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Delegation of the Ministry of Finance tours Galapagos. 

NOAA team and CDRS personnel install mareographs and other marine equipment 
around the islands. 

Ab. Jaime Roldos visits CDRS on his presidential election campaign. 

Thomas E. Emmel, U. of Gainesville, visits CDRS. 

Dr. Carleton Smith, Awards Institution, visits CDRS. 

Prof. Charles Remington, Yale Univ., studying Galapagos insects. 

Dr. T. de Vries and wife to continue their hawk studies. 

Dr Minard Hall and Hugo Yepez, Quito Polytechnic, to continue study of Espanola 
Geology. 

Galapagos is proclaimed a WORLD NATURAL HERITAGE by the Director General of 
UNESCO, Mr. Amadeo Mantar-M'Bow, and the Minister of Education, General 
Fernando Dobronsky Ojeda. 

Naturalist Guide Course. 

Fritz and Inka Trillmich, Max-Planck Institute to continue study of Sea Lions and Fur 
Seals. 

Michael Konecny, U. of Florida starts Feral Cats study 

Daniel Clapp, sculptor, visits CDRS to sketch tortoises for bronze statue for San Diego Zoo. 

Lecture by Dagmar Werner on concluding her 3-year study of Land Iguanas. 

Prof. SyulO Itow, Nagasaki Univ., Japan, continued study of plant ecology. 

Drs. Peter Castro and :Michael Huber, Smithsonian Tropical Research Institute -
collecting Galapagos Mollusks. 

Drs. Herbert and Briggite Biebach, Dominique Limberger and Michael Taborsky arrive to 
work with Dr Trillmich. 

Dr. David Houston, Univ. of Glasgow, visits CDRS. 

Dr Jerry Barnard, Smithsonian Institution, visits CDRS. 

Drs. Deborah and David Clark - continued study of black rats. 

Dr. Oswaldo Hurtado, Vice-President of the Republic and party arrive for the 20th 
anniversary of the COF. 

Admirals Raul Sorrosa, Mario Jaramillo, Carlos Flores; Sr. Eduardo Hana Najera, 
SENDlP; and Ab. Jaime Hurtado visit CDRS. 

Dr Eileen Schofield, New York Botanical Garden, visits CDRS. 

Juan Carlos Matheus and Andrea Mantilla - collection of molluscs for Natural History 
Museum, Quito. 

Prof. Amotz Zahavi, U. of Tel-Aviv - Colour patterns of Finches . 

Volcan Chico on Isabela, erupts. Patricio Ramon, CDRS and F. Cepeda, GNPS, observe 
the eruption. 

NOAA group to continue observations and install more mareographs. 

International Seminar on National Parks begins. 

NOAA team with CDRS and GNPS personnel check mareographs around the isJands. 

Trevor Price (Peter Grant group) continues long term study of Darwin's finches. 

Merrit McGahan, U. of New Mexico, visits CDRS. 
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GALAPAGOS ISLANDS SYMPOSIUM 

By the kind invitation of Dr George E. Lindsay, the Director of the California Academy of 
Sciences, a Galapagos Symposium was held on Apn'16- 7 in the Morrison Auditorium in Golden 
Gate Park, San Francisco, under the joint auspices of the Academy and lhe Charles DarwiJl 
Foundation. The meetiTigs, organized by Dr Jolm F. McCosker, were open to the public and a 
long series of distinguished speakers addressed large audiences 011 conservation problems and 
scientific research in the Galapagos. Many lectures were illustrated. As the symposium occupied 
four sessions on two days, there is no space to print the proceedings in full in NQlicias but 
several speakers have kindly produced summaries of their contributions. 

WHY WE NEED THE GALAPAGOS, by Peter Kramer 

This 20th anniversary of the Galapagos National Park and the Charles Darwin Foundation is 
a proper occasion to fe-examine our purpose and to reconsider the justification for setting 
aside nine-tenths o f the archipelago for conservation and scientific research. 

There arc good reasons. First , these islands and the seas around them make a notable contri­
bution to the diversity of species because of their peculiar geographic situat ion and 
evolutionary history and because, in spite of two centuries of degradation, they are still close 
to being a product of natural evolution. There is such a high degree of endemism that the 
Galapagos have been given the status of a separate Biogeographical Province with in the 
Neotropic Realm. Indeed, it would be logical to declare the archipelago and its surround ing 
waters as one of Unesco's world network of Biosphere Reserves. 

TOrtoise Rearing House at the Darwin Research Station: 
Designed and photographed by Rolf Sievers 
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Next we should consider the value of the Galapagos land and sea areas as a scientific resource. 
Oceanic islands provide particularly valuable examples of adaptive radiation arid speciation ; 
so the fact that there is no other archipelago at the same time as extensive, as isolated and as 
undisturbed by man makes the Galapagos of universal significance for evolutionary research. 
For these reasons the highest priority should be given to the preservation of the archipelago's 
diversity of species and its unique ecosystems, so important in an age when increasingly 
industrialized societies are causing a dangerous levelling-out of ecological diversity. 

