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NOQUVELLES DES GALAPAGOS

Par la Smithsonian Institution, Center for Short-Lived Fhenomena,
Cambridge, Massachusetts (U.S.A.), nous avons appris qu'une éruption
volcanique a eu lieu aux Iles Galapagos le 11 juin dernier. Nous vous
communiquons ci-aprés extraits des rapports que le Président de la
Fondation, le professeur Jean Dorst, a regu concernant ce séisme.

NAME QF EVENT Isabela Island Eruption

TYPE OF EVENT Volcanic Eruption

DATE OF EVENT 11 June 1968

TIME QF EVENT 0350 Hrs. G.M.7T.

LOCATION OF LVENT Galepagos Islands

LATITUDE OF EVERT 00¢ 20t§

LONGITUDE OF EVENT 91¢ O07%W

EVENT NUMBER 9-68

DESCRIPTICN OF EVENT Earth Movements, Subterranean rumblings, red

and blue streaks visible for ten miles.
DATE OF NOTIFICAT1ON 12 June 1968
TINMNE OF KROTIFICATION 1400 Local Time
REPORTING SQURCE UeS54Co & GuSe
SOURCE CONTACT Mr. James Jordan
RESPCNSIBLE SCILENTISTS Dr. William Melson
DATE OF NOTIFICATION 12 JUine 19068

FOLLOWUP ACTION Contacted event area, seismic & infrasonic
stations
FILE REFELENCES Uu.1.1. Report, Boulder Infrasonic Station

Report Quilo Seismic Station Report

REMARKS Earth rumblings and quakes accompanied by
Exyvlosions. Explosive events reported at
0350 Hrs. G.M.T. 11 June, 0000 Hrs. G.M.T.,
12 June 1958,

REPOQT Seismological Station ESSA STAL1ON
Quito, Ecuader Boulder, Colorado



Seismic [ eport from Guito, KEecvador

P wave WSh S6m 2¥8s UT 11 June 16966
S wave missing
ra

000 miles weat of Quito

Infrasopic Report Urom doulider, Color:do

Acoustic wave reached Boulder at 0329 UT on 12 June.
(Origin of wave at Galapagos approximately 227%0 UT, 1730
local time on 11 Jurne). Stupendous expleosion in the mialti-
mega’ on range, with gravity woves in atmosphere ar.aving
about the same time as acoustic waves,

Periods gs long as 9 minutes awslituvdes may be 20-40
dynes/cm .

REFOUT Boston, lLiassgchuselts

Isakela Isdiand volcanic eruypiion. Yolcano eruptions have
caused corrth movemenhis of some marnitude and supterranean
rumnblingz. Blue and reod strealks visible in the shy for Len
miles. 2 small farms have been evacuated to beaches and
peocple will be evacdated from the 2sland. No casualties
but earth rumoblings and quakes acccaparaied hy occasional
explcsiong are cauning greal alarm. Local earthguske at
1600 hrs. local time on 12 June.

REPORT : Cormander, 713t Naval Zone of Ncusdor

Veolcano on bluve mountein on Santa Isabela erupted at
1e220%. Eruption terminated =arly morning hours with
dust cloud covering island between 40' - 4° S, Lst.
islund inhabitants re.ort sightirg small amount of red
and blue light. Volcane name sulphur,

REPORT 3 Forrest Neluon

"Heard zruplion for first time, ewen thourh the island is
75 miles away., Quilte a kit »nf lightining in the ervwtier
cleuds, A 1ot of Lipghtnirg. mo floames ccould he seen from
sanla Cruz, bul emoke seen pouring from area to the wost
and started srain later cor. Not sure which craver it came
from on fsabela, dbut it crme from the sovth end of Tamabela.
‘The nisht betfore last {12 June) there was quite o bit of
activity. There mey be & lava flow. There was a leve [lo.
on the se slopc: of Fernandina a Tew wecks agn ~-~ about
iwo or three weecks fgo. The lave flow was secu on Fernandina
from a ship at sea. This one may be banto Tomas, or it may
very well ¥e hlue ilocuntain.
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{observatior made irom Sapts Cruz Ioland, 75 milec fror
avent area).

BEPCKT 1 Mr. Rulf Dievers

eruption cloud was Tir.t observed a. 2. »C GMT ox 1 June.
Une large cho .k wao felt st approxipately JAC0 GMY seme cate,
intensily % Lo 4. Compass bearing of cruvrtion ecloud due west
fro=~ Academy Bay. Three of four addivional shecizs and audible
exirlosions followed at ten to filteen minuve Iatervials. Tuese
were lzgs severe than firsi shock.

keport from villa m.d on coutheastorn Isabola Island statves
crifor and ash has fallon ou town bat o nni yeb kEnow origine
There are otill mevement, o 1he »-lund. “hip beung sert fron
Guayaguil te pick up people fron isioad.

A Yava {Jow was obuarved coming down the souithrast siopes of
Fernnndina at Punta Parglde at 2100 GHMT on 1Y liny by the
Chilean shlp Navarino.

Darwin JStation party of four people inclucirs Hletion Dryector
Perry devarts tomorrnw nipht (56 June) tu «slend tou wnvestigote
damage to flovs aud fauna.”

