autumn bircls. 

T h e  possibility that Icelandic birds wintering 
in West Africa rnay occasionally proceed clirect 
to Iceland in spring ~vithout touching the 
British Isles or even the Iberian Peninsula car1 
only be accepted i l  due tonsideratiori is taken 
of the westerly geographical position ol Iceland, 
i. e. its position is more westerly than that of 
any other European country. T h e  greater part 
of the I'lritish Isles lies 1)et~veen 0" and 10" W. 
longitude, but the ~rlajor part of Iceland lies 
between 14" and 24" W. longitude. And the 17" 
meridian, ~vhich passes through Iceland, a150 
tout he, the westernmost headlands of Alrit a,  
i. e. C. Vercle ancl C. Blal~co. 

E a l  o p e a n  R o l ~ i n  (Etzlhacrr\ ?~~becrtl(r). A 
solitary bird of this species was tollectecl a t  
tIlc rehearch station on April 18. It proved to 
be n 8 15.6 g (lat). T h e  robin is not ;in 1111- 

t olnriion dril t iiiigrzult to It eland. 
M e a d o w  P i  p i t  (An/lrrt\ I)ta/ctzrir). The  

migration pattern ol this species \\us very 
sirnilar to that of the wheatear, ;~ltho~igh in aclcli- 
tioil to a proilo~~nced passage on April 29 ancl 
30 there wa, also a tonsidelalrle passage of 
ine;~do~v pipits on April 27. Ho~vever, meadow 
pipits never trlrned LIP on the isl;tnd in suc11 
i l~~nll)ers as ~vheatears. 

T h e  l i ~ s t  meado~v pipit \\'as heard on April 
17, 1)~1t  it 1 1 ~ ~ 1 5  not until Aplil 24 that they were 
obselvecl on the islane1 in 5ome ntunl~ers. On 
t11,lt clay Ilocks ol 2-4 birds lvere ,ten on 
several occasions ancl at 1900 11 a llock ol 15 
I~ircls .ivas wen. D ~ ~ r i n g  the next two clays (April 
25 and 26) oilly a leu7 I~ircls were encountered, 
but ;~lready ill the early hour, 01 April 27 
(Irom 0430 onri~ards) there ~vas :I considerable 
passage ol rneaclo~\~ pipits through Surtsey, and 
I)oth solitary I~ircls, sm;~ll flocks 01 3-5 1)irds 
nncl llocks o f  lip to 25-80 birds were observed. 
Alre'ldy at 0800 h most 01 these birds appeared 
to have left the islancl lor the mainland, but all 
the same ilo less than 14 bircls were collected 
during the rest of the day. On April 28 and 
during the early part 01 April 29 the birds 
present on the island gradually clisappeard and 
at 1500 11 on April 25) only 2-8 birds Tvere still 
present on the northern part ot the island. But 
after that time the number ol meadow pipits as 
well as the nunher  of wheatear, and white wag- 
tails began to increase slo~\lly again. This proved 



to I)e the beginning ol a considerable passage 
\\~hich lastet throughout April SO. 

O n  April SO a Iairly large nrunber 01 meadow 
pipits were present on the islar~cl tl~roughout 
the clay, right frorn the early inorning hours, 
and 10 were collectetl. 011  Mny I mendo~v pipits 
Tverc still present in some nurnbers, but  ;11tel 
that only one bird was encountered each clay, the 
last oiie being seen on May 5. In  all 45 menclo~\r 
pipits were collected (19 males and 26 fernnlcs). 
T h e  niean weight 01 these 45 bilds ~v:~s 15.4 g 
(11.9-19.2 g). T h e  mean ~veiglit of tlic sexes 
was as kollo~vs: 

19 rn;iles: 15.7 + 0.31 g (range 12.8- 19.2 g) 
2ii fernnles: 15.1 5- 0.34 g (l-:ilige 11.1)- 17.8 g) 

As in the case 01 tlie ~ v i l e ~ ~ t e a ~ s  there is not, 
tllerelore, a signilicant dillercnt c in ~veight 
11ctween die sexes, althogh the 1n;lles ;Ire sligtly 
larger than the lelnales. T h e  scxes ;)re therfore 
Ir~rnped together in Tahle 111 ~vhich sho~vs the 
1;ttlless and the rrleall weight 01 each Iat tl;~ss 
ol the hircls collected. 

D c g ~ e e  01 I;~tncss and rne;tn ~veigl~t  ol c;lclt lat 
class 01 nleadolv pipits (botli sexes) Irorrl Sl~rtsc'y 

4) Fat 3 (5.7 16.7 

5) Very fat - - - 

ii) Excessively Iat - - - 

7'al)lc 111 xeveals ;I very clistii~ctive tlillercl~ce 
l)ct~\~ccn the rneadow pipits ancl tlie ~vheatcars 
as 1eg;lrcls Iatness. A great niajorty ol the 1ne;l- 
tlo~v pipits (77.8%) llavc either 110 Iat or little 
la1 alid o i~ ly  22.0'11,, ale moderate lat or 1;lt. And 
11o11c ale veiy fat or excessively I,lt, 1v11ele;ts 
(iii.lcX, 01 the ivl~eatears come into these t , ~ t c -  
go] ics. This dif ferent e is t learly clcrnonstrntctl 
in 1;ig. 4. 

At colcling to the scaiity 111unl)el ol rcc o v c ~  ics 
01 Itelancl ringecl n~eaclo~v pipit5 they appear 
to ~viilter mainly in France and the Iberian 

p<trts ol  the Britisli Isles. There  is no doul)t, 
t h e r e h e ,  that most of them reacll Icelancl ill 
spring by Jvay 01 tile British Isles. 'The lac lc ol 
migratory f;ttness in rneaclo~v pipits upon <lrriv,~l 
in Iceland in  spring inust therelore l)e ;~stribed 
to the fact that they are probably less po~vei-Iul 
l 1 yers than 1vheate;trs and conseyrtelitl y le,s 
adapted to meet the stresses of long sea-crossings, 
whit 11 in turn causo their prc-m~gra tory 1 , t t  

reserves to become exhausted hefore tliey rcat 11 
theii god .  Tha t  me;ldo~v pipits, just 21s I\ 11c'1t- 
ears, accumulate fat reserves prior to ~nigratiou 
is pioven by the fact that 4 meaclo~v pipits 
tollected in S. Iceland just 1)elore dep;lrt~rre in 
:~utuinn (on October 4, 1959) were a11 very Iat 
or extessively fat and weighed on the average 
27.0 g (25.6-29.2 g). T h e  rneacIo~\~ pipits tollec- 
tccl on Surtsey in spring 1968 (mean 1vc.ight 
15.4 g) lvere tl~erelore 43.074 lighter tliari tile 
;rbove lour anturn11 1)irds. This shoxvs that tile 
weights ol most 01 tlie rnc;~dow pipits t ollec ted 
on Surtsey ill the spri l~g ol l!Ni8 .\\icre ill tact 
starving weights. 

V 

I 2 3 4 5 6 
F A T  C L A S S  

F A T  C L A S S  
Perlills1lla, ;~ltllough olIe has rcatllecl Mol-occo, I ~g ~1 ~ ) ~ f f r l e ~ i c e  111 t,ttnc\s of ~ulicarc~ils  a ~ ~ t t  mtatIo~\ p1p1t5 
,lncl sollie may even winter in the south weslern tollectetl oti sui t \c)  In tlie sl,llng of I068 
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Fig. 5.  A n~c i~ t l o~v  pij,ii showing llrc 
typical posturc of: ;I co~~lplcicly ex- 
Ili~ustctl ;111(1 c~~iac ia lc t l  bird (weigh1 
12.0 g). l'l~olo: / ~ I I  13. Sig~crrls.tot~, 

A Iui-tlier  naili if estatioil 01 the pool c ondj tioil 
of 1n:uly ol the rrieaclorv pipits collec tcd on Snrts- 
ey is supplied I)y the lact that  some birds seel,ilig 
shelter at the ~esearc l l  station h,~cl n in,~lhcclly 
pul led plumage and  were shiveiing. 111 l'ict, 
these bilds lvere i n  ;I lzincl of torpol ,111cI t o ~ ~ l c i  
easily 11c talcell a n d  handled \\iitliorrt sllo~villg 
ally pucc"pti1)le reactiorls. Sut 11 I~irds ,  ~vliit 11 
Tver e en( o ~ ~ n t e r e c l  both oil April Y O  ; ~ n d  on 
May I ,  may ~vel l  have died nritlli11 ,I ~cl,~ti\rc.ly 
shol t tinle. 

W h i t  e Wag  t a i  1 ( i \ lo /ac~l ln  trll)ci). Seen on 
~riost clays horn April 24 to  Wlny 10, I)nt iuostly 
only a lenr birds eat 11 clay. T l le  only tl,lys \vIieu 
therc. ~vns  ,I ~llarlzed passage nlei-e Apiil 27, Apl il 
29 and  30. These dates ~ o i n c i d e  nit11 passage ol 
incaclo~v pipits and  the latter dates (April 29 ' ~ n t l  
SO) also wit11 passage ol .rvlleatc;~rs. O n  Allay 1 
~vagtails \\rere still present i n  so~ric numl)crs, 1,111 

later o n  only 1-3 birds \\rere euco~ul tc ied  each 
day. 011 the ~vho le  white wagtails clicl 1101 turil 
LIP on the island i n  large rluiribei-s lilze the \\rhe<it- 
e;lir a n d  they .\Liere even consider;il)ly less abund- 
an t  than  1rieac1o.i~ pipits. 13ut otlleir\lise their 
rriigratory patter11 was very similal to that ot the 
other t ~ v o  species. 

T\\:enty t ~ v o  ~ v h i t e  ~vagtails uleie ~o l l ec t ed  (10 
niales, 7 Lernales and  5 ~insexecl I~irds).  The i i  
niean ~veight  was 21.7 g (l(i.(i-26.3 g). As there 
was no t  a significal~t differellte in ~ve ight  01 tlie 
sexes, all hilds are lumped togethe1 in Tab l e  IV, 
\\rhicIi sho\\ls fatness a n d  rnean ~ve ight  ol eat 11 
lat  class ol the birds collectecl. 

T a b l e  I V  
l)cg~ec. of latness ; ~ n d  1ne;lrl ~\rcigllt ol eat I1 lac 

class o l  white wagtails lroiil Sr~rtsey 

~~c111~e~5  Nurnl)cr s O,(,l‘iec]~tc~~~y MC~LII  ~\'eiplil 

1) No lat 2 9.1 17.4 
2) 1,ittle fat 8 M.4 20.7 
3) Moclerate 
1) Fat I 50.0 22.0 
5) Very fat 
6) Excessively l;lt 1 4.5 26.3 
Total  22 100.0 

'I'nl~le IV sho~vs that as regClrcls degrees ol Iat- 
]less tlie \v,igtail s are  irlterillediate 1)et~veen the 
~vlleatears and the rneado~v pipits, ;uld they arc 
tilerelore pro1)al)ly also intermediate I)et~\ieen 
tllese t ~ v o  species as regards po~ve r  01 I light c ~ i ~ c l  
then c ;lp;lc ity to accomplish long sea-crossings 
\vitliout ]laving to consurrie so u111t 11 ol their 1;1t 
leserves as the meadow pipits. T h e  only excess- 
ively f ,~ t  bird (26.3 g) among the wagtails ~72s  
collected a t  1745 h on  Apri! 29, but this 1\~:1s 
just a t  the beginning of ;I marl'ed passage ~\ihicli 
c olitinued for the next 24 h o ~ ~ l s .  

Icelandic ~vh i t e  ~vagtails apparently \\linter 
~rlainly ill West Africa like tlie \vlle;~tears. At 
any rate the scanty nurnber ol t rue ~v in t e l  re- 
c overies 01 ringed birds suppoi t this assumption. 

S t  a r 1 i n g  ( t \ ' / l c ? ? ~ ~ w  vzilgcr~ i~). O n e  ~ v a s  collect- 
ecl a t  the research station a t  l(j10 11 on  April 17. 
T h i s  \\Jar a 6 69.0 (no fat). T h i s  bird .iv,~s pro1)- 
ably a drift  migrant because the i n d i g e n e o ~ ~ s  
st;irling populations, which hare  betome est;~l)l- 



ished in Iceland since 1940, seem to consist en- 
tirely of resident birds. 

R e  d p  o 11 (Card?l,elis f lamm.ect). One collected 
at 1015 h 011 May 4. This was a 8 12.1 g (no 
fat). T h e  subspecific status of this bird reinains 
uncertain, but it is most likely a specimen of the 
Greenland race C. f. rostrata. 

B r a  m b 1 i n  g (Fringilla monli f~ingi l la) .  One 
\\ras collected at 0700 h on April 30. This was 
;t 6 23.2 g (fat). T h e  brambling is a fairly (:om- 
lnon drift migrant and winter visitor to Iceland. 

S 11 o .iv R u 1-1 t i  n g (Plectroplzenax nivalis). 
From April 16 to April 30 snow builtings were 
heard or seen on 9 different days, but only a few 
birds (mostly 1-4) each day. Five were collected: 
April 25: (i. 25.3 g (no fat) and 8 26.2 g (little 
fat); April 28: 8 31.1 g (no fat); April 30: 6 26.9 
g (very fat) and Q 23.4 g (no fat). All four males 
had ;I conspiciously white -rump. This sho.ivs that 
they must have belonged to the noininate race 
Pleclrophenax nivalis nivnlis and not to the 
mostly residerit Icelanclic race Plecll.ophenax 
nivalis insulae, in xvl~ich the male has a black 
rump. It may be assumed, therefore, that the 
snow buntings in question were of Greenland 
origin and that they were on migration from the 
British Isles to Greenland. 

Sea B i r d s .  No special attention was paid to 
sea-birds seer1 around or on the island. Large 
ilumbers of gulls and kittiwakes Izabitnally roost 
on the islancl and this llas beell so ever since the 
island rose above sea-level. I-Iowever, a few ob- 
servations on sea-birds may be noted here: 011 

April 17 i-ulmais (Fulrnaru~ glaczalirj had G L L I L ~ -  

iecl five ledges on the northernmost clilts on the 
west side of the island. And or1 April 20 ,I pair 
was observed on clilh in the same part 01 the 
island. On  April 18 a golitary manx shearwater 
(Puffinzu p l ~ f f i n l l ~ )  was seen at some distance off 
the island, and on Aplil 20 a fairly big flock 01 
the same species was sighted off the north rick 
of the islancl. On April 19 a kitti\v;lke (;in lull- 

gexed immature bird, weight 410.0 g) was coll- 
ected to find out what the large nurrlbei- ot 
kittiwakes corlstantly to be found close to thC 
island were feeding on. I t  turned out that this 
particular bird had fecl exclusively on Eupl~aus- 
ids. A glaucous gull (Larus ltyperbotezw) was 
collectecl 011 May 5. This was an ndult 8 1755.0 
g. I n  the gizzard there were remains (1 enthe1 s 
and bones) ol an ~ u ~ i d e n t i l  iecl bird (probal)] y 
'1 carcass). 
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Mycological Investigations - V 

BY 

T .  W. JOHNSON, Jr. 
I)cl>'~itmcr~t o f  Botany, Duke  Liriivcis~ly, 

1)11111anl, No1 t11 (:;uolina 27706. 

7 his i epol t covers the period March, 1968, 
to De~eml)er ,  1968. During this time, tmenty- 
eight days were spent in the field in Icelancl, 
collecting soil and water samples and baiting 
the111 for aquatic fungi. T h e  hulk of the results 
oL the Tvor k in Icelarid is embodied in the papers 
cited at the erid ol this report. T h e  follotvirlg 
paragraphs summarize oui elfoits, and present 
some geneinl notes 011 the aquatic fungi of Ite- 
land. 

Most ol tlic tield .i\loik has centered in south- 
ulestein Iceland, on Heimaey, in the vicinity of 
Al,~li eyri, and in the area around Egilsstadi~ . TVe 
I I ~ V C  not collected in nortli~liestern or ce~ltrnl 
Icelmd, hence the ~nycotlor;~ of these arcas is 
nnexplorccl. Very Le~v samplings have been clone 
on  Surtsey lor two reasons. First, the collectiolls 
l ro~r i  Surtsey have not yielded aquatic fungi, a5 

I\ ould be expected, and we anticipate the p'lssage 
ol sever;il rrlore years before such a flora will 
csta1,lish itself. Second, the aquatic ~nycotlorn ot 
the ~ n , ~ i n l a n d  is particu1;lrly rich and divcrse, 
and therefore presents nurierous nlycological 
pioblems. Our  efforts, therefore, have been ~vitli  
the inycolog~cal Ilor;~ least kno~vn but most 
a l~undant .  

T h e  totnl aquatic myt of lora ol Iceland, insolai 
;is ~t is kno~vn, is not unique. We have t ollec ted 
nncl idelitifled m;~uy species having a tosixlo- 
politan distribution - species that can be found 
~n roil ;tnd in Iresllr\~ater habitdts in almost a11 
telnpelate and tropical areas of the ~vorlcl. 'Thus, 
wc 'lie not surprised to lind such species as 
R l z ~ i o ~ l l y d ~ / l ? n  l~ollznzr-pini, 12. ~plznerothecn, 
Sap, olt~g?tzcr f a a x ,  Achlya ame7 icnnrr, Aphnrzo- 
11zyte5 lacvtc, and a host of others in Icelancl. 
Some seginents of the mycotlora are, hon~ever, 
~mexpected, and present unexplainable distrib~l- 
tional patterns. Bt cvilegnicl, Lor example, a genus 

01 plants long thought to be tropical ol subtropi- 
cal, is iepresented in Icelnnd. T ~ v o  species ol 
l'hlytiothyl7 irtm known only fiom single tollec- 
tiolis in Worth Clarolina ,lie lo~ i~ ic l  corrlnlonly in 
l;lv,~ soils in sontllr\~esterrl Iceland. There  are 
~iumerous other examples cited in pal~ers in the 
literature list. 

Equally exc itiiig ~riycologic ally is the I I I I ~ X -  

pected lrequency ol lung1 parasitic on othci 
n q u a t i ~  species. Sever a1 species oL Olpzclzop5ic drc 
,it hand, and we linve also collected parasitic 
species ot  IZozella, Mfo7o?zirln, I Z l ~ i z o ~ l ~ y d t r / m ,  
and Sotocphnc~a.  T h e  diversity of the aqtiatic 
~nycollora is further illustrated by the generous 
,~buridance oL species kno~vn only irorn single 
collections in Europe arid North A~nericn. TIlesc 
also are cited in the papers in the literature list. 

0 1  p<~rticulnr interest to the mycologist, how- 
ever, ls the a1)undance of fornls arid variants that 
do not lit species clescriptions. These nre trouble- 
some Ilungi with xlihich to work, and lna~iy h,~vc 
not yet been identilied. They 'Ire oL extrenlc 
importance, hoxvever, because they contrib~ute to 
our Llio~vledge ol species variation. T h e  ~eacly 
avai1al)illty of these variants constitutes the c hie1 
value of the Ice1'1nd aquatic nlyc olloln to myc o- 

logy. 
N o  c hecltlist ol the acluatic tungi of an  ;ilea is 

ever complete. Honlex~er, Ive can at this time ie- 
port the occurrelice of a sizeable nuinber of 
5pecies. T h e  follo~ving listing is in striking 
contrast to the first report, by Larsen (in 193 l ) ,  
ot eleven species in Icelnnd. Together ~vitll  I<. 
I,. Ho~vaicl, I arn preparing a manual of the 
aquatic fungi oi Iceland. T h e  tollo~ving species 
(and others cei tail1 to be Lound in future collec - 
tions) n7ill be described and illustrated. T11c 
inanual ~vil l  include notes on collecting and 
identifying these organisms. 



PARTIAI,  IJISrT OF AQIJATIC FUNGI 

A 
Achlyogelorz e n  to phy lum 
Apodachlya brclcl~,yncn.l,a 
A. pyrifera 
Aphnn,ornyces laevis 
A .  scaOer 
A .  helicoicles 
Aphanornycop.si.s Oacilln?.iacearz~m 
Ancylisles closlerii 
A clzLy(r. rudiosa 
A .  lreleu.ceana 
A. irrtricaba 
A . dif fe~sa 
A .  (lagellala 
A . conspicun 
A. carnbrica 
A .  arnericn?za 
A .  racemosa 
A ,  .spiracall,lis 

B 
Blyltiom,yces helicz~s 
Brevilegnia flarllzen,osflo?.a n. sp. 

C 
Cladochylriu,m hyalin.rl,rn 
C .  re;Dlicalz~rn 
Cylinclroclzytl.iz~rn johnston,ii 
C;hytric%izrm polyskphon,iae 
C ,  vcrsutile 
C.  olla 
C.  .sphaerocarpz~m 
C.  lagenaria 
Clzytriornyces spinoszls 
C .  vallesiaczss 
C .  mamm,ilifer 

D 
11iplo~hlyctis in festina 
I).  sexualis 
Dicfy~icltt ts mono.\fiorlls 

E 
Enloplzlyct i~ confer me-glomenntne 
Ect? ogclla per(o?>an~ 

I< 
Ka?~lirrgiornyce.s rnrrrilnrz (lie? ts 
Kn?.li?lgionzyces sp. 

L, 
I,ef)lornilrts laclezls 
12eptolegnielln l z e t~a l io~zph i l~~m 
Leplolegrrielln sp. 
Lagenidill,rn, pythii 
L,ngerlidillrrl, sp. 

M 
~l/lic?,omyce.r zygogonii 
114 ic?.om yces sp. 

N 
Nowaltozuskiella clega?z., 
No7vcrl~ow~ltiella sp. 

0 
Olf~id i l tn l  longicolll~m 
0. pendz~l7tnz 
0. rl l izo~hlyc lidis 
0. endogenr~m 
0. enfoplzylrlnl 
0 lfiicliofisi., sap? olegniae 
0. nphnnomyt is 
0. arldleii 
0 .  feldrnnnii 
0. cri~lata 11. $13. 

0. fib? illo.ta 
0 .  .sclp? o l e g n ~ ~ e  var. lncv~r 

P 
Podochyll.i.rsm clavalzim 
P. cor???stztrn 
Petersen,ia lobata 
P. pollagusler 
l'y 1 hiopsis cymosa 
Porrlisrna lugen~iclioides 
I'hlycbidi?l,rn brebissonii 
P. Oraz~ni 
1'. olla 
Phlyclidilsm sp. 
Phlyclochylrizl,rn ,rein,bolcllae 
P. icelandicllm 11. sp. 
P. irreg?l 1m-e 
P. pz~nclal?rrn 
P. f~a l~ i s l r e  
P. flapillal?im, 
P. Olrllatzcm 
P. biporosz~m 
P. e q u d e  
P. hallii 
P. irldicltnz 
I-'. W ~ , ? L C ? ~ O I I C I ~ Z ~ , ~  

Pylhilim lorlrlos?l,m 
P. ?.ostrat~lm 
P. dissolocunz 



R 
IZl1izoplzycli7trn halophil~srn 
R. ulricz~lare 
R. horizonlale 
13. roslellatz~m 
R. fragilariae 
R. parasitans 
12. pyllzii 
12. polli?~is-pini 
IZ. .splzae7.otheca 
12. globosum. 
Rozella marina 
K .  sep l igen ,~  
Khizophlyctis petersenii 
R. rosea 
Rhizoclosmatiz~m globosz~rn 
Rlzizidillm. -occrians 

S 
Septosperma rhizophy dii  
Solzcloparies pythii 
Sorosphaera dzcodenicyslis n. sp. 
Sapro legnia asterophora 

S. hypogy~ylza 
S. /orulo,>a 
S. ferax 
S.  lerreslri~ 
S, diclina 
S. ~cliginosa 
S.  glomerala 
Si7 olpidilirn bryopsirlis 

Pl~OlicaLio~u: 
Jollnson, T. W., Jr. liozelln vtlnri~iu in Cl~ytri t l i~lvn f~olysi- 

phovine fro111 Icelandic waters. Mycologia, 1966. 
-- . Aquatic fungi of Iceland: introtl~rction ant1 prelilninary 

account. Jour. Elisha Mitcllell Sci. Soc., 1968. 
-- and K. L. I-loward. Aquatic frtngi of Iceland: species as- 

soci;~tecl with algae. Jour. Elislia Mitchell Sci. Soc., 1968. 
-- . Aquatic fungi of Iceland: I'lzl~rctocl~ytri~~ttz Schroeter. 

Arkiv fiir Mikrobiol., 1969. 
-- . Aquatic fungi of Iceland: O l f > i d i ~ ~ t n  (Braun) Rabenhorst. 

Arkiv fiir Mikrobiol., 1969. 
EIowartl, I<. I,. nncl T. W. Johnson, Jr .  Aquatic fungi of Icc- 

land: some filamentous, eucarpic, and llolocarpic species. 
Mycologia, 1969. 



Studies of the Colonization 
of Marine Benthic Algae at Surtsey in 1968 

By 

SIGURDUR JONSSON 
Surtsey Biological I,aboratory, Vcstmannacyjar 

arid 
Laboratoire tlc Biologic \Itgktalc Marine 

Facultk des Sciences, Paris 

Surveys on the marine algal settlement were 
iuidertaken on Surtsey in the course of the year 
l!)(i8, in continuation of observations carried out 
since 1964- (1, 2, 3, 4). T h e  period of investigation 
extended from June to November. 

As previously, field work was done in the lit- 
toral and the su1)littor;~l zone, the latter one 
being explored by SCUBA-diving techniques. In  
the intertidal zone, serious problems of accesss 
were encountered. T h e  ST'V, SE and the greater 
part of the S coasts were quite inaccessible be- 
cause of high vertical cliffs dropping into the 
sea. I-Ieavy surf also lriade it impossible to ap- 
proach this part of the rocky shore. 011 the other 
hand, the old N W  coast, built up  in l!)(i4-1965, 
and the comparatively recent NE  coast, resulting 
I'rom tlie fan-shaped lava flow of' 19(i(i-1967, 
could be explored at low tides. These shores con- 
sist lrlainly of vertical walls bordered at their 
base hy a narrow cover of huge blocks, boulders 
and, in some places, pillowlava-like outcrops. On  
the NE coast rock masses were locally surrounded 
by sand which exercised a severe scouring action 
on rock surfaces. Field collections in the inter- 
tidal zone Itrere princ:ipally limited to these coast- 
lines. T h e  remaining part of the shore, i. e. the 
E coast and both sides of the sand ness, on the 
northern part of the island, were built up of a 
~lloviilg bench of boulders uizsuitable for algal 
settlement. T h e  outer lagoon, located on the sand 
ness was filled with sand and the inner one was 
considerably reduced by sand accumulatioll. 

T h e  bottorrl along the rocky shores down to 
about 20 m depth was found to be stre\vn with 

boulders of differnt size5 surrounded with sarlcl 
or some coarser material. Diving operations were 
limited to 12 localities including the submarine 
volcalios of Syrtlingur and J6lnir. They were 
mnde particularly difficult along the S coast and 
impracticable along the SW coast owing to con- 
tinuous onshore wind and rough seas. T h e  map, 
Fig. 1, indicates localities, ~vhich could finally 
be investigated and where samplings were made 
in the littoral and the sublittoral zones. 

Material and data obtained were sorted and 
,tii;ily5ed partly in the Surt5ey Biological 1,al)ora 

I 
rocky littoral zone investigated 

--- diving profiles 



tory, Vestmannaeyjar, partly in the Marine Plant 
Biological Laboratory, Faculty of Sciences, Paris. 
Preparations of herbarium specimens for later 
reference were made and are to be preserved in 
the collections of the Surtscy Biological Labora- 
tory. 

I .  Components of the marine algal flora, 
lnxonomic notes 

Following species were encountered on Surtsey 
and in surrounding waters during present in- 
vestigations. With a few exceptions the nomen- 
clature of Parke and Dixoil ( 5 )  is adopted. 

CHLOROPHYCEAE: 

Ulothrix  flacca (Dillw.) Thur .  Fertile plants 
mixed with Urospora or forming pure stands 
on vertical rocks beneath bird droppings, were 
found on the NE and N W  coasts (2617, 918, 
10/8).* 
Previously recorded on Surtsey. 

,CJlothrix pseucloflncca Wille. Fructiferous plants 
in company with previous species grew on the 
NE and NW coasts and occasionally as under- 
growtll of Petalonia zosberifolia (2617, 9/8, 
10/8).*) 
Previously recorded on Su~rtsey. 

Ulothrix consociata Wille. Some tufts, 0.5 cm 
higli, occurred in supralittoral rock pools on 
tlie N W  coast (1018). Tlie diameter of the 
filaments and the presence of one pyrenoid in 
each cell agree with characteristics given for 
this species by I-I. J6nsson (6,p.354). In other 
respects our specimens resemble ZJ. suh[lnc- 
cida Wille. 
New record for Surtsey. 

Enteromorpha prolifera ( 0 .  F. Nliiller) J. Ag. 
Rather common on rocks and as epiphyte on 
Petalonia fascia on the NW and NE coasts, 
about 1.5-2 ni above low tide level. Fertile 
or sterile specimens, 3-7 cm high and 0.5-2 
inin broad, are with or without proliferations 
at the base of the stipe. Small cells, each with 
one big pyrenoid, are arranged in longitudinal 
and often in transversal series. T h e  inner ~vall 
of the thallus is sometiilies provided with tra- 
beculae projecting into the thallus cavity as is 
the case in E. proli1el-n subsp. racliata (Blicling, 
7, p. 59). This species was collected from June 
to November (2616, 918, 1018, 23/11). 
New record for Surtsey. 

') Please note that the d a y  is followed I q r  the numl>er of 
thc mouth. Exatnplc: 1018 is Angt~st 10th. 

Enteromorpha lilzza (L.) J .  Ag. Specimens, up to 
10 cm high, grew on intertidal rocks in asso- 
ciation with Petnlonia on the NW and NE 
coasts (918, 1018). They agree with the de- 
scription of this species given by Bliding (7, 
p. 127). 
Previously recorded on Surtsey. 