Scientifically, it would be of interest to study how the organisms introduced by man are 
adapting to Galapagos condi tions, but this raises two prob lems. By these introductions man 
has interfered with the very quality - oceanic isolation - which has made and stiU makes the 
Galapagos what they are. If they lose that, they lose their distinctive attribute of being "a 
nursery of new species" as Darwin put it. The other problem is that , on the record, all 
mammals hitherto introduced by man - rats, pigs, cats, dogs, goats - have tended to ex ter­
minatc indigenous spccies of flora or fauna and in some cases have already done so. The 
threat is so great that it has been necessary to take giant tortoises and, more recently, land 
iguanas into protective custody and breed them in captivity in order to save them from 
extinction. If the goats had been left to multiply on Plaza, Santa Fe, Hood, Marchena and 
Pinta, both the vegetation and the depe ndant fauna would have suffered irreversible damage. 
The preservation of the native species depends on the early eradication of the harm ful 
introduced species and the enforcement of rigorous controls to prevent the introduction of 
further dangerous organisms. 

There are o ther fields of research where the Galapagos have much to contribute. The islands 
are among the world 's most active volcanic groups and their setti ng is important in the global 
tectonic framework . They could also playa key role in local and world-wide environmental 
monitoring - meteorological, geophysical and pollution monitoring. 

You may be wondering how I have got so far without specifically dealing with the value of 
the islands from the educational and touristic points o f view. This is because I cannot really 
separate the two, either from one another or from the scientific values. I suspect that those 
who can are either scientists who feel that no tourists at all should be allowed to invade " their" 
islands or promoters who want the sea li ons on the beach but a hotel and swimming pool 
right behind it and perhaps a sporting golf course with giant tortoises lumbering across the 
fairway. . 

Basically it is the scientific interest that brings tourists and students as well as scientists to the 
Galapagos. There are thousands of more beauti fu l beaches elsewhere (including mainland 
Ecuador) and a lot of science can be done much better in more accessible places; but there is 
no place on earth where concepts of speciation, adaptive radiation and organic evolution can 
be more effectively studied, understood, interpreted and taught. And these concepts are of 
importance to all men. Because of this I should like to take this opportunity to propose to 
the Government and to the Man and the Biosphere National Committee of Ecuador that they 
apply for Biosphere Reserve status for the Galapagos Archipelago, including the surrounding 
waters. 

Furthermore, I would urge scientists and supporting institutions in Europe and North 
America to help the Darwin Foundation to intensify its effort s, by scholarships, teaching 
courses and publications, to make the Galapagos more available to citizens of Ecuador, be 
they scientists, students or others who just want to see, read and understand. This is not 
merely because a strong scientifi c establishment and an informed and sympathetic public is the 
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best guarantee for conservation, but because of my deep concern that Ecuadoreans should 
know more about their fabulous island possession. Because the Galapagos Islands are quite 
literally unique and their scientific importance is beyond reasonable question and would st ill 
be so if Charl es Darwin had never gone near them. 

GALAPAGOS SINCE 18K 

by Paul A. Colinvaux 

The Galapagos Islands at 18,000 years before present ( 18K) have been shown to have had a 
drier climate than at present. It is likely that rain was absent from the highlands in most years 
and that ground cover may have been less complete as well. The modern, comparatively moist, 
climate has persisted for the last 10,000 years without serious interrup tion. In glacial times, 
therefore, all parts of the larger islands were desert. The modern wet highlands have been in 
existence only 10,000 years but the deserts have lasted perhaps from the fonnation of the 
Archipelago more than a million years ago. It is known that there is a very much higher species 
richness of plants in Galapagos desert communities than in the moist communities of the 
highlands. Raven has argued that this pattern results because the deserts are older and have had 
more time to collect species. This hypothesis can be examined by the foss il record provided 
by plant pollen in sed imen ts. This pollen record can also be used to test general predictions 
of the theory of island biogeography. Pollen histories are available fo r all the last 10,000 
years at high elevations and for a time which predated the ice-age drought . The pollen record 
suggests that colonization of the wet highlands proceeds very rapidly and may be complete 
within 1,000 years of climatic change. Thereafter vegetation is stable. Within the resolution 
of the pollen record, no pattern of persistant extinc tion and invasion as predicted by the 
theory of island biogeography can be seen. It is argued that the ability of vegetation to achieve 
complete cover over a moist habitat perpetually frustra tes further invasion. The species list 
in the wet islands, therefore, is set, not as a species equilibrium, but when further invasion is 
made highly unlikely. This mechanism would not apply in desert habitats where cover is 
never complete. It is argued, therefore, that Raven's observation of more species in the deserts 
reflects not so much the antiquity of desert sites as the incompleteness of cover there which 
makes possible continued immigration. 