LVLHY FPernunuina Volecanic Eraption
DATY GF OCCURSIICE 11 Juna 196H¢
SOO0CE OF RelORT Tanta Jrur Seisaic Station,
Galapas s lelands
RUCORTLR 20 IPACY Holf Sievers
DALY WHEIUCL kLOLLET 25 June %08
RO T Fe i lowinys receied from fant » Cruz cessric gtat-on at o319 GMY

rro 25 June 19uf. Duvwin 3 oation membere viLited Lhe cva of the
craber ol mroynoandino on 4 Jape ana voworbh the jollew.ng obe
s.rvations

¢ Ihe calders 13 collspsinm. fhere §o econtiauin. aubsrity c.od it F3 caugiupg
tiaes »in of the crater Lo breal, ,ovne 41 srorrd tre cvater Lne rim is
collaoring, c¢specially ne g «th stwtheost riwe ¢ 7 siroa shigss hevs
Leon felte "o Fod reat aiffacu’ty in stouding wp beeoun . of the coatinui, -
shorg. 1t wes net poscible Yo ree Lhe crater flocr becouse of heavy dus?
crewted by the thuirinds of tons of rozk teol warn bhreakirg »7ff the rin and
falling onto tne floor. fhere are platfores that nave Joo b oolen down ang
are coalinuany o break downe Tle platiorm on the o048 w3 'r 0. the awgt-r
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hae breken down. No lava flow was seen (a vicit was not made to the SE
of the vrater where a lava flow was seen by the chilean ship Navarino
last month).

There wuas no sigpn of fresh lavas snd no excessive heat was noted. There
was no light or glow at night. Strong tremors continue. We stayed on the
slopes of the volcano overnigit and could not stand upright because of
the strong shocke.

The whole island is covered to a varving extent with velcanic ssh. BExcept
for the inside of the crster, there has been no large damsge to the island
eco syntem'.

DATE OF OGCURINGE 11 June 1965

EGURCE UF REFORT Nicco Parades

REPORTER CONIACYT Sapia Cruz, Galapagoes Islends
DATE RYPORT REOE[LT 1 July 968

REFORT 3 Following report from a sallor, Nicw Parades who was anchored
at Urvinia Bay on 11 June 1868 and at «lizabetp Bay on 12 June

5

1063 snd observed the initial stoces of the wetivities

11 dune 1968 (from Urvina Bay)

"First suw a rising, drifting coluun ef swmoske coming out of Fernandina
crater. Then there wes & big blast with a dig swoke cloud. The underside
of the smoke cloud was pink as if it were refiecting lavas in the crater.
There was duszt on top of tho water alter the explosion'.

12 June 1968 {(from Elizabeth Puy)

"On the nurith gide of Cerro fzul over teo the sortlh slopes on Isabelln,
all the way over to Santa Thomes saw smoke coming from 70 different wtutﬁu
Smoke wag coming {row a hill northeasti of Samnte Thomas nzay Toritugsa Hay
ou the east side ol Issbela®l,

(Indications ave that the original repert of ackivitr on Isabels m2y be
valid and that tiere wan activitiy or both Fernerndinz and Isabelale.

DATE OF OCCURpNCE 11 dune 19568

SOURTE OF vepua® Santa Urun, Galavnagos fslands
REVORTEL CONTACT Dr, Thompas Sdukin, Smithsovien Institviion
DATE REPORT RECHRIPT 6 July 1908



REPORT The foellowing report was received by radio from Dy. Toa
Gimkin, from Academy Bay, Ssnta Cruz, Galapagos Islands,
at 23%15 EDT con 6 July 1965, after s fliight over the Fere
nandina volcano in a U.8. Air Force DC-6 flying ocut of
the Faname Cansl Zone. Ur. Sirkin was scucompanied by a
tean of six other scientists esnd cbservers and two UoSa
Air Force plotographers :

"Uireled the caldera for about 20 mirutes. 411 of the lower slopes were
ghseured by clouds but we hed s good overall view of the caldera. There
wae no volcanic activity at the time. There is & new cone on the north-
west seclor of the floor ol the calders and some smoke wes observed,
Most setive slumping took place on the norithwest aide of the floor which
wag covered with {resh debris. There is still considerable dust in the
caldera. There sppears to bz substantial subsidence of the itotal crater
floor, The swall centreal one and the luke are still there. ©f the two
gbservers in the plane who had previously besn in the caldera, one feltl
that there huad been a very substantial change,; the other felt thal there
had not been a significent change. Minor seismic activity continues.
ihere has not been a day without some seismic activity since the start
of the major sruption. We are now getting two or threg seismic eventis
cach daye. The cloud cover was guite extensive on Isabela. We obtained
good pheotegraphs of cerro azuvl caldera and noted no active volcanism.

We do not yet have positive confirmation that volcanism occurred si-
multanecusly on Fernandina and Isabela™,

(The expedition will cpend the next three to five weeks on Fernandina
Isliand mapping the changes resulting from the eruption activity and
recording effacte on the isiand ecosystem).
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GALAPACOS 1964

by

JeBe NELSON

Jordan International Biclogical

Station, Azrag. c¢/o Faculty of

Science, University of Jcrdan,
Amman.

This somewhat tardy account of our sea bird researches in the Gezla-
pagos at Leas. enjoss the benefil of reflection on the results | Here
L cannot do more than indicate Lhe scope of our interest and the gene-
ral nature of cur rindingse.