Entermorpha compf.essn (I>.) Grev. One tuft, 0.7 
cm high, was found, mixed with previous spe- 
cies on the NW coast (1018). Each cell has one 
pyrenoid in apical position. In  the lower part 
of thallus small claughter-cells are cut of hy 
oblique walls. 
New record for Stxrtsey. 

Monost.r~orn,a greuillei (Thur.) Twittrock. Three 
fructiferous, characteristic specimens were col- 
lected, one, 1.5 cm high, in the rocky littoral 
zone on the NW coast (26/6), and two, 5 cm 
high, off the S and the SE coast, on about 15 
-19 in depth (3117, 618). 
New record for Surtsey. 

U7.o.rpol.a penicil1iforrni.s (Roth) Areschough. 
Very common everywhere on rock surfaces 
about high tide level in early summer, but be 
coming scanty in August, and being replaced 
by the sporophytic Codioltsm-generations in 
November. This species was abundantly fructi- 
I'erous. 
Previously recorded on Surtscy. 

Ul,ospora zuormskioldii (Mert.) Rosenv. Our spe- 
cimens on account of the thickness of the fila- 
ments attaining 100 p, can be referred, al- 
though with some hesitation, to this species. 
They grew on the NTV coast mixed with pre- 
vious species and U .  pseudoflacca (2616). 
New record for Surtsey. 

Acrosiphonia arcla (Dillw.) J. Ag. (= A. albes- 
cens ICjellm.). Six young and sterile tufts, 
sometimes provided with hookecl branches, 
were met with in the intertidal zone on the 
N W  and the NE coasts (26/G, 918, 10/8), and 
one tuft was picked up  in the sublittoral zone, 
at about 5-10 m depth, off the NE coast 
(3017). 
Previously recorded on Surtsey. 

PHAEOPHYCEAE: 

Ectocarpzcs confe lvo ide~  (Roth) ILe Jolis. This 
species, forming 0.5-4.5 cm high tufts, was 
found to be common on rocks, in tide pools 
and as epiphyte on Petalonia, on the N W  coast 
(2616, 10/8), on the NE coast (918) and at 5-10 
rn depth off the NE coast (9017). Only pluri- 
locular zoidocysts \\rere observed. Specimens, 



:tttached to thc crampons of Alaria e~c7r l~n la  
growing in the Balnn7~s-zone of the NW coast 
resemble the var. ~ i l i c u l o s u ~  (Dillw.) ILjellm. 
:is it has beer1 described by Cardinal (8, p. 10). 
Previously recorded 011 Sur tsey. 

Gz//o)  clzn 1~incl.rszae (Harvey) Hamel. A i e ~ v  c h i -  
acteristing specimens l~earing plurilocular zoi- 
docysts were found in the Bcrlanu~- one on n 
rock on the N W  coast (2616, 1018) arld ;it 5-10 
m depth oIl the NE coast (2717). 
I'reviously recorded oil Surtsey. 

Pelalonia /ascim ( 0 .  F. Miill.) Kuntze. 'This spe- 
cies was abundant on intertidal rocks on tlie 
NW coast (2(i/(i, 10/8), but. sorriewhat rare on 
the NE coast (918). Plurilocnlar zoidocysts. 
Previously recorded on Surtsey. 

l 'cf(xlon~a zosleri/olic~ (lieinlte) ILtnnt~e. Fcrt ilc 
specirricnr. bearing plurilot ulnr zoidoc ysr s, 
g 1 - c ~ ~  in t ompany with previous species. 
PI cviously recordecl oil Sltrtsey 

Sc J /o\zl)l~otr l o r r ~ e ~ ~ l u ?  iu (1,yiigbye) Link. A soli- 
tary tul t, 3.5 cm high, ~\7w collected on the N E  
coast (918). T h e  p1;ilit is srcrilc, ~vithout con- 
strictions  rid p;~r;~pliyses, Il tr t  fun~islied [\?it11 
hails. 
PI eviously iecorded on Sttrtsey. 

l>r\nlute~tza crc jlleala (I,.) 1,ainour. Threc spccirn- 
ens, 35 c rn high, were collected, one v c ~ y  yo~lnf: 
entirely clothed. with hairs, the others some- 
what older bearing hairs and/or spiuules. 
'Tliese plants were sterile and ~vithou t epi- 
phytes. They occmrecl on roclts on 3-5-20 
111 clepth oLf the N W  coast (27 17, 418). 
New record Coi Surrsey. 

l)e.\mareslia viridis (0. F. AIiill.) Lainour. Scat- 
tered individ~~;ils, 30-38 crn liigli, ~ v i t h o ~ ~ t  
hairs, but l>earirlg ~tnilocular zoidocysts, rverr 
foui~d growing on 15-20 m depth oEk the NW 
(27/7), the S (( i i8) and the SE (3117) <o;ists. 
Previously recorded on Surtsey. 

l)e\rna, e~ tza ligz~lrxtu (Liglltl.) Larnot~r. C:oiilinecl 
to 13-20 rn depth, this species Tvas rather coni- 
mon on rocks off the NE (3017, 31 17) and the 
S coast (618). Young plants, 7-20 (111 high, 
colisisting of a siinple thallus were founcl 
airlong ;idul t plants attainin? 83 cln high. 'This 
gro\vth was sterile. 
N e ~ v  record for Surtsey. 

Lcrn7 inuriu hyper boren (Gunn.) Fosl. Two sterile 
specimens, one 28 cm, tlie other 58 cm high, 
were collected on the rocky bottom on ahout 

I'lrot. I (;l.o\vll~ v;u.iaLio~~s in llle Alnric~ c,.$crtle~~f(i-pol'ulatio~~ 
of' Surtscy in t\r~gusl lOfi8. C'c;tlc: 20 cm. 

15 r n  depth oil the N\V (2717) zinc1 the NE 
(3017) coasts. One of the specimens has a la- 
i11ii1a t overed wit11 hydrozoa. 
New record lor Surtsey. 

A ln, l a  e \c?~len fn  (I2.) Gi ev. This species greTv 
socially everywhere on roc lty surf aces in the 
sublittoral zone at 18-19 rn depth, 'lnd occa- 
sionally ill the lo~ver part of the littoral zone on 
the NW coast. Individual growth in the Alatzu- 
populations was fouild to be very variable 
(P1iot.l). Mature plants, reachi~lg a length ol 
1.60 n1 bore lertile sporophylls. Colonies of 11y 
drozoa and mussels were ~ornetiines attached 
to these algae. 
Pi eviously recorded on Surtsey. 



RHODOPHYCEAE: 

Phorphyr~ .~  zimbiliculis (I , . )  J . Ag. Fertile indi- 
viduals were common, but riot abundant, 011 

the NW (2(i/(i, 1018) and the NE coasts (9,'8). 
Previously recorded 011 Surtsey. 

Porp/zy,t.(~ p?~~.p l l rea  (lioth) C. Ag. A solitary 
plant, IS cm long ancl 9 cm broad, was col- 
lected on the landward side of a rock in the 
Ralanus-zone on the NW coast (1018). This 
specimen, attached to the substrate by a short 
basal holdfast, is in agreement with descrip- 
tions given for this species by Conway (9). 
However, it proved to be sterile. 
New record for Surtsey (ancl Iceland). 

Po?.p/~,yr.n nai,~ialn (C. Ag.) C. Ag. Five c:harac- 
teristic specimens, reaching 25 cm length ancl 
13 crn Breadth, were found at 13 rn depth of 
the NE coast (30/7) and the SE coast (31 17). 
Some of them were Fructiferous. 
New record for Surtsey. 

Lomentcli icn ot ccldensi;\ (Harv.) Coll. ex Taylor 
(= L. ?o.teu). A unique cpe~imei~ ,  4 cm high, 
conta ini~~g numerous tetrasporangia in the 
pinnae, were found growing on n rock at 19 m 
depth of[ the S coast (618). 
New record lor Surtsey. 

Anti thumnion floocoLszlm ( 0 .  F. Mull.) ICleen. 
T e n  tufts of sterile plants, attaining 4.5 cm 
high, were collected at 5-15 rn depth off the 
NE (3017) and the NW coasts (418) in associa- 
tion ~r i t l l  mussels, hydrozoa and Fmgikrria- 
diatoms. They also occurred in the Balarrits- 
zone, on the lee side of a roclc on the N W  coast 
(1018). Principal filaments are 65-80-100 p 
thick, the cell length being l(i0-300 y. Our 
specirrlens agree fairly well with illustrations 
given f'or this species by Zinova (10, Fig. 135) 
; ~ n d  Jaasund (1 1, Fig. 37). 
Nelv record for Surtsey. 

Phycod~ys  r~sbens (I,.) Batt. Five typical, but ster- 
ile specimens, about 8 cm high, were gathered 
at 13-20 m depth off the NE coast (3017). Some 
of tllenl were covered with various species of 
bryozoa. 
New recorcl for Surtsey. 

Polysiphonin urceolata (1,ightf. ex Dill~v.) Grev. 
Seven t ~ f t s  of plants, 5-7 cm high, u7ere found 
on 5-10 111 depth off the NE coast (30/7), 
sornetiines attached to mussel byssus. Soine of 
them are tetrasporiferous, others are bearing 
urn-shaped cystocarps. Licmoi7hoi.c~-diatorns 
were fo11nd as epiphytes. 
New record for Surtsey. 

Phot. 2. An aspecl of the Alaricr ~sctrle?rtrr-popr~larion gt.o!ving 011 rock at  al)oc~l 20 in tlepth off the S coast (2316, 19G8). Note 
a dense cover of  di~ctoms (ant i  IlycIl.ozoa?) betr\~een the rllnr.icr-pl;uils. Photogr. Dr. Tl~ol.l)jijrli Alexaiidersson. 
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VERTICAI, DISTRIUIJTION O F  SPECIES ON AND OFF THE NW C:O,4ST 

It  appears froin the above tlrat 27 algal species 2. Ge~ieral  fealz~res of the mal ine  algal vegetatio?? 
were recorded in the coastal waters of Surtsey ill T h e  distributiollal range of individual species 
1968. T o  this must be added benthic diatoms- and the dominating elements of the vegetation 
species, the most common of which were the are diagrammatically represented in Tables I. 
filamentous forms of Navic7~ln (Schizonema) 11, 111. Tidal data, not yet available tor Surts- 
rnol l i~  (W. Sm) Cll. and N a u i o ~ l n  rarno~isii7r~a ey, is that known for Heimaey, ~i tuated al~oilt 
(Ag.) C1. previously lonnd on Surtsey. 10 nautical miles from Surtsey. 
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VERTICAI, DISTKIRIJTION OF SPECIES ON AND OFF THE NE COAST 



T A U I , E  I 1 1  

VERTICAI,  DISTRIB'CJTION O F  SPECIES ON AND OFF T H E  S AND SE COASTS 

I t  ('111 be seen that only a sinall n111nl)er ot  vey, t o ~ r ~ ~ r d s  the high t ~ d e  level 01 the shore form- 
species playeci a 5ignificant role in the general ing ;t conspicuou, belt variable in width accorct- 
aspect oi the marine vegetation. ing to the indination of the substrate. O n  the 

In  the littoral zone, U7 ospot a pe?~zczllzfo) m i \ ,  N W coast luxuriant Pettrlonza-populations oc 
often associated with Uloth? ix-~pecze,, was found curved 11elo.i~ the U7ovpolu-belt, especially during 
everywhere, at least in the beginning of the sar- midsummer, when U , O \ ~ I O ~ ( L  \vas declining. E n -  



t o )  orno)klztr-species, bt loca?l)zcs cot~fo? vozdrs arid 
I'o?phy?u z~mbzlzcali.\ were rnairlly bound to the 
same level as Pelalonzcc, representing the subsidi- 
ary gio~vth of the Prtulonza-belt. I n  a selected 
loc,~lity ot the NW coast, on the slleltered side 01 
n rock, near the northerr1 point ol the lava front, 
barnacles reat hed their maximal development 
imnlediately below the Pe/alo?.r~a-belt, their 
llpper limit in qunntity being at about 1.80 m 
above low \\rater mark. Scnttered individuals of 
Anlzihamnion floccosum, Porphyfa pz~rplireu, 
Alarztn escz~lrnln and Czffordza hznckszae grew in 
this part of- the intertidal zone. In other places 
bari~acles were scanty and randomly distributed. 
T h e  lowest part of the littoral zone supported 
pure stands of tilamelltous diatoms. Were Pela- 
lonza and barnacles were poorly represented, as 
was the case on the NE and S coast, the diatom 
gro~vtli tonstituted an independent belt imme- 
diately below the Urospora-belt. On  the south- 
eln part of the N W  coast pillo~vlava-like lock 
masses, oc t upying the greater pal t of the I ~ttoral 
Lone, lxovecl to be entirely covered with dl<~torns. 
Isol,~tecl patt hes ol diatoms and Ul o~po?ct t oulrl 
;dso be observed on rocks ol the boulders I ~ e n c l ~  
shores, which, I~ecause ot their mobility, were 
other~vise clevoid of algae, N o  vegetntion at <11l 
\ v ~ s  forui~d growing on tlre sand I~each on thc 
north part of the island. This applies also to tidc 
pools, lrequeiltly occupied by rolling stones. 

I n  the sublittoral zone, Ala~iu  esc~rlenla re- 
pieselited the salient leatnre 01 the vegetatioli 
growing luxuriantly on rock s~urlates at n depth 
~al lge  vnrylng f-rorn 3 to 19 meters (Phot. 2). 11s 
nvcrage degree of covering was estirn,rted at about 
80 individuals per m', nt 12 rn depth. ('rcliei~illy 
rock suitaces between A la? ia plnnts were iri1lal)- 
itcd by filamelltous diatoms, hydrozo'~, tube 
niorms or other animals. However, on the S coast, 
at 19 in depth, Alaria was lound on a rock occu- 
pied at the same time by L)e.srnnreslia ligr~lu/a, 
Llcrrncr? ev/zcl 7/17 idu, Lornrllla? iu o? c(~de?lsi~ and 
AIo7~os/)orr~a g?ovzllez. In  localities ~vhere stones 
Tveie more crr less b~ariecl iu sand, only diatoms 
occ~uiecl on rock surlaces. This was observed out 
tiom the I~onlder bench shore oft the E co'lst and 
the NNE toast as well '1s 011 the submarine crat- 
ers of J6lnir and Syrtlingur, at about 28 n1 depth 
A spec ial aspect ol  the deep-water vegetation was 
oltercd by scattered populations of red algnc 
(Po,it,lly?n rnzniata, A?ztiiharn?liosl jlocco.\zrrn, 
Pl7ycod1 y \  I ~ ~ b e ? l s  and Poly~zphorli~ ~llceolala). 
As with A101 ia, this gio~vth was coilfilled to rocli5, 
except Lor Poly ,iphonin, also found gro~ving in 
co~rip;~iiy ~vitli mussels. This glo.rvt11 .ivas rrlai~lly 

lot 'ltecl off the N E  coast. Species such as 1)ermu)- 
e.\tztc lzgrrlata, Desrnurest?~ vz? zdzs and Et  toca~fir~s 
t orzfe?voide.s were also quite frequent in these 
~vntei-s. The  remaining components of the sub- 
marine vegetatioli, I,arnz7lcn~zn hy/7c) borea, D ~ J -  
rna?eslza acz~len/a and C;zffo?clic~ hznckszae played 
,I lather subordinated role, being represented by 
ryolated individuals. 

T h e  lower limit of the algal growth, cliatonis 
::ro\vth not included, appeared c~pproximately to 
coincide rvith the 20 m depth-line. 

3. 1Zernark.s 071 the mcr?ine algal t olonizalion 
Algal species inv;lcling the marine enviroriment 

of Sur tsey hince the beginning of the settlernent 
a s  ulell as their orcler of ;~srival are listed belo~v: 

[7ro.sj). $~e~rici l l i f .  - 

iilollr,  flarrn 

~!10111, ~~.se11~10~1, 

EIII .  flexrrosn 

I?II / .  i11Ie.sli1~f11i.s . . 

Pyl .  /itlorrlli.s 

Rcloc. confervoirl. 

Srylo. 1011fe11trrrirr 

1'01. fascia 

IJel. zoslel-ifolicl 

Alnria e.scrrle111n . . . 

f'or~~111. 1111111ilirr1/'.5 

I',~rrl. lirrz(r . . . . . 

I < ? , / .  ro~trj)l-e.s,scr 

Ao-osipl~.  crrctcr 

( ; i f f .  11inrh.sine . . 

L)es111. v i r i d i ~  

iJlo1lr. rorrsoc. 

7Jros~1.  T L I O I ' I ~ I S ~ .  . . . . .  

I<II I .  ~~ro/if<!rcr 

111 orro.tlr. gl-en. 

I.rr11r. Il)'~Ie,.bol~ccr 

I ) ( < , s I ~ I .  ligr~lat(r . . 

Uesr~r.  ctcr~lerrln 

IJorj l / f ,  ~ ) I L ~ - / I I L ~ C ( I  

1'orf)If. ~trirri(rt(r 

Lolrr. orcntle~lsis 

A~riitlr.  f lorcosr~~~r 

Plrj~cor1,y.s 1.u De~rs 

Polysil~lr. n?.reolnlcl 

TOTAI, 0 I 



I t  appears t.hat 30 species of benthic algae, dia- 
toms not included, have been identified on Surts- 
ey so far. Of these only 3 species seem to have dis- 
appeared, at least te~nporarily, as they have not 
been foulid again since 1966. I t  can also be noted 
that the number of colonizing species has been 
steadily increasing since 1965, when the first ma- 
croscopic element settled on the island. Dnring 
the period of 1967 to 19G8, 13 new invaders were 
tliscovered. A striking fact is that species found 
in 1967 were all rediscovered in 19G8. This sug- 
gests that these species have maintained thein- 
selves or1 Surtsey during this period. I-Iowever, it. 
must be rernenlbered that most of these species 
are annual forms which might be of casual oc- 
currence in Surtsey. Moreover, neocolonization 
of certain species is not to be excluded. Presum- 
ably, this is the case with Scytosifihon lom,e7~laria,, 
initially found on the NW coast and then redis- 
covered only on the NE coast. 

Among t.he 13 new colonizers ol~served in 19G8 
LO are subticlal species, which settled in tlie sub- 
littoral zone, At present the submarine coloniza- 
tion is therefore progressing faster than tlie lit- 
toral colonizatioli whicli appears to he more or 
less stabilized. Elowever, this does not liieall that 
the algal sett:lernent in the littoral zone has reacli- 
ed its final stage. Tlie shifting from littoral to 
snblittoral settlement rniglit rather indicate tem- 
porarily changes in the sequences of the algal 
colonization. 

A11 import:ant everit in tlie history of the ben- 
thic sett.lement of the littoral zone of Surtsey is 
represented by [:he occurrence of a barnacles zone 
in a single locality of the N W  coast. In  talzing 
1,arnacles as biological indicator, according to the 
definition of L,e\vis (12), we tali 1 1 0 1 \ 7  subclivide 
the littoral zone into an eulittoral zone, extencl- 
irig from the upper limit of the Alaricl-gro~\~th to 
tlie upper limit of barnacles in quantity, and a 
littoral fringe above, extencling from the barna- 
cles zone ancl up~\~arcls. This rnay be regarded as 
an early zonation of the coast. I t  can be notecl 
that the Uro.rfmra-belt and tlie 13elnlor7,ia-belt are 
at present mainly confined to tlie littoral fringe, 
\\~hile diatoms are clorninating in the eulittoral 
zone. Ho~vever, it should be not:ed that both 
zones are actually iiot clearly defined, as many 
11enthic organisms characterizing thern are lack- 
ing. Thus, lit:torinids, marine licllens ancl inyxo- 
phyccae have not been found to occur in the 
littoral fringe. 

As other algal species previously settled in 
Surtsey, the new colo~lizers all occur in the Vest- 
mannae~jar-archipelago, except for the single 

specimen of Porphym pu?~pzirea, ~vllich llas not 
been recorded in Icelandic waters before. Other 
species have been met with during our studies 
concurrently carried out on the marine flora of 
the area, with the exception of: Antifl~ciml~zion 
\loccosu~~z, recorded by I-I. Jhnsson (13). This re. 
inforces the presurnptiori that the marine flora 
of Surtsey ~vil l  not difl'er from adjacent floral 
areas. 

I t  was assulned (4), on the 1,asis of life-cycles 
generally exhibited by Alaria esctrlenta and Lles- 
marestia, viridi.~, that these species grew up  f'rorn 
eggs which settled on the slopes of the island. As 
the Desmareslia-species, riow found on Surtsey, 
as ~vell  as La,minaria hyperborea are known to 
have siniilar life-cycles, it is possible tliat the same 
applies to them. Sexual reproduction aricl egg 
forriiation seem to talze place in these species 
during the ~vintermonths. It therefore appears 
tliat tliis gro~vth was not more than 4-7 rnonths 
old. This gives some idea ;ibout the growth rate 
of the species involved. Thus, Iksmarestia ligul- 
nta and DeLsn~arestia nculeala,, being represented 
by ;tdult plants, measuring respectively 83 and 
85 crn, seem to he capable of a rapid gro~litll, 
\vliereas Larn.in,uria hyperhoyea, represented only 
11y small plants, grows sorne~vhat more slowly. 
As to Alarim esculenla, settled in 1967 arid now 
represented for the first time ljy adult sporo- 
phyll-bearing plants, its complete development 
seems to be brought about in one year. Young im- 
rrlatnre inclividuals of this species occrlrri~ig arn- 
ong the adult plants might be either the secorid 
generation or neo-colonizers. T h e  growth rate of 
the recently invading red algae is seemingly very 
rapid, as all of thein represent full grolvn indi- 
viduals, frequently provided n~ith reproductive 
organs. 

A special mentioll must be devoted to tlie oc- 
t:urrence on Surtsey of l\/lonost?.o*mt~ grevillei, 
A crosiphonin cl9,cta ancl Pnlnloniu fascia. T h e  first 
t ~ v o  mentioned species normally have an hetero- 
~norpliic alternation of generations hetween mor- 
phologically differentiated gametophytes and 
rilonocell~llar sporopliytes (14, 15). T h e  sporo- 
phytes of i\/lonostrorncn are known to inli;ll,it rnol- 
lusc tests, as those of Acl.osifilzoniu live as endo- 
phytes in the crust of some red algae, especially 
Pelrocelis hennedyi, found to occur in the area, 
but riot on Surtsey. As neither of thesc sporo- 
phytes have beer] met with in Surtsey, the ques- 
tion is raisecl as to h o ~ v  these species maintain 
themselves. I n  absence of culture experiments, it 
rnay be assrlmed that the gaiiletopllytes are cap- 
able of independent reproduction: !\/lonost~onzn 



by direct developnlerlt o l  gametes and Aclo- 
.\z/~l~onzcn by pseudozygotes, a5 has been stlo\vn to 
be the c , t ~  lor some population, ill European 
waters (16). As to Petalonza fascia, it is believed 
(17) to have a Ralf~ia-stage in its life history. This 
stage has not been iound on Surtsey, so tar, sug- 
ge5ting that the species miglit achievc i t 5  lifc- 
cycle ill sorrle other xvay. 

This research has beell sponsored in part by 
the Sur tsey Research Society ~uilder a glarit troin 
thc Oceanic Biology Program 13iancl1, Oifite of 
Naval Rererach, Washiligton, I).(:. 

This is highly appreciated. 
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Report on Lichenological Work 
on Surtsey and in Iceland 

BY 

HORDIJI~ ICRISTINSSON 
I)c.pt. of Botany, IIlrkr tiniversity, North Carolinit 

I n  order to study the inevitable colonization 
of Surtsey by lichens, a detailed knowledge of 
tlie lichen flora of Icelalid itself is indispe~lrable. 
A manual to the lichen flora n~itli information 
not only oil the taxonorriy but also on the cliem- 
istry of all species would facilitate tlie identi- 
fication of the young, sterile specimens 01 licli- 
ens, that will be the first to 11e lourid on Surtsey. 
Study of the lichell vegetation 01 recent lava 
llows in Iceland is also irr~portant for compar- 
ison to the development of lichen colonization 
on Surtsey. 

Consequently, the 101 lo\virlg report briefly 
summarizes the three major lines of liclieno- 
logical resear cli in progress. 

I .  T H E  1,ICHEN FLORA O F  ICE1,AND 
Collectiolis ol lichens were made in the sum- 

rners of 1965, 1967 and 19ii8 in about 80 pre- 
selected areas tliro~xghout the ~vliole c ountry. An 
ellort ~vas made to collect '111 lichen species in 
each area. Icler~tilicatiori of these c ollec tions, 
rriorpliologic a1 and anatomical descliptions of 
,111 the species, distributioil rnaps, and chemical 
investigation of tlie l i t  lien substances have heen 
main aspects of tlie st~tdy made at Duke Ilni- 
versity since tlie la11 of 19(i7. At present 15 
genera u~i th  85 species llave l~een treated, in- 
cluding (5 species neul to the country. T h e  ~tloi-k 
i5  being supervised by Dr. W .  I,. C~~lhe l son ,  
Aswciate Professor ol Botany at Dul<e, a spcci'tl- 
ist in lichen taxonomy; the c hrrnic a1 p a t  is 
supervised by his ~vife Dr. C.  F. C:~~lber~on ,  
spec leilist in lic hen c hemisti y. 

being planned and per forrned ill c ooper'ltion 
u ~ i t h  BergbGr J6hannssori mag. st ierit., Museum 
of Natural History, Reykjavik, ~ ~ 1 1 0  is preseritly 
working on the moss flora of Iceland. In  tlie 
summer ol 19(i8 nbout 20 species each of- lithens 
and bryophytes were lecorded in the lava tield, 
1)ut no vascular plants have been fourid there so 
far. Unfortunately no botanical investigations 
were made until 18 years alter the eruption, so 
that the first stages were missed. 

In the lava field from the Askjn eruption ol 
1961, situated in the riorthern part of  the Cen- 
tral Highlands at an elevation of 900- 1000 m, 
some young moss plants were observed in pores 
on the rock surface forrrled by air bubbles in the 
molten lava. No lichens were detected there, a1- 
though they are plentiful ill the oldei 5111-round- 
ing 1av.1 lieldb. 

111. LICHEN CO1,ONIZATIOW 
ON SURTSEY 

Surtsey way visited in  the surnrriers of l!)(i5, 
l!)(i7 and 1968. Several different habitats were 
searched for initial stages of lichens a i d  samples 
Tvere talten lor microscopical study. T h e  results 
have been negative so far: no lithens have yet 
been encountered on tlie island. S,irnples were 
take11 frorn the vertical and horizontal surlace 
(11 lava blocks, and from the tops of proje~ti~l:; 
lava pealts, some of ~vhich are lrequeiltly visited 
l)y birds. Other samples Tvere taken frorn the 
rnanuied bird cliffs along the sliore and l r o ~ n  
riiarine some ot  ~vliic h have a11e'lcXy hcen 
t olonised by green algae. 

11. SIJC:C:ESSIONAI, STAGES OF P L A N T  
COI,ONIZAI?ION ON R1,CENT I A V A  AC:KNOWI,EDGEMENTS 
F1,OWS IN ICE1,AND T h i ~  ~vorh has been sponsored by the Surtsey 

Per1n;lnent quadrates were established ancl Research Society. In 19(i5 it Ivas supported 11y a 
vegetational analyses were rnacle to study lit hen grant from the Olfice of Naval Research, in 1967 
;ind bryophyte colonizatio~l of the lava field oi and 1968 by grant GB-ii041X froiii the National 
the Heltla eruption of 1947. 'This researcli is Science Foundation. 



Preliminary Report on the Surtsey 
Investigation in 1968. 
Terrestrial Invertebrates 

BY 

CART, 13. L,INDROTH, H U G O  A N D E R S O N ,  
H ~ G N I  UODVARSSON ; ~ n d  
S1GIJRI)UR 13. R I C H T E R  

/oologic,~l I ~ l s l ~ l ~ r t c ,  I i~~ivcrsi ty,  I,~rntl, 'iwetlen 

l ' h e  te<iin, coli5isting ol C:. 1-1. I,iriclroth, H. 
Ariders5on, H. Rijdvarssol~, ;ind S. H. Richter, 
\v;~s the s'une as du i i~ ig  the t~vo preceding years. 

'l'he lield-I\ ork was toncell tratecl on the muth- 
el 11 c oast-land of Iceland, l)et~veen Sel jaland and 
Vilz in IC1~rd:ilur ( J~u ie  22. to Jule  1 .), 2und  or^ thc 
s1na11 Westrrian Islands. 

M;iter ial Jvas t ollected oil Surtsey I)y Sigtu dui 
Rit hter oil the tollo~ving days: July 10-12, July 
30, August 14, Aagast 28-29, 1968. 

Fortunately ;L 5niall helicopter lroni the I t  e- 
landic Chastguard xva5 ;~v;~ilable on J u n e  28, thc 
only c;~lni ancl sul~ny day 01 the entire period. In 
the course 01 10 hours the follo~ving of the slriall 
Westrnan Islands were visited: S6lriaslter, Sudtir- 
ey, Ur;indur, Alfsey, Uj;~rnarey and Ellidaey. 'Thc. 
rcsults ot collectilig were rerriarltably good. 

T h e  vart material of terrestrial and liin~lic iii- 
vei-tellrates colletted iu 1968 is urlcler investig'l- 
ti011 by liiarly ,pet ialists ill diilerelit t ouritries. 
T h e  result5 are expected to 1)e availal~le Oy thc 
end of ID(i9. 

After that i t  i5 the intention to ~\irite and 13~1)- 
lish a detailed final report on our iliveftigatiolis 
;1iic1 coucl~~sions, clestribing the 1;iunal develop- 
~ I I C I ~ ~  01 Surtsey during the iiist live ye~irs ol its 
existence. T h e  plan is to have 11i;it repol t ill pi  in^ 
d~lrillg tlie couise of 1970. 