THE VEGETATION TYPES OF SANTA CRUZ AND ALCEDO 

by Henk van der Werff 

The environmental factors, which influence the vegetation most strongly on the Galapagos 
Islands are precipitation and soil. Generally, speaking, precipitation increases along the 
windward slopes of the islands due to condensation in the uplifted air. Only the peaks of the 
highest volcanoes, for example Wolf and Cerro Azul, do not receive this condensation and are 
as dry as the coastal areas. 

As precipitation influences the weathering of the parent rock, one finds a soil gradient ranging 
from very shallow soils in the coastal areas to soils several meters thick in the wet uplands. 
nowever, the soil gradient may be poorly developed on young volcanoes where not enough 
time has passed for weathering, regardl ess of the amount of precipitation. 

My work on the Galapagos was aimed at the description of the vegetation types occurring on 
Sta. Cruz, an older island with well-developed soil, and Alcedo, a younger volcano with a 
poorly developed soil. 
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On the southern slope of Sta. Cruz one encounters the following vegetation types going from 
the coast to the summit: 

A. A 'Littoral Zone'. The 'Littoral Zone' is neither floristically nor structurally 
homogeneous. Since it occupies only a small area and is generally poorly developed, no attempt 
has been made to divide the 'Littoral Zone' into homogeneous units. 

3. The 'Bursera Vegetation', characterized as a deciduous forest dominated by Bursera 
graveolens. This vegetation type makes a very xeromorphic impression : Opuntio and lasminocereus 
are common, the herb layer is green only during a short period following the rains and shrubs have 
generally small leaves, which are eitller densely hairy or sc1erophyllous. 

C. The 'Transition Vegetation', a semi-deciduous forest composed ofthe three 'P' species: 
Pisonia fioribunda, Piscidia carthagenensis and Psidium ga/apageium. Xerophytic adaptations are 
largely absent and epiphytes (mostly lichens, mosses and ferns) are more numerous. The shrub 
layer is dense and the most common species have long, slender, intertwining branches. A floristic 
analysis indicates that the 'Transition Vegetation' does not occupy an intermediate position 
between the drier '.Bursera Vegetation' and the wetter 'ScaJesia pedunculata Vegetation', but that 
it is much more closely related to the 'Scalesia pedunculllta Vegetation' than to the 'Bursera 
Vegetation' . 

D. The 'Scalesfil pedunculata Vegetation', a closed evergreen forest which consists almost 
entirely of Scalesia pedunculata. Epiphytes (mostly mosses, ferns and orchids) are common, the 
shrub layer is open, and terrestrial ferns are larger than in the 'Transition Vegetation'. The 
'Scalesfil pedunculata Vegetation' is structurally homogeneous, but floristically it consists of two 
types: one drier and found at lower elevations (around the Caseta, for instance), the other one 
wetter and found at higher elevations. Little remains of the wet type on the southern slope of 
Sta. Cruz due to colonization , but large stands are still found on the northern and eastern slopes. 

E. The 'Brown Vegetation', an open evergreen forest, in which the most common tree species 
are Zanthoxylum jagara and Tournefortia pubescens. The shrub layer is very dense where gaps 
occur in the canopy layer; epiphytes are common. Large masses of dark brown liverworts 
(FrulJania spp.) have given this vegetation type its name, which is however misleading as equally 
large masses of Frullllnia spp. are found in the 'Transition Vegetation'. T.he 'Br(.wn Vegetation' 
is rare on Sta. Cruz ; the area once covered by this vegetation type is now cultivated and only 
small fragments remain untouched. 

F. The 'Miconia Vegetation', a closed scrub composed of /lliconia robinsoniana. Large 
epiphytes, such as ferns and orchids are rare, but the epiphytic moss and liverwort flora is 
richer than found in any other vegetation type in the Galapagos. Terrestrial ferns are also very 
common ; out of 45 species occurring in 3 or more of ten releves of 'Micollia Vegetation', 26 
are ferns and 19 non-ferns (monocots and dicots). 

Unfortunately, most of the 'Miconfil Vegetation' is found on privately owned land and is being 
rapidly cut down and replaced by pasture land. 