Apart from brief visits to a few other isliands, we spent ocur time
wholly on Tower (December 1963 to July 1964) and Hood {July to Novem-
ber 1564), sludying on tue furmer the Wiite and Ecd-~fuoted Boobies
( Sula dactylatra and $. sula), Lhe Great Frigate~tird (fregata minor)

nd the Swallow~tailed Gull {(Creagrus furcatus) ond on Hood the Bluee
fﬂoted Booby (S. nebouxii), the White Booby, and the Waved Albatross
(Diomedea irrorata). In all cases we tried hard to maintain an intim-
ate blend of ecology snd behaviour in our species-studies. Accounts
¢f tne behaviour of S, dactylatrs, S. sula and C. furcatus have alrcedy
appeare’ (1967a, 1968a, 1968b) and the scology of S. sula is due out
soon (19¢8¢). Similar accounts are in prenaration for the other species
and an interpretation aleng comparative lines is in press. Anybody
interested 4r the full picture i1s referred to these sources

Apart from the unexrectedly lerge populatica oi §e sula (estimsted
146,000 palrs) we were mosl interested to fird now precarivus was their
bread:ng success 'n the year of nur study. By daily chesks on a laige
number of nests from their first apovearance {(or before) until they came
to soms definublc erd, we establii hed basic lacts about their life his-
tory and =some oif the influcnces ietermining the natvre of their breading
regire.

First and foremost, we found that breeding succesn was low and that
even in succersful pairs, the wusiness of chick reazring wae lenglhy and
difficulta Apart from the large number of egge deserved or lost, and
the young that starved to deasth, there was smpie eviderce of the diffi-
crlt food situwalizn in the balting growth of young and their long fled-
ping and pest-fledging dependence periods. 1t wes, of course, inmpossible
to know how frsr this was 2 special copdit.on of the Galapages, or even
of 3964, but I sm now convincel, by comparat:ve work dore on Christmas



Island (Indian Ocean) and on the little published evidence availuble,
that conditions in the Galapages zre much more severe then in most of
the breeding range of f. sula and that 1964 was probadly not really
exceptional.

Analysis of our growth records revealed that when young were obvioug-
1y being hard hit by food shortage, the breeding activitiea of pairs in
the early stages (ie. making nests or incubatiung new egge) were sudden=
1y curtailed. The finer details of thig situation (Nelsoh 1968¢) suggest-
ed guite clearly that when food was relatively good, some birdes bsgan
breeding activities and when food was scaree, birds either did not come
into breeding condition or regressed from it. One obvious result of this
connection between itho appabently unpredictable (ie. eccurring mcre or
less st apy time of yeur) sonditions of feod shortage and of breeding,
is that 5. sula in the Galapages capnst show markedly seasonal breeding,
but muast be prepared to breed at diflerent iimes of year. By cornirast,
in meny other parte of its range, S. sula is a seasonal breeder, pre-
sumably timing its activitieg (o coincide with the most favourabl
HeRS0N

4 mmall but interesting diifference which we later found hetween S.o
sula from Calapagous and Christmae Island is that the former lays a
gignificantly larger emg, presumably of some adaptive importance in
enhancing the survival chances of the smell chick should it hatesn during
an unfavourable pericd fer food. By reason cof the relativsly poor Gala~
yagos feeding environment, the fledging period of £. suls there is wmuch
longer than on Chrietmes Isiznd.

S dav§33a4ru seemad not guile so hard bit as S. sula on Tower, though,
as elsewhere in its range, it always reduced its brond from twe to one
by sibling murder; the cldar evicting the younger. The two species
differed in foraging hatite, 5. dactylatra typically belng abseni from
the nest for much shorter parindm then S. sula, which is the most marked
exanmple of a far-forager in the Su lidae. . Nevertheless, the fledging and
pogi~fiedging feeding perinds of S, dacwg*at a were slightly longer in

Aret

the Gelapagos than on Ascension (Dorward 196z ).

The breeding season of S. dactyletra, though variable in the Colon,
is more seasonal than that of 5, sula, even wheve the twe species co-
exist on the same island. VWherzas 5. dactylatira appears te breed annual-
ly, successful pairs of 5, sula cannot ds so because each cyale takes
more thar 92 weeks: it breeds Less than gnpually, but more than bienni-
all:{'

With Se¢ nebouxii, on Hood Tsland, we ren into a most revsaling species
whose bio lﬁxy was in many ways a keg to that of the entire family. Lcolo-
. Blecally, Se rnehouvxii is unususl in that it alone, of the Gaiaxagos sulids,
raises more than one young. it also shows s shorter fisdging period than
5. sula or 5, dactyletra and a less than annual breeding cycle. This



relatively rapid breeding is assisted by the species' sexuval dimovphism
and thaix associated éimnr;hlc behavicur. Despits, a5 in 5. dactylatra,
an age difference of akout five days between first and second born ywvﬁﬁg
the two Live amicably until or unless serious food shortage oscurs, In
the early stages, the smsll male parent plys relatively rapidly bvack and
forth and when the young are large the femzle, who has also fed them from
the beginning, takes over almost complietely with her bulkier contributivrs.
In this way, one of the difficulties besetting the very small young of S.
sula and S, dactylatrs (long gaps between feeds) is obviated and hence
Two young “at this stage are not the disadventage they would be in the
other specics.