N o  furtiler field-work Tvas carried out in lS(i9. 
It is, lio~\rever, necessary, aitei tllc i~lechanism of 
dispersal ol terrestrial organisms in tlie Sllrtsey 
area has no~v  l ~ e e r ~  lairly well investigated, to rc- 
vi\it Smtsey at ever1 iiitervals in the future, every 
second or third summer, in order to follo~\r the 
process of colonization. 

1. SIJIII'SEY 
Tlie previous ~vintei had apparently bcse~i rln- 

11511,llly h x d .  Siglxrdur Richter reports that thrre 
~vci e pi;~c tically 110 c;ucasses on the shore ant1 hc 
1va5 1101, a l~le,  though adults were collected, to 
lind ,I single l,lrva or live puparinm oi the f l y  
Lrl  io bor eulz~ ( n l o d ~ s / u )  ~\rlli( h, in 1067, had 
hecn b1 cccling abundantly ancl was the pi edorn- 
ilialit insect on tlie island. Adost insects were 
found o n  the gl~rc traps. 

Acldz/ioru to / h ~  S ~ ~ r l s r y  1 i ~ /  o( Tertc.s(qia2 A?-  
Il/?opocl~. 

(O~lly spec ies not previously reported.) 

11 i j )  I r  rcl. 
Fam. 'Tipliliclae (det. B. Tjeder) 

T i p t t l ~  ~ ~ ( I Y T ~ L O T ( I / ( I  Rdeig. 17.VIII.Ii8, P . 
Fam. A4ycetopl1ilidae (clet. I<. Tuo~nikoslzi) 

Iixet lzitr niglcn Edw. 1967. 
Fam. Silnuliidac 

G(,?L. ~ 1 7 .  VIII.ij8. 
Fa~ri. Do1 ichopodidae (det. H. Andersson) 

tSy~l/ol mon f ~ a l l i p e ~  F. l(i.VIII.68, 8 011 glue trap. 
Fam. Phoric1;ie (dct. C .  N.  Colyer) 

I \ I O ~ ( I S C L I ( I  Jlllrnila WIeig. 13.VI.(i7, 0 . 
Fam. Mustidae s.1. (det. M. Acklalid) 

Pegohylernyicl ! nz~o l j ens i~  Ringd. 12.VIII.ii7, o . 
Arllpedia illfir rncl Aleig. .30.VI., 1.VII.67. 

H o r n i p l e r a .  
Farn. Aphidae (det. F. Ossiannilsson) 

E t ~ c e ~ a p l t i ~  ~~ztr~ct ipertnis  Zett. ( b e l u l ~ r  auc t.) 11. 
VII.68. 

T o t a l  n u n i b e r  of s p e c i e s  
f o u n d  o n  S u r t s e y :  
Illsects, (i4 spp. Terrestrial Artllropocls, 7 1 spp. 



TABLE I 

Ili~tribzction of Coleoptera on  the  mall We~trnarr Islanrls 
(Revised and cnlarged from the report for 1967.) 

Two species included in the 1967 report (Hyropofus nigrita and Philonllzrrs l , o ~ ~ f i l r l ~  were 
apparently mislabeled and are now excluded). 

1. column (wing condition): m = macropterous (long-winged); b = brachypterous (short- 
winged); d = dimorphic (both wing forms occurring in the species). 

2. &: 3, columns: the figures (1--19) indicate the rank of abundance of the commonest species 
in South Iceland and on Heirnaey, respectively. 

Carabidae 

Trichocellus cog?7at1cs Gyll. . . . . . . . . . . . .  rn + 12 - - - 1 - 9 -  - 

Staphy linidae 
A thr ta  antictila Steph. 

A .  atrn?t!e?ttni za Gyll. tn 13 3 4 1 1 5 4 -  - - - 4 

A. frtngi Gr. . . . . . . . .  . . . . . . . . . . . . .  tn + $. 2 7 13 2 - - - - - 

A. g~.atninicola Gr. . . . . .  . . . . . .  m + + - - - I - - - - - 

A.  islctndica Kr. . . . . . . .  . . . . . . . . . . .  tn + + -  1 4 2 -  - - - - 

. . . . . . . . . . . . . . . .  A. n~elanocera Thorns. tn + + - 2 - -  - - - - - 

I.e\teua 1ongelyt7alu Gze. b 12 16 2 3 1 2 5 -  2 - - 

Mirrmlyrnn7a marinz~rn Strom . . . . . . . . .  b - .- - - - - + - 5 - 

O~nctli!tm excctvattctn Steph. 1 n + + 3  2 1 1  2 - - - - 

0. ~ z v i ~ l a ? e  Gyll. . .  tn - + - 3 1 - - - - - - 

Othilcs ?rtelartocepl,cillts Gr. b 6 I0 16 6 1 (i 2 - - - - 

Oxypoda Iznernon hoa Mnh. . 111 + + - - 2 3 -  - - 2 - 

Qlieclizis fttlvicollis Steph. . m + -  - 1 - -  - - - - - 



Eluteridue 
E-1yl)noidtts til~ctticts F. b 1 7 7 (i 2 5 -  - - - - 

Byrrh idne 
I l y ~  1 11 11s fuscictt~r.\ Forst. . ~ n + +  2 2 - -  - - - - - 

Numl)el. of species . . . . . . . .  . . . . . . .  i0 71 10 2.3 18 20 10 5 10 2 2 

S u ~ n b e !  ot spe~il:lerls 2038 3 14.7 118 I(iO 131 I l i  47 230 TI) 5 

Total I I L I I I ~ ~ , ~ ~ .  of species: 31. 
'Tot;~l n ~ ~ r n b e r  of specimens: 1060. 

Nole to Table I. It is interesting to observe that no less than half of the island species (17 of 
:14) are among the most abtlndant on Heilnaey and/or the southern mainland of Iceland and that 
the majority of these (11 species) are brachypterous or dimorphic (with short-winged form occurr- 
ing on the islands). Among the 17 less abundant species, of which 8 have been found on one of 
the small islands only, 14 are macropterous. Apparently chance disperwl and temporary coloniza- 
tion are most frequent among flying insects. 

Carl IT. I,intlroth 



T A B L E  I l  

Ilistribz~tion of certain farnilie~ of Diplera on  /he  TVe~trnan I ~ l a n d ~  

T h e  f-igures indicate the number of specimens in our collections. 
No Diptera have been collected on Braildur and Hellisey. 
Some species are not to be expected as permanent inhabitants of the small IYestrnan Islands 

due to absence of suitable biotopes. They are denoted: o = species living on level sea-shore with 
sand and sea-weed deposits, 9 = species living in permanent wet localities such as mires, streanls 
and ponds. 

Bibioniclae 
. . . . . . . . . . . . . . . . .  I j i l o p h t ~ s  f e n ~ o r a t u s  Meig. 

. . . . . . . . . . . . . . . . . . . . . . . . .  Uihio 71igriventris Hal. 

Scatopsidae 
Scatopse notatn I.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Enzpididae 
. . . . . . . . . . . . . . . . . . .  Chersorlror~lia aref~trria Hal. 

. . . . . . . . . . . . . . . . . . . . . . . .  Cliftocera stagftalis Hal. 

. . . . . . . . . . . . . . . . . .  l i l ~ n ~ i z $ h o ~ ~ z y i a  s i ~ n p l e x  Zett. 

Dolichopodidae 
. . . . . . . . . . . . . . . . . . . . . .  Ilolichopus p l u ~ n i p e s  Scop. 

. . . . . . . . . . . . . . . . . . . . . . .  Syntornzofz f~a l l ipes  Fabr. 

. . . . . . . . . . . . . . . .  C a n ~ f ~ s i c i z e ~ n z ~ s  ~zrftaatus Zett. 

Loncl~ol~teri t lae 
Lo~ickop tera  f~~rcatci  Fall. . . . . . . . . . . . . . . . . . .  

Scionzyzidae 
. . . . . . . . . . . . . . . .  Pherbellia gvisescei~s Meig. 

Telnnocera r o b t ~ s t a  Loew . . . . . . . . . . . . . . . . . . . . . . . .  

Sefisidae 
. . . . . . . . . . . . . . . . . . . . . . .  O l y g n ~ a  luctt~ostr in Meig. 

Pioplzilidae 
. . . . . . . . . . . . . . . . . . . . . . .  Piopliila v~clgaris Fall. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. l t~fzdbecl t i  Ducla 

Chanaaerny iidae 
C h n ~ ~ l n e ~ ~ t y i a  genictrlata Zett. . . . . . . . . . . . . . . . .  

Coelofiidae 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Coelofin fvigdia Fabr. 

Helcor~lyzidae 
Hetel-ocheila bi~ccata Fall. . . . .  . . . .  

Heleo~nyziclae 
Areoleria ~ ~ l - o ~ ~ i i ~ l e i z s  Beck. (sef)te~ttrionalis Coll.) . . 

Tepl~l-oclilaena oraria Coll. . .  . . . . . .  

Heleorrtyzn sermta L. . . . . . . . . . . . . . . . . . . . . . . . . . .  

H .  borenlis Boll. (~rtorlestcc Mcig.) 

Epliy rlrirlae 
Discocrri~tn bo l i ema~i i  Bcck. . . .  . . 



I3)r)rrliellin gi iseola Fall. . .  317 378 33 9 2 83 - - -  

Scatolla f)allirl?ri~~ Meig. . .  26 226 - - - - - - -  

. . . . . . .  S. le?ztticosla Coll. 

. . .  S. sibilnns I-lal. 

Drosopkilirlae 
Sca$loinyzcz gran7inttrr~ Fall. 

Ill oso&l~ila f~cnebris Fabr. 

M iliclt iirlne 
Afleonel~t n oh,curella Fall 

...... A[. Zninellnla Coll. . . .  . . . . . .  2 8 - - - 1 - - - 

Scalopltagidae 
Scntol~ltagn fnrcatn Say . . 

. . . . . .  S.  villipes Zetl. . . . . . . .  

. . . . . . . .  S. litorect Fall. . . . . . .  

C e r n t i ~ ~ o s t o ~ ~ ~ a  ostioru,n? Hal. . . . . . . . . . . . . . . . . . . .  

Clinelosa f)rrrrclif~es i\Icig. . .  . . . . .  

C, vitinu I<.-D. (er~rthrocoplznla Mg.) 

N u l n l ~ e r o f s p e c i ~ n e ~ ~ s  . . . . . . . . . . . . . . . . . .  2628 1456 76 270 352 645 55 G 1226 

Stnall islancls: Total n~uinber of species: 29 
Total nutnber of specimens: 2630 

Note to Trrble 11. When the 10" denoted species are excluded 31 species were found on South 
Icc-land and 33 on Heimaey which also could be expected on the small islands. Only one of them 
is not found on  Heimaey and 23 (68%) are represented from at least one small island. During orlly 
five years of rather limited collecting as much as 16 (47%) have heell recorded on Surtsey. These 
figures inclitate that the actual distances do not constitute any barrier of impormnce to the di5- 
persal of flying Diptera betrveen Heimaey and the small islands. Differences in species composi- 
tion and abmidante must be due to ecological difkerences. 

I f ~ i g o  Artder~sor~ 

:% A fignrc that probably ~voultl have beell higher if the e~ologic,ll tlemands of all species were completely known. 



TA13LE III  

I ) ic t r . ib~~f ion  of Collen~bola on the .small M J e ~ l r n a ~ l  I ~ l a r r c l ~  

(O_u;lntit,~tive tigurcs not yet ;~v;lilable.) 

Aiirrr.ieln iirrrt~siriiicr 1l;~grl. . . . . 

A ~ - G / ~ I ' . s o I o I I ~ ~ ~  hesselsi Pack. . . . . . . . . . . . . . . . . . . . . . . . . . . 

I'ol.so~iticc f ir~r~l(o. i (~ I.. . . . . . . . 

1'. c lua t l~ ioo~la ln  Tulll). . . . . . . 

Fr.ic,~~,a r.ln~~isetce Axcls. . . . . . . . 

F. 111 i ,~~~li i l ; , \  7'11111). . . 

I-ly~1oge~s1rzci.n tletilicr~lnlu Ilagll. 

H .  f)ir?.l)rr r.cl.scer~,\ 1.11l)b. . . . . . . 

lsolo~iicr iirec~.ilirirci lrllll). . . . . . 

I .  iiolnbili,s ScltWl'f. . . 

I .  ~~iolncecr Tu111). . . . 

1. vi~it1i.s Ilo~trl. . . . 

I.solottiieIln t ~ ~ , i ~ t o r  Scliiiff. . . . . . . 

I.c/~itlor.)~riza.s ryccr~errs T~tll l) .  . . 

I . .  lni~z~gino.srr,s Gruel. . . . . 

1\11 ici.ccii zrvirln fiygtircrecc 1361.11. . . 

Oir~c l r i rc~~rs  nrtticr/~t,s Tulll). s.1. 

0. tlrrplol)~enct(~tr~,s Strcnzkc . . . . 

. S i i ~ i i ~ t l ~ ~ ~ r i c ~ c . s  j~tc~nil is  I<r:~~tsl). 

7'zt l l l~ei;~. ia  I ~ ~ o ~ i s b n ~ t e ~ i  Born. . . . 

Xerrylln hrrttricolrr 0. Fabr. . . . 

Nrttnbcr of species 

Total: 23 spccies. 



2. THE SMAIJ,  WESTiCIAN IS12ANDS 
In the report foi 1967, a preliminary account 

~vas given (Table I)  of the species of Coleoptern 
found on the small islands, most of them collect- 
ed by Sigurdur Richter in 1966, on Ellidaey by 
L,iridrotl~ and Anderssori in 1965, on Geirfugla- 
sker and Si~lnasker by all in 1967. Intense collect- 
ing on six of the islands by the aic1 of a helicopter 
was inade on J u n e  28, 1968. I t  is now possible to 
include also Sudurey in the comparison, ;ls well 
as insect orders other than C:oleoplelu. 

3. T H E  SOlJTHERN MAINI,ANI) 
O F  ICEIAND 

A full report ol  the collected rriaterial ha5 to 
be postpoliecl until all groups have been identi- 
tied by speci;~lists. At this time only the unex- 
pected discovery of the terrestrial Turbellarian 
worm R1zynthodernu.r 1 ~ ? 7 ~ 5 / 7  is 0. F, Miill. (det. 
T. G. ICarling) on several localities 1)et~veen Sel ja- 
land and PCtursey sholtlcl be rnerrtioned. 

4. EXPEIZIMEN1' II,l,lJS'TRATIN(; 
HYL)ROC:HOROTJS TRANSPORT 
O F  TERRESTRIAL, INVERTEBRATES 
Tile higll percentage of - collstantly or incli- 

vid~ially - fliglltless insects on the srnall West- 
man Isl;~nds suggests that hyclroc lioror~s clispelsal 
11;ls ljecn iirlportant. I t  seemed that grass-tuft5 and 
j'iec es of sod dropping directly into the sen froin 
the steep lvallj of tlic eve~yn~here prewnt bird 
t liffs ~ v o ~ ~ l d  present the best opportunity lor irr 
\ill/ transport of the teiricolons lanl~,l, provicled 
tllese pieces of vcgetatecl soil ;I( tually lloat on the 
1v;tter snrf ac e. 

On S611iaslzei nit extrerlie tle.i~eloprnent of '1 

~>heno~nenon 1zno.ivn also Iron1 the other islands 
~v,ls observed: tllc occmrellt c ol higll, isolated 
peat tussotlzs ~v i th  Fc\loca ? ? ~ l ) ? c r  on top, stand- 
ing close together but separated 1)y chanliel5 of 
bare soil. According to Dr. Stul l,l Friclrilzssor~ 
tliis lormation lias developed as a result of col- 
lapsed ~ , I L I I O ~ \ J S  of F~atr?tultz tr?cli~m. T h e  trls- 
soclts .ivcrc so loosely attat hed to the groul?cl th;lt 
they easily broke off at the 1)nse. Two 01 thcrn 
~vcie  collected (height al)o~it 40 (in, ~veiglit ahout 

7 lig each) and lxoujiht to the institute in 1,und 
for experiments. 

Tussock I was submerged into ;1 big glass jar 
lilled with salt-water (35 pro rnille NaCl) ~vhere 
~t was able to float Sreely, 1~1th only a couple of 
centimeters projec ling above surface. Tussock TI 
.r\ra5 used for control. 40 specirneny of tlie weevil 
Olzo?? hyntlzfr \ a? clzcus and 8 of the grollnd- 
beetle C n l a l h ? ~ ~  melanocephalz~s (both living 011 

S6lnnsker) were transferred to tussock I belor e 
the salt-water exposure, which lasted tor one 
week. Its content of live animals was then ex- 
tracted through Berlese hxnnels. 

As a preliminary result of the experiment it 
should be meritioned that 4 indivicluals of 
Ollo,?hynt hlrs ul tliclrs and I of Cu1nthfl.s melano- 
cephalzis survived the exposure and, from the 
original inhabitants of- the tussock, 1 specimen 
of the gound-beetle Arnara q~lellsrli as xvell as 
several Collernbola and Acarids (mites). T h e  in- 
vestigation of tussocli 11, not treated in salt water, - 
clemonstr;~ted that only a small frac tion of the 
origil~al faun,l had survived the exposure ol t11s- 
sock I. Thougl~  it is fully realised that a floating 
tussock in open sea is subject to t,li Inore severe 
coi~ditions throng11 the inllnence of wind and 
waves, the experiment seems to sho~\l that a 51111- 
xnei-siorl in sea-water ill ~ l 5 ~ l f ,  even lor as lorig as  
one week, is not latal to ;111 inh;ibitants ol n big 
tussock. It is therefore lelt tllilt tliis is import- 
ant rneans of dispersal ~vitliin this part 01 the 
North Atlantic, at least over  noder rate distance-s. 

I t  is also relevalit to refer to otrr experiment 
with plastic graiiis desciibed in the report to1  

1 Wi7, accorcling to ~vhich liydrochorou~ surfat e 
tr;tnsport from Heimaey to Sultsey (xl'out 20 
Itrn), ;~lso n i ide~  adverse ~v ind  condition, toolt 
place in the collrse of one [veelz. This ~vas the 
reawn lor selecting this period of time for the 
tussock experiment. 

ACICNOW1,EDGEMENT 
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search Society with a gralit from tlie 1J.S. Atoiriic 
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Surtsey'r Freshwater Biota after 14 Moiiths 

BY 

I3ASSETT MAGUIRE, Jr. 
University o f  Tcxas 

'L'iaps, in the form of sterile laulldry tubs, 
Ivere lirst placed 011 Surtsey in early June, 1967. 
See the ieport on 1967 for other detail, (in: Surts- 
ey Research Progress Report IV, June 1968, pp 
83-88). Samples have been coller ted in the early 
1'111 of 1967 and in the spring and la11 oi  1967. 
Several ok the traps have been lilled with ash, or 
l,rolten, or  destroyed by th sea as it cut oil about 
100 meters ol the southern part of the islancl 
during the winter of 1967-68. ?'he r e s ~ ~ l t s  of 
examinatiol~ ol the three series of sample, which 
have beerr talzc~i are given in Table 1. 

T h e  average rlurrlber of different lzinds of 
organisms in those traps ~vliich ~olltairlecl iresh- 
water at the time of sarnplillg were 6.75, 15.8, 
ancl 15.4, respectively. 

T A B L E  1 
ORGANISMS IN AQUATIC TRAPS 

O N  SURTSEY 
An "x" indicates presence of organisln 

T I ; I ~  No. Organis~n I7;111 '67 SIX ing '68 Fall '68 

Cl~In177~~do117oi1as (:u~olllc~ sp.) x 

. . . . . . . . . . . . . . . . .  Dig tom x x 

Dint0111 (another sp.) x 

Zjlgi ien~a (or Zyg~zenloi~sis)  Y 

'1~1.ixp No ,  Orga~lisl i~ ball '67 Spri11g '68 1::111 '68 

0icoit1ona.s (another sp.) x 

liot!o glokosis . . Y 

n o d o  sp. . . . . . . . . . . . . . . .  X 

Pletcl-ontoncl.~ (?) . . 

A.c tm~noeba  l-nrliosa . . 

i\.layorelln . . . . .  

Fla l~e l l z~ la  (?) . . . . .  

I)if/lzcgia . . . . . . . . . . .  

A / i i 1 1 1 ~ j s  . . . . . . .  

Plrrlyol~l~yra uorax 

0x )~ l l - i chn  . . . . . . . . . . . . .  

Moss p r o t o ~ ~ e m ; ~  

Illoricatc rotifcl. . , . 

Totals 

2 Urolten 

3 C l r l a i ~ r y t l o ~ ~ z o ~ ~ n s  

Cl~lol-ellrr 

Closlel-iol~sis (?) 

G o l e i ~ l i i ~ i  . . .  

Clllorococcolian alg:~ . , 
0oc)rslis . . . . . . . . . . . .  

Pl~yrof1agcll;tte 

. . . . . . . . . . . .  Cos117al-i1c1tb 

f ~ f l ~ ~ ~ l ~ / ~ ~ ? t ~ l l l ( l  (?) 

. . . . . . . . .  Tl-ibo?iei~in 

1 o r 1 1 i i 1 1  . . .  

%?rgiiei~rcr (or %jrg?iei~~ol).si.s) 

Chaetopl~ol.aceac . . 
Dial0111 . . . . . .  

.Scliizogo~~irtri~ . . . . 

Plec to~nena  

Oscill(llol-in 

X 

X 

Y 

X 

Y 

X 

X 

X 

X 

X 

0 (satly) I9 13 



I'ral) So. 01 g;uiistn [:all '67 Spring '68 Fall '68 

Allisolzeti~a . . 

A/lollcrs . . . . .  

A ~ O I I O S  ( a n o l l ~ c l  sp.) 

norlo . . . . . . . . . . . . . .  

Amphilrronns . . . . . . . . .  

Cercoitrrislix 

Oic~oitlo~irrs . . 

l~nlilhtritij~fic~ 

P,secitlodiffl~rgin . . 

Microgromiiclac (?) . . 

C)l'lOlO~,ll osis . . .  

Pserirloglnrrcotr~n . . 

1 ~ 1 t 1 1 1 1 ;  . . . . . . . . . . .  

Itolrrrici or i\.liro.oIrnclieln 
.? 1 oral 

4 Chlairzyrlo~r~o~~us . . . . . . . .  

( lo le~rhi~~ic i  . . . . . .  . . . .  

Clorocorciritr . . . . . .  

Triho~tentn . . . . . . . .  

Annbczencr . . . . . .  . . . .  

Fn.sictt lochloris . . . . . . . . . .  

Nostocaccar , . . . 

k l o ~ ~ n s  . . . . . . . . . . . . . .  

O i ~ ( ~ i t t f l t l ( 1 ~  . . . . . . . . . . . . .  

Oicot~ro~rn.~ (anotl~cr sp.) 

Aorlo . . . . . . . . . . . . . . . . . .  

Cercobotlo . . . . . . . . . . . . . . . .  

7'll)~lnrolllollcl.s . . . . . . . . . .  

Cry~)lolilolln,s . . . .  

1l.Jnyorella . . . . . . . . . . . . . . .  

I~lnbcll~rla . . . . . . . . . .  

A~lroehn . . . . . . . . . . .  

I-Iartma~~ellitlac o r  

\Jahlknmpfiidac . . . .  . . 
I'ilose Rliizopotl (slnall) 

1 t o i  . . . .  

I~;~ichelys . . . . .  

Eztclrlri~iis . . . . .  

Total  

Y 

X 

x (ash) x 

x (ash) 

X 

5 Clrlatirytlon~o~~n,s x 

Chlnn1?1rlor,~olltrs (anorhcr sp.) x 

Ilrnchior7zo11ns x 

Cnrterici x 

I'rap No. Organis~n l'a11 '67 Spring '68 I'all '6h 

N(rn)~ocliloris x 

Clllorella . . . . . .  

. . .  Clllol-ococcr~~rz 

Cl~lorococcalian alp1 x 

. . . . . . . . . . .  Florr1iidit~ln 

. . . . . . . . . .  Diatom 

1)iatom . . . . . . . . . . . .  

0.scillolorin . . . . . . . . . .  

0.scillotorin (:inofher sp.) 

Oscillotoria (a~io ther  sp.) ? 

Coelospl?cleri~irn (?) 

. . . . . . . . . . . .  Norllrlaria (?) 

Aiznbnenu . . . .  

Nostocaccac . . . . . . . . .  

Chsococcalian alga . . , 

. . . . . . . . . . . . . . . . . .  I~~lo1ra.s x 

. . . . . . . . . . . . .  (>iicoi)to~~czs x 

. . . . . . . .  A)tcf~ltiitiorcrrs x 

. . . . . . . . . . . . . . . .  notlo x 

Flahell~rlri . . . . . . . . . . . . . . .  

17~11111~~1111~~~ia . . 

I-Iartmanelliclac 

. . . . . .  Arcr?itl~nmoeba 

. . . . . . . . .  Nticleciria (?) 

. . . . . . . . . . .  Arrella (?) 

l l i f f lugit lac . . . . . .  . . 
Cell 1rop)ixis (?) . . . . . . .  

Pla1pol)lrq~rrr vorn,x 

Hymenostotnc 

'I'uchysoma . . . . .  

IZl~nltrlost~rl~z . . . .  

Ce~~lialotlelln . . . . . .  . . . . . .  

Tota l  6 

6 Cl~1nitcyrlo1~to~ia.l. . . . . .  

C l i l n ~ r ~ ~ ~ t l o ~ ~ ~ o ? z n s  (another sp.) 

I~rrrcliiori~oncrs . . . . . . . . .  

Pnsrl~eriella Iet~crs . . . . . .  

Clrlorelln . . . . . . . . . . .  

C:hlorococcalean agla . . 

Chlo~.ospl~acralean agla 

G y r o ~ i g l t ~ n  . . . . . . .  

Diatom (another sp.) . . 

Diatom (another sp.) 

Oscill(iloria . . . . . . . . . .  

Oscillntorin (another sp.) 



T r a p  N o .  Organism Fall '67 Spring '68 Fall '68 'T1.ap S o .  Organism 1:;111 '67 Spring '68 Fall '68 

Monas . . . . . . . . . . . . . . . . . .  

0icon~oiza.s . . . . . . . . . . .  

Bod0 . . . . . . . . . . . . . . . . . .  

Plez~roinonas . . . . . . . . . .  

Valtlkampfia . . . . . . . . . . . .  

Aslrainoeba . . . .  . . . .  

Nztclearia . . . . . . . . . . . . . .  

Plalyol~liora vorax . . . . . .  

Clzilodonelln . . . . . . . . . .  

Oxy tricltn . . . . . . . . . . . . .  

E ~ t l ~ l o l e s  . . . . . . . . . . . . . . . . . .  

?bchysoma . . . . . . . . . . . . . . . .  

Ceflltnlodella . . . . . . . . . . . . . .  

Rotifcr (another sp.) . . . . .  
ToLal 

X 

X 

X 

X X 

Y 

Y 

X 

0 (dry)  19 17 

7 Anisotterrrci . . . . . . . . . . .  

. . . . . . .  Chla~t~ydottronas 

I3racltio1rzonas . . . . . . . . .  

Cr)~l)toir~oi~n,s . . . . . . . . . . . . .  

C)~rosigtna . . . . . . . . . . . . . .  

S ~ ~ r i e l l u  . . . . . . . . . . . . . . . .  

. . . .  Diatom (a~iu thcr  sp.) 

Moizns . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Botlo X 

F'labellula ? (stn) . . . . . . .  

Ilartma~lcllidae or 

V ; ~ h l k a m p f i d a c  

Plnlyoph yra 

Colpocln . . . .  

E~o/)lofes . . .  

8 Broken 

9 Cl~lnrr~ytlonzonas Eull 

Chlol ococcuirl o f  

UI nclencocczts as11 

Hoi ritidiz~r~z 

Platy o/)hyra 

Y 

0 (lost) 12 

s (salty) 

x (salty) 

Y (salyt) 

x (salty) 

x (salty) 

Tota l  5 

10 Clzlamyclonzonas . . . . . . .  

Brackion~onas . . . . . . . . .  

Cryploinonas . . . . . . . . . . . . . .  

Pasclzeriella . . . . . . . . . . . .  

Phytoflagellatc . . . . . .  
Clzlorella . . . . .  . . . . .  

Chlorococczo~z . . . . . . . . . . .  

Closteriopsis . . . . . . . . . . . . .  

H o i d i i  . . . . . . . . . . . .  

Oscillaloria . . . . . . . . . . . . . . .  

Nostocaceac . . . . . . . . .  

Oicornoiia.~ . . . . . . . . . .  

Cercobodo . . .  . . . . . . . .  

Colf)oda . . . . . . . . . . . . . . .  

C)~rtolofihosis . . . . . . . . . . . .  

I-Iolotricl~ . . . . . . . . . . . . .  

Holotricll . . . .  . . . . . . . . . .  

OPislltolriclra . . . . . . . . . . .  

Cepl~nlo(lella . . . . . . . . . . . .  

T'cntlipcdidac . . . . . .  
Tota l  

1 1  Cltluri~yclomonas . . . . . . . . . .  x x 

Chlnirr~~rlonzonns (another sp.) x 

Nrnchio~nonas . . . . . . . . . . . .  

Cryptorrzonas . . . . . . . . . . . . .  

Chlorelln . . . . . . . . . . . . .  

Chlorococcur~z . . . . . . . . . . .  

C;losleriopsis . . . . . . . . . . . .  

H o r t n i ( l i t ~ ~ i ~  . . . . . . . . . .  

Oscillnlol-ici . . . . . . . . . . . . . .  

i'iloiras . . . . . . . . . . . . . . . . . . .  

. . . .  i\/Poizns (anot l~cr  sp.) 

Ociorr~oirns . . . . . . . . . . . .  

Bod0 . . . . . . . . . . . . . . . . . . . .  

T/nhlknrnpfia . . . . . .  

N~iclenrin . . . . . . . . . . . .  

Actinosplzaerilc~n . . . . . . . . .  

Platyoplt)!rn . . . . . . . . . .  