G. The 'Pampa Vegetation ', an herbaceous vegetation found on the windward upper 
slopes of Sta. Cruz. There is no doubt that man's activity (burning and cutting of the 'Miconfil 
Vegetation') has greatly expanded the range of the 'Pampa Vegetation' , but this does not 
imply that this vegetation type is entirely man-made. 
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The main difference between the vegetation types on the northern and southern slopes of 
5ta. Cruz is that on the northern slope the 'Bursera Vegetation' is found up to 500 m. elevation 
(on the sou thern slope up to only 75 - 100 m) and as a consequence the wetter vegetation 
types are squeezed into the upper 300 m. elevation range. The drier type of the 'Scalesia 
pedunculata Vegetation' as well as the 'Miconia Vegetation' is almost absent from the northern 
slope. It should be mentioned that one encounters on 5ta. Cru z also some small-scale vegetation 
types which are correlated to ex treme climatic conditions (the vertical Sphagnum bogs nea r 
the summit) or to a different substrate (the sparse scru b found on Baltra and the adjoining 
northern part of Sta. Cruz.). 

The vegetation types found on Alcedo are quite different from those on 5ta. Cruz, whic h is 
largely due to differences in substrate. On Alcedo most of the low, dry areas visited by me 
are covered with thick pumice deposits. The steep caldera walls, which fonn the highest 
parts of Alcedo, are generally rather dry and are composed on cinders and volcanic ash, A 
soil gradient such as is found on $ta. Cruz, with shallow soils in the lowlands and deeper soils 
in the wet uplands, has only been observed on the south-eastern slope, although old lava flows 
with a 'Bursera Vegetation' occur inside the caldera and on the lower parts of the northern 
and western slopes as we ll. The thick pumice deposits are vegetated with a sparse or open 
scrub and a closed herb layer, structurall y very different from the 'Bursera Vegetation'. Where 
old lava flows come to the surface in pumice field s, the 'Bursera Vegetat ion' occurs side by 
side with the sparse scrub and this demonstrates that the substrate determines whether 
'Bursera Vegeta tion' or the sparse scrub vegetation wilt be present. 

A 'Transition Vegetation' has only been found on the lower south-eastern slope of Alcedo, 
where a lava substrate occurs under the appropriate climatic conditions. On the other slopes 
one either finds thick pumice deposits or a cinder-ash substra te under the climatic conditions 
appropriate for the 'Transition Vegetation' (this can be judged from the species of epiphytes 
present or from the vegetation on small patches of lava). The pumice deposits support an open 
scrub with a dense herb layer, the ci nder-ash substrate a closed scrub with a poorly developed 
herb layer. 

Sufficient precipitation for evergreen forest only occurs on the southern slope of Alcedo. Above 
the area covered with the 'Transitio n Vegetation' (semi-deciduous forest) one finds an area 
vegetated wit h dense, low scrub, covered with the vi ne Ipomoea alba. The shrub layer is fonned 
by Psychotria rujipes and Tournefortia rufosericea. Small stands of evergreen forest, composed. 
of Scatesia microcephala and Croton scouteri and similar to the 'Scalesia pedunculata Vegetation' 
of Sta. Cruz, are rare; at the edge of such forest patches I have no ticed that trees were being 
pu lled down by Ipomoea alba. It is as if one witnesses here the change from scrub to forest; 
some species are growing into trees, but are not strong enough to form a forest under present 
conditions. It is of interest that Sca/esia microcepJ/ala, one of the potential tree species, is the 
dominant shrub in the open shrub vegetation on the thick pumice deposits. 

At higher elevations, on and near the south-south-eastern caldera rim, stands of a Zanthoxylum 
fagara-Tournefortia pubescens forest occur which are very similar to the 'Zrown Vegetation' of 
Sta. Cruz. These two species have rather hard wood and are less easil y pull ed dow n by Ipomoea 
alba: it is also likely that Ipomoea alba is less vigorous in the wette r habitat where the 'arown 
Vegetation' are almost entirely absent from Alcedo. 

It is to be ex pected that eventually Alcedo will be covered with various kinds of forest, just as 
Sta. Cruz, but presently Alcedo is in an intermediate phase: it has passed the stage of colonization 
of bare volcanic substrate, but has not yet reached the fl oristica lly and structurally more complex 
stage of forest, as is found on the older island of 5t. Cruz. 
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THE ROLE OF INTRODUCED BLACK RATS IN GALAPAGOS ECOSYSTEMS 
by Deborah A. Clark. 

Based on data from a 3-year field study. a detailed analysis was made of the foraging ecology 
of introduced black rats (Rattus rattusJ in Galapagos. The diet was determined for populations 
in both the hot and the gaTua seasons, in a broad range of habitats : arid thorn scrub (Pinzon 
Island); Bursera savannah (Santiago Island) ; Transition Zone (Santa Cruz Island); Miconia 
Zone (Santa Cruz Island) ; and Scalesia forest (Santa Cruz Island). In aU situations the rats 
consumed a mixture of plant and animal foods, with plant materials predominating (an average 
of 83% of the diet by volume). An extremely wide variety of foods was eaten, including many 
arthropods and other invertebrates, seeds, fruits, flowers, leaves, stems, roots and fungi; 
however, the rats were highly selective feeders , ignoring many abundant potential foods and 
often concentrating on very uncommon items. They discriminated among species of plant, 
among the parts of a plant, and among parts of small items such as fruits and seeds. Nutritional 
considerations were important in diet selection. Growing rats (which have a greater demand 
for protein) ate more animal food than did adults. The less nutritious plant parts were important 
components of the diet only under conditions of low food availability. The breeding season of 
Galapagos black rats is correlated with, and may be dependent upon, a higher level of dietary 
protein. 