Un Hood Islend, iuncidentelly, we were fouriunate to record a period
during whieh food becnme extremely short and i? effect on the colony
of 3. nebouxi: was dramatic. OF thege peirs with twe youn(, none mansged
to keo} bolh eiive ard sven some giugle young died. All nest bullding,
vair forwation and laying wag temporarily susrended and resumed when
bperier conditions snsued.

Behaviopuralliy, we tried to

dessribe the entires reyervoirs of ritualis-
ed digplaye in the spesies we studis

p
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vdiad and alse to interpret them in terms
i abitset, density, etc.). There

of the species? total biclogy
are wany rituslised displaye, o cognigable derivatives, poBsess-
ed in common by all sulids, buil e also species specific bebsviour
patterns, as well ag Bpecies s : shasas and cmissieans. Many of
these can bes understood in O peelest tobal niology. The small,
agile ma]e 2. nebouxii, for 9wample, has wmwhasired twe distinctive
territorial dﬂs riays “wkich show off his briliiant blue feet - cne per=
formed in flight and one ss & ritunlised form of locomotien. Both S
nzbouxii and £. dactylatra spend much time defending their territorial
boundarics on fool and have evolved & series of ritusiised behavieur
patterns darived Irom or connected with locomotion. Un the other hand,

8. sula, in its \~%0rean ha¥itat, shows considersbly wodified behaviour.
The avolutionary aspect of comparative behavigur ghudies iz alec of
great interest, and the uulldae is on excellspt fawily an which to tirace
the wediiication of homologous behaviour pstterns due to dixrferent se-
Jection pressures, sone of which car e at least tsziotatively interpreted.

Frepata miner nests in good numbers on Tower, especially in the Uryptos
carvus nxraiu?mn" shrub at the head of Usrwin Rmym dore than 100 msried
nests were atuu1 intensively. Faerbaps our mosh mmyortant finding was

2
t e
%
&

that 1 “or breeds once every two vears, nob anuually (Neloon
196707, Tﬂﬂ incubaticn period, *Lvuflzu perioed and gzutract 4 poste

fiwdgxnﬁ dependenge of Juvrnlmws en thelr perents, e&2d uvp fe a breeding
nycele of more than 12 menths. lven more than S. zula, ¥, wminor forages

There wus heavy egg loss, largely due to
conspecific inteyr

sgway from the nest for lengihy periods and the average incubatien period
was 104 days {wexinum 10 days).

farence, pariicularly by uumatad males. Dexouse of the
noture of tne breeding cyele a male ﬁi minor mav, upon begiunuing his neyt

- JO -



breeding cycle gfter the recuperative phase, find anciher pair aiready
engaged in the later stages of their cycle on his nest site. Territory
ie thus relatively unimportaot in this species and indecd males 4o not
defend a tervitory until they have first obtained a mate. Thus palr

bhonds, too, ars notably impermanent and this may facilitate the inter-

o

ference which was 39 destructive to eggs and small young in Gt4.

It sBremed of special behavicural interest to look at Cresgrus fur-
catus with the well known studies of the Tirbergen School in mird end
see how this unusual gull fitted inte ihe Larid behaviour system. It
has, of course, a number of highly conspicuous riturlised posiures and
movements as well ss a unigue vocsbulsry and it does not srpparently i
neatly into either a hooded gull or srgentatus-type pigeoa hale, though
verhaps most affinities are with the latter. Home of ites tabaviouvr rew
sembles that of the Kittiweke (Rissa *ridacty (Neleon 1968b).

Miomedes irrorata on Hood Island wae studied Lor four woniths at
Punta Suarez. The display, or darce, was analysed Le detail and proved
to be a complex rviiual in which two phenumens were important: certain
movements were linked, oo thet in a displaying bird B always followed
4, and also certain movenments Ly one pariner strongly tended to elicit
& certain predictable response from the other, Analysed in thaese terms,
the diasrlay ssdms to cunsist of an ordered segience of aclivities re-
peated mway and ‘over fup s variable but oftsn sxieonsive period.

From recapbturing birds riosged by Bayumond LévBous, we worked emt thatl
mest recoveries suggested a biennial breeding cycls. We obtained good
data on ithe growth of the young.

A1) these dispiays ipn 211 the species mrzulioned were sutersively

filmed and the edlteﬁ colotr i ith gummentary, is now availatle,

ither for a copy or for hire, ¢h the Eritish ¥ Tastitute. A
gemi-popular ascount of the work iz in "Galapages @ Islands of Birde",
published by Longmans, Green in 1968,

fte
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SOME OBSERVATIONS CN THE “FOUR-EYERY BLENKY GF THE GALAPAGOS

ISLANDS, Bialommus fuscug (Pisces : Clinidae)

by

Eberhard CURIC

Soaet

Bochum, Deutschland

Yuripg my cne-year stay ir the Galawvapes Islands (ef. CVdI0 1963, Now
ticias de Galepagos Hou.Zy, p. 171~12) 1 became interested irn the eco~ethu-
logy of a strenge and endemic clinid fish, Dizlommus fuscus, inhabiting
the rocky ahores. The resscn for this was two-fold : the uviquencss of
the structure of the eye and the amphidious habits ol the animal. 4 few
facts will be reported here that suggest a functional explanation for
the singular 2zye. At the same {ime thisz new information will confirm or
correct earlier obaservations. VWhile a study of the histoleogy of the eye
is still in progress, wmy comments here are directed only te the gross -
morphology of the cornea.