C y r l o l o ~ ~ l ~ o s i s  . . . . .  x 

Oxyirichn . . . . . . . . .  x 

Rhabc1ost)rla . . .  x 

Vorticella . . . . . . . .  Y 

Tota l  0 (dry) 13 13 



Studies of the Subtidal Fauna 
of Surtsey in 1968 

BY 

WILLY NICOLAISEN 
Marine Biological Laboratory 

I-lclsingor, Denm;~rk 

T h e  infauna of the subtidal slope of Surtsey 
was sampled on 12-14 August 1968. 

Majority of the samples were obtained by 
means of the 0.1 m-mith-McIntyre quantitative 
bottom sampler. T h e  rectangular dreclge was 
also used in some cases. 

T h e  sampling was carvied out 011 four trailsects 
to the north, east, south and west of the island. 
T h e  sanapling deptl~s were usually about 30 m, 
4-0 m, (50 m, 80 in, 100 m and 120 m. 111 most 
cases two grab hauls were talten at each station. 
After the sediment samples had been removed 
the samples were shifted through 21 sieve with a 
rriesh 01' 2 mm. T h e  residual was preserved in 
alcohol. 

T H E  B O T T O M  
I n  May 1967 the bottom south of Surtscy \vas 

found to be rocky ~vhile a11 the other 1~1rts of the 
slope were covered by a layer of gravel (Nicolai- 
sen, Surtsey Research Progress Report ZV, 1968). 
T h e  gravel originated f r o n ~  the eruption wl~ich 
s ta~ ted  in August 1966. 

I n  Angust 1969 the gravel layer had disap- 
peared. T h e  rocky bottoin of the slopc was norv 
in most places found to be covered by a s;ind 
layer of varying thickness. This was reflected in 
the quantity of sediment which the grab brought 
lrp. Sometimes the grab xvas empty or contained 
a few stories only. Most often, however, it had 
caught a quantity 01 sand. T h e  arnount was usu- 
ally about 1 litre or less, but frequently it was as 
much as 4 litres or more. 

Grain size analyses have been carried out on 
one sample from the north slope and one from 
the sou t l~  slope both of which were taken a t  a 
depth of 80 m. Their  respective median grain 

sizea were 300 microns and 170 ~nicrons. T h e  
major part of the grains were lava fragments. 

'THE INFAUNA 
T h e  lollowing list sho~vs, tor each station, the 

number of individuals of the species which have 
been found in the grab hauls. Alrnost all the ani- 
mals foulid belong to species xvhich inhabit sccli- 
lnent bottoms. For each station the number of 
grab samples which have been lumped togethcr 
is shown. Also the approximate sediment content 
of each grab sample is given. 

Due to the nature of the bottom, Inany ol  the 
grab hauls collected a low quantity of bottom 
substrate and, therefore, the density of those ani- 
mals, ~v11ich are large eno~xgh to be retained by 
a 2 mm sieve, tends to be nnderestimated. There 
is no quantitative sampler that works ellectively 
on a bottoln such as that of the Surtsey slope, but 
in contrast to the clredge the grab at least gives 
some idea of the clensity of animals. 

T H E  N O R T H E R N  TRANSECT 
30 m 3 samples 
Substrate content: 10 litres, 3 stones, almost emp- 
ty. No animals. 

40 m .  3 samples 
Substrate content: y2 litre, almost empty, almost 
empty. 
Pisces : 

Anlmodyies  lnncen 1 

60 7n. 3 samples 
Substrate content: 1/2 litre, 1/2 litre, empty. 
Cnrslncea: 

Amphipocl  sp. 



80 nr. 2 samples 
S u l ~ s t ~ a t e  cont.ent: I litre, 1 litre 
I'olychaela: 

Spio Jilicol-7zis 
(:apilelltr ellpilala 

Ec.h irlode7.rnclla: 
Oplzirl7.a affirlis 

100 m. 3 sampler 
Substrate content: 1 I~t re ,  1 %  litre, 114 litlc. 
Polyc l~ctelc~: 

bSfr7rc~lais /zla~rrrrrlosrr c 
C;onzctda nrtccrl1tn.l~ 
EIeol~e longer 
Nef~lr l  hys l ongo~e  f o.wi 
.S( oloplos trl rr~igc.1 
S j ~ i o  /ilzrornis 
A m n r o / r y ~ a n e  nrrlogcrclcr 
c:c~pilolla cupilata 
Orr1e7lia f?i.ci/o? W I I ,  

Poc/ i jr t~)~(t  1:o~f'rri 
c;r 11\1(1~(~(1: 

I-liplx~nrrtJorr dr~~l i t zr ln l  rrs 
l \ lol l l ls~~l:  

Al)r(c r~iliclt~ 
Abrct pli\nluticct 

E( Iri?rodrr rrr(~1~: 
Ophi~crcn. (1ffi7~i:, 
Opllilr~ n rp. (nlbiclti?) 
Ecllirrot (17 cli~r nr flrrvccc ('77 

T H E  EASTERN TRANSECT 
30 ~ I I .  2 samples 
Su1,strate c ontent: empty, empty. 
No r~nimals. 

40 117. 1 \;111113!e 
Sribstrate content: vl litrc. 
Polyc hacfn: 

Oio~nitr f~rsifor rrri\ 
l ~ l C ) 1 1 l l  \</r: 

ADm i~ri\malietr 

60 111. 2 saniple5 
Tubstrate content: 4 litr es, 4-5 litl-es. 
Polyc 11t ir t~:  

Gonitldn nrc~c~rlnltr 
Spio f i l icojni~ 
Arn7nolr ypanc2 sp. 
C a ~ i f c ~ l l n  tapiicllcl 
Ozi~r7lin flrcifornric 

Echinodcrnlulu: 
0pl.l i u1.u a f f i n  is 7 
L;chir~octi,?.ditl,rrr, /1n-ueLsce7rs 2 

Pisces: 
Ple~lr.o.neclicLac: sp. I 

I Jniclel~ t i  lied: a fragment 

SO nl. 2 5;trnpler 
Sabstratc content: 1 litre, 1 litrc. 
I'olyc hncfa: 

C;on~uda mac~~laltr 
,Spio 1 ilicomr is 
Am rno l~y j~anc  alllogcr.slf>) 
C:apilellti t u p ~ t c ~ f n  
Ou~e77tn fu.\ifo)n7ze 
I'ocl111(i7ttr / < ~ I ? O ? ~ Z  

!\lollrtcccl: 
13lcc~ilrrirrl rlndnlzlrri 
Ca7dirrrn rcl?inctf rtm 
Abra I,7i.ernt~t1ccc 

13c11irrocLrr rnnfa: 
Opl~irrra N / / Z ? L ~ J  

EcI7inoc(~r tlirlrn f/tr7~o\cf'rlc 

95-105 nL. 3 saiupler 
Su1)stlnte content: 2% litres, .'{% litles, not 
l\llo\vll. 
iVeuner lini: 

linidentif led sp. 1 
Polyt l?clrl/l: 

Hnt m o t h o ~  \p. 1 
,SI~?relnze jzlnmrrrlo\tra 1 
Arrailidr\ groenlnrrclico 2 
C:a~ltn.licl prcl~ctaltr 1 
Scolol.,lor a7 mzgc.1 3 
Spio fzlicorn~s 2 
I'olydo7u tn.7~1~nrrt~ltr 

:I Iexv irltlividu;ll5 
AmrnoIryj9anc. arrlogcl,lf>r 7 
(:api/ella cap?tal(~ 10 
Oluerli~r /11~i fo)m1r  1 0 
Prc/i7r(lr it1 1:or err i 1 
Terebe l l i dn~  sp. 1 
TJllicle~~tiliecl Polyc ltc~rln 

a lnentr wine Ir g 
~llollrlrca: 

(;atdirln7 rchintrllrrn 2 
Cypr inu i~lantlic ci 1 
l\/lacomc~ caltu? otl 1 
A hwe 131 iswr~fictr 8 

EcItirro(1cr r~rtiia: 
Oplli?r?a affz7ric 11 
Ecl~inocc~rcl i~ln~ f/ti71rec('77~ 2 
C~lcl~rntij  in sp. 2 



Sul)str;~tc contellt: Grab  e ~ n p t y  each time. 
N o  nnilnals. 

40-45 7n 
Su11str;rtc t o i ~ t e n t :  Grab  empty each tiirie. 
N o  allirnals. 

6 0  / I / .  1 sample 
Snl)str,~te content:  1 litre. 
Polyc hurtcl: 

,Sle?lrlaz\ j~la?rlrnlo~ 1r.\ 1 
Spzo fi1ztotni.r 1 
I'olydo7cr anlen~lulcr 

some inclivic111~1ls 
O r o ~ n i t ~  )rtsi\otnri\ 1 

1\1oll?l~tcr: 
(,'crrdirrm rthir~cltlrrn 1 

l i l l idel~t i l  iccl: 1 

SO rn. 2 b,~mples 
S l ~ l n t r ; ~ t e  content: % litre, % litre. 
l'olyc Ircrefa: 

N P ?  irle t i ,  rnl~rllr\ 1 
A~nrr~o l ry l~n~zc  cnrrlogcr\/c>l 5 
o o~c~rtin jllJijo? mL.5 4 
Peclinttrin Itotrnz 1 
L2u71it r co~1cJzilrgc1 2 

i:'(Iri7lod~t nlttla: 
OpIrirl?u cljji?~i,\ 2 
Ec hinotar rlilr71r ~ / N I J P \ ( C ~ \  1 

95-100 ryl. 2 samples 
Sub5trate content:  litre, vL litrc. 
l'olyc li7c~cln: 

Nnr mollzoe sp. 4 
Arltli/ide\ gr ornlclndicn I 
Polydo?cl crnlrrr ntlla 

some iiidiviclr~als 
Oiufl?ricl /rr\i/ot mi.\ 4 

1l~loLl llsfcl: 
SPi\rtlct elliklico 3 
Alrttn $~i.\n7aiiccr 5 

Zitlri7zodct irznlc~: 
Oplrz7ll cr a/fitri\ 2 
E t l ~ i n o t c t r d ~ r ~ m  ]lct-oe\(r~~\ 1 

121) nr. 2 s ~ ~ n p l e s  
Substrate content:  litre, 1/, litre. 
Polyt Irneln: 

Neph/y \  hombetgi  1 
Polydo tn nntennnta 

sorlle individuals 

125 m .  2 samples 
Sul15trate content:  litle, ;11most cinpty. 
Polvc haela: 

. S / ene ln~~  /zlnnronlo\lr~ I 
Nephlhy:, sp. 1 
lJolyrlo?cn c~rrlc~r~?~ttln 

sorr~c illclivitlr~:rl~ 
Arr~rno/?yl)cn7lr c~ztlogcr~~cr 1 
Otuerria /rr.\i/ormi.\ 2 

1~101111rct1: 
C:yf))i?~n r\lcindiccr I 
Abler n~licltt 2 

I:'( lri7rotlcrn7al(t: 
Avrrphiutt~ /zli/orrni.\ 1 
Litlri~rotc~ 1 ~ 1 r  fltr-or\tr7r\ 3 

lH1' WES'TERN 7'llANSEC'I' 
iO m .  2 sanlples 
Substrate content:  4.5 litres, a little sand. 
l'olyc Ilclctcr: 

Sl)io /ilicor ?ti\ 1 1  
Polydotct c17~tc71rrcrln 

a Iclv indivicli~;~ls 
, S / ) L O ~ ) / I N I I P . \  1)onrbyx j 

(:a/)ilrlltr I crpitaltr 2 
Ou~c.tlicl /~r\ijor nr I \  

5ome I r a g n l c ~ ~  ls 
I'c~clirrcrritr /<otmri (i 

111ol111sc(l: 
ADrcr P I  i\rrrcr/ictr 3 

l ' (  lri11o(lor nrcr/cr: 
I.:cIri~roccrrtlirrn~ flnvr~rr?r\ 1 

0 rrr. 2 s;~liip!es 
Substrate content:  4 litres, 1 litre. 
I'olyt lrflc~lcr: 

,Spro f~licor?ri\ 2 
LSf) ic~t~~( lc~e  51). a 11;rgmcnt 
Amrr~o/?y/)n7~r nr~logtr\-/c? 1 
C~n/jit~lIct t npiinlu 2 'i 
Pecti?lcll ia Itor r7li 4 
I,n?i7ir e t orit l l i l~gn  3 
Polyc llnet(t t ~ v o  I'l,rglnc.n[s 



C?.llstacca: 
Cheraphilzls neglecla 1 

Mollzuca: 
Spiszrda ellipticu 1 

Echinoderrnatu: 
O plziz~ra af finis 2 
Echir~ocarcliurn [lavescens 2 

Ilnidentified: 2 

60 Yn. 2 sarrlples 
Substrate content: 3 litres, 0.5 litre. 
Polychaeta: 

Goniacla muculata 
Nephthys caecu 
Scoloplos awnigcr 
Spio lilicornis 
Capitella capitala 
Pectinaria .I.to?.e?zi 
Lanice conchilega 

Molluscs: 
Abra prismalica 

Echinodermata: 
Oplzi7~rn affinis 

78-80 m,. 2 samples 
Substrate content: 1 litre, % litre. 
lJolyclzaeta: 

Stenelais f i larnentos~~s 3 
And t ide s  groenlandica 1 
Scoloplos arrniger 4- 
Spio filicornis 1 
Nerine cirralulzrs 1 
Polydora antv.rr.n,ata 

some individuals 
Cirratz~lidae sp. 1 
Ammotrypane azilognster 2 
Capitella capitata 3 
Owenia fusiforrnis I 
Pect inaria koreni 2 
Polychaeta sp. some fr;lgment.s 

114ollusca: 
Cyprinn islmndicn 1 
A bra prisn~atica, 3 

Echinodcrrnata: 
Oplli . i~m affinis 3 
Ech,inocnrcli~~w~ /lnvescens 1 

100 ~rr. 2 sainples 
Substrate coiiteiit: 1 litre, litre 
Polychne fa: 

Plzoloe rn in l~ fa  2 
Stenelais f i ln~nentos~ts  2 
Goninda macz~lata 1 
Scoloplos armiger 9 

Polydo?.~  antennata 
several irldivicluals 

Ammotrypane az~logaster 4 
Pectinaria k o r ~ n i  9 
Dilrupa arietina 1 
Polychaeta sp. a fragment 

1\4oLlzlsca: 
(:clrdiz~m echin,alz~rn 1 
Cyprirra islandica 1 
Spiswla ellipticrc. 1 
i\/lacornu calcarea 3 
AOra nilida 4 
A b7.n firisrnutica 12 

I,'clri?rode~.m,uta: 
Ophiura uffinis 8 
Ophizlrn sp. (c~lOida?) 10 
Eclzinoct~rdiz~m flnvescens 4- 

120 rn. 2 samples 
S111)strate content: % litre, allnost empty. 
lJoly chaeta: 

Goniadn maculnta 1 
Anaitides groenlandica 2 
Scoloplos arrnigcr G 
Polydora antennala 

several inclividuals 
IIif11ocil-r.n~ glauc*us 5 
Owenin f~~.siformis 2 
I l i lrz~pn arielina '2 
Polychaela some fragments 

A4oll1uca: 
A b m  lzitidn 1 

Echinodermata: 
Ophiurtr, 0,fflinis 8 
Echin,occzrdizlnz fla-clescens 1 

1 1  nidentil'iecl: some fin;tgrnen ts 

ADDITIONAL, OBSERVATIONS 
All individuals of the infauna species found in 

tlie grab sainples were sniall as the follo~ving 
examples sho~v. 

I'ecti?ln7ia leoreni, ~vhich was found to bc one 
o t  the rnost coininon polychaete species, hacl an 
aveiage hocly lerlgtll ot 0.8 cm and the sizc range 
was 0.2-1.2 cm. 

A h7a f17 irmaf icu, the rriost commori Iivalve, 
had an average length oL 0.5 cm ancl tlle size 
range was 0.3-0.9 cm. 

T h e  brittle star Ophizrra affinis had an average 
dish diameter of 0.2 cm and the diameter variecl 
between 0.1 aiid 0,3 cm. 

T h e  srnall size of the animals indicates that 
they were less than a year old at the time of 
collection. Many have probably settled in the 
spring and summer of 1968. 



EPIFAUNA SPECIES 
Three grab samples from the southern slope 

which have not been included .in the previous 
list contained epifauna species only. These are 
listed below. 

Hydl-ozdea: 
Tl~brl lal  ia larynx 
an unidentified species 

Polychuela: 
Ha?rnolhoe sp. 
Pomaloc~ros  I r  i q l l e l e ~  
Hyd? oides norvegica 
some unidentified frag~rlerits 

Zjryozocl: 
7-8 species 

Lr l l~ l ( l ( (~a :  
Ver 7 lica ~ trocnr  ia 
Balanzts sp. 

I{ ivalvia: 
Hicxfella ~ t l i a t a  
Hptn?lorrt I ~ L  sp. 

CONCLUSIONS 
IJieviously, it h,~s been sho~vli (Nitolaiscn, op. 

tit.) that seveial infauna specie5 had inclvdcled 
the snnd of the subtidal slope 01 Suitsey in ALI- 
gust lS(ii5. In  May 1967 it was fo111id that tlic 
infauna had been destroyed by the grnvcl origin- 
ating from the latest eruptioli on Surtsey. 

I t  appear5 Sroin the present repoi t that the 
gravel h,id disappeared in August 1969 and 

where the slope was covered with sand i t  had 
been invaded by several infauna species. This 
fauna was very sinlilar t.o the orie present on the 
slopes in August 1966. T h e  identified species 
have all been reported previously froin Icelandic 
waters. 

T h e  1968 survey together with the surveys oS 
previous years llas slio~vn that the sediment on 
the subtidal slopes of Surtsey is very lnuch on 
the move. T h e  slopes are steep and therefore 
wave action, especially during the winter storms, 
~i7ill remove large quantities of secliment. As yet, 
no individuals belonging to inf'au~ia species have 
becn louncl which could be saicl with certairlty 
to have an age of one year or more. 

At the present it is unkno~\ln whether or not 
ilifauiia species will be able to establish them- 
selves more pernialleritly in the very unstable 
environment oI! the Surtsey subtidal slopes. 
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1 he Bentlionic Coastal Fauna of Surtsey in 1968 

BY 

ADA1,STEINN SIGURDSSON 
Rrvkj,~vik, 1tcl;lnd 

INTRODIJC'TION 
T h e  rnarirle 1,iological research in the tidal 

and subtidal irones of Surtsey and adjacent is- 
I;u?ds was cor~tinued in the same way in 1968 as 
in the year be1ore (Sigurdssoli lO(i8), but in 
addition underwater photography lvas used with 
good results. All the submarine work was skill- 
f l~lly pertornled by the crew of MIS "Sxor". 

Dr. Henning Lemche, Zoological Museum, 
Copenhagen, takes care of the iclentificatiorl of 
the Nudibranchia ;~nd  will include thern in a 
major .\\lurk ~vhich he is preparing on the North- 
Atlantic N~xdibrallchia. 

Mrs. I<aren Bille Hansen, Zoological Museurn, 
Copenhagen, is resporlsihle for the ideiitificatiorl 
oh the I3ryozoa and will include them in  her work 
012 the Icelalidic Rryozoa to be publishecl in thc 
Zoology of Iceland. 

Mr. I<. W. Petersen, Zoological M~ise~un ,  
Copenhagen, arld Mr. Jean Just, University of 
C:openhagen, are resporlsible for hydrozoans arlcl 
amphipods, respectively, in cooper;ltion tvitll thc 
principal investigator ancl i t  is to he liopecl that 
they will later be able to participate in rtie 
sampling around Surtsey and in adjacent waters. 

I'ig. I .  Undcrxvater pllotog1.apI1 from the cast coast of Surtsc) i t1  I X i X ,  cl~iefly slloxc~il~g dly l i l r t s  'rirrlis, but also solnc hytlro- 

zoiilis i111d a scaxveetl. 



Fig. 2. Ul,derw;cte~. pliolograpli from the cnsl coast of Surlsey ill 1968, chicfly sllo~ving l~ytlrozo;~~ls. 

Several other Danish zoologists have partitip- 
nted ill this research project by providing identi- 
lica tion of nni~nals. 

For information on the distribution of ben- 
thonit animal? the appropriate "Parts" of the 
Zoology 01 Iceland have been used. 

SAMPLIN(; 
T h e  sanlplil~g of the marine invertebrates in 

1968 was, as the year before, partly made by 
surveys of the shore and partly by the technique 
of SCUBA-diving as described 11y Sigurdsson 
(1968). 

In the tidal Lone 01 Surtsey (T,lble 1) sampling 
\\7as carried out on April I.? and 14, June 26, 
August 9 nnd 10 and November 23. 

Mostly due to bad weathe] conditions, 1>u1 
also on actourlt of latlc of usable means of trans- 
port, it was impossible to reach the island during 
September, October and tile first half of Novern- 
1>er. 

Due to heavy s ~ ~ i f  the sampling on Novein1:er 
23 was inerfective. 

Intensive sampling was carried out in shallon 
naters around Surtsey (Tables 1-6) and the 
other idands of the Ve5trn:unnaeyjai from July 



27 to August 7. Throughout this period the 
weather was rather windy a i d  all good days but 
one were used at Surtsey. During the rest of the 
time work was carried out wherever it was 
possiljle to find shelter. Therefore, it was not 
possible to repeat the sampling of any of the 
1967 traverses outside the Surtsey region except 
partly at Alsey and Eidid. 

Samples were taken in the Surtsey-region as 
lollows: 
T h e  zuc7s/ coari (Table 2). Hard bottom. 

Nenr the boundary ol sand and hard l>ottom, 
depth 17-20 m. 

0 1 f  the northern part 01 the lava lielcl (the 
same traverse as in 1967), depth 3-28 rn. 

OfC the SW corner of the island, depth 4-1 8 rn. 
T h e  ~ 0 ~ 1 t h  c o a ~ t  (Table 3). Hard bottom. 

T h e  middle of the south coast, depth 12-19 m. 
T h e  east coast (Tables 3-5). Hard bottom. 

Of1 the south east corner of the island, depth 
12-22 m. 

T h e  north end of the SE cliffs, depth 10 m. 
South of the N E  clifls, depth 10 m. 
Of1 the NE cliffs, depth 1.5-30 rn. 
'The north end of the NE clifis near the 

boundary of hard and sandy hottom, depth 
10-20 In. 

T h e  north coast (Table 5). Sandy bottom with 
dispersed boulders at 12 m. 
011 the sandy shore of the easterly north coa\t, 

depth 12-20 m. 
.Sy) / l ingu) ,  enst of Surtsey, sandy bottom, depth 

28 m. 
Tdlnil; southwest ol Swtsey, sandy bottom, depth 

27 m. 

Samples were t;~lzen on hard I>ottom at five 
islands of the Vestmannaeyjar archipelago ;IS 

follo.rvs: 

Heirnney : 
West of Latur (N.), in a cave in the tidal zone 

and outside it down to 12 m depth. 
North of Dalfjall (N.), depth 8-14 m. 
At Stciri 0 r n  (N.), depth 10-14 m. 
Eidid (N.), in the tidal zone. 
Brinlurd (SE.), in the tidal zone. 

A h y  ( N . ) ,  on the same traverse a5 in 1967, depth 
9-13 m. 

Hellisey (NE.), on an almost perpendicular roc Ic, 
depth 0-44 m. 

Slil?la~lzer (N.), in the tidal zone and 6-27 m 
depth. 

Thridrangar, in the tidal zone and 15-24 m 
depth. 

T A B L E  1 

Animals from tlze T ida l  Z0n.e of Seirlsey i n  1968 

Apiil 13 and 14 
- - - - - - 

IVest 
Coast I Coast Coast Coast C:oast Coast 

HYDIiOZOA . . . . . . . .  . . . . X X X 
POLI'CHAETA . . . . . . .  1 1 Tubes Tubes . . X 

RRYOZOA:  . . . . . . . . . . 

A4enzbmtzi$orcc t ~ e m  hmtzcrcen (L.) . . . . . . . . X 

Electra $ilos(t (L.) . . . . . . . . . . .  . . . . . . . . X 

. . . . .  Cribrilincz Imizctnta (Hassall) . . . . . . . . X 

COPEPODA . . . . . . . . . . . . . . .  . . . . . . 12 130 x 
CIRRIPEDIA:  . . . . . . . . . . . . 

. .  TTe~rtica stroettzin (Ivliillcr) Schum. . . . . 36 

B n l n t ~ ~ ~ s  bnlnnoirles (L.) Brugtti6re . . .  . . . . 15 102 17 

AIVIPHIPODA . . . . . . . . . .  . . . . 2,  X . . . . . . 

NUDIl lRANCHIA . . . . . . . . . . .  . . . . 1 

LAMELLII3RANCHIA: . . . . . . . . . . 
Heternrro~?zia sqtran~zcla (L.) . . Shells . . 27 

A4y t i l t~s  eclzilis (L.) . . . . . . .  . . 6 4 6 

. . . . . .  ,S3indosm3in nititln (Miiller) . . . . 1 

Snxicnwn nrcticn (L.) . . . . .  . . .  . . 1 17 

1) Driftctl asllolc on Ascopllilltun. x = ani~nals not counted 
2 )  Drifted ashore (pelagic) 



TABLE 2 

Animals from the Subticia1 Zone of lhe West Coasi of Szsrlsey in 1968 

Off tllc Northern Part 
of thc Lava Field (W.) 

I The Boun- 1 
dary of ~ ; m d  O f f  tlie 

and Hard S.W. Corner 
I Botto1n (IlV.) j 

July 27 / August 4 Aug~tsf 6 
- - -- 

1 3 m  
i 

1 3 m  1 2 0 m  1 2 8 m  1 17-20 m 4-18m 
- - - p ~  

HYUROZOA . . . .  . . 

,VEAIATODB . . . .  

POLI'CHAETA . . . . . . .  

L3IIYOZOA: 
Flztstra Joliacen (L.) . . . . . .  

Ami(llzib1esLrt~tn flerningii (Bnsk) 

Alcy on idizlm l~arasilicrcm (171em.) 

. . .  Alcjionidi~~m fiolyoun~ (I-lass.) 

Scrzcf~aria nmbigua . . . . . . .  

A/rerr~l)rcr?~ipora ir~~errzbra?zacen (L.) 

Unzbo?ltrln liltoralis Hastings 

Electra jjilosa (L.) . . . . . . . .  

O.YTRACODA . . . . . . . .  

COI'BPODA . . . . . . . . .  

CIRRIPEDIA: 
Verrtrca stroemia (Miiller) Schurn. 

Nalan't~s bnlczizoitles (L.) Brugui6re . . 

Bala?zus hainmeri (Ascanius) Brown 

AMPHIPODA: 
A4elopa ssp. . . . . . . . . . .  

Alelofm alcleri (Sp. B.) . . . . . .  

Iscl~j~rorerus ssp. . . . . . . . . .  

UECAPODA: 
Hj~cis conrctatus Leach . . .  
Portzcnzts holsatus Fabr. . . 

PROSOBRANCHIA: 
Aporrhais pes-pelecani ? (L.) 

I.ncz~ira rliuaricatcz (Fabr.) . . 

ArlJDIBRANCHIA . . . .  

LAAIELLIBRANCHIA: 
He/erni~oitLia sqzlameila (L.) 

Clzlnt~tys (listorla (da Costa) 

. . .  i\/lytilt~s ec l~~l is  (L.) 

Cartlil~lrz fnsciatzr?7~ Alont. . 

Saxicaua arctica (L.) . . . .  

ASTEROIDEA: 
Aslerias rubens L. . . . .  

ASCIDIACEA: 
ilscirlia calloscr Stilnpson 

PISCES: 
.4rr1tr1orl)r/es la~lcea Ct~vier 

1 juv. 



TABLE 3 
4nimals from the Subtidal Zone of Sr~risey in 1968 

1 The South ~ Off the N .  Encl of the S. of the 
I 
I Coast i S.E. Cliffs 1 S.E. cliffs / N.E. cliffs 
I 
I August 6 

I 
July 31 ---- - - =  19 m 1 12 m 15-22 m 10 m 

-- 

HYDROZOA . . 
POLYCHAETA . 
OSTHACODA . . 
COPEPODA . . 
CZIIIIIPEDIA: 

Bnlanus bnlanoicles (L.) Bruguitrc . . . 

AMPHIPODA: 
Alelopa alder-i (Sp. B.) . . . 

Calliol>iz~s lae~ui~r.scz~l~t.s (Icro.) 

Ischyrocerus ssp. . . . 

I V U I ~ I I ~ R A N C H I A :  . . . . . 

PTIiXOPODA: 
Linlacina I~elici?za (Phipps) 

LAAfELLIBRANCHIA: 
C1~lntt~)rs tlistortu (da Costa) juv. ? 

i\!fy?rtilits erlzllis (L.) . . . . 

Hele~.anotnia sqzlnn~zila (L.) 

RESU1,TS 
T h e  samples from Surtsey in 1968 have been 

;~nalysed, but identitication of some of the ani- 
mals is still incomplete. T h e  marine benthonic 
animals found in the Surtsey region are listed in 
Tables 1-6, ~vhich should give a fairly good 
idea of the composition of the fauna. 

Coinparing these tables to Tables I and I1 in 
the 1967 report (Sigurdsson 1968) the number of 
species is obviously much higher in the 1968 
material than in that 01 the year before. Ho.r\i- 
ever, the number of species Irom the tidal zone 
is siniilar in both years. From these there are 
seemingly only 2 species capable of living natur- 
ally in the tidal zone, i.e. the barnacle Walanzis 
bcclanolder and the common mussel (Mylilzis 
edzilz~). Other species have obviously settled 
down in the subtidal zone and have then been 
carried up  to the tidal zone by the heavy oceanic 
waves u~hich lrequently pound the shores of 
Surtsey during autumn and winter. Most of the 
common mussel also come from the subtidal 
zone, as i t  has been found living on stones among 
other animals from this region. T h e  only indi- 
viduals of this species xvhith evidently have ori- 
ginally settled down in the tidal zone were found 
on a huge block of rock on the north-west coast. 