Black rats are known to be severe predators on young tortoises and are suspected of destroy­
ing most eggs and young of the Dark-rumped Petrel on Santa Cruz; however, in this study 
very few of the 360 rat stomachs analyzed contained vertebrate remains. Invertebrate prey 
were commonly taken and included endemic snails and the Galapagos centipede; the effects 
of this predation are not known. Because black rats feed heavily on plant reproductive 
structures, they may have important impacts on the Galapagos flora , especially in cases of 
preferential feeding on uncommon species. In addition to these direct effects, the introduced 
rat may be negatively affecting the Galapagos fauna through competition for food . The over­
all impact of black rats if probably magnified on islands such as Pinzon, where native rodents 
have not occurred. 

ARE MALES ECOLOGICALLY CHEAP? SEX - RELATED FORAGING IN 
HERMAPHRODITIC HOG FISHES: 

by Steven G. Hoffman 

Protogyny is the most common pattern of hermaphroditism found among fishes. This sexual 
pattern is an ideal system for testing sex-related hypotheses since an individual nonnally 
functions first as a female and then as a male during its lifetime. 

I wish to demonst rate an interrelationship between foraging and sexual behavior by examining 
the ways in which individuals allocate time and energy into these activities. Specifically, I am 
interested in detennining if foraging differences between males and females are the result of 
the pattern of allocation of time and energy spent in social and mating activities. 

My study species included 2 congeners in the genus Bodianus (hogfishes. family labridae­
the wrasses). Foraging and mating behavior are easily quantified, involving all individuals on a 
daily basis. Thus it was possible to correlate changes in behavior with changes in fitness 
(mating success). Fertilization is external and parental care is absent. 
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BodwlIIlS tiiplo/aCllill. t he Mex ica n hogfi sh, was observed in April. 1977 off Floreana. In thi s 
species. males d !.:fcnd temporary reproductive territories (leks) and achieve the high est mating 
success. S(,'x ratjo is I :"2.3 in favor of females. Sex change relat es to loca l socia l conditlons. 
out may have a ge neti!.: ,,:o ll1ponel1l as well since th e reversal occurs over a limited size range. 

BodiallllS cciallclieri, the harlequin hagfish, was observed in May, 1977 in Tagus Cove o n 
lsabela. This species spawns in grou ps where many males mate togethe r with single fClllaks. 
Males compete indiredly in Spl'rlll production contests. Sex ratio is 1: 1 and sex-reversa l ca n 
occur before tl1;lturat ion. All females in both species male daily. 

By look ing. at the rl'ia t ive \.:osts and benefits or a llocating tilll e to roragi ng or non-roraging 
activities, sl'x -rclated roraging behaviors are predi cted ror each species. Lek males ma ximize 
thei r fitness by eng:lging in intersex ual interactions to preve nt sex change .• 1Ilr:lCting females 
during th e mati ng period. and defending temporJry re produ ctive terri tork's. All females and 
group spaw ning males maximize thl'ir fill1l'SS by allol'at ing: e nergy to gamele producti on and 
spe nd lit tle lime in soc ial interac ti on. Thus I ex pected Ick lllal t~S to be 'foraging titH e minimiz,,-'rs' 
relative to gro up spaw nin g males and all females. who shou ld be 'fo raging tim c max imise rs'. 
Observationa l resu lts supported th ese predictions. Malcs spent 52% of th ei r tim c and femalcs 
85% of th eir time' foraging in 11. ([if/iowel/ili. Fo r B. eclallcheri, males spen t 707< and females 
spen t 75 1J: of the ir ti ml' foraging. [ suggest that fo raging beha vior is.\ labile charat.:h:r isti c thai 
va ri es liS a func lion of th,,-' soc ial and Ilwling demand,. of the individuul. 

(PurIfier Abstrac/s of COlltri/)UliollS to lite Galapagos Islalld,~ Symposillm wil! be p/lhlis/lt'd 
ill NO/icias No. 32.) 

• 

'- to , 

&. 