The vernaculsr name "four-eyved blenny” is derived from an anatomical
foature of the visible part of the eye., one found in no other fish. By
the time Dialeommus is cld encugh to leave the water for a couple of
hours each day, the cornea of the eye has become divided into an antericr
and a pesteriecr half by & narrow strand of pigment cells running across
it (fig. 1a). This dark brown band of pigment suts the frontal plane of
the animal nearly vertically; it widensg to sglightly more than one mm.
where if merges into the pigmentation of the skin at the upper and the
lower rim of the eye. The shape of the irie iz elliptic. The divigion of
the cornea is ¢ifferently oriented than in the famous four~eyed poecili-
oid fish of the Amazon River, Anables tetrophthrlmus {fnablcpidae), who-
se eyes are divided by & horizontal bar of pigment on the cornea, i.e.
into a dorsal and into a ventral zone. Moresover, a corresponding division
is shown by the iris, giving rise to two pupils. Thus in hnables the
border line of the two eye inlves runs psrallel o the frontal plane.

5till more peculiar than the bipartition oI the cornea in Lialommus
iz its shape. The band of pigment lies in a nearly veriical corneal
ridge in which the anterior and the posterior half ol the corrnes merge

1) The writer is most grateful to Dr, G.W. BARLOW (RBerkeley) for the
improvement of the knglisb text.



Fig.

1. Head of adolescent Dialommus fuscus of 30 mm. body length a.
from the side, b, from above. Cross-hatching indicates the
sloying of the corneel plains in a. and in b. right eye;
stippled area symbolizes larger pigment cells on the ridged
cornea and the surrounding eye socckei.



into one another. The two halves of the cornea sre gach entirely flat

as far as they are visible within the skin "socket" of the eye bail in
the normal resting position of the eye. In the vertical pigmented ridge
these itwo cornegal plains meet at nearly a right angle, which can be seen
if one views the fish from above (fig. 1b). The visible part of the cor=-
nea, locked at from the side of the body, has the shape of a lying ellip-
se, which-is tilted slightly dowrn toward the front. The two plains form~
ing that vigible part of the corvea correspond to twoc halves of an ellip-
se, the short axis of which is identical with the already mentioned pige-
mented corneal ridge.

As iz well known, the horizontal division of the eye in Anables of
the Amazon, affects nol only the cornea btut also the iris, the lens, and
the retina. This is in gocd accord with the fact that Anables stays at
the water surface. The "upper eye" views objects, for instance enemies,
above the surface while the "lower eye", which is submerged, walches tho-
se undexr water. In contrast, the shape of the pupil in Dialommus is rocugh-
ly elliptic as is the divided coruaen. The iris of itz eye is beautifully
coloured with concentric zones of blue, red, and black. As mentioned, it
does not reflect the division of thi oornea. Whether this is also true
of the retina remains te be determined. & seriss of fixated eyes, both
enucleated and in situ, of sll age clases, awaits histological examina-
tione

When Dialommus is killed in formaldehyde the corneal ridge collapses
within & few secondés. The eye icoks then like any ordinary ilsh aye,
except for its pigment band. This is why earlier writers have overiocoke
ed the ridged architecture of the eye, which adds so substantially te
its uniquéness.

The peculiar features of the Dialommus eye arovsed such intense inte-
rest in the life history of the fish that writers, lacking informatien,
substituted speculation for facts. By analogy with the anatomy ol the
eye of Anables some of them were inspired to describe and even to depict (1}
details of the normal position of Dialommus when in the waler which ne
man could ever have observed. There is for Lnﬂtanoe, an imaginative
illustration in a textbook on the ecology of fishes showing Dialommus
"hanging' with its head at the water surface of a tide-pool with the
srout protruding. The water line coincides with the "line" dividing
the eye so that the anterior eye is above water, the postericr below.

If the eye of Apsbles were rotated $0°, one would expect the resulting
fish te s*tand on ite tail wiith one half of the eye in the air. However,
nothing could be farther away from the truth !

Another peculisr feature of Dialommus is its locomotion which can be
functionally understcod in terms of its amphibicus way of life. There
are three modes of locomotion, one when at the bottom {(rarely at the
surface in tide pools), one when climbing on the rocks abave the water
surface, and finally one when f{leeing frowm ons rock to another. (lhese
rocks are usually separated by a body of calmer water, e.it. behind the
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lava boulders that interupt the impetus of the incoming breakers).

Like other clinids and blennies Dialommus lacks a swimbladder and
is therefore unable to stay at the water surface without continuous
movenente. Most of the time Dielommus is in the coastal water where
it is shallow and the substrate rocky; or, it rests meinly in tide- .
pools with its pelvic fins on the bottom. Here it moves around, like
so many of the blennies and gobies, by synchronous flicks of the pec-
teral fins, assisted by lateral undulations of the body and, in gene~
ral, the tail fin.