As pointed out previously the sampling in the 
tidal zone was much more efficient in the au- 

tumn of 1967 than in that of 1968 and therefore 
it i? difficult to compare the results. 

I n  April and June 1968 there were almost no  
animals in the tidal zone. Even the few barnacles 
living there in the autumn 1967 had apparently 
been killed during the winter. 

I n  August 1968 a new brood of barnacles had 
settled down along the whole of the west and 
east coasts of Surtsey where the substrate war 
suitable. They were numerous in places on the 
\vest coast. 

Although observatiolls were very much limited 
due to heavy swell, ~t was obvious that by late 
November the surl had brought about an obvious 
retreat of the barnacle population on the west 
coast. T h e  only two localities in which barnacles 
Ivere found living on solid rocks in August 1968 
were in the impassable region of the shore. 

I n  the subtidal zone the number of species and 
specimens had increased very much from the pre- 
vious year. I n  1968 the colnmoil mussel and 
hydrozoaizs were extremely numerous (Figs. I 
and 2) covering great areas of the bottom off the 
south, west and east coasts. T h e  sandy bottom 
on top of J6lnir ancl Syrtlingur and the sub- 
marine slopes of the north coast af Surtsej 
(Tables 5 and 6) are only sparsely populated by 
benthonic animals. However, some sandeels and 
small flatfish rvere detected on the top of Syrtl- 



TABLE I 
Animals  from t h e  Sz~bt idal  Zone of Sz~rtsey in 1968 

Off the North-East Cl i f f s  

July 30 Aug. 4 July  30 

1 . 5 - 8 m  P l 0  m 1 12-13 m 10-15 1 13-30 m 

. . . . . . . . . .  HYDROZOA . . . .  

'VEhdATODA . . .  . . . . . . . .  

lJOLYCHAETA . . . . . . . . . . .  

IjIlYOZOA: 
Scrtcf)clria cl~elatci (L.) . . . . . . . .  . . 

. . . . .  Tricellal-iu ternatci (Ellis Xe Solander) 

OSTRACODA . . . . . . . . . . . . . . . .  

COPEPODA . . . . . . . . . .  

CIRRIPEDIA: 
. . . . . . . .  Rnlunzrs balatzoides (L.) Brnguitre 

J'errllca slroet,lia (Miiller) Schumacher . . . . . . 2 . . 2 

AMPHIPODA: . . . . 37 
. . . . .  Hyfieria gnlba (Mont.) . . 1 . . . . 

Metopa alderi (Sp. 13.) . . .  , . . . X . . 

/Me topel ssp. . . . . . . . . . . . . . . . . . .  X 
Stenotizoe it~onoct~loirles (Sp. B.) . . .  . . . . I 

Calliopills laevizlscultcs (Kro.) . . . . . . .  , .  X 

Ge~tt~nlnl-elllrs honzari (Fabr.) . . . . . . .  1  X X 
. . . . . . . . . . . . .  Hyale sp. . . . . .  . . . . X 

A~tcphitlzoi rubricata (Mont.) . . . . . . X 

Jn.ssci fnlcatn (Mon t .) . . . . . . .  X . . 

Ischyrocel-tcs ssp. . . . . . . . . . . . . . .  , . X X 
. . . . . .  Caf~rella sp. . . . . . . . . . . .  . . 1 

DECAPODA: . . . . . . . . . . 
Hyas coarctatzls Leach. . . . . . . . . . .  . . . . . . . . . . G 

ACARINA . . . . . . . . . . . . . . . . .  . . . . . . 2  

NUDIIjHANCIIIA . . . .  . . . . . . . . .  4 18 21 6 5 

LAMELLIIIRANCHIA: . . 

Heleraizotnia squarnztla (L.) . . . . . .  . . .  . . 2 1 1 5 

Heferatzomin squamzlla var. aclrleata . . 

Mytilus edzclis (L.) . . . . . . . . . .  

Saxica7~a arctica (L.) . . . . . . . . . . .  . . G . . 2  10 

A.F?'EROIDEA: . . 

Aslerins rubens I.. . . . . .  . . . . . . .  . . . . 2 

OPHIUIZOIDEA jzrv. . . . .  . . . . . .  . . . . 1  

PISCES: . . . . . . . . 

Anz?tiorlyte,s lnncen Czcvier . . . . . . . . . . . . .  2 . . . . . . . . 

ingur and some few invertebrates were found 
at the north coast and on the top of Jblnir, 
especially on stones which are sparsely distrib- 
uted in these regions. 

Three of the species found around Surtsey in 
1968 (Tables 2-4) are new for the south coast 
of Iceland including Vestmannaeyjar. These are: 

Balanz~s hamrneri 

Cnlliopius laeviusculus 

Ascidia callosa 

Earlier Icelaildic record of the last one is from 
Faxafl6i. 

Most of the animals listed i11 Tables 1-6 ltTere 
in their first or second year of life. 

T h e  only measurements available were of 
three samples of the common mussel giving the 
mean length of one year olds as 14.7, 16.6 and 
18.6 mm, as shown in Table 7. Bottom stages of 
the 1968 brood were not measured. Although the 
samples were not quantitative the number ill 
each will give some idea of the density of the 



T A B L E  5 T A R L E  7 
i ! ? l i r r l u l ~  /rorn Lhc Slrbtidal Zonc. oj S Z L Y ~ T P Y  Meitn 1.ength of One Year Old l \ / lyl i lr t~ c d ? t l i ~  

in 1968 at Surtsey in  19(i8 

I 

N. Erltl of t11(* Eastclly 
N.E. Cllfls hl.Co,rst 

I-IYI~ROZOA . . . .  X X . .  
NISiIlfA 7 'OI lA  . . . . . .  2 

POLY(:HAE?'II . . . . . . . . .  SO 8 1 

BKYOZOA: 

Scr~rl~c~ricr n~t~big~rcr . . . . . .  X 

7'ub~iliporcr sp. (yolrlig cololly) ,>: 

C~OIJEI'OUA . . . . . . . . . . . . . .  640 

A MPHIPODA: 

. . .  Hyl~er ia  galba (Mont.) X 

Aletofin crltleri (Sp. B.) X 

Gni~~r~rnre l l r~s  Iloj~rc~ri (Iiabr.) . . X . . 
I,scllyrocerll,\ six . . . . . . . . . .  X . . 

1)ECAl'ODA: . . 

I$y(is cou'rctal~rs 1 .c;c(:h I 

PIZOSOUKANCHIA : . . . . 

I.cicl~i~a tli.onricatcz (liahr.) . . .  2 

NLlJllIlI?ANCHIA . . . . . . . . .  18 . . 

LAM131aLIBR/INCIfIA: 

Hetern?ro~tjrin .sqrcc~rt~r~lcr (I..) 3 

A4~~tilii.s erlzrlis (L.)  . . . . .  4 9 

Snxiccroa nrcticu (L.) . . 3 . . 

OI-'FII1/liOIDE~4 jjrrv. 1 

If I'UKOZOA 

1'01 Y ( , I f A  E T A  

N I t  YOZOA 

( OIJL..l-'O L)A 

CIIS RIPEIIIA: 

J'r,t I lIt(l \tloeltilrl (M1111c1) s~lll1111 
NlJUII3 RANCFLIA 

LAII~I<LLII IRANCHIA 

jzlefr?ci~jrot~zia ~quni7z1~la (L.) 

PI\(,,%\ 
A ~ t j r ~ r ~ o d y t ~ )  lnnceci C t ~ v i e ~  

flelerosorijrata jziv. 

July 30 13E 5-10 202 16.6 

J u l y  YO ATE 13-50 720 14.7 

4ugus1 4 T \' 20 55 18.6 

species. A cornparison of the lriean lengtli a r ~ d  
nrunher ol individa;tls Irom olle salriple to ,111- 

other might therelore indicate ;I density clcpen- 
dent gro~vth, as the lzigllest ~~r i in l jer  of ir~clivicl 
llals in ,I sainple corresponds to the lo~tlest rnenn 
length and vit e v e r ~ .  

An;tlysis oi the samples froin Vestrn~tiln,~ey j,11 
in 1968 is as yet incomplete and tonse<jtientlp 
only little can be said about theln. I-Io~\ievcr, the 
samples Irom tlic tidal zone at Eiclid have I~eeli 
~\wrlted ~ i p ,  1)ut the only remarIt,~ljle :tnilnal 
iorlnd there was orie spec inleri of the pycnogolii<l 
P l ~ o x i t  h i l i c l i z l m  / e m o ~ a t ~ i r r r  (Rathke) ~ \ ~ h i c  11 h,ts 
only been kolulid a l e ~ v  times earlier at Icelnricl 
and never 'it the sout l~  coast 

Two species of P o l  i f e t  tr earlie1 lo~lncl oc (,I- 
sionally at Vestmannaeyjar have bee11 identiliecl 
lloni 3 nnd 4 stations, respectively, \vhlt 11 ~vcic  
~t~orlted last surriiner. 

Among approxim,itely 14 species oi A r r i f ) l ~ i -  

f~oc la  frorn (i stations there was one new lor tllc 
south coast ol Iceland, i.e. P o r l o t  P I  opsic n i l i d ( /  

(Stirnp.) ~ v h i c l ~  was talteri at Siill~asltei- on 
August 5 1968 at a deptli of 6-27 rn. 

NEW IDENTIFICATIONS 
FRORiI THE SAMP1,ES I N  1!167 

1 )  One sillall tube seen by the di \eis .  
3 T h e  divers saw :I fcw sprclmciis wliich migllt h a w  Ixen 

Iajr~~rrii~(1a l i t ~ ~ a i ~ ( l a  (I,.) 

Po) ifc?cr: 

Four species were collectetl at Eiclid ;tnd (;cir- 
I uglaslter (Sigr~rdsson 19(i8). They were ; t l  1 lo~rntl 
c;lrlicr at Vestrnanll;~eyja~. 

I'olyr l ~ a e l a :  

111 the sarnples lroln the tidal zone ol Srlrtsep 
(see Table I, Sigurdcsoli 1968) were two c o n ~ ~ n o i ~  
Icelandic species, i.e. P o m n l o c e r o s  t r i q ~ ~ e t ~ r  LJ.  
and H y d r o z d ~ s  ~ r o ? v e g z c a  (Gunnerus). They were 
both common on the west coast, especially the 
lirst one. On the east coast, however, only one 
specimen ok P. t ? i q z r e / e t  was collected, bu t  sam- 
pling in that region \\?as restric tecl clue to an un- 
favomablc tide level. 



ALU? i?ru: 
Haltlcu? iclae. Three species 11;tvt. 11een identi- 

fied of ~vhich 2 are likely to 1)e new for Iceland 
I ~ u t  o11ly young stages were available so tlie 
identification is uncertain. T h e  species in ques- 
tion are Mefar17omhognalh~~.r (urnzulll~l) ;111cl 
Thalas~as at hna bnllitu (Lohmann). These ani- 
rrlals are from samples taken from the tidal zone 
ot Eidid do~vn  to  10 m depth. 
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Polyplacophorn: 
Three species were collected at Eidid and Geir- 

Kefe?.en,ces: 
f'uglasker of which one is new for the soutll coast Sig,lr~ssol,, A., 1<)68: TIlc CoastZll ~nvc,.te~,,.ale l:;,r,l,;, of surts. 
of Iceland, i.e. Ischnoch,iton ~ l b l l s  (I,.). Orle eY .,,,I Ves t~na~~nacyjar .  Surtsey Research I'rogrrss Reporl I \ i .  

speci~nerl was fomld at 20-27 m depth off Eidid. nc ~ o o l o g y  of ~ce~anc l ,  1101. 11-11'. 
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1 he Bentlionic Coastal Fauna of Surtsey in 1968 

BY 

ADA1,STEINN SIGURDSSON 
Rrvkj,~vik, 1tcl;lnd 

INTRODIJC'TION 
T h e  rnarirle 1,iological research in the tidal 

and subtidal irones of Surtsey and adjacent is- 
I;u?ds was cor~tinued in the same way in 1968 as 
in the year be1ore (Sigurdssoli lO(i8), but in 
addition underwater photography lvas used with 
good results. All the submarine work was skill- 
f l~lly pertornled by the crew of MIS "Sxor". 

Dr. Henning Lemche, Zoological Museum, 
Copenhagen, takes care of the iclentificatiorl of 
the Nudibranchia ;~nd  will include thern in a 
major .\\lurk ~vhich he is preparing on the North- 
Atlantic N~xdibrallchia. 

Mrs. I<aren Bille Hansen, Zoological Museurn, 
Copenhagen, is resporlsihle for the ideiitificatiorl 
oh the I3ryozoa and will include them in  her work 
012 the Icelalidic Rryozoa to be publishecl in thc 
Zoology of Iceland. 

Mr. I<. W. Petersen, Zoological M~ise~un ,  
Copenhagen, arld Mr. Jean Just, University of 
C:openhagen, are resporlsible for hydrozoans arlcl 
amphipods, respectively, in cooper;ltion tvitll thc 
principal investigator ancl i t  is to he liopecl that 
they will later be able to participate in rtie 
sampling around Surtsey and in adjacent waters. 

I'ig. I .  Undcrxvater pllotog1.apI1 from the cast coast of Surtsc) i t1  I X i X ,  cl~iefly slloxc~il~g dly l i l r t s  'rirrlis, but also solnc hytlro- 

zoiilis i111d a scaxveetl. 



Fig. 2. Ul,derw;cte~. pliolograpli from the cnsl coast of Surlsey ill 1968, chicfly sllo~ving l~ytlrozo;~~ls. 

Several other Danish zoologists have partitip- 
nted ill this research project by providing identi- 
lica tion of nni~nals. 

For information on the distribution of ben- 
thonit animal? the appropriate "Parts" of the 
Zoology 01 Iceland have been used. 

SAMPLIN(; 
T h e  sanlplil~g of the marine invertebrates in 

1968 was, as the year before, partly made by 
surveys of the shore and partly by the technique 
of SCUBA-diving as described 11y Sigurdsson 
(1968). 

In the tidal Lone 01 Surtsey (T,lble 1) sampling 
\\7as carried out on April I.? and 14, June 26, 
August 9 nnd 10 and November 23. 

Mostly due to bad weathe] conditions, 1>u1 
also on actourlt of latlc of usable means of trans- 
port, it was impossible to reach the island during 
September, October and tile first half of Novern- 
1>er. 

Due to heavy s ~ ~ i f  the sampling on Novein1:er 
23 was inerfective. 

Intensive sampling was carried out in shallon 
naters around Surtsey (Tables 1-6) and the 
other idands of the Ve5trn:unnaeyjai from July 



27 to August 7. Throughout this period the 
weather was rather windy a i d  all good days but 
one were used at Surtsey. During the rest of the 
time work was carried out wherever it was 
possiljle to find shelter. Therefore, it was not 
possible to repeat the sampling of any of the 
1967 traverses outside the Surtsey region except 
partly at Alsey and Eidid. 

Samples were taken in the Surtsey-region as 
lollows: 
T h e  zuc7s/ coari (Table 2). Hard bottom. 

Nenr the boundary ol sand and hard l>ottom, 
depth 17-20 m. 

0 1 f  the northern part 01 the lava lielcl (the 
same traverse as in 1967), depth 3-28 rn. 

OfC the SW corner of the island, depth 4-1 8 rn. 
T h e  ~ 0 ~ 1 t h  c o a ~ t  (Table 3). Hard bottom. 

T h e  middle of the south coast, depth 12-19 m. 
T h e  east coast (Tables 3-5). Hard bottom. 

Of1 the south east corner of the island, depth 
12-22 m. 

T h e  north end of the SE cliffs, depth 10 m. 
South of the N E  clifls, depth 10 m. 
Of1 the NE cliffs, depth 1.5-30 rn. 
'The north end of the NE clifis near the 

boundary of hard and sandy hottom, depth 
10-20 In. 

T h e  north coast (Table 5). Sandy bottom with 
dispersed boulders at 12 m. 
011 the sandy shore of the easterly north coa\t, 

depth 12-20 m. 
.Sy) / l ingu) ,  enst of Surtsey, sandy bottom, depth 

28 m. 
Tdlnil; southwest ol Swtsey, sandy bottom, depth 

27 m. 

Samples were t;~lzen on hard I>ottom at five 
islands of the Vestmannaeyjar archipelago ;IS 

follo.rvs: 

Heirnney : 
West of Latur (N.), in a cave in the tidal zone 

and outside it down to 12 m depth. 
North of Dalfjall (N.), depth 8-14 m. 
At Stciri 0 r n  (N.), depth 10-14 m. 
Eidid (N.), in the tidal zone. 
Brinlurd (SE.), in the tidal zone. 

A h y  ( N . ) ,  on the same traverse a5 in 1967, depth 
9-13 m. 

Hellisey (NE.), on an almost perpendicular roc Ic, 
depth 0-44 m. 

Slil?la~lzer (N.), in the tidal zone and 6-27 m 
depth. 

Thridrangar, in the tidal zone and 15-24 m 
depth. 

T A B L E  1 

Animals from tlze T ida l  Z0n.e of Seirlsey i n  1968 

Apiil 13 and 14 
- - - - - - 

IVest 
Coast I Coast Coast Coast C:oast Coast 

HYDIiOZOA . . . . . . . .  . . . . X X X 
POLI'CHAETA . . . . . . .  1 1 Tubes Tubes . . X 

RRYOZOA:  . . . . . . . . . . 

A4enzbmtzi$orcc t ~ e m  hmtzcrcen (L.) . . . . . . . . X 

Electra $ilos(t (L.) . . . . . . . . . . .  . . . . . . . . X 

. . . . .  Cribrilincz Imizctnta (Hassall) . . . . . . . . X 

COPEPODA . . . . . . . . . . . . . . .  . . . . . . 12 130 x 
CIRRIPEDIA:  . . . . . . . . . . . . 

. .  TTe~rtica stroettzin (Ivliillcr) Schum. . . . . 36 

B n l n t ~ ~ ~ s  bnlnnoirles (L.) Brugtti6re . . .  . . . . 15 102 17 

AIVIPHIPODA . . . . . . . . . .  . . . . 2,  X . . . . . . 

NUDIl lRANCHIA . . . . . . . . . . .  . . . . 1 

LAMELLII3RANCHIA: . . . . . . . . . . 
Heternrro~?zia sqtran~zcla (L.) . . Shells . . 27 

A4y t i l t~s  eclzilis (L.) . . . . . . .  . . 6 4 6 

. . . . . .  ,S3indosm3in nititln (Miiller) . . . . 1 

Snxicnwn nrcticn (L.) . . . . .  . . .  . . 1 17 

1) Driftctl asllolc on Ascopllilltun. x = ani~nals not counted 
2 )  Drifted ashore (pelagic) 



TABLE 2 

Animals from the Subticia1 Zone of lhe West Coasi of Szsrlsey in 1968 

Off tllc Northern Part 
of thc Lava Field (W.) 

I The Boun- 1 
dary of ~ ; m d  O f f  tlie 

and Hard S.W. Corner 
I Botto1n (IlV.) j 

July 27 / August 4 Aug~tsf 6 
- - -- 

1 3 m  
i 

1 3 m  1 2 0 m  1 2 8 m  1 17-20 m 4-18m 
- - - p ~  

HYUROZOA . . . .  . . 

,VEAIATODB . . . .  

POLI'CHAETA . . . . . . .  

L3IIYOZOA: 
Flztstra Joliacen (L.) . . . . . .  

Ami(llzib1esLrt~tn flerningii (Bnsk) 

Alcy on idizlm l~arasilicrcm (171em.) 

. . .  Alcjionidi~~m fiolyoun~ (I-lass.) 

Scrzcf~aria nmbigua . . . . . . .  

A/rerr~l)rcr?~ipora ir~~errzbra?zacen (L.) 

Unzbo?ltrln liltoralis Hastings 

Electra jjilosa (L.) . . . . . . . .  

O.YTRACODA . . . . . . . .  

COI'BPODA . . . . . . . . .  

CIRRIPEDIA: 
Verrtrca stroemia (Miiller) Schurn. 

Nalan't~s bnlczizoitles (L.) Brugui6re . . 

Bala?zus hainmeri (Ascanius) Brown 

AMPHIPODA: 
A4elopa ssp. . . . . . . . . . .  

Alelofm alcleri (Sp. B.) . . . . . .  

Iscl~j~rorerus ssp. . . . . . . . . .  

UECAPODA: 
Hj~cis conrctatus Leach . . .  
Portzcnzts holsatus Fabr. . . 

PROSOBRANCHIA: 
Aporrhais pes-pelecani ? (L.) 

I.ncz~ira rliuaricatcz (Fabr.) . . 

ArlJDIBRANCHIA . . . .  

LAAIELLIBRANCHIA: 
He/erni~oitLia sqzlameila (L.) 

Clzlnt~tys (listorla (da Costa) 

. . .  i\/lytilt~s ec l~~l is  (L.) 

Cartlil~lrz fnsciatzr?7~ Alont. . 

Saxicaua arctica (L.) . . . .  

ASTEROIDEA: 
Aslerias rubens L. . . . .  

ASCIDIACEA: 
ilscirlia calloscr Stilnpson 

PISCES: 
.4rr1tr1orl)r/es la~lcea Ct~vier 

1 juv. 



TABLE 3 
4nimals from the Subtidal Zone of Sr~risey in 1968 

1 The South ~ Off the N .  Encl of the S. of the 
I 
I Coast i S.E. Cliffs 1 S.E. cliffs / N.E. cliffs 
I 
I August 6 

I 
July 31 ---- - - =  19 m 1 12 m 15-22 m 10 m 

-- 

HYDROZOA . . 
POLYCHAETA . 
OSTHACODA . . 
COPEPODA . . 
CZIIIIIPEDIA: 

Bnlanus bnlanoicles (L.) Bruguitrc . . . 

AMPHIPODA: 
Alelopa alder-i (Sp. B.) . . . 

Calliol>iz~s lae~ui~r.scz~l~t.s (Icro.) 

Ischyrocerus ssp. . . . 

I V U I ~ I I ~ R A N C H I A :  . . . . . 

PTIiXOPODA: 
Linlacina I~elici?za (Phipps) 

LAAfELLIBRANCHIA: 
C1~lntt~)rs tlistortu (da Costa) juv. ? 

i\!fy?rtilits erlzllis (L.) . . . . 

Hele~.anotnia sqzlnn~zila (L.) 

RESU1,TS 
T h e  samples from Surtsey in 1968 have been 

;~nalysed, but identitication of some of the ani- 
mals is still incomplete. T h e  marine benthonic 
animals found in the Surtsey region are listed in 
Tables 1-6, ~vhich should give a fairly good 
idea of the composition of the fauna. 

Coinparing these tables to Tables I and I1 in 
the 1967 report (Sigurdsson 1968) the number of 
species is obviously much higher in the 1968 
material than in that 01 the year before. Ho.r\i- 
ever, the number of species Irom the tidal zone 
is siniilar in both years. From these there are 
seemingly only 2 species capable of living natur- 
ally in the tidal zone, i.e. the barnacle Walanzis 
bcclanolder and the common mussel (Mylilzis 
edzilz~). Other species have obviously settled 
down in the subtidal zone and have then been 
carried up  to the tidal zone by the heavy oceanic 
waves u~hich lrequently pound the shores of 
Surtsey during autumn and winter. Most of the 
common mussel also come from the subtidal 
zone, as i t  has been found living on stones among 
other animals from this region. T h e  only indi- 
viduals of this species xvhith evidently have ori- 
ginally settled down in the tidal zone were found 
on a huge block of rock on the north-west coast. 

As pointed out previously the sampling in the 
tidal zone was much more efficient in the au- 

tumn of 1967 than in that of 1968 and therefore 
it i? difficult to compare the results. 

I n  April and June 1968 there were almost no  
animals in the tidal zone. Even the few barnacles 
living there in the autumn 1967 had apparently 
been killed during the winter. 

I n  August 1968 a new brood of barnacles had 
settled down along the whole of the west and 
east coasts of Surtsey where the substrate war 
suitable. They were numerous in places on the 
\vest coast. 

Although observatiolls were very much limited 
due to heavy swell, ~t was obvious that by late 
November the surl had brought about an obvious 
retreat of the barnacle population on the west 
coast. T h e  only two localities in which barnacles 
Ivere found living on solid rocks in August 1968 
were in the impassable region of the shore. 

I n  the subtidal zone the number of species and 
specimens had increased very much from the pre- 
vious year. I n  1968 the colnmoil mussel and 
hydrozoaizs were extremely numerous (Figs. I 
and 2) covering great areas of the bottom off the 
south, west and east coasts. T h e  sandy bottom 
on top of J6lnir ancl Syrtlingur and the sub- 
marine slopes of the north coast af Surtsej 
(Tables 5 and 6) are only sparsely populated by 
benthonic animals. However, some sandeels and 
small flatfish rvere detected on the top of Syrtl- 



TABLE I 
Animals  from t h e  Sz~bt idal  Zone of Sz~rtsey in 1968 

Off the North-East Cl i f f s  

July 30 Aug. 4 July  30 

1 . 5 - 8 m  P l 0  m 1 12-13 m 10-15 1 13-30 m 

. . . . . . . . . .  HYDROZOA . . . .  

'VEhdATODA . . .  . . . . . . . .  

lJOLYCHAETA . . . . . . . . . . .  

IjIlYOZOA: 
Scrtcf)clria cl~elatci (L.) . . . . . . . .  . . 

. . . . .  Tricellal-iu ternatci (Ellis Xe Solander) 

OSTRACODA . . . . . . . . . . . . . . . .  

COPEPODA . . . . . . . . . .  

CIRRIPEDIA: 
. . . . . . . .  Rnlunzrs balatzoides (L.) Brnguitre 

J'errllca slroet,lia (Miiller) Schumacher . . . . . . 2 . . 2 

AMPHIPODA: . . . . 37 
. . . . .  Hyfieria gnlba (Mont.) . . 1 . . . . 

Metopa alderi (Sp. 13.) . . .  , . . . X . . 

/Me topel ssp. . . . . . . . . . . . . . . . . . .  X 
Stenotizoe it~onoct~loirles (Sp. B.) . . .  . . . . I 

Calliopills laevizlscultcs (Kro.) . . . . . . .  , .  X 

Ge~tt~nlnl-elllrs honzari (Fabr.) . . . . . . .  1  X X 
. . . . . . . . . . . . .  Hyale sp. . . . . .  . . . . X 

A~tcphitlzoi rubricata (Mont.) . . . . . . X 

Jn.ssci fnlcatn (Mon t .) . . . . . . .  X . . 

Ischyrocel-tcs ssp. . . . . . . . . . . . . . .  , . X X 
. . . . . .  Caf~rella sp. . . . . . . . . . . .  . . 1 

DECAPODA: . . . . . . . . . . 
Hyas coarctatzls Leach. . . . . . . . . . .  . . . . . . . . . . G 

ACARINA . . . . . . . . . . . . . . . . .  . . . . . . 2  

NUDIIjHANCIIIA . . . .  . . . . . . . . .  4 18 21 6 5 

LAMELLIIIRANCHIA: . . 

Heleraizotnia squarnztla (L.) . . . . . .  . . .  . . 2 1 1 5 

Heferatzomin squamzlla var. aclrleata . . 

Mytilus edzclis (L.) . . . . . . . . . .  

Saxica7~a arctica (L.) . . . . . . . . . . .  . . G . . 2  10 

A.F?'EROIDEA: . . 

Aslerins rubens I.. . . . . .  . . . . . . .  . . . . 2 

OPHIUIZOIDEA jzrv. . . . .  . . . . . .  . . . . 1  

PISCES: . . . . . . . . 

Anz?tiorlyte,s lnncen Czcvier . . . . . . . . . . . . .  2 . . . . . . . . 

ingur and some few invertebrates were found 
at the north coast and on the top of Jblnir, 
especially on stones which are sparsely distrib- 
uted in these regions. 

Three of the species found around Surtsey in 
1968 (Tables 2-4) are new for the south coast 
of Iceland including Vestmannaeyjar. These are: 

Balanz~s hamrneri 

Cnlliopius laeviusculus 

Ascidia callosa 

Earlier Icelaildic record of the last one is from 
Faxafl6i. 

Most of the animals listed i11 Tables 1-6 ltTere 
in their first or second year of life. 

T h e  only measurements available were of 
three samples of the common mussel giving the 
mean length of one year olds as 14.7, 16.6 and 
18.6 mm, as shown in Table 7. Bottom stages of 
the 1968 brood were not measured. Although the 
samples were not quantitative the number ill 
each will give some idea of the density of the 



T A B L E  5 T A R L E  7 
i ! ? l i r r l u l ~  /rorn Lhc Slrbtidal Zonc. oj S Z L Y ~ T P Y  Meitn 1.ength of One Year Old l \ / lyl i lr t~ c d ? t l i ~  

in 1968 at Surtsey in  19(i8 

I 

N. Erltl of t11(* Eastclly 
N.E. Cllfls hl.Co,rst 

I-IYI~ROZOA . . . .  X X . .  
NISiIlfA 7 'OI lA  . . . . . .  2 

POLY(:HAE?'II . . . . . . . . .  SO 8 1 

BKYOZOA: 

Scr~rl~c~ricr n~t~big~rcr . . . . . .  X 

7'ub~iliporcr sp. (yolrlig cololly) ,>: 

C~OIJEI'OUA . . . . . . . . . . . . . .  640 

A MPHIPODA: 

. . .  Hyl~er ia  galba (Mont.) X 

Aletofin crltleri (Sp. B.) X 

Gni~~r~rnre l l r~s  Iloj~rc~ri (Iiabr.) . . X . . 
I,scllyrocerll,\ six . . . . . . . . . .  X . . 

1)ECAl'ODA: . . 

I$y(is cou'rctal~rs 1 .c;c(:h I 

PIZOSOUKANCHIA : . . . . 

I.cicl~i~a tli.onricatcz (liahr.) . . .  2 

NLlJllIlI?ANCHIA . . . . . . . . .  18 . . 

LAM131aLIBR/INCIfIA: 

Hetern?ro~tjrin .sqrcc~rt~r~lcr (I..) 3 

A4~~tilii.s erlzrlis (L.)  . . . . .  4 9 

Snxiccroa nrcticu (L.) . . 3 . . 