Lava !-Icron: Photograph by Fritz Polkillg 

15 



 

AN UPDATE ON THE STATUS OF ISLA SANTA FE 
SINCE THE ERADICATION OF THE FERAL GOATS 

by Keith A. Christian and C. Richard Tracy 
Department of Zoology and Entomology 

Colorado State University, Ft. Collins, Colorado 80523 

We recently completed a study of the Land Iguana (Conolophus pallidus) which included 
extensive fieldwork by one o f us (K.A.C.) between June 1978 and April 1979. Since this was 
the first long-term field study on Sante Fe (Barrington) since the feral goats were exterminated 
from the island (except for 2 old males) by the Galapagos National Park Service in 197 1, we 
would like to present an updated report o n the status of this island, and suggest priorities for 
conservatjon and management programs for the future. 

The vegetation has changed remarkably since the feral goats were exterminated. Descriptio ns 
and photos published by Orr (1965) and de Vries (1973) indicate th at much of Santa Fe was 
completely barren during the time that the goats were present . Orr (1965) noted that the 
vegetation on the islet in the bay region was more diverse than on the main island. Today the 
vegeta tion on Santa Fe is much denser than it was when Orr and de Vries worked on the 
island ; and although compara tive measurements were not made, th e vegetation of the main 
island now appears to be more diverse th an that on the isle t. However, Portulaca sp. is 
abundant on the islet , and it has not been observed on the main island. This plant may have 
been comple tely exterminated by the feral goats, and it has apparently not yet reinvaded the 
main island from the islet. The Ga lapagos tomato was believed to have been exterminated by 
the goats (Thornton, 197 1) but one of us (K.A.C.) found several patches in 1979 . This plant 
apparently was reduced to th e brink of ext inction, but managed to survive in a few patches. 

Higgins (1978) recently reported that the population of the Santa 'Fe species of land iguana 
(Con%phus pallidus) was "clearly in a progressive decline". He reported finding 2 old land 
iguanas after 12 ho urs of ex tensive exploration. In Oct ober 1978, one of us (K.A.C.) discovered 
a communal nesting area containing over 200 female iguanas nesting during a single census of 
the area (details of the nesting ac tivities will be pub lished elsewhere). Because the nesting 
period last ed at least 6- 8 weeks, it is likely that at least 350 (and possibly more) females 
nested in this a rea alo ne. This nesting area is probably the largest on th e island, but eight other 
smaller nesting areas were discovered later. In a single half-day census, one o f us (K.A.C.) 
counted over 300 nesting females in only two of the nesting grounds. During a day's walk 
across the island in the non~nesting season 40 to 50 adult land iguanas could be seen, and 
the sex rati o was invariab ly I : I . Assuming that the density of nesting females in the eight 
smalle r nesting areas was approximately the same as in the large nesting area (which was well 
studied), Christian (published elsewhere) has roughly estimated the adult population of 
C. pal/idus to be around 4,000; 

Higgins (1978) suggested that, in add ition to goats, Ga lapagos hawks and native rats ( Oryzomis) 
also contribute to th e demise of th e land iguanas. Arter having observed many nests, hatchlings 
and adults Christian (published elsewhere) has estim ated that native ra ts do not in any way 
influence th e land iguanas. On the other hand , Galapagos hawks do in fact prey on hatchling 
and juvenile land iguanas (details will be published elsewhere), but this is a natural process 
that probably d oes not sign ifican tl y threaten a population of this size. As can be seen from 
Isla Santa Cruz and Isla Isabela, the real threats to land iguanas a re feral goats and dogs. 
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The animals receiving the most impact from tourism on Santa Fe are those around the two 
beaches where tourist groups disembark. Behavioral differences between the sea lions on 
Santa Fe (which are exposed to many tourists) and the sea lions at Cape Douglas, Fernandina 
(which have very few visitors) have been noticed. Those at Cape Douglas are quite wary of 
humans and tend to flee at the slightes.t provocation, whereas the Santa Fe sea lions generally 
tend to ignore humans. This difference is probably not detrimental, but it would be worth­
while to see if there are other more important behavioral differences that can be attributed 
to tourism. It is interesting that the opposite situation exists for the behavior of the 
Galapagos crabs, Crapsus Krapsus at these locations. That is, the crabs of Santa Fe are 
extremely wary of humans, but those at Cape Douglas can be approached easily. This suggests 
that the crabs of Santa Fe have been exploited to some degree by human visitors to that 
island. 

THE FUTURE 

Although the population of Conolophus pallidus appears to be stable, it nevertheless should 
be monitored in the future since any species existing on only a single island is always in a 
precarious situation. The real threat to the Santa Fe iguanas is the possibility that feral animals 
will be reintroduced. During our study, Christian found a female dog that had been left 
recently by a visiting boat. The prevention of introduced pests to Santa Fe is the single most 
important task for the future. The education of local fishermen and tourists is probably the _ 
most important step to prevent introductions. 