Jumping out of the water is inconspicucus because the fish rides
up in a swell as it dashes onto the rocks. With astounding skill Dia-
lommus then crawls into one of the innumerable little crevices or cran-
nies on the surface of the lava boulders. There it blends into the dark
brown rocks by virtue of its cryptic colouration. If such a lair is
found to be urnsuitable the fish heads for the next one by guick and
effective tail beats, always remeining in the wet zone of the splashe
ing surf. In its temporary resting hole, Dialommus is well protected
from the pounding surf that racec over it because it coils snugly into
its lair. After some time the fish returns to the water in the runoiff
of the surf, sliding down the rock before the next breaker rushes in,
and using the same tail flicks by which it came up.

If an enemy, e.g. a wader or a human, approaches a four-eyed blenny
out of the water, it shows a certain tendency to remain there. Either
it moves into another crevice and fixates the intruder. If pressed too
hard, however, it flees by means of altermate tail movements across the
nearest water surface and jumps up onto the next rock, hiding immedia-
tely in a new lair. With these tail bzats it skims over the water much
like a flying fish. However, this functional similarity does not go too
far since Dialommus never employs these tail movements to dart out ol
the water for a ride through the air (eee above).

No one knows why the four-eyed blenny leaves the water regularly. It
feeds on small crustaceans, e.g. brachyuran larvae, amphipods, and cope-
pods on the bottom of shallow bodies of water such as oceur in tide
pools. It also feeds when resting on, or crawling over, wet rocks. lMore-
over, in horizontal crevices typical of the shore on Abingdon Island the
four-syed blenny snaps tiny flies (Nocticanace galapagensis) from the
rocky ceiling over-head. Here it may snap its prey out of tiny pools
sometimes not larger than one cm”. Bvidently Dialommus is the only fish
that locates and lunges at prey (its head is very mobile) from the air
into the water.

Thus Dialommus feeds buth under and over water. 8Since the great majo-
rity of ites prey is living an the water the reason Inr the amphibious
hebit of life is far from clear. There are hints, however, that the
unique structure of the eye might be related in some way to this spe-~
cialised way of life. For, first of all, young fish of up to 13 mm.
body length stay in the water, and they lack the pigmented and ridged
cornea. The young fish leave the water for the firat time when they
are about 26 mmm. long; it is in this age that the cornea begins to
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become ridged and pigmented in the way described above. ¥From then on,
all stages up to full-grown fish (12 em. lengih) show the same pocue
liarly shaped cornea.

Se2cond, in the coastal waters of Panama there is another clinid,
Mnierpes macrocephalueg, which shows a similarly structured eye as
Dialommus and again has an amphibious habit of life (ROSENBLATYT in
Jitt.). While the evidence presented so far merely correlates eye
structure and behaviour, and thus is only suggsstive, it might guide
further experimental work into the right direction. The faci that there
are other amphibious fishes from very diverse families (e.g. CGobiidae,
Qobiesocidae, Periophthuimidae) that do net exhibit coemparable pepu=
liarities of their eyus does uot necessarily preciude the possibility
of understanding the eye structure of Dislompus in terms of its beha-
viour., Howsver, this must he resolved by further werk.
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Introduction. During the academic year 19€5-66, a project was under=-
taken to study the naturally occurring populations of Opuntia (Cactaceae)
of conastal Ecuador and the Galapagos Islands. We wished to determine if
morphelogical and chemical analysis could indicate if the island plants
had migrated froum coastal Ecuador and whether any of the ancestral stock
stilld remained on the mainland. Support and cooperation for this invest~
igation were provided by the National Science Foundation {grant GB-4295),
the Fulbright Commissicon of Ecuador, the Charles Darwin Foundation for
the Galapagos Islands, and the Instituto Nacional de Pesca del Ecuador.
As the coast of Ecuador is the closest portion of the South American
mainland to the Galapsgos Islands and is along the path of the Humboldt
Current as it sweeps northward apd thence westward to the islands, we
felt that the prickly-pear cacti of the c¢oast anight show a relationship
to the island sypecies if there had been rafting to the archipelago in
the fairly recent geological past. This paper is the result of ocur in-
vestigations to date, and from the data we can draw some tentative con~
clusions.

Morphoiogy. The opuntias »f coastal Ecuador. Field studies indicate
nelanosperma Svenson, with ;gfigw flowers and fleshy fruits, cccurs on
the Santa LElens peninsula in Guayas province and northward into the pro=-
vince of Manabi. It tolerates several seoil types and is even found grows
ing on the beaches near Manglaralto. It is highly variable as to spina~
tion and havit of growth; some poyulations, in fact, have arborescent
individuals with disgtinct trunks whereas others consist of sprawling
individuals rarely reaching a meter in height. The second species, O.

AR,
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northern Peruvian coest, barsly getting into Ecuador near Huaquillss.
This species is low growing, has rounded stem joints, green fleshy fruits,
and orange flowers. The spipation and habit of growth are not highly va-
riable.

The opurtias of the Gaispngos Islands. Of the seven putative species
described by Dewscn (1962, 1905), only five have heen dealt with thus far
in this study. We found that morphological differences are often subtile
despite the fact that several specics have become arboreal and have de-
veloped a proncunced dimorphism of spines. Appsrently the adaptive ra-
diation of the genus has not yet proceeded far enough to produce clear-
cut taxa at the species level. Dawson (1965) suggested that there are
two main evolutionary lines : (1) the Qpuniia zacan» line which includes
Q. zacana Fowell and Q. echios Howell, =and (@) the Upuntia helleri line

which hss the remaining five species of Galapagoes opuntias.