OI-'FII1/liOIDE~4 jjrrv. 1 

If I'UKOZOA 

1'01 Y ( , I f A  E T A  

N I t  YOZOA 

( OIJL..l-'O L)A 

CIIS RIPEIIIA: 

J'r,t I lIt(l \tloeltilrl (M1111c1) s~lll1111 
NlJUII3 RANCFLIA 

LAII~I<LLII IRANCHIA 

jzlefr?ci~jrot~zia ~quni7z1~la (L.) 

PI\(,,%\ 
A ~ t j r ~ r ~ o d y t ~ )  lnnceci C t ~ v i e ~  

flelerosorijrata jziv. 

July 30 13E 5-10 202 16.6 

J u l y  YO ATE 13-50 720 14.7 

4ugus1 4 T \' 20 55 18.6 

species. A cornparison of the lriean lengtli a r ~ d  
nrunher ol individa;tls Irom olle salriple to ,111- 

other might therelore indicate ;I density clcpen- 
dent gro~vth, as the lzigllest ~~r i in l jer  of ir~clivicl 
llals in ,I sainple corresponds to the lo~tlest rnenn 
length and vit e v e r ~ .  

An;tlysis oi the samples froin Vestrn~tiln,~ey j,11 
in 1968 is as yet incomplete and tonse<jtientlp 
only little can be said about theln. I-Io~\ievcr, the 
samples Irom tlic tidal zone at Eiclid have I~eeli 
~\wrlted ~ i p ,  1)ut the only remarIt,~ljle :tnilnal 
iorlnd there was orie spec inleri of the pycnogolii<l 
P l ~ o x i t  h i l i c l i z l m  / e m o ~ a t ~ i r r r  (Rathke) ~ \ ~ h i c  11 h,ts 
only been kolulid a l e ~ v  times earlier at Icelnricl 
and never 'it the sout l~  coast 

Two species of P o l  i f e t  tr earlie1 lo~lncl oc (,I- 
sionally at Vestmannaeyjar have bee11 identiliecl 
lloni 3 nnd 4 stations, respectively, \vhlt 11 ~vcic  
~t~orlted last surriiner. 

Among approxim,itely 14 species oi A r r i f ) l ~ i -  

f~oc la  frorn (i stations there was one new lor tllc 
south coast ol Iceland, i.e. P o r l o t  P I  opsic n i l i d ( /  

(Stirnp.) ~ v h i c l ~  was talteri at Siill~asltei- on 
August 5 1968 at a deptli of 6-27 rn. 

NEW IDENTIFICATIONS 
FRORiI THE SAMP1,ES I N  1!167 

1 )  One sillall tube seen by the di \eis .  
3 T h e  divers saw :I fcw sprclmciis wliich migllt h a w  Ixen 

Iajr~~rrii~(1a l i t ~ ~ a i ~ ( l a  (I,.) 

Po) ifc?cr: 

Four species were collectetl at Eiclid ;tnd (;cir- 
I uglaslter (Sigr~rdsson 19(i8). They were ; t l  1 lo~rntl 
c;lrlicr at Vestrnanll;~eyja~. 

I'olyr l ~ a e l a :  

111 the sarnples lroln the tidal zone ol Srlrtsep 
(see Table I, Sigurdcsoli 1968) were two c o n ~ ~ n o i ~  
Icelandic species, i.e. P o m n l o c e r o s  t r i q ~ ~ e t ~ r  LJ.  
and H y d r o z d ~ s  ~ r o ? v e g z c a  (Gunnerus). They were 
both common on the west coast, especially the 
lirst one. On the east coast, however, only one 
specimen ok P. t ? i q z r e / e t  was collected, bu t  sam- 
pling in that region \\?as restric tecl clue to an un- 
favomablc tide level. 



ALU? i?ru: 
Haltlcu? iclae. Three species 11;tvt. 11een identi- 

fied of ~vhich 2 are likely to 1)e new for Iceland 
I ~ u t  o11ly young stages were available so tlie 
identification is uncertain. T h e  species in ques- 
tion are Mefar17omhognalh~~.r (urnzulll~l) ;111cl 
Thalas~as at hna bnllitu (Lohmann). These ani- 
rrlals are from samples taken from the tidal zone 
ot Eidid do~vn  to  10 m depth. 
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Ecological Studies of an Icelandic 
Dune-vegetation* 

BY 

REINHOLD TUXEN 
i\l~l)citsslellc fiir ~l~eorctischc und ange~vantltc 

Pfla11zcriso7iologic (4 1) 

After the theropliyte aiicl hemicryptopliyte 
splash-zone associations 01 tlie shore have been 
described, the Honckenya diff usa - Elymus are- 
nariur-Ass. of the Icelandic coast and the clrift- 
sand areas of the hinterland are dealt rvitli. T h r  
h ~ r t h e r  developnient of the vegetation in the 
drilt-sand areas leads to the Silene rnaritima- 
Featuta juncea-Ass., which occurs in various 
sub-associat ions. 

T h e  binding of the dl ilt-sand, necessary for 
the protection 01 the neighbouring settlements, 
~vill be achieved in tile safest, quicltest and cheap- 
est way through a ki~o~vledge and ;in observation 
of the syndyriamic la.ivs of the plant associatioris 
glowing here. I n  this tonnexion, vegetation and 
locality, i.e. the drilt-sand duiies, arc to be con- 
sidered as a living unit in the sense of van Diereri 
(1934), and the practical experience gained on 
the German and North Sea coasts is of value. to 

T h e  desirability 01 checlting tlie locrllly 011- Tvhich is made. 
tnlned results is explained, arld the plant-sotio- Reierence is also to the importallce of 
logical mappnlg of an extensive area of drift-sand the ltl~o~vledge of sociology, syndynamits and 
nt both sides of the estuary 01 the ollush in  syn-ecology for insight into the colonization ot 
Southwevt Iceland is recornrnended. the ne<irby young volcanic ivlancl of Surt.;ey. 

" Abstl.act of a papcr pul)lishcd in: \reget;~tio 20. 1)c.n I-lug 1!)70. 
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INTKODUCTION 
Arnorig the xenoliths in the Sul tscy ejacarnenta 
there are liulnerour sedimentary rocks. These 
rocks O( cur most abundantly in the tepllra tone 
ol Surtur 11; due to erosion of the tephra they 
gradually beconie exposed and eventually la11 
out and roll do~vn  the slopes. Nunerous block\, 
the l~iggest with a diameter ol approximately I 
m, arc foulid N of the lava pool in the Smtur 11 
crate1 (Plate I A) and nlost ol the present 
~naterial  was collected there in J~lrle lO(j8. 

material was obviously lithilied prior t o  
the Surtsey cruption (November 14, 1963) and 
lrlust derive f rorr~ sedirlielr tary i oc lis in the sea- 
floor ~vliere S~~r t sey  now stands. Ueforc the erup- 
tion the \\later depth rvas about 130 rri and the 
existent e of lithif ied sediments in that position 
deserves sorne attention. T h e  locality is situated 
in the extension 01 the Central Graben of Ice- 
laud, a structure \vhich prol)ably is less than 
(i00,000 years old (RIJTTEN 8i: WENSINK 1960) 
and charat terizecl by glacial ai~cl postglacial vol- 
canism. T h e  Lolie is part of the Mid-Atlantic Rift 
System, and accordillg to thc- concept oL sprencl- 
irrg of the ocean tloors, any seclimelit\ present 
should be very young. T l ~ e  inail1 part ot the Vest- 
maunaeyjar archipelago is only 5,000-(5,000 year\ 
old (JAI<OIlSSOhr 1 CI(i8). 

T h e  geologic setting inrplies that the xeno- 
lithic nlaterial Tvas lithitied in the marine en- 
vironment. Processe\ of that kind are ~lsually 
attributed to cornp~tction due to ovcrburclen, but 
according to the p ~ o p e r t i e ~  of the \edilnents 110 

c onlpaction occurred in this case. Rec elit observa- 
tions support the opinion that submarine lithi- 
lication does take place at or ne,lr the water/ 
sediment interlace both in carbonate sediinents 
(FISCHER cV: GARRISON 1967) and in pyroclas- 

tic sediments (MORGENSTEIN 1967) 1)u t thc 
processes are still rnuch disputecl. 

SEDINIENT C1,ASSIFICATION 
AND DATING 

All sediirients consist of volc;~iiic material doni- 
iliated by sideromelarle glass, but wit11 regard to 
depositiolial conditions they belong to two dil 
ferent groups, one xvhicli indicates high-energy 
transport i111d another which indicates low-energy 
transport. 

'l'he higli-energy type is bedded nncl lnrninatecl, 
of ten wit11 convolute or othei-~vlse clistnr becl 
laniination ;~ncX with repeated graded bedding 
(Plate I A-B). T h e  grain size ranges from silt to 
pebble, and the mnterial is ge~lerally of high 
sphericity, ~oundecl to sub-angular ancl close- 
pa( lted. T h e  grading occurs both ~vithin 5- 10 
crrl thicl, beds and .r\rithin thin laminae, solrie 
inn1 ill thickness. Shell fragment\, more dr less 
rounded ancl often ~\ritll polislied surfaces, zuc 
tonimon but 110 coinplete shells ;ire louncl. All 
c haractel istics indie n te high-energy transport nncl 
the unechanism rvas t ertainly a turbidity current 
flo~v, sonietimes n~ith transitions to mudf lo~ \~ .  

T h e  low-energy type is a massive sedi l~~ent  in 
~vhiclr 110 beddjtig has Ijeen observed. T h e  giaill 
component is a well-sorted irlediu~n to fine sand, 
nnd the material is loose-packed and of mediuiri 
01 high sphericity and rounclness. Fossils ale 
Irequa" ;and range lroiil toraliiinileis to n ~ o l -  
luscs, all unrvorn and well preserved (Plate 1 
(2-1)). rile shells are not in gro~vth position but 
have been gently tleated by the lorces ol trans- 
~ o i t  ;1nc1 cleposition; n~iclamagecl foraminifera1 
tests or thin mollusc shells such as the llentcrl~lirn 
ill Plate I C occur even ~vithont any inteinal 



Plate I .  A. Sedimer~~ary xenolitlr ~vitll sllell fragments a t~t l  gratlctl betltling near Ihc rim of tile lava pool in Su~.t[rr 11. 

Hammer hanclle 35 cm. J u ~ t e  1OGX. R .  l'olislied stirfaces of t11rlticlitc ~v i th  rcpeatctl gratletl I~edding and disturl~etl lamination. 
H:! is tile sttrfacc perpc~itliculnr to B1. C;. Massive setliincnt wit11 th i~i ,  unctamaged shells. C a  is the I l e l ~ t n l i r ~ ~ t ~  slicll after pre- 
~xifiltion. Tlterc is ~ i o  sedimctit in  the iritcrior of the sllell, llie insidc is lined .ivith radiating pllillipsitc aggrcg:ltes (1101 visil~lc 
in picture). Length of shell 28 mru. D. M;tssivc sediment rvitli foratninifer, C:cmc~~tir~g isotropic substance fills rnost of the pore 
vollurl~e except rrnbrokcn right chamber of fol-atninifer. Thin  scctiot~, plnuc polarized light. E. hIassivc sctlimellt ~vitlr highly 
birefritigcnt crystalline coating on grains ant1 ~ucakly I~irefringe~tt pore filling. T l i i~ t  section, crossed nicols. 1.'. Electroll stereos- 
c;ui microglxpli of ~nassive setlitiiet~t. 111 lower part of the picture ;t rounclcd sctliment grain ~ v i t h  ratliatirig crystalline coating. 
No i~ldic:ltio~ls of crysti~ls ill t l ~ c  siliceous sril~st;u~cc ~vhicll fills pore volrnl~e. Freshly broken s t~rk~ce .  



Pl;~tc 11. A. Massive sediment ~vitli isotropic cemcllt. S q ~ ~ a r c  ill riglit center scallncd for tlistril)i~tio~i o f  clcmc~its. Sitlc of 
sc111;~c 100 ~nicro~is .  'Chin seclion, planc polarized light. R-1-1. Elcct~.o~i I)c;lm s c a n ~ ~ i ~ i g  i~riages s l~o~ving distri l)utio~~ of respec- 
tively Si, T i ,  Al,  Fe, Mg, Ca ant1 I<. I. Aggrrgatc of Ba-phillipsitc crystals from insiclc o f  L)elttcrli~trtr sllcll. Tliin scctiocl, crossctl 
nicols. J .  C:rcst of sr~bmaritlc slope Ilcar N entl of Surtsey. Transport of  matcrial from rig111 to lefl ill picture. Block ill center 
apl)roximately 1.5 m. Dcp t l~  12 111, June 1958. I<. P~lr thcr  dolvn thc same slrbmal.ille slope as i l l  J .  A s l o ~ ~  gravity-intlt~cul 
crcep goes on ill the sa~itl-si7etl matcrial. Visil~le part of block in center 0.7 111. l lcpth 25 nl, J I I I I ~  1968. 



filling of sediment so it is obvious that no appre- 
ciable compaction affected the sediment between 
deposition and lithification. Evidently lithifica- 
tion was caused by processes not coilnectecl with 
compaction due to overburden. 

The high degree of sorting in the massive sedi- 
ments does not include the fossils of which some 
are foraminifers of approximately the same size 
as the sediment grains but with lower settling 
velocity and some are large mollusc shells which 
nevertheless are out of growth position and cer- 
tainly transported. Regarded as sediment partic- 
les the fossils do not belong to the hydrodynamic 
rkgime adequate for sorting and transport of the 
grain component proper. A two-stage origin is 
therefore proposed with a primary sorting of the 
grains by hydrodynamic forces in ;I shore environ- 
ment, and a secondary gravity transport clo~rn 
a submarir~e slope where a benthic shelly fauna 
became included and where at depth, deposition 
of foraminifers became possible. 

Of tlze faunal content it was possible to identify 
Cyprin,a islandica (I,), Aporrhciis pes pelecani 
(L) ,  Pomaloceros sp. and Dentaliz~~n sp. The or- 
ganisms are marine and common in the sea 
around Iceland today. The calcareous parts still 
retain their original mineralogy; the (:ypl.ina 
shells are pure aragonite and the tubes of the ser- 
pulid worm lJomntoceros consist of Izigh-R4g cal- 
cite of the composition (Mg.12Ca.ss)C03. Both 
mineral polymorphs are metastable phases which 
change rapidly during diagenesis to the stable 

phase low-Mg calcite; the ahsencc ol such changes 
ir, noteworthy. 

A radiocarbon dating of shell material from 
specimens of Cyprina has given an age of 6,000- 
7,000 years BP (preliminary value). 

LITHOLOGY AND CEMENTATION 
The clastic material correspollds to tlze tuffs 

and hyaloclastics in the Vestrnannaeyjar area as 
described by JAICOBSSON (1968). The  main 
component is palagonitized brown sideromelane 
glass and opaque tachylitic glass but phenocrysts 
of olivine and plagioclase are common. 

The sediment particles, regardless of their 
mineralogy and composition, are surrounded by 
a fringe of highly birefringent crystals, 8-10 
microns in size and perpendicular to the grain 
surface (Plate I E-F). The fringe is missing at the 
grain contacts and is thus post-depositional, and 
the fringe/grain boundary is a distinct and 
smooth surface and not a vague or botryoidal 
transition zone. The thickness of the fringe is 
essentially equal on all grains and not related 
to their mineralogy or composition as a reaction 
rim or diager~etic recrystallization. It is here 
interpreted as a crystalline coating of one or 
more authigenic low-temperature minerals, pre- 
cipitated from pore solutions and probably be- 
longing to the zeolite group. 

The rnairi cementing component is a transpar- 
ent isotropic substance, sometimes with a very 
weak birefringence, which fills most of the pore 

- 

SURTSEY I VESTMANNAEYJAR 

ARCHIPELAGO 

I 120' W I 
Fig. 1. Morpllology of the southern part of the Icelandic i i i s~~ la r  sl~elf. T h e  narrowing glacier-scalpturcd shelf (stippled) 
l~roaclens abruptly at  the Vestrnannaeyjar archipelago where postglacial production of pyroclastic material has been consider- 
able. Any previous pattern of transverse sea-valleys in this area is ~nasked by the postglacial sediment sheet. Outer shelf 
boundary = 100 fathoms r= 185 m. From British Adrniralty Charts No. 12, 246, 2733 and 2968. 



space (I'iate I D-F). It is not chemically uniform 
but has an approximate average composition of 
55-60 % Si02,  25-30 % AlzOs and 10 :& CaO- 
K 2 0  with distinct substitutioil Ca:IC. Compared 
to the sideromelanc glass the substance has a 
higher content of Si, A1 and Ca:I< while T i ,  Fe 
aiid Mg are missing (Plate I1 A-H). I t  gelatinizes 
with HC1. T h e  preliminary chemical data sug- 
gest wairakite but whether the cement is an 
ordered miileral or a siliceous gel is still uncer- 
tain. No analcite can be identified in X-ray 
powder diffractograms of the total sediment. 

Although it fills the maill part of the pore 
space, including the interior of most foramini- 
feral tests and other small fossils, the isotropic 
substance does not occur in larger voids such as 
the sediment-free interior of a Dentaliurn shell 
(Plate I C ) .  T h e  inside of this and other empty 
mollusc shells is instead lined with transparent 
phillipsite crystals in radiating aggregates, ap- 
proximately 1 mm across (Plate IS I). T h e  phil- 
lipsite was identified with X-ray powder dif- 
fractometry and the elemental composition deter- 
mined with electron microprobe analysis (Table 

1). T h e  Ua percentage 1.1 % in the phillipsite is 
very high compared to the Ba content of only 
30-100 ppln in the lava and tuff material (JAIC- 
OUSSON 1968). 

No featules iildicate l r l  ~ 1 1 1 ~  bolution 01 pyro- 
tlastic material and the cementiiig components 
must be derived from a source outside the lithi- 
lied sediments. They probably appeared in the 
order crystalline coating - isotropic substallce - 
phillipsite. 

Table 1 
Phillipsite, ~v t .  O/, (on water-free basis, 1 decimal 

figtrre) 
S i 0 2  58.0 
T i 0 2  0.1 
A1203 29.6 
FeO tr. 

MgO - 

CaO 4.2 
SrO - 
BaO 1.1 
Kz 0 5.8 
Na2 0 1.1 

99.9 

Fig. 2. Bottom topograplly arounci Surtsey (from NOIZRMAN Fig. 3. Offshore morpllology at tllc N end of Sttrtscy (from 
1969). Above water are only Surtsey and the sinall skc~.ry Geir- NOIZRMAN 1969). Beach ~natcrial  from S'i'V is builtling out 
fuglaskcr (black). I11 adclitio~l to  Jblnir, Syrtlingr~r and Surtla the ness ancl in the unstable sr~bnlarinc slope there is a grav- 
there are six conspicious pcaks (stippled) on the sea-l,ottom, ity transport of material, constantly as a slow creep and intcr- 

cacll probohly the retnnant of a submarine volcano. rnittetitly as submarine sllnnps or slides. Slump scars antl 
tongues illclicatetl by arrows. 



11ISC:tJSSION 
Frorn thc fnunal content it is clear that the 

sediments found as xenoliths on Surtsey origin- 
ally were laid down in sea-nater, and unless they 
later were sub-aerially exposed the lithitication 
and other diagenetic processes must have taken 
place in the rnariiie environment. Tlle water 
clepth of 130 m is just ~vithin range of the Holo- 
cene eustatic sea-level change, but according to 
the C 1 &  dating the sediments are considerably 
younger than the lowest stand of the sea-level, 
-130 m ~vhich occurred about 15,000 years ago 
(MII,T,IMAN ,Vc EMERY 19(iS). (i,000-7,000 
years ago the sea-level was only 10-20 m lower 
than today, and provided a stable insular shelf, 
the water depth where Surtsey iio~v stands should 
have been at least 100 m ~vlien the sediments 
were deposited. 

T h e  glacial subsidence of Iceland :vas llo~vever 
c onsidei able aiid the highest shore-lines are 1-101\~ 

at an altitude ol 100-130 m. They are supposed 
to date from "the terminal phase of the glacial 
period" (JONSSON 1957). The  m a x i r n ~ ~ m  glacier 
gro~vth arid glacial depression should be approxi- 
mately coiilcidellt with the lowest stand ol the 
sea, and the subsequent uplift should be expected 
to lag behind the eustatic sea-level rise, resu!tiizg 
in ;I somewhat greater water depth than 100 In 
at the time of deposition. A sub-aerial exposrrre 
of the sediments before they were included in 
the Surtsey eruption is consequently not likely, 
and this opiniori is also supported by the general 
lack ol solution or ~ v e a t h e ~  ins ~narlts in the 
material. 

T h e  rnoiphology ol the insula~ shell to the east 
with its regular pattern ot transverse sea-valleys 
is attributed to the reshaping effect of Pleistocene 
glaciers (HAKTSOCIC 19(i0), but thi\ pattern is 
abruptly broken by a 11ulge at the Vestmaniia- 
eyjar archipelago (Fig. 1). This is an area where 
extensive submarine volt anisrn has taken place; 
within 700 lzm2 there are at least 60 submarine 
craters and probably all Holoceiie (JAICOBSSON 
1'368). T h e  production of volcanic material dur- 
ing the Surtsey event is: estimated to be l.Y km:  
and about 70% of that is tephra (THORARINS- 
SON 1968). If this value is taken as representative 
tor all eruptions in the Vestmannaeyjar archi- 
pelago, the produced volcanic material ~ \ ~ h i c h  
is n o ~ v  eroded away should be sutficieiit for a 
sediment cover with a thickness of 90 111 over the 
entire area. Doubtlessly the bulge on the insular 
shelf is in part due to the pyioclastic sediment 
sheet from the postglacial submarine volcanism. 
Witllin 8 kni from Surtsey there are at least 6 

peaks on the sea-floor 1v11ic 11 ,Ire rerriri,lnts of 
older crateis but the only part lelt above ~ v a t e ~  i\ 
the small island Geirfuglaslter (Fig. 2). T h e  sedi- 
inents in the xenoliths represent difierent niches 
in an envil onnlent c halac t e ~  ized by erosion ot 
such former equivalents to Surtsey, ,tnd the cle- 
position 01 torrespondirlg beds (,ln be studled 
around this island today. 

T h e  material in the subn~l i  ine slopes ol Sul ts- 
ey is unst~lble and slumps or slldes oc c llr tie- 
quently (Fig. 3). Such slides rnay geneiate mucl- 
ilo~vs or trlrb~dity currents spreading over the 
adjacent sea-lloor and the deposited sediments 
should be close equivalents of the xenolith~c 
turbid~tes. Where the submarine slopes are , ~ t  the 
angle of repose and nelv mater~al is s ~ ~ p p l i e d  at 
the top there is n continuous slo~v creep of 
material ~vhich tin'llly comes to rest n t  the bottoni 
of the slope. Cbnditions of that kind prevail for 
inst<lince at the N end of Surtsey ii~hcre a constant 
supply of beach material along the shore from 
SW IS budding out the ness (NOKRMAN 1968). 
T h e  slow cleep in that slope was observed hy the 
present author during diving operations in Jmre 
1968 (Plate I1 K-I,). T h e  material is sorted by 
\\rave aiid current action ~vlien transpol ted along 
the beach, and some sortirlg is preserved in the 
gravity transport dourn the slope. Big mollusc 
shell5 '15 -cue11 as small lorarnir~ileral te5ts can in 
this way be transported and accumulated together 
wit11 a sediment of quite diiferent hydrodynamic 
properties without wear. T h e  massive sediments 
in the xenoliths were probably formed uncler con- 
ditions similar to these in st~c11 a suhmarinc 
talus. 

Low-temperature lormation of ~eo l i t e  miner,~ls 
In marine sediments with ;in abundance of vol- 
canic inaterial is xvell kno~vn (ARRHENIUS 
19(iS), but only exceptionally do sucll procejses 
c ause cementation (MORGENSTEIN 1967). 
T h e  mechanism behind the rapid arid advanced 
lithification in the xenolithic sediments honi 
Surtsey is yet unkno~vn, but ~vithout cloubt it 
depends ultimately on the submarine volcanisrn. 
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Cornparison of 1968 and 1966 
Infrared Imagery of Surtsey 

I3 y 

JrJ1,ES D. FRIEDMAN, lJSGS 
'llld 

JIICHAIID S.  WII,T,IAMS, Jr., AFCRI, 

All (;IJS1' 1 c ) i i ( i  INFRARED SUIIVEYS 1'367; Williams, Friedman, 'I'h61-:1rillsson, Sigin- 
Irikrared irnagery ol~tained in A~i911st lS( i ( i  I)y geir,sori, and PBlrriaso~~, l!)(i8, etc..). In  1966, ill- 

311 AFCIZI, (:-180 aircraft e q ~ ~ i p p e d  with a tller- tensity oL infrared emission ~ v n ?  greatest from the 
1na1 iu1r;ired scanning system (Figure 1) sllo~ved Augu5t lava in the [loor ol Surtnr 1 (Figule 
,ireas of therrnal emission Irorn Snrtsey ancl Jtilnir 2) and iiom lava cauldron activity in three craters 
(Fr iedin;ln, TVilliams, P;ilm;lson ;iutl Mil leu, (Figure 3) active cluring the Aug11st 23-29 survey 

Fig. 1 ,  hIl A l tllcrmal infrarctl sc;lllnc.r and rccortling un i t  ;ts m o ~ ~ n t c t l  ill ;~il-cr;lfl. I'I~otogr:~l)h 11y AI:CIZL 
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Fig. 2. Acrial infrared image of eastern half of Stlrtsey, August 
2'3, 1966, IJM'I'. I~lcreased crustificatioii o f  llle aclive lava flolv 
anti a p~ss ib l e  clecreasc in lava fountain activity retlnccd 
infrared eiriissioil sufficicnlly lo rnnke possible this record of 
the configt~ration of the Snrtur I flow tlttring t h e  10111 day of 
its cleveloplneilt. North is toward the top. 

flights. Thermal  n no ma lies of secondary intensity 
were recorded lrorn the Surtur I1 vent and from 
;I tomplex p'ittern ol 1964--65 lava outllo~v chan- 
nels, tubes and trinnels high on the Surtu: TI 
lava shield (Eigure 4). Tliermal anomalies, pro- 
bably resulting from convective venting to the 
surf ace, outlined a possible subsurface lnva Lourse 
lecidiiig fioiri tlie Snrtur I1 vent area to a tiiang- 
ular area a t  tlie toe ol the shield on the west s i c k  
ol the island ~vhicli represents the last large sur- 
Late expression of the Elows of 1965. Within this 
flo~v, convective venting lrom secondary lumaro- 
les, circular collapse features, and fractures 1vas 
displayed as a variegated pattern of thermal 
ailornalies in .cvhicli point and curvilinear sources 
are prominent. East of the triangular area, some- 
~vhat  fainter thermal ailornalies seem to mnrk 
the position ol convecting tract~xres and fumaro- 
les at the burl-ace of flows dating back to 1964. 

Tlle 196(i surveys also recoided tlze last phase 
of tl~ermal activity ol Jblnir. T b e  main tepllra 
crater (Figure 5A) contained a lake on Augrlst 
19, 19(56, the temperature ok ~\rliic h ~vas esti1n;tted 
11y Thhrarinsson , ~ t  40-50°C. A r,liirt, gene1 '11- 
ized hydrothermal anomaly within the sti-uct~rr (11 
lag0011 ol JGlnir (Figure 5B) noted bet-tveen Arx- 
gust 19th and 23~1, cleveloped into ,I more distint t 
1oc;ilized anomaly by Augllst 29th (Figure 5C) 
after parts of the teplir;~ island, iiicluding the 
rrrain c~atei-, .itrere destroyed by 1\7;1~~e ;~ction. 

AIJGtJST 1968 INFliARED SURVEYS 
A series of surveys of Surtsey was made in 

August 1968 to record changes in the thermal 
pattern since Aixgust, 1966. Prominent fcatures 
of the iirrageiy recordecl in 1968 (Figure 6) call 
be divided into three categories: 

1) 1966 thprmal f ~ a l 1 ~ 7 r \  z~lhic-12 havc d~\clF- 
J~ec~?c.d. This  category indudes: '1) the hydro- 
thernlal nnornalies of the last phase ol Jhlnir; 11) 
the convection-feature anomalies of the ensterii 
side ok Srrrtsey, marking 1964 llo~vs (iio\v paitlp 
covered by 1966 tlo~vs iron1 Surtur I); c) the con- 
vec tion ailomaly marking a subsurface lava course 
connecting the Surtur I1 vent area with the tri- 
nngulnr 1965 flow area; and el) the triangula~ 
configuration ol the 1965 i lo~v area itself. 'The 
clisappe,~rance ol these anoinalies indicates thnt 
they 111 general represented secoiidary therrrlal 
emission n~hich dirniilished ma] keclly during tllc 
two yenrs elapsed since August 1966. 

2) R~\ id l l ( l l  nnomalze\ zclentijzed on Ooflz 1966 
(17ld 1968 Imagery. This categoiy includes a) a 
bright cuivilinear anomaly at the toe of {lie 
Suitm 11 shielcl (Figure 4Aj, puevionslv inter- 



Fig. 3. P11otosr;~pli (from I<otlacIiro~nc) of the Surt.ur I crater row on Ar~g~rsL 27, 19GG. J'lloto by Riclxartl S. Will ian~s,  Jr .  

I'ig. 4. Aerial infrarecl imagc of Surtscy atltl J6111ir, August 20 Fig. $A. Aerial illfrarcd imagc of S~~r t s cy ,  August I!), 19GG, 

-21, I!)(i(i, sho~ving, in ~vhite,  ilite~lsc t l i e r~ i~a l  clilissio~i fro111 1845 UMT.  Ilnagc n~at lc  approximately 1 1  hours ;~f te r  first 
S~lrLur I eruptive area, tliermal carrelits in ocean a lo~lg  c;lsL effusive activity from Surtur I eruption fissure, before lava 

co;rst of Surtscy ~\llicrc lava flow el~teretl the ocean, alitl tl1c flo1\7 c~lterccl the ocean. Secoridzlry t l l e r l~~a l  a~lornalies asso- 
still !t7;lrln crater lake of J611iir. ciatctl wit11 Stlrtur I1 vcnr, lOG5 suhsr~rfacc lava courses, co11- 

vccting fractures and futnarolcs appear ill ~vh i t c  011 the left 
I I P ~ C ~  and  lo~vcr quat1r;rnts of tllc islanrl. 