The second priority for the conservation of the iguanas of Santa Fe is the protection of the 
nesting areas. In May of 1979., there was talk of moving the tourist trail on Santa Fe so that 
tourists could see more iguanas. The following recommendations are strongly suggested : 
(I) the trail not be placed through or near a nesting area , and (2) that the trail not be routed 
through our previous study area (the location of which can be found in an annual report 
submitted by Christian to the director of the CDRS in December 1978). For this area detailed 
vegetation maps, microclimatic data and home ranges of iguanas have been documented which 
could provide an important data base for botanists and zoologists of the future. To route a 
tourist trail through this site would destroy the integrity of this data base. These two recommend­
ations could be met and the tourists could see more iguanas if the tourist trail was routed to the 
east of the point where it reaches the summit of the cliff. The trail could be extended along the 
cliff edge where there are many iguanas, and our former study site (which lies to the west of 
the point where the trail reaches the cliff-top) would remain intact. The flora and fauna of 
Santa Fe are in very good shape compared to many of the Galapagos Islands (which have feral 
pests). The priorities for this island should be to prevent introductions by educating the 
people who visit the island and to protect the nesting areas of the land iguanas. If these can 
be accomplished then Santa Fe can serve as a model of conservation, and we should strive to 
make the other islands of the archipelago meet this standard. 
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LA ESTACION CIENTIFICA CHARLES DARWIN Y LA 
OPORTUNIDAD IlE ESTUDIO 

por Ora. Eugenia del Pino V. 
Instituto de Ciencias, Pontifi cia Universidad Catolica del Ecuador 

Ex iste en nuestro pais curiosidad pOT In natura leza y cl ambicnte. si n embargo en el pasado, 
d icha inquietud frecuentemente no ha side estimulada y desa rrollada 3 picnitud po r 13 falta 
tanto de carreras a nivel universitario en Ciencias Bio16gicas y Naturales, como d e (ucnt es de 
trdbajo. La situaci6n va cambiando paulatinamenle pues las univcrsidadcs a frecen programas en 
Bio logl3 y Ciencias Naturales y en la ac tualidad ex iste ace ntuado intert'Ss por cstas ra mas 
c icntlficas. 

A difcrencia del Ecuador continen ta l en dande sc ha rcali7..ado poea investigaci6n cien tlfica . en 
las Galapagos, 01 Ecuador insular, ex islc lIna trayectoria cicntifica notable realizada princi[l\l­
mente por investigadores extranjeros. Sus trabajos, incluyend o el de Charl es Darwin han 
contribuido a1 acervo cultural mundial y principa lmentc nuestro plies cl conocimiento 
adccuad o de las Islas y su amb iente son las bascs sobrc las qu e sc rundamenta la polltica 
eCLI atoriana de conscrvaci6n del Archipit!lago. 

Biology Lesson for Galapagos Children: Photo by Sven Gilidter 

18 



 

La Estaci6n Cientifica Charles Darwin con una clarividencia de la importancia de la investigacion 
para el desarrollo del Ecuador, inici6 en 1971 un program a de becas para universitarios 
ecuatorianos, el mismo que ha contribuido a la formaci6n cientifica de jdvenes investigadores. 
En donde se puede obtener mejor entrenamiento cientlfico que en los lugares en donde existe 
una trayectoria de investigacion ? - Y para el Ecuador,las Islas Galapagos constituyen uno de 
esos lugares. Fue una coyuntura feliz el que la Estacion Cient[fica Charles Darwin haya 
iniciado este programa de becas justa mente al momento en el que en las universidades se 
empezab·a a sentic un nuevo interes por las Ciencias Naturales y la investigacion y a esto se 
debe en parte el exito del programa. He vivido de cerca este fructifero contacto entre la 
Estacion Darwin y las Universidades y he podido ver el beneficio personal y cientlfico que se 
opera en cada becario que ha visitado las Gatapagos y el avance de la Ciencia en el Ecuador. 

D~sde el inicio del program a, estudiantes de las principales universidades del pais han visitado 
el Archipelago por penodos variables entre uno y 18 meses para colaborar en un proyecto 
especlfico con cientificos extranjeros. Durante el estudio han recibido entrenamiento y la 
supervision adecuada por parte de los cientificos de la Estacidn Darwin. Estos trabajos han 
servido para la elaboraci6n de tesis en muchos casos y' as! el universitario ha podido 
completar su carrera. 

En los ocho anos de funcionamiento del programa, al rededor de 100 estudiantes han visitado 
las Galapagos en calidad de becarios. Los beneficios se traducen en el entrenamiento cientifico 
que estas personas han recibido; se traduce tambien en la labor que despliegan los ex-becarios 
en nuestra sociedad. Algunos han regresado a las Islas para colaborar mlis de cerca con la 
investigaci6n y conservaci6n del Archipelago, otros despliegan sus talentos en las 
investigaciones y tareas de conservaci6n que se realizan en varias zonas del pais, algunos 
trabajan en las universidades y por ultimo, muchos son profesores de colegio en donde pueden 
comunicar a los nuevos jovenes su interes y respeto por la naturaleza. 