The five spscies inciuded in this investigstion are characterived
morphologically ag follows

1s 0. zagana, found only on liorth Jdeymour isiand, is shrubuy, has
large frults, and pogsassws bristly spines of nearly ecual length.

2o Qo echion is arboreal and with & well daveloped trunk. it is
composed of five varieties, has large fruits, glochids, dimorphic spines,
and pendulous or drooping branches. It occurs on Daphne Major, Indefatie
gable, South Seymouvr, Plaza, Barrington, and Albemarle Islands.

e Oo helleri K. Sch. is possibly the other basic type from which the
other island species of Pynatia arose. It occurs only on the northern
islands of the archipelago and ims characterized by having heiriaspines
of variable length, small fruiits, and & clambering or vprostrate habit
of prowth.

be O, megasperma Howell consisis of wmassive pleants with very larze
flowers, fruits, ard seeds. It includes two or passibly three varieties
and occurs on Charles, Hood, and Chathem Islands.

5. ©. galapegeia llensl. is eimilar to Q. megaspoerma in growth habit,
but has smaller fruits and widely sepsr:ited arcoles. Both species have
dimorphic spires, however, lhe two varieties cof O, galapageia occur on
Abingdon, James, Bartholomew, Jervis, sxd Duncen Islands.

Two other species of Opuntia, O, insularis Stewart and 0, saxicola
Howell, occur on the scuthern islands. Material of these species “has
only recently been obtained s0 these taxa have not yet been included
in the study.

Morphological indices of relationship were determined betweor all
populatiocns collected. These indices were calculated by making measurg-
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ments of vegatative vparts irecluding spine and glcohid charscteristics,
length and width of stem juints, distance between arsoles, and arwole
diameters. Flower and fruit measurements were available in only a few
collections, so they were not used for comparison. The wean and standard
deviation were calculated for each measurement, and then the measurementis
from each collection were compared with those of the other collections.
The number of mezns from one collection that fell within the standard
deviation of the other collection were counted. If all measurements
matched, the morphological index of relationship (M.I.K.) would bte 100.

In analyzing the Bcuadorian coastal populations, the M.I.R.'s between
coliections of Q. melanosperma and O. machridei were from 40 to 55. With-
in each taxon the range was from A0 ta Sk,

In the O, zacana line of the Galapapos populations the Me.l.R.'s be-
tween collections of Q¢ zacana and U, echios were from 50-59. Within C.
echios the range was from YO To G2. As there was only cone pevulation of

Q. zmacena, no compesrison could be made within the species.

The M.l lo's between the scveral species af the O, helleri line were
in the 60fs and below. Within each suecies in this Tine the foLJow¢n@
rangzs ware determined : (1) O. helleri = 70-84; (2) O, galavageis =

pol P TS Ys BELE

68-94; and (3) 0. negasperma = 7c=06.

In comparing Bevadorian collections %o Galapagos collectione the
morphological indices of relationship were all below 50. It is evident
that morphology deszz not indicate a closs rslationship of the coastal
and island cpuntias.

- Chemistiry. Pmlyphenclic subsgtances were chosen for study as they are

pood indirators of relationshins., These chemicals show a relsatively sta-
ble and cousistent disitribuiion Irom one plant to ancther and often de-

monstiate species specificity. Generally speasing, the mere closely re-

lated twe species are, the more similar their polyvhenclic make-up will

be.

For extraction of these chemicals, {ive to seven stem joints from
each collection were washed, sliced, dried at 55° C and ground into a
powder through a mill. The powdsr wos wasbed in chioroform, filtered,
dried and extragted in ¥ hydrochlovic acid in methanol v/v. The ex-
tract wes evaporated Lo dryness and redissclved in the adidified metha-
nol solvent 1:J v/v. Two~dimensional Whatman # 1 papers were cpottied
and developed in n~butancliacetic scidswater solvent 6:1:2 for the
first dimension and 2% acetic acid for the second diwension. Spots
were lccated under ulira-viclet light in awmonium hydrowide vapcrm.
Tasy were thoen sprayed with 1% diphenyl boric acid fS-amino ethyl ester
in methanol and viewed again under uitra-violet lipght. £11 ﬁpots were
identified by assigning them numbers.



Chemical indices of relationshin {C.T.R.)} were determined hetween
all populations cellected. The calculations were made by dividing the
number of matched spots in two chromatograms by the total rnuwber of
spots in the two chromatograms, and multiplying the guotient by 10U,
If all the spots match in comparing twe chromstograms, the CT.l.R.
equals 100,

Awong the 11 collections from cosstal Ecuedor a total of 59 diffe-
rent spots were counted, of which 13 occurred in all 11 collections.
The C.Il.He%s between collectlanu of O. melancsperma and 0. macbridei
wire between 36-45., Within each taxon the range was from 67 to 78.

In the chemical anslyses of the 2% collections from the various
islands of the Galapagos Archipslago, a total of %6 different spots
were counted, and only % were found in all collecticns. The C,I.R.'s
between collecticns of Q. zacana and {. echios were from 5 to 61,
Wit h1n echios the spectrum was martxculari wide, ranging from

ke
e ovass

¢
kS to 79.