Fig. 9A. Pilotograph (from I<octacllrorne). J6lnir on Alcg~lst I<), I!)GG. Note conce~~lr ic  subsidc~~ce scars in tephra rvithin main 

Fig. 5B. Aerial infrarecl image of J6lnir. August 21, 1Y(i(j, 29.11 I'ig. 5C.  Aerial infrared iniage of J6lnir. rlugust 211, 1966, 1721 
UM?', apl)roximatcly 11 clays after last explosive eruption, UMT,  ;~f ter  partixl d c s t r ~ ~ c ~ i o n  of the island 117. rc7ave erosion, 
sl~orving rv:rrm crater lakc xiltl sligllrly tllcrmal waters of thc s l~o~ving remnalit of structural lagoon rvi~ll hytlrotl~c:.~nnl 
s t r~~c t t r~ . a l  lagoon in white. a~lom;~ly near mouth of I;~goon. 



Fig 6. Aerial infrarctl image of Surtscy, Augtts~ 22, 1968, 0217 

UP17'. Note, in cornl~arison \\fit11 Figure ,+A, clisappearancc of 
seve~.;tl scconcl;lry tllc.rm;ll anolnxlies, i~~c lu t l i ng  emission from 
tria~lgular f lo~v area (l!)(i5) at  base of Surlur I1 sllicltl i r ~  lower 
lcfl quaclrant anti e~nissio~l fronu sul)surfacc lava course corl- 
~ ~ e c t i l l g  the tri;ingt~lnr itrca (of Fig~urc 4A) with Strrlrur I1 verlf. 
Surtur I anomalies ;rssociatetl with August, 1066 crater row 
(upper right qt~aclrant), and I~eccmber 1966 and January 1967 
cffusivc eruptiou~s along fracture lines are still prescnl (in 
~vllite tones). Note er~ll;rrlcetl ;tnoln;rlp arountl rv:tlls of 
Surtttr I1 vent. 

preted as a tracture system parallel to the base of 
pressure ridges or apalhr;~un outfloul chanriels 
withill the triangular area of 1965 llows. Tha t  
this curvilinear feature has persisted since 1966, 
~vhi le  the thermal ernission from the remaincler 
of the triangular area has virtually disappeared, 
suggests that the therinal source ol  the rulomaly 
is probably at a greater depth than the base of 
the cooling surface llo~vs and may be primary 
rather than secondary. I t  is speculated that 

this outflow leature itsell was a point 
of emergence of lava from some depth. T h e  
relationship ol  this persistent thermal feature to 
the now-disappearecl anomaly representing a 5ub- 
surlace lava course hetween the Surtur IT vent 
and the triangular Ilo~\r area is not entirely clear. 
Whether the flow occupying the triangular :Ire;! 
has a distinctly separate conduit from the main 
Surtur IS is an interesting question; 1)) a 
circular arlornaly ~vhicli corltinues to mark the 
Surtur 11 vent area, suggesting increased prim- 
;try convective heat flow along a circular fracture 
pattern parallel to the walls of the vent; c) dimiri- 
ished but still distinct anomalies which mark 
subsurface lava outllow course, high on the Surt- 
ur I1 shield. As with similar tlierrnal leatures, 
these are interpreted as secondary in origin; d) 
considerable thermal emission from the 1966 
tlo~v emanating frorn Surtur I; radiant emission 
Irom these flows has diminished since I S(i(i and 
i5 secondary in origin. 

3) Therrntrl urlomtilies iullit h have appcai cd 
.\ince Al~gzi.rf 1966. T h e  most outstanclirlg anorn- 
alies which have appeared since Arrgust 1966 
are inteii5e lineal Ieatures rriarlzing the alig~i- 
ment of primary fumaroles along the el~rptiorl 
fissures of 1 %i(i and 1967 on the Surtur I tephra 
rim, ancl on the Surtur I t rater tlooi (Figure 6). 

CONC1,IJSIONS 
Tliermal emission Iroln primary volcanic strllc 

tures associated with etl'usive activity in 1965, 
l!)(i(i ailcl lO(i7 conti~lued through August l9iiX. 
'rhermal emission from secondary ,ources, s11c h 
as lava flow tractnres, collapse leatlues and set- 

ondary lumaroles diminished mole rapidly than 
h om primaiy convecting structures, irlt luding 
the circul;~r fractures of Surtur I1 vent, ;I possible 
outflo~v area below the Surtur IS shield, ancl 
linear convecting Ira( tures of Surtur I. T h e  frac- 
ture pattern of SLII-tur I assoc i;tted ~ v i t h  the el tus- 
ive eruptio~ls of- December, 1S(i(i ancl January, 
1967 is thtrs still clearly marked on the irriagcs. 
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Trends in Pos tvol-canic Development 
of Surtsey Island. 

Progress Report on Geomorphvlogical 
Activities in 1968 

BY 
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1)epartmcnt of Physical Geography, 

Uppsala University, Sureden 

INTRODUCTION 
During the phase of volcanic activiay frorn No- 

vember 1963 to June 1967 ,,the course of events" 
has been followed by Th6rarinsson and his re- 
ports include maps of the coast line at different 
times (Th6rarinsson 1965, 19(i(i, 1967, 1968). 
During this period cliarlges in the coast line were 
due  to combined efjects of volcanic activity arid 
shore processes. 

From June 1967 thc geomorpliic development 
tias proceeded without interference of volcanic 
activity. In September the same year the shore 
rnorpliology was prelirriinary investigated (Norr- 
man 1968). These studies were merely intended 
to forrn a basis for a research program that was 
later drawn up. 

T h e  submarine slopes of Surtsey, the nearl~y 
former islands of Syrtlirigur and J6lnir and the 
main part of the shoal of Surtla were surveyed 
in July 1967 by B. E. T. Humphrey, Royal Navy, 
within an oceanographic program carried out by 
13. M. Surveying Ship Hecla. This survey has 
been reported on by Sigurdsson (1968). Unfor- 
tunately, the g~aphic  quality of the sounding 
cliart reproduced in that report is extremely 
poor. 

From early Julie 1968 the author accompanied 
by Mr. T. Alexandei-ssoil aiid Mr. T. I,indell, 
both of Uppsala University, stayed for 4 weeks 
in the area. Mr. Alexaridersson has given a se- 
parate report in this volurne on his studies ot sea 
bed sediments found ill the crater5 of Surtsey. 
During o ~ u  stay shore sections surveyed in 1967 
were resurveyed and new sections were added. 
A gro~lnd survey for a detailed photograrnmetric 
mapping was accomplished. Monumeilts were 
permanently signalled for repeated air photo- 
graphy. T h e  submarine slopes of Snrtsey aiid the 

shoals of Surtla, Syrtlingur arid J6lni1- were 
studied by SCUBA diving down to at most 40 m 
of depth. Samples of bed inaterial were taken 
and the bottom topography was studied l ~ y  scat- 
tered echo soundings. 

T h e  aim of this paper is to give a description 
of Surtsey, especially its coastal morphology, in 
the summer of 1968-one year after the end of 
volcanic activity-and to discuss the develop- 
ment ot the morpl~ology in relation to acting 
forces. 

GENERAL, C:ONDITIONS 

From a water depth of 130 rn Surtsey was 
primarily I~ui l t  up  by the two tephra cones of 
Surtur Senior aiid Junior. T h e  crater of the 
Junior is situated W N W  01 the Senior (Fig. 1 
and P1. 1). Duririg the depositioii of tephm 
slumping occurred in the slopes. 

T h e  loore tephra material is earily eroded and, 
as is proved by the short stories of the tephra 
islarids of Syrtlingur aiid J6lnir (Th6rarinsson 
1966, 19(57), Sur t~ey had no longer been present 
as an island if not lava had come to cover the 
slopes of its southern quadrants. T h e  lava did 
nut oidy cover the subaeril tephra slopes but also 
advanced into the sea, thereby considerably en- 
larging the island (Thdrarinsson 1968, Fig.1). An 
unkno.c\rii part ot the glowing l;wa that flew into 
the sea 1t7as by the rapicl cooling lragrnented into 
cubic particles of pebble size. This size ~vell fit5 
the bed loacl transportation of the swash zone 
that is of ful~darnental importance for the forma- 
tion of beaches. Preselitly the main sourcc of new 
material broucght to the beaches is thc lava cliff 
of the souther11 and south~vestern coast that by 
abrasion l>rocluces heavy piece\ of lava. 

In  dry .cve;~ther ~viiid moves ?and lroiri the 
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tephra slopes of the craters. The material is partly 
deposited at the Base of their northern and east- 
ern slopes and partly blown into the sea. The 
tephra slopes are also affected by mass tnove- 
ments. In the western wall of Surtur Junior 
undercutting by waves have caused falls and 
slunips which give this wall a characteristic scar 
£ace. In the northern slopes in~xdl-'lows have 
formed a regular furrow pattern. 

The  coast of Surtsey as developed in i968 
could be divided into a limited number of sec- 
tions of specific morphological character (cf. 
Fig. I). High lava cliffs generally .i\rith a notch 
at the base and vertical walls constitute the 
southern and south~vestern coast. A lava cliff 
of less height and partly covered by a boulder 
talus l'orrns the projecting head of the eastern 
coast. Boulder terraces are found on the south- 
ern part oil the east coast and along the cliff 
of Surtur Junior on the north~\restern coast. 

Finally there is the northern ness built out 117 
beach ridge accretion. 

This distribution of coastal morphology impli- 
es that the southern to south~vestern coast is of 
a purely erosional character. The western and 
eastern coasts are c-haracterised by a transport 
process that only permits extremely coarse 
material to be deposited. The transportation 
has predominantly been directed toxvards the 
north resulting in cleposition on the northern 
coast. 

The  shore processes have consiclerably 
changed the primary coast line configuration. By 
cliff retreat irregular projections of the original 
lava coast have disappeared. In direct connec- 
tion to those by abrasion smoothly curved flanks 
of the southern coast, the boulder terraces fill 
up concave sections. The characteristic pear 
shape of the island is completed by the northern 
11ess. 

W l  ND FREQUENCY DISTRIBUTIONS Ju ly  1967 -June 1968 
I N  WESTMAN ISLANDS C 

B e a u f o r t  

25 20 15 10 5 0 
Number  o f  obse rva t i ons  

Fig. 2. IVind f l c q l ~ e n ~ y  diagrams for the periods 1931-1960 and July 19(?'7 -- June 1968. 
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WAVE EXPOSITION 
T h e  clistribution ol wave force < ; n ~  olily be 

qualitatively discussed on basis of wind stati- 
stics fram Heimaey in the Westman Islancls as 
thele are no wave records and there is yet ~ z o  
quantitative analysis ol  \\lave generation based 
on air plessure gradients oi synoptic charts. 
Secause of the short distance to Heirnaey (20 
Itm) wind statistics from this island call be 
regarcled to be valid lor Surtsey. 

Tlie azi1nnth;il ~vilid distril~ution for the 
period 1931-60 (Fig. 2) shows a rather even 
distribution lor winds lroril N to S in the west- 
er11 sector. Winds from SE and E dornirlate and 
the frequency of ~virids from NE is very low. 
Fol the period lrom I July 1967 to 30 June 
1968, ol special interest to thib report, tlie 
clistribution is essentially of tlie same character 
but tor a greater dominance ol SE winds. Ob- 
servations of strong ~virids of 8 to 14 Beanfort 
in the same period are shown in Fig. 2 (C:). Again 
17 and SE winds doniinate. T h e  laclt ol strong 
\vincls lrorri NE and also from hlW is striking. 

With respect to the Ivave generation by wind 
the limited Ictclies in directions covered hy tlie 
Icel;~ridic niainland  nus st 1)e considered. T h e  
letclr is li~iiitecl by the soath co;ist of Icelalid in 
a sector of wind directiolis Iioni NW to ENE, 
and most strongly in direc tious troiri N to N E  
~vhere  the leng~li 01 tlie 1v;Ive generating sur- 
f at e is on1 y 30-50 Izrn. T h e  importance of t hr  
Setcli may be illustratetl by a single cxarnple. 
With a letch of 50 km a 15 in/sec .ivind .r\~ill 
generate :I wave spectrum with a significant 
\\lave height (31 2.2 ~ n .  An almost lully cleveloped 
sea generatecl by tlie sanie ~vincl will have a sign- 
ilitant wave Ileight ol (i.1 iri that ~vill I)e reac hecl 
at the end of a 2000 kin let( h .  

In  the 5ec tor open to the oc call fetch is not a 
func tion ol the distant r to coasts but deter- 
rrlined I)y the extcrisioli of 5 0  t nlled moving 
lettl~es, th,~t 111 this care generally means areas 
ol wave generation assoc iated to the low pressure 
cells ~vliit 11 rriove ovel the North Atl;iuti( Ocean. 
A preliliiinnry study by Mr. 1,indell of synoptic 
t harts coveriiig the 19(i7-(i8 per~od does not 
indicate any strong 1)i;ls ill tlie distril~ution of 
the lengths of these ~noving letclies with respect 
to wind directions in the Westman Islands. 

Froxri this discussion it lnay I)e concluded 
that .\\rave exposition ill a northern sector Irom 
N W  to NE is significantly lo~vcr th;m lrom 
othei clir ec tions. 111 the rernainilig souther 11 
sector ~vesterly ;rnd easterly components are not 
in full balance 11ut the easterly ones pievail. In 

thc 19(i7-(i8 period this ske.rv~le,s was inore 
pronouncecl than for the long time average. 01 
outrnost importance to the coastal developmellt 
are the E and SE strong gales and 1rurric;tnes 
rec-or ded. 

BEAC:I-IES 
7'11~ oaslr?rL bo?11dc~ l e r la t c  

This beach is clepositecl along 2nd partly 011 

top ol an inclentecl lava clilf (Fig. 3). Off tlie 
shore there is ,I platforrri gently sloping from 
4 to 15 111 01 depth. This platform is covered 
by large sand ripples ancl scattered boulders. 

T h e  air photograph ol Fig. 3 denionstrates 
how the terrace shore line perlectly lits tlie 
curvature of the cliff coast to the 5outh. As can 
he seen in the same figure the retreat ol this 
shore line lroni 1967 to 1968 i s  insignificant ns 
compared to that ol the southern cliff coast. In 
September 1967 the outermost part of the beacl~ 
c onsistecl of t ~ v o  shore parallel ridges. Tlie l~ottonl 

I:ig. 3 .  Air photograp11 of tlic SE coast of Surtsey (i July 1068. 
Coast liirc of 17 July 1967 tnarkctl by white coittour line aiitl 
sliore scctioii across the boulder terrace ~iiarkecl in Illark. 





I'ig. 5.  ( ;comor~~l~ologic:~l  clcrnclits of tlie ~ l o r ~ l ~ \ \ ~ c s t e l ~ ~ ~  coast. I ,  lava ill t l ~ e  crater of Surtur  Ju~iiol..  2, 1eplil-a v;rll in th r  
cr;ltcr. 3, s l u n ~ p  sc;irs. 4, sctlimer~t s ~ r ~ i c t i i ~ . e s  ill Ihc Lepllu;t. 5 ,  f;rlus colies. (i, ; l l )rasio~~ i l l  talr~s. 7, m ~ ~ t l f l o ~ s  ravine. 8, 1 ; r r~c  

srlltsitletl sliclc 1)loc.k. 0, n~utlflo\\r tracks. 10, metcol~olo$icd il~st~.c~lnellts. I I, researcll: stalioli. 12, ;rltr;itlctl cliff. 13, bcacli 
ritlgcs. 14, c x l c n s i o ~ ~  of arcsterli I)oultlcl. t c m c c .  15, cobltles ant1 I)oc~ltle~~s s\veltt ill tl~trilig stol.rlis, ; i~r .o\ \~ rn;~rlts l~.;rllspol.t 
ttircctio~i. 16, e~.osioli sc;~us. 17, lo1\7 cl~llles, icrr01\' 11larks uri~ld d i r c ~ t i o l ~ .  IX, S ~ I I I ( I  (Irifl. 19. (I~flatioli s ~ ~ r f a c e .  

e l n  ness jvllele i t  s l~ ,~ rp ly  clev1,ltes I)y 25" to 
the \vest (Fig. 5). Ilktole the terrat e ~v :~s  forrnetl 
the c lilf \vas r,lpidly abraded (cf . Thtii  arinsson 
l!)(i8, Fig. 1). I11 Septernlxr l!)(i7 the tenace 
1 ~ ~ 1 s  not yet coinpletc. 111 a sectioll ol t l~ t ,  nortlt- 
erllrnost p.11 I 01 the c lill there \t7;ls '1 11~1r1 OIV 

saild 1,c'rth anrl s\v;lsh tlirectly hit the t ep l l~a  
\v;~ll. T h e  single source area ol boulders is the 
I,IV~I cliff to the south. I n  the winter ll)(i7/(iX 
consider,ible amounts  of rnatelial Tveie b ro~ lgh t  
to the 1)each ;111d ;llco travelled lurther to t h r  
~lortllerrl  ness. I n  the ness the boulclcrs toin1 
;I distinct ridge that curves oll to the ~ 1 s t  (Fig. 

7). 

111 t1et;lil tile sllore line is l o~~r l c l  to  I)e 5a1v- 
rootlied, the teeth pointing nortll\vards (Fig. 5). 
Eac 11 one 01 these marks the position 01 a boulder 
riclge that tr;~nsverses the terr,rce. T h e  ridges nre 
superimpored on  ,I t~vo-step l)e~-rn rrioryhology. 
T h e  direction 01 the ridges illnstlates horil 
Ixcause oS the 01Sshoi-e depth co~lclitions the 
domiriallt waves 1roi-n S W  to W are insignifi- 
cantly relractecl. T h e  directioil of doi i i iua~i t  
\\lave action is also seen i n  the orientation of 
the ho~~lc le rs  (Fig. 6). 

The  terrace prolile is illustiatecl in Fig. 4 (12) 
by one of 9 cros? sections surveyed in J u n e  
lS(i9. T l ie  profile is characterizecl by two berms 



Fig. 6. Tliv western boult le~ tclracr a ~ i d  llie cliff- of S11rt11r Junior  vicwcd from the n o ~ t h .  Obselvr the boulde~ oricntalion. 
f 'l~o~ogral~ll Iby T I .ii~tlrll,  Juuc. 1068. 

aiid a tr'lnsvelse ridge. With respect to I\ ;ive 
coiiditioiis the upper her111 can be regarded as 
a storm or ~ v i ~ i t ~ r  berm and the lower one as 
a slunrner herm. Uecause of the bonlcler riclges 
the berms cannot be continuously tollo~ved slid 
it is clitfic~ult to cleterrnine ally specific slope 
aloilg the terrace. Towards the south tile ~vinteu 
berm narrows and the summer berm lac Its in the 
southernmost part hecause oi erosion. I t  seerns 
plobable that the eroded rnatcrial for~ns pal t 
ol  the transverse ridges. 

There is i r (~t  such ;1 d i s t i r ~ t  vari;~tiori 01 
boulder size along this terrace ns in the eastern 
one. On the berms boulders of 0.4-0.7 rn are 
most coiiinloii but in poc liets ol the lov~er slope 
o f  the surnlner 11errn thcre io a high hequency 
of 0.2-0.4 m boulclers. Iii this zone and just 
off th? shore line some huge boulclels (2 in rind 
larger) ale found. 

Tllc distribution of boulder size l-nay be ex- 
plainecl by the conditions oi the source area 
immediately south of thc 1)ench. T h e  cliff in 
that area is mainly composed of rather thin 
lava beds with a thicltness of about 0.5-1.0 111, 

I)ut there ale some beds 3-4 111 Iligh. Thus  lroin 
origin t ~ v o  clifferelit size clas5es are Iormed. 

Because of the o1)lique iiicider~ce ot predoin- 
inant Tvave action the terrace inust be regarded 
as highly unstable and depei~dellt on a con- 
tii1~1011s s ~ p p l y  ol new rn;iterial lrom thc 5outh. 
If this supply tails the tephra wall ~vill ,eon sufier 
scverc. a1)r;lsion. 

?'he 1107 thei n ?less 
Only on the northern coast, I>e;tch plores\es 

have cxtelided the islai~d by foilniilg a tuspatc 
iorelaild. T h e  iniicr part of the iicss was origi- 
nally occupiecl by a lnrge lagoon tringecl 1 ) ~  ;I 

barrier ol tephra oi which oiily a narrow steep 
iiclge leixl~liri~ (cC. P1. 1). ?'he priiriary morplio- 
logy was Iorrned by lalgc scale slllrlipiilg ill l!)(i4. 
T h e  1)arrier xvas rapiclly lnolien down by \ea ac- 
tion 2nd the lagoon n7as grad~~al ly  lilled up by 
I~eacli ~naterial aiid b y  ~vindblonn tcphra. Its size 
rvas also reduced by a slliall lava i lo~v ill Jariuary 
I967 (cf. Fig. I ailrl Th6raiinssor1 1968, p. 144) 

Material h:is Inor c 01- less coiiti~iuously been 
brought to the iiess by beach clrilt along 



the easteln ant1 \vestern coalts. 'This uriaterial 
originates llorrr three cliflerent rnain 5onrces; 
the tephr't cones which by abr,lsion essentially 
proclut e$ part itlcs of g ~ a n u l e  arlcl liner siw, 
the lava that tle.r\l into the serl ~lincl by rapid cool- 
ing was split into Iragrnent~ of pel~ble size (cl 
No] 1-n1,111 19G8) dlcl the solid I'lva beds tlie rnain 
p;~rt of nrlli~h initially is broltcn clo.rvn to bo~llclel 
size by la11 at clifl retreat. lluring trnilsportation 
in the r.rvash zone a lwge part of tlle meclium 
sand and allnost ;t11 liner partic les ;Ire washed out, 
.rvhicll means that the ness above sea level is essen- 
tially t ornposecl of material coarser tl~all medi~lm 
$and, the brllk being veiy c;oarscx szuicl to pebbles. 
T h e  character of tlli, grain-size range--including 
"the missing Ir;lction" (1-6 inri~) of lluvial cle- 
posits--as being specific to the beach errviron- 
men t has recent1 y 1)cen d i ~ t  ~lsscd by Russel 1 
(1968). As the nes5 had developecl in 19G8 the 
boulders appeared in  two positions, coricelltratecl 
in a ridge forming a continuation of the west- 

ern terr,ltc dncl spread out in flat tounges (cl. 
Fig. 7). Tllis clistri1)ntiou ill relation to the 
clevelopnie~it of the ]less .\\?ill be fnrtllcr cliscu~sed 
Ijelon . 

Tllc niolphology in thc sulnmer 01 1968 is 
rather well illustrntecl by the I-rrl interval toll- 
torrls ill Fig. 7. 'The niap is to~rlplerrlented 1)y 
5onle proliles selected Froni 16 cross sectioni; 
surveyed in September 1967 and resurveyed ill 
June 1968 (Fig. 8). iiess is Liingcd 1)y ridges 
\\lit11 northrv;trds sloping c~ csts. Th(=se ridges 
for111 the Ilighcst parts of the uess (except for 
the residu,ll tephra ridge). Their  inland slope 
is gentle. T h e  lriglzest crest level marks the limit 
ol ~vinter  storm s~vasli. Traces of prc-viously 
fo~mccl riclges cnn be seen in  the centrnl part of 
the nos .  

T h e  proliles ol tlre eastern shore (sections 
li'lV3, RW2 and A) illustrate that in the period 
frorn Septeinber 1967 to June 1968 a certain, 
quantitatively unkno~vn, cleposition 1 ~ 1 s  been 
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3 

2 

0 

lollowed by erosion and finally a low sulnl~ier 
berm ol beach ridge character has been formed. 

I11 the northern part of the ness there was 
in 1967 a lagooil enclosed by spits h i l t  ont from 
E and W (cf. Fig. 7). Section C (Fig. 8) sho\\~s 
h o ~ v  the lagoon has been filled up by a layer of 
sand and gravel u p  to 3.5 m thitli. The  material 
has tnaiilly been brought in from the eroded 
eastern shore. Section RW1 proves that boulders 
have accumulated on the nrestern riclge in the 
~vinter 1967/68. 

T h e  s~\rasli that overrides the beach crest and 
carrie5 material inland brii~gr large quantities 
of \\rater ~vhi t  h are slo\\~ly seepecl back through 
the beach. Thus during storms the inner lo-cirer 
part ol the ness i5 gr;ldually iilled up b y  sea 

water. In J u n e  1968 the higllest 1\7;1ter level of 
the preceding winter was ~vell inarked by drift 
~vood south of the tephra ridge and close to the 
research station at a height of 3.3 rn above m.s.1. 
T h e  ~vash ol  ~vatei- over the ness re~\rorlir pre- 
viously deposited rnaterial and levels the surface. 
T h e  tongues of scattered boulders Io~~i ld .  011 the 
ness li'lve in this way bcen formed from b o ~ ~ l d e r  
ridges. 

T h e  position of the shore line stlilt5 lrom clay 
to day with the winds. A 1,lstii~g gale wit11 
steady ciiiec tion shifts the position of the ~vholc 
ness. Frolri Thcirarinssoil's nlap ot the Surtsey 
toast line at six different times fioin Jllly 1965 
to July 196'7 (1968, Fig. 1 )  and the 1968 lriap 
it tan  be reen that the wester11 shore of the ness 
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in July 1!)65 was situated abo~xt 230 m W of 
its position in July 1968. In February 1966 it 
iiad moved 170 m lurther to the west but in 
the follo~ving Jnne it hacl movecl back east 130 
111, and since then there 1x1s beer1 a graclual 
retreat to the east. 

The extrerrle western position of Febr~lary 
1966 was caused by an extremely hard storm 
from E to SE tliat lasted from 1 to 5 February. 
On February 5th there vTa5 high water spring 
and the wind reached a velocity of 45 m/sec. 
(Thbrarinsson 1967, p. 89). 

'rhc iact that the fore1;ind has been built out 
ill deep water is most irriportant for the undrr- 
staricling of its development. The  rapid increase 
in depth olf the shore rrleans that waves ;ire very 
little retracted around the ness and thus recurved 
spit5 will not be fully developed. Instead, beach 
material brought to the outer end of the wind- 
ward shore will follox\j the course of suspended 
material otf the leeward shore where it is de- 
posited. By continued deposition the nesy will 
be built out on this shore but, as the submarine 
slope stands at angle ok repose do~vn to a depth 

of (i0-70 rn every metre of shore advarice per 
metre of shore length requires at least 70-80 m3 
of beach material. The part of this deposit situ- 
ated at depths greater than about 10 m will never 
be recovered to the beach (cf. 10-m contour line 
in Fig. 7). 

The process described means that a shifting 
in the position of the riess causes a loss of large 
quantities of beach rriaterial. This elltails a need 
for large supplies of new material to maintain 
the terrestrial area of the foreland. From Sept- 
ember 1967 to June 1968 there was a loss of 1.4 
hectares. 

CIAIFF MORPHOLOGY 
Luva  cliffs 

The morphological character of the lava clilfs 
has previously been described by Thbrarinssoii 
in his yearly reports and by Norrman (1968, 
1969). The  developnlent trom the autumn of 
1967 to the summer of 1968 has not principally 
t hanged the morphology. 

The cliff ~valls are vertical or overhanging. 
Abrasion operates by corrasion at the cliff base 

Fig. 9. T h e  sxc~asl~ and  breakcr zone of the so~t thern  coast is composetl of residual lava outcrops and large houltlers. PlloLo- 
graph by  J .  O. Norrman, Jrune 1968. 



whereby a notch is formed and by impact of of huge bloclcs and worn boulders (Fig. 9). 
waves directly hitting the clifl wall. T h e  lava These masses also cover the offshore bottorn 
is brittle and there is a pronounced weakness in and the submarii~e slope. 
the more or less horizontal boundaries in the 

By retreat the cliff grows higher and becomes 
sequence of lava beds and a structural weakness 

less stable provided that the inecllar~ical pro- 
along planes at right angle to the bed surfaces. 

perties are constant. I n  1968 the cliff height along 
After a heavy wave attack one can se;i how 

the continuous lava cliff of the S and SMT coast 
vertical fissures parallel to the cliff edge have 

varied frorn 12 to 24 rn. T h e  highest cliff is found 
been formed on the lava plateau up  to 20 m 

on the SW coast (Pl. 1). T h e  cliff of the project- 
from the cliff. When the cliff collapses a block 

ing head of tl.1e.E coast is 10-1 2 m high. 
talus is formed. T h e  loose nlaterial is suclced out 
by back wash, and in the breaker zone it can be In  the winter 1967/G8 abrasion was heavy on 
transported along the coast. the southern coast (cf. Fig. 1). 'The rrlaxiuin re- 

I n  places abrasion follows a bed surface a l ~ d  treat was in the eastern part (up to 140 nl, cl. Fig. 
a platform is developed (Fig. 10). However, S), and there was alrnost no abrasion of the c lifl 
i~o~vhere  any permanent, exposed abrasion plat- lacing W to W N W  on the western coast, 1vhicl.1 
form has been found above or below sea level. well reflec ts the storrn distribntion ol the period. 
T h e  breaker zone is characterised by projecting T h e  average retreat of the S and SIV toast ~v;ts 

tongues ol more resistant lava that has cooled 'lbout 75 rn and the arnount of 1aba ;~l)radcd i 5  

in subcrustal tunnels and by irregular inasses estimated at 2 .  S O G  m:'. 