Dawson (196%5) described the populatiosn of 0. achics on Daphne Hajor
as consisting of retrogressive variasnts as thﬁw are prestrate to grect
in habit. The erect form C.I.R. to 0. zacana is 61, wheress the prosg-
traue ferm C,1.R. to U. zacana is V- fhe twe forms to each other have

ColeRa of 79, The O. echios population oa nearby Baltra Island has a
C I.R. of 67 to the erect form and a C.I.R. of 64 tn the prostrate form.
If €. zacana could be considered the ancestral stock to U. echios, then,
sccording to the chemical evidence, the prostrate form of 0. echios i
more advanced and apparently developed frowm the erect form.

In the U. bhelleri line, Q. helleri showed consistently hnigh C.I1.R."?
particularly Letween the Cu;pepner and Wenman Island collections, gud
vetween these collactions and those from Bindloe Island. The Cal.Re

range was from 67-02. in comparing the Hindlme Island collections with
those fram Tower lsland, however, there was a drop in the C.I.H. to 55.
Within the species O, galapageia the range was quite narrow, from 56 to
65, wh;le the range within O. meegmmﬁrma was wide, from 50 to 70. Most

of the Col.lle’s between the species in the 0. belleri line were between
45 and 55. Opuntia ga Lap&gﬂia Vars macrocarpa from Duncan feland, descri=-
ted by Dawson (190%) as veing intermediste in ovolution from Q. helleri
through O, galapageia to Q& negasperma, had 2 CJl.R. to Q. hﬁilf“l Tof

63 and to b. megasperma of 62. Ihe C.l.l. between Qo heJLerl ‘of Eindloe
Island end the 0. megasTterna of Chatham Islend was only 45. In comparing
ehromatograms from these three species a hipgh dersree of chemicol summa~
tion was seen; de., many of the spots unique to U, §3¢19r1 and many of
the spots unigque to 0. mepasperma made up the mojority of the syots

found on the chromatograms of O. galepageia ver. macrocarpa. This lends
support to Dawson's thesis.

In analyzing chromatopgrams Trom both Beuadorian and Galapagos collec-
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tions, a total of 102 differeul spots were counted. Eight spcis were
present in all collections, leaving 94 significant spols for taxcnomic
consideration. Of ihese spotsc 35 occurred in some collections from both
Ecuador and the islands. In comparing chromategrams between coastel and
islend collections, the range of chemical indices of relationship was
from 18 to 37, the lowest being between O. megasperma and £. melanosperma
and the highest being between O, helleri and O, macbridei.

In conclusion, morphological and chemical analyses do not seem to
gupport the hypothesis that the CGalapagos Island plants had migrated
from coastal Ecuador. Thuse analyses, however, do sugpport Dawscn's
clazsification and lend evidence to his prcposed lines of evolution
among the Galapagus opuntias. Fither sufficient time nas passed siuce
their migration to vermit extensive morrhological and chemical changes,
or the nearest relstives end/or ancestral stock may be withiu the Andes
Mountains or farther to the gouth along coasyal Peru.

DAWSON, E.Y. 1962. Cacti of the Galapages Islands and of ¢castal Ecuador.
Cact. Succe J. 34 § 67-74, 99105,

DAWSON, E,Y. 1965. Further studies o Opurtia in the Galapagns Archipe-
lage. Cact. Succs Je 37 3 135-145.
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FPhoto 1.= Opuntiz helleri on Bindloe Islond

Photo 2.~ Qpuntia galenareia on Jervis Island

Photo 3.- Opuntia melanosp:rra Svenson

Photo 4.~ Opuntia galapegeia var. mecrocar;a
on Unurcan island.
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France.
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Institution, U.S. National Museum, Washingten, D.C.2056C, U.S.A.
Membres du Conseil exécutif : MM, Jean-G. Bazer (Neuch&tel), Cristobal
Bonifaz Jijon (Quito), Frangois Bourlieére (Paris), harold J. Coolidge
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Buts et objectifs de la Fondation Charles Darwin pour les Galapages
(Art.2 des Statuts, Bruxelles, 25 juillet 1959).

L'Associntion est chargée de l'organisation et de la gestion de la
Station de recherches "Charles Darwin', dont le gouvernement de la Répu-
blique de 1'Ecuador a autorisé l'établissement dans lfarchipel des Gala-
pagos & l'occasion du centenaire de l'énoncé de la doctrine de 1l'évolu-
tion (18586~1958).

L'Association propose aux autorités compétentes toutes mesures pro-
pres & assurer, dans l'archipel des Galapsgos et dans les mers qui l'en-
tourent, la conservation du sol, de la flore et de la faune, et la sauve«
parde de la vie sauvage et de son milien naturel. Blla arr8te le programe
me de recherches de la Station biologique et la charge de toutes études
scientifigues en rappert avec les objets ci-dessus.

Elle recueille et pére les fonds dectinés au fonctionnement de la
Station et & la promotion des recherches qui y ont leur base.

L'Asgociation veille & la diffusion, par tous woyens appropriés, du
s T Y, P '

résultat des travaux de la Station et de toutes informations scientifi-
ques relatives aux réserves naturelles.
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