Fig. 10. A narrow Ilig.11 ;tbrasion plalforin on llie SE coast. Pliolog~.:ll>li by J. 0. Norrnian, Scptctnbcr 1967. 
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T h e  tephra cliff of Surtur Junior. 
T h e  morphology of this cliff may be visualized 

by Fig. (5,  the interpreted air photograph of Fig. 
5 and the 10-m contours of P1. 1. T h e  tephra is 
of semi-cohesive character. T h e  content of fine 
flaky particles is high enough to enable the cliff 
to stand at angles far steeper than the normal 
frictional angle of repose. Mass nlovements in 
the cliff are of both cohesive and frictional type. 
There are slumps but also falls and the later pro- 
duce dry sand flows ~vhich form talus cones at 
the cliff base. 

T h e  top of the scar has reached the crater rim 
and  by further retreat the clifE will be lowered. 
T h e  tephra material lias a very low resistance to 
swash action because it flows easily when satura- 
ted. This means that although the cliff is situated 
in a sheltered position with respect to wave action 
its retreat will be rapid if the protecting boulder 
terrace is lqst. I n  the autunln of 1967 the 
northern part of the cliff was abraded but when 
the terrace was completed the recession ceased. 

SUBMARINE MORPHOLOGY 
Preuiou~ surveys 

As far as can be judged from the sea chart 
(Icelandic Hydrographic Survey Nr. 16) before 
the eruption the bottom at the site of Surtsey 
was at about 130 m and fairly level. At the end 
of July 1966 the submarine slopes of Surtsey were 
echosounded and a map with 5-rn contour inter- 
vals was drawn (Rist 1967, Fig 1). In  this map 
the morphology is characterized by a sloping 
platform around the island with a width of 
100-200 m, an  average slope of 1:7 (8") and a 
depth at its outer margin of 25-30 111. Off this 
platform the slope sharply steepens to about 1:2 
to 1:3 (27" to 18"). T h e  steep slope gradually 
flattens below a depth of 60 to 100 m. 

As mentioned in the introduction of this p~tper 
a wider area around Surtsey was echosounded in 
July 1967 by Humphrey. Based on a blue-print 
from these soundings on the scale of 1:10,000 
with sounding figures and 10-m contours the sub- 
marine contours of Fig. 1 were drawn. Before 
the submarine morphology of this map is tom- 
mented upon some basic data concerning the 
former islands ot Surtla, Syrtlingur and Jolnir 
shoulcl be given. (For details see Surtsey Research 
Progress Reports, I-IV). 

At the site of Surtla a submarine eruption was 
noticed 23 December 1963. A volcanic cone was 
built up  close to the water surface but no deposit 
above sea level was observed. Syrtlingur was seen 
above sea level 28 May 1965 and disappeared by 

abrasion 24 October the same year. J6lnir reached 
sea level for the kirst time 28 December 1965 and 
finally disappeared in September 1966. I n  all 
islands only tephra could be observed. 

I n  Fig. 1 the formerly islands form a series of 
linearly arranged small "guyotsi' or tablelike sea- 
mounts, and the map reveals an interesting rela- 
tion between the time that had passed since the 
islands disappeared from sea surface and the 
depths of the shoals: 

Surtla 43 months 31-34 in 
Syrtlingur 21 months 22-23 111 

J6lnir 10 months 13-16 m. 

T h e  figures indicate a continuously, rapid 
lowering to corlsiderable depths. 

Around Surtsey Fig. 1 sho\vs a platforrr~ with 
its outer margin at a depth of 20-30 m (as in 
1966) and with a width oS 50 nl to 400 m. T h e  
platform is broadest west of the northern ness 
from ~vhich area the ness has moved towards the 
east, and it is most narrow east of its tip where 
the ness has recently heen built out into deep 
water. T h e  slope morphology as represented by 
the depth contours is to a certain degree depen- 
dent on the arrangement of the sounding sections. 
They ran roughly at right angle to the shore and 
were spaced at intervals of 50 m to 100 rn. 
Nevertheless, it inay be noticed that the con- 
tours of the slope are more irregular west of the 
northern ness and off the southeastern coast. I n  
the latter area the contours were thought to re- 
flect submarine lava flows. 

Off the southern coast there is a rather sharp 
transition frorn the steep slope to an almost flat 
sea bed, x,vhereas off' the northwestern coast the 
transition is smoothly concave. This difference 
could be attributed to the deposit of coarse 
material abraded from the lava cliffs of the 
souther11 coast and the deposit of fine material 
brought in suspension along the shores of the 
northern ness. 

Inue~ligations in 1968 
T h e  field investigations of June 1968 included 

studies of the shoals of Surtla, Syrtlingur and 
Jbliiir and the submarine slopes of Surtsey. T h c  
studies were carried out by SCUBA diving to a t  
most 40 m of depth. T h e  diving operations were 
guided by echo soundings. 'The equipment of 
the sinall open fishing boat, that was rented in 
Heimaey, and the weather did not permit a pre- 
cise echographic smveying. 

T h e  aim of the investigation of the shoals was 



to deterlnine the character 01 the deposits, to 
mike observations of details in the bed morpho- 
logy ~vhich could indicate the nature of acting 
fortes and to record possible changes in their 
top level. 

T h e  minimum depth recorded on JGlnir xvns 
19 m and ovei large areas the level was at 22-24 
rn. Thus this plateau had been lo~trered about 
(i in during the last year. According to divings in 
its northern part the surface was covered by large 
symmetric stinight ripples with cre\ts running 
in N-S. T h e  length of their llat crests (measured 
in E-W) WCIS about 0.5 In and the crests were 
covered by slnlall current ripples running ;at right 
angle to the large ones. T h e  synlnletry of the 
small ripples indicated a current of southerly 
direction. T h e  large ripples have probably beell 
formed by waves of easterly storms. T h e  material 
\ v < ~ s  01 granule size but for <I fe~tr small cobbles 
in the lnrge ripple troughs. 

Uecauw ol bad weather only one shoit diving 
coulcl he made on Syrtlingur. T h e  clepth in the 
north~vestern part ol the plateau was foulid to 
vary frorn 24 to 22 m. T h e  bed consisted of ver) 
coarse qal~cl and gianule. Ind i s t i~~c t  ripples were 
reported. I t  is possible that the easterly storm\ 
have eroded the eastern part oi the plateau arld 
1)louglrt material towards and NW, and if 
30 the depth ligures reportecl above nlay give ,I 

1 alse irnpr ession of r ather stable conditions. 
Echograins of soundings run in several direc- 

tion, over Surtla all show a \lightly unclulating 
level surface at 40 in of depth, 1trhic11 lnenlls a 
lo~vering during the last year of (i-9 m ((I. Figs. 
1 and 11). T h e  surface of the plateau was lound 
to be covered by angul'lr lava fr;~grnents, rnainly 

Fig. 11. Echograin of the Surtla shoal froni WSW-ENE le- 
cordccl on J l ~ n e  28, 1968. Accolcling to sounclirlgs of July 1967 
(cf. Fig. I )  wavcs and curicnLs have lowered the platcall flonl 
18 to 22 fathoms in one year. 

Fig. 12. Map of thc submarine slope off the western shore of 
tlie nortlicrn ness based on 1967 soundings. Avalanche scars 
(arrows) i r ~  the upper part of rlie slope and debris tongues a t  

its base. 

01 granule size. I>aring the d i v i ~ ~ g  a ilorthbourlcl 
current of about 1 m/sec. forced the diver (Alex- 
'~ndersson) to go down along the chain cable. 
T h e  bed was reportecl to have a "patternecl" 
appearance but no distint t ripples. Soirle nlateiial 
was ~ ~ h i r l e d  lip but there was 110 general trans- 
port activity. 

T h e  stuclies sho~v t h a ~  the volcanoes ol Surtla, 
Syrtlingur and Jhlnir do~tr11 to at least presently 
exposed levels are built up by teplir;~ and ekeu- 
tually some lava fragmented by rapid cooling. 
No~vhere any traces of solid lava beds have been 
tound. Erosion hy currents and waves is active 
on all shoals. T h e  relative irnportalice of diiect 
\vave actio11 is uncertain. It has been pos5ible to 
give some figures ol the lowering of the plateaus 
from July 1967 to June 1968, but ior a reliablc 
estimate of the total ch,ulges since 1967 a corn- 
plete echographic iesurveying is uecessary. 

T h e  time available did not perrnit divillgs 
along the entire submarine slope of Surtsey. It 
was thought most irnportalit to stucly the slope 
west of the ~ i o r t h e r ~ i  rless xt~here the de110,ition of 
beach material has been llsost active, and the 
slope of the southern coast ~vhere lava has flo~trecl 
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13. Bouldcis at  t l ~ c  top of tlrr 
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s r ~ b r n a ~ i ~ ~ c  slope olf ~ I I C  SE coclst 

11 35 111. Pllotog~apll by  T. Alex- 
ISSOII, J I I I IC 1968, 

into tile sea and tlie abrasion of the lava has ljeen 
1nOSt severe. 

F ron~  the soundings ol 1967 ;t map 01 the slope 
NW 01 the nortlielri riess with 5-m contour 
intervals hns Ileen tonstrtrctecl (Fig. 12). T h e  
t oilcave lorrris of the c o n t o ~ ~ r s  in the upper part 
ol the slope lollo.ived by tonvex forms at lower 
level ~ ~ ~ d i c ; i t e  ;I series ol slumps. T h e  slumping 
miay have generated trlrl~idity curre~its .ivhith 
have sprcad rnateriaI lar over tlie sea bed. Echo 
sor~ndings 'dong tlie toast ill June 1968 pointed 

Fig. I6 
coast. S; 

air airgt 
of lllc 
garplt L 

, F1.0111 the slopc off the SE 
~ n t l  bccl at  anglc of repose with 
11xr small bol~ldcr in rlrc ce~llrc 
picture. llcptli 42  111. I'hoto- 

ty  T. Alexandcrsson, June lO(i8. 

to it niore pronotu~ced slurnp morpliology than 
that of Fig. I S  rv11ich is based or1 1 0  sounding 
sectior~s priric ipally running in directio~i ol slope 
clip. 

Divings ;~ncl ccho sor~nclings in the northern 
part ol the are;) showed ;I sharp transition frorri 
the  e ear shore platforrii to the steep slope at ;I 

cleptli ot 12  in. T l ~ i s  slope 1v;ls at ;~nglc of repose 
(30"- 34") do~vrl to 73 rn and then gradu;~lly 
levelled. Uot~lcleis \\rere deposited a t  the top of 
thc slope (Fig. 13) and c oarsc 11l;lter i;ll that had 
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17. Olctcrop o f  1;tv;l ;~ntl tlcposits 
:o;irsc salitl. Off the S'iY coast. 
lh 12 m. Pl~orogl.npli by T. Alcx- 
:TSSOII, J~ i l le  1968. 

lnoved d o ~ v l ~  the slope to1 ir~ecl boulder streams 
(Fig. 14). A tout 11 of the ,lope t nused \videspread 
avalanching. 

111 the chaptel of shore morphology the trans- 
portation ol sand ,lnd gi-avel by Jv,lve currents to 
the edge 01 the platloirn on the leeward shore 
has been disctlssed. This material dropped at 
the top ol the slope will t o l ~ t i l ~ u e  d o ~ v ~ ~ s l o p e  ill 
5hallo.r~ flo~vs and the slope will be built otxt 
at the frictional angle of repole. Ho~vever, inter- 
nal friction ruay permit ;In accretion to lorrn at 
the top of the slope. When this load becornes too 
heavy it will start avalanching ;ulid 1)ring large 
masses into motion. 

Off the lava cliff immediately S o f  the eastern 
l~ouldei- terrace on the SE coast, the plattorin 
was found to be covered by large boulders. At 
the top of the steep slope, 150 m from the shore 
and at a depth of 20 m, giant hlocrks some wit11 
a diameter of 5 In were loosely heaped on top 
of each other. Farther do~vn  their size decreased 
(Fig. 15) ;1nd coarse sand started to iill u p  the 
space bet~veen l~oulders at a depth of 30-40 In. 
T h e  s a ~ ~ d  belo~v 40 m (Fig. 16) was deposited at 
its frictional angle (about SO0) but this part of 
the slope was not as steep as the upper boulder 
and block brink. Soine boulders that had slip- 
ped down the sand surface ~vei-e observed. No 
outcrops of lava beds were found. I t  seems most 
probable that the irregular morphology dernon- 
strated by the depth contour, of Fig. 1 repre- 
sents heaps of lava blocks and not lava flo~\rs. 

On  the western coast the bottom off the lava 

tlilf 500 m N of the Jblnir plateall Tvas investi- 
gatecl. T h e  divil~gs started a l ~ o ~ l t  50 m trorn the 
shore ~vhere the depth way (i m. At this point 
the bed was covered by rorlr~ded boulders of 
about 1 m in diam. Between the boulders lava 
lxds conld be seen. T h e  platform descended in 
steps to about 12 m. I n  the vertical ~valls broken 
olt pillars oi lava were exposed. A t  12 m of 
depth the bed st;lrted to be covered with coarse 
sand and granules (Fig. 17) which Lormed 0.3 m 
liigll ripples. Angular cobbles were lound in the 
ripple troughs. This bed was follo~ved to a 
depth of 18-20 m at about I75 m from the shore 
where a steep slope of boulders Tvas met. 

The  stucly indicates that 110 level abrasion 
platform is still tornied in the lava beds, but rhe 
rather even t harac ter of the snbinarine platiornl 
is caused by deposits of boulders ~vhich fill u p  
cavities between projecting outcrops. 

SUM MARY 
Investigations on the shore and offshore mor- 

pl~ology in J ~ l ~ l e  1968 are reported. A photo- 
grammetric map with 2-m contour intervals based 
on air pllotographs of (i July IO(i8 has been tori- 
struc ted. 

During the ~vinter 19(i7/(iS there was a rapid 
retreat 01 the lava cliff on the southerll coast. 
T h e  rnaxilnurn retreat ~vas 140 in and the average 
retreat about 75 111. T h e  amount of lava abraded 
is estimated at 2 mill. cubic metres. 

During the same period there was a slight de- 
crease in the area of the northern ness (1.4 hec- 



trues). T h e  no1 tli.rvesterii toast and the southern 
part of the e;lstern coast 'Ire protectecl by boulcler 
terrnces. 

On the shoals ol Surtla, Syrtlirigur and Ttilnir 
only loose deposits are exposed. T h e  plateau 
level ol Sui tla and J61nir was proved to h;lve 1,eeii 
lowered several metres duriilg the 'rvintei. In- 
lorrnation oli the conditions 01 Syrtlingui is in- 
< omplete. 

T h e  sul)rn,liiiie slopes of Surtsey .itrere studied 
by SC:IJBA diving. T h e  sanely material 01 the 
slopes of the noither11 ness is depositecl at the 
lrict~onal angle of repose. There is active ava- 
Innching and slump stars in these slope\. I11 the 
upper pait of the slopes 01 the southern co'lst 
to'irse angular boalders clominatc. Some l~loclts 
nre of the order 01 5 rn in diameter. 

T h e  1 uture developme~it of the ijlancl will 
be coverecl by air photographs and repeated sur- 
veying of lixecl sections. In  the summer of 19(iS 
the sul>marine topograplly 1~111 be resurveyecl 1,y 
ecllogr,lpliic soundings. 

Ac kno~ulot lg(~mrn/s  
T h e  19(itl investig;~tions were linancially <,up 

pol ted by the S~vedish National Scient e Researt 11 
Council (NFR t ontract 2 160- 4) ;tnd tlie Surtscy 
liesearch Society, Reykjavik. T h e  lcincl help \tiit11 
many problems given by Steiligrimur Hermalins- 
son, Director of thc Society, and Prof. Sigurdur 
'I'h6raiinsson ~ n a d e  the expeditioli possible. My 

special thanlo go to Mr. Tomirly L,iiidell for his 
valualjle assistance tllroughout tlie field .cvork 
and lor compilations ol weather data aixl to Mr. 
Tllorljji-jrn Alexaiidersson for his t ompeten t sub- 
niaririe observations clurillg clivings in the very 
cool waters around Surtsey. T h e  ligures of the 
report and the accompanying map were sltilfully 
drawn by Mi\$ K. Andersson ol tlie llepartrnerlt 
ot Physical Geography, IJpps;ila. 
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Precision Levelling on Surtsey in 1968 

BY 

EYSTEINN TICYGGVASON 
Cnivelsity ot T ~ ~ l s ~ c ,  Trels:~, Okl,rl~oma 

ABSTRACT (53" 18' 16.1" 1 0.2" North 
A levelli~ig prolile was est;~blilzecl in June  1967 20" 35' 36.0" 1- 1.0" West 

acioss tlic Surtsey lava. Relevelling in Jlule 1968 'I'ablc I lists the position of the 1)cr~chniarlts 
shelved that the lava subrided 1>~1t the subsidence on Surtsey lneasurccl to~\laids north and e;~st 
hat1 sloi\~ecl do.rv11 since the summer ol 1967. from bentliinarlt 601. 

'The teiztial part ol the proFile hacl snbsided 
'11 a rate ol  about 1 inin per day ~vliile the 
bench~nar-Its near the east coast arid thc \vest 
toait lrad been relatively stable. 

IhTTROD'CJCTION 
A sur veying crew visitcd Surtsey on Jurlc 25 

to 28, 1968. T h e  profile ol 1967 (Tryggvason 
1968) .rv;xi relcvellecl starting on thc cast sick 01 
the island at beuchln~uk 601 and lcvellecl to~\i;~rds 
henclzmarlz 642 on the  vest side of Surtsey. T h e  
u~hole levelling was then repeated starting 011 

benc haiark 642 and moving towards benchmarlt 
601. 

? > Ihis  protedure maltes it porsible to e5til~late 
the rate of deformatiorl (luring the four clays 
 his levellii~g talzes. 

Ixvelling was also nzaclc Iron1 Ben~llinark 601 
to the ueiearth hut and the pond cast ol  the 
hut and to one I)errchmarlt 1 1 ~ ~ 1 1  the noltlr slloie 
ot the island. 

Benchinarlzs 603 and 604 were coverecl ~vi th  
~vinclblo~vn sancl ancl were not lound. 

SIJliVEYING 
T h e  benthnlarlts of the Surtsey levclling pro- 

Eile were surveyecl rvith tiiang~xlatioi~ to dete- 
rmine their relative geographic location. This 
surveyiilg was only inade lor the purpose of 
malting a map of the profile and therefore not 
precise. 'The geographic coorclinates of bench- 
mark 601 Tvas f o ~ m d  to be 

T ' A U 1 , E  I 
(:oordiliatcs ol thc beii<.lrmarlts on the Surtsey 

levclling profile 
I%CII( 1 1  So1t11 Eclat I%cncli No1 (11 Edst 
111d1k i n ~ t e ~  s I ~ I C I C I  5 l ~ i ~ t l k  lnrters me1e1 5 

60 1 0.00 0.00 622 -497.01 - 648.92 
(302 - 52.02 5.77 623 -402.79 - 698.52 
603" 91.7 5.0 (524 -489.90 - 731.39 
604'-160.9 10.9 625 -501.96 - 784.66 
(i05 -213.55 12.86 626 -501.91 - 833.78 
(i0ii -22(i.42 10.05 (327 -523.43 - 863.31 
607 -268.23 16.84 628 -558.30 - 91 1.86 
608 -310.03 18.55 629 -564.02 - 969.96 
609 -833.30 - 22.70 G30 -558.01 -1008.41 
(i10 -348.85 - 63.63 (331 -568.61 -10li4.21 
61 1 -359.46 - 98.10 (332 -521.51 -1090.82 
612 -376.22 -1 11.09 fi33 -493.17 -1 121.18 
( i l 3  -4O(i.O1 -13ii.50 634 -4(30.44 -1 152.02 
(514 -416.42 -169.91 635 -433.61 -1 183.88 
615 -438.75 -201.74 636 -403.19 --1227.62 
(ilii -454.68 -230.11 (537 -863.41 -1242.34 
617 -469.48 -271.24 638 -331.85 -1277.14 
618 -487.48 -31F).13 639 -308.29 -1310.50 
619 -514.77 -401.32 640 -2(j0.20 -1339.81 
620 -503.94 -534.82 641 -222.47 -1357.47 
621 -499.34 -581.84 (342 -185.85 -1410.39 

* I.ocat~on I),~sctl on d ~ s t ~ ~ i ~ ~ e  Illerlsccirlneilts vt  1967. 



Fig. I .  i\ccumrtl;rted subsiclcncc of the lcvellillg profile across Sr~rtsey since Jutlc 21, 1'367. Uistallcc in rnetvrs is mcasr~vecl along 
the profile from hcncl~mark 601 on the east shorc of Snrtsey. 

IIESU1,'T of T H E  l,EVEI,LING 
r I he principal result of tlie precision levell- 

ing on Surt5ey is sho~vn on Figures 1 and 2. 
Figure I sho~vs the accun~ulated vertical displace- 
mellt (subsiclence) relative to benchmark 601 
sill( e the lirst levelling of the profile in J ~ t n e  
1967. Greatest relative subsidence was measured 
on henchmarlts (525, 619 and 618, about 30 cm 
in nlrnost exactly one year. 

T h e  absolute vertical inoveinerlt (relative to 
the nlean sea level) car1 be estimated honi 
levellings on the izorthern part of Surtsey (Table 
11). A pound east of the research hut  is dammed 
Erorn the ocean by approximately 400 in wide 
sand beach. T h e  sand is quite permeable so the 
water level in the pond ~vill attain an equili- 
brium elevatioil xvhich ir close to the mean sea 
level. Previous estimates (Tryggvason 1968) 

T A B L E  11 
Elevation of selected points on northern Surtsey 

in centimeter., above pond surface 
June 23, Allgust I S ,  Juilc 28, 

1'367 19G5 1068 

llenchmark 601 878.42 890.63 866.73 
Doorstep of hut  728.42 740.32 717.75 
LMI benchmark * - 396.48 373.51 
Tidal pond surface - -9.73 - 
* Gdlv,un~rccl p ~ p c  i lo i t l~  of slnall tuff mountaul (EjalllZ, 
Elna) 

placecl the pond elevation approximately 10 cm 
above illean sea level and the pond surface be- 
haved very similary in 1968 as 1967, with less 
than 1 cm change in elevatioil frorn one day to 
the next. This change was possibly due to change 
in the height of the ocean tides, and possibly 



Fig. 2. Rate of subsidellce of ~ l l e  levclli~lg pvofilc 011 S~~r tscy ,  rcl;ltive to  11cnclllna1.k 601. Sectiolls A allti (: arc quite accurate 
,vllilc sectiolls B allti 1) may Ilavc an average error of 0.2 rnm/d;~y. This figure slro\crs that the ~ . a t c  o f  sltbsidcnce is significantly 

slower in lII(j8 tllall in llKi7. 



due to changes in the atrnospheric pressure. The 
cflect ot the atmosplleric pressure on the pound 
level c a l l  be calculatecl if the relaxation tillre 
01 the pond is kno.c\m. Unlortullately thiu is not 
kno~vn, and a series ot lnensurerrient 01 the 
pond level ill August 1967 sllolv 110 obvious 
ielatiorl to tile change ol atrnospheric pressure 
plior to the meas~~reiiients. IT tlze pond level 
is entirely tont~olled 11y tlle sea level, then we 
can assume that tlle oscillatiolls oi: the pond 
level are ol the older of 1 0  cm ill either clirectioi~ 
lrorn the average v;tlne. 'rlzese oscillatioir will 
iellec-t ost illatioirs in actual sea level due to 
ticlC11 lortes, atrriospl~eric pressure ;rnd other 
pl~eno~rieria. 

Tlle alnplitucle ol the oscillation in the pond 
elevation is cstirn;~ted froill the rate ol change in 
polld lcvcl as o1)servecl in August I) to 12, 1967 
ol 4 clu in 3 days aild the change of soirle 20 
niillib;~rs ~\rlzich can be expected in tile average 
atlnospbcl ic pr essr~r e over a period ol several 
days during tlie sumnrer. 

'I'he v;tlues in '1-aljle I1 can iio\\r l)e inter- 
preted as indicating a subsid,lncc of all the 

measurctl points on tile northerll part of' Surts- 
ey. This stlbsidence amoui~ts to 20 1 10 crn 
cluriiig ;I period of one year. 

C0NC:LIJSION 
r 7 1 he 1dve s11rf;1( c 011 the ~ ~ l l t r i ~ I  par1 or Suits- 

cy lias bccn subsidiiig at a iate of up to 1 rrim 
p c ~  day in 1967 to 196s. Thc riortlleril palt ol 
Surtscy irlay be subsiding at a iate ol 20 r.ul pel 
yeal. 

'I'his su11sid;lnce indicates that the volcallo 
Sultscy has l j e c o n ~ ~  il~nctivc. and ,I llelv erup- 
tion is not expected. 
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Preliminary Report 
on the Results of Meteorological Observations 

on Surtsey 1968 

BY 

HLYNUli  SIGTRYGGSSON 
Tlir  Icrlaritlic Meteorological Office 

'The spring months (April-May) \\.ere sorne~vliat 
colder than usually at Vestrnannaeyjar, especially 
May, ~vhich was also dry. June to Septeiriber 
were near to normal, with consicleral~ly varying 
precipitation. Soutllerly and easterly u~irrds were 
also frequent in May. 

T h e  follo~ving table gives some particulars 
about ternper;iture anel precipitation at St61 - 
tliilcli, Vestma1inaeyj;ir. 

l ' cu lpernlu~c 

b ~ ~ ~ l l l  1 3 ~ ~ .  f 1 .  IlOlITl. 

" C " C 

April 3.2 -0.5 
May 5.1 -1.1 
June 7.8 -0.9 
J u l y  10.4 0.1 
Augr~st 1.8 -0.4 
Septernl~er 8.6 0.2 

T h e  meteorologic;ll observations on Surtrey 
began on Aplil 21st and were te~minated oil 
September 17th. Tlre observational series sul- 
tered froin several interrt~ptioiis ho~vever, espec- 
ially near the encl. 

There wele three inearruement sites. 
1. West ol the field rtation (E10) xvherc tern- 

perature, humidity a l ~ d  precipitation were 
measured. 

2. On the sands east ol the field station (F15) 
~\rlrere soil tcnlperature 1 ~ ; 1 4  rriearuued at 5 and 
20 ciri depths, and inaximr~rn and rninirn~r~ri 
air tenlperatrwe at 20 c ni al)ovc thc groluiid 
Tvas read occasiolially. 

3. Wind direction ancl speecl, temperature and 
precipitatiorl were recorded by an antornatit 
station on a lava fielcl near the  lies stern ex- 
tremity of the island. Terriperature 20 c l r i  

above the ground IV;IS also rcc ordecl there. T h e  

operatiorr of the automatic station was cou- 
siderably li;~rnperecl by drilting sand. 

TEMPERATURE 
Froin tire observations at Stbrlrijfcli and the 

ineaii cliflererrces of temperatnre observed be- 
tween that station and Surtsey, tlie mean terri- 
peratures at Snitsey are caltr~latecl to l ~ e  as 
lollo\\~s: 

April 4.1 OC; 
May 6.2 - 

June 8.5 - 

J U ~ Y  11.2 - 
August 10.7 - 
Sept. 9.7 - 

For tile lollo~ving periods (~vllen the iecords lor 
each ~noiith were only partial) the follo~ring 
mean tenlperatrrres were o1)scrvecl: 

April 22-30 4.7 " C  
May 1- 9 3.7 -- 
June 11-28 8.2 - 

T h e  daily temperature a~iiplitucle \\?as gener- 
ally small, although on sunny clays in ,July it 
cor~lcl be as high as 3-4°C. 

T h e  average temperatnre at 20 cm level (14 
Surtsey) was as tollo~vs: 

Julie 7-30 
Maximum (rnean) 9.2 " C  
Minirn~uin (mean) 4.5 - 

Average 6.9 - 

July 1-25 
Maximunl (mean) 13.0 " C 
Minimum (mean) 7.9 - 
Average 9.9 - 



SOII. TEMPERATTJRE 
For soil t empcra t~~re  the follo~ving averages 

were ohtainecl. 

April 23-30 
5 C l l l  20 cm 

Maxiinum (rnean) 7.7 "C 5.2 "C 
Minirnt~rn (mean) 3.1 - 4.5 - 

Average 5.4 - 4.8 - 

May 1-9 
Maximum (mean) 12.(i - 6.3 - 
Minimulri (mean) 3.5 - 5.6 - 

Average 8.0 - 6.0 - 

PREC:II'ITATION 
Precipitation 1vas measured near the field sta- 

tion and at the automatic recording station. T h e  
follo~ving table compares the results at Surtsey 
with precipitation measurements at StGrhiifdi 
(precipitation in rnin). 

I.ieltl t\rrtom. 
stdtlo~l st. St6rtioftl1 

April 21-30 44.3 67.8 59.2 
May 1-10 (5.0 8.1 13.1 
May 1-50 - 56.5 64.7 
Jurle 1-16 - 82.6 107.4 
August 1-1 3 - 25.4 41.2 

June 7-30 WIND 
Maximum (snearl) 16.2 - 12.2 - WincI velocity was me;-tsurecl at the automatic 

Minimum (mean) 9.1 - 10.7 - station, at 2 meters above ground level. T h e  

Average 12.7 - 11.5 - I'ollo.cving mean v a l ~ ~ e s  were obtained (meters 
per sec ond). 

July  1-30 (excepting 
17th and 18th at 5 cm) 
Maximum (mean) 22.1 - 16.6 - 

Miiiilriu~rl (meal]) 12.0 - 14.4 - 
Average 17.0 - 15.5 - 

April 21-30 5.4 
May 1-31 5.1 
J u n e  1-16 5.1 
J I S ~ Y  25-51 3.2 
August 1-13 3.9 

Aug. 1-28 This is roughly hall the ~vind speed rneasurerl. 
Maxirnuni (riie;~n) 17.8 - 14.4 - at StGrhofcli at 10 rrietres above the ,ground, and 
Min i~num (mean) 13.2 - 12.7 - comparable to tlie wind at several coastal and 
Average 15.5 - 13.6 - la11c1 statiorr, in southel-11 Icelmld. 