Importante resultado ha sido el fortalecimiento de la actividad cientifica ecuatoriana. Se han 
publicado, principalmente en 1a Revista de la Universidad Cat6lica, alrededor de 20 articulos 
cienti'ficos basados en las investigaciones ecuatorianas en Gallfpagos. Ademas, la Estacion 
Darwin incentivada por estos resultados y conciente de 1a necesidad de poner al alcance de 
los universitarios ecuatorianos y sudamericanos los trabajos cJasicos de investigacion en 
Galapagos, se ha L'llpuesto 1a tarea de seleccionarlos, traducirlos y publicarlos en un futuro 
proximo. 

El exito de este programa educativo en su corto lapso de funcionamiento ha Bevado a los 
directivos de la Estaci6n Darwin a ampJiarlo y actualizarlo. Con la nueva modalidad. la 
Estacion Darwin ha abierto sus puertas para que la iniciativa ecuatoriana pueda vertirse en 
las Galapagos pues no s610 los estudiantes podran recibir becas de investigaci6n sino tam bien 
los profesores universitarios y de esta manera podran conducir proyectos en Calcipagos con 
sus propios estudiantes. Esta modalidad se anade a1 programa mas tutorial que utiliza la guia 
de investigadores extrajeros. La Estaci6n Darwin ha creado ademas cursos intensivos de 
tecnicas de campo a realizarse cada dos aoos can la participacion de profesores y estudiantes 
de las diferentes universides del Ecuador. 

EI programa de becas no podna realizarse sin el apoyo econ6mico del gobiemo Ecua toriano 
para el funcionamiento de la Estacion Darwin y de este apoyo depend era en el futuro la 
exitosa expansion del programa de becas y programas educativos de la Estacion. No menos 
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THE SUBAERIAL ORIGIN OF ESPANOLA (HOOD) ISLAND AND THE 
AGE OF TERRESTRIAL LIFE IN THE GALAPAGOS 

by Dr. Minard L. Hall, lng. Patricio Ram6n, Sr. Hugo Yepes 

The Galapagos Archipelago, although one of the most active volcanic centers of the world, is 
best known for its unusual plant and animal life and its bearing on biological evolution 
(Bowman, 1966; Darwin, 1845). Although descriptive studies of its wildlife are well advanced 
(Lack, 1947; Colinvaux, 1976), little is known about the rates of evolutionary change. This 
is due in part to the lack of a good understanding of the age and origin of the islands. Radio­
metric dating of some of the oldest lavas gives dates around 1.4 million years (Cox & Dalrymple, 
1966) which demands an accelerated rate of evolution in order to explain the observed 
biological life (Thornton, 1971), More recent dating of rocks from Espanola (Hood) Island has 
given ages around 3.2 million years by KIAI methods (Bailey, 1976) and an age greater than 
3 million years by paleomagnetic methods (Cox, personal communication, 1977). Espanola 
Island has always been considered a block of submarine lavas, recently uplifted from under the 
sea (McBirney & Williams, 1969). If so, Espanola could not have served as an island refuge for 
the earliest animal and plant arrivals. On the other hand, if it can be shown from geological 
evidence that in fact Espanola existed as an island more than 3 million years ago and conse­
quently may have served as a refuge for early arrivals, then the biologist win be able to better 
evaluate the rate of evolutionary processes. 

In the course of geological mapping of the western half of this island, Ayala (1979) found 
some critical evidence that suggests that the island represents the remains of a large shield 
volcano that grew above sea level. The presence of an uneroded tuff cone, exposed in the 
lower cliffs of the south coast and covered by the thick sequence of lavas that comprise the 
island, suggests that these lavas fanned subaerially or in shallow water. Because the ages given 
by Bailey are from rocks at the top of this sequence, much older dates are expected from the 
rocks towards the bottom of the lava section. 

Our preliminary findings are in agreement with a subaerial origin for Espanola Island. 
Absolutely no evidence was found that would suggest a submarine origin (for example, the 
presence of marine sediments, pillow basalts or gJassy lava tops). On the other hand studies 
of certain pyroclastic cones have tentatively shown them to be scoria cones, which nonnally 
form subaerially on the flanks of a volcano. Calcareous fragments, which are found dispersed 
over certain parts of the island and which argued for a submarine origin for Espanola (McBirney 
& Williams, 1969), are considered to be relict fragments of caliche that fonned in an earlier 
soil. 

Thus it is tentatively concluded that Espanola probably has been an island, and thus could 
have served as a terrestrial life refuge. for at least the last three million years. 

The authors gratefully acknowledge the financial support given by the National Geographic 
Society and the logistic help given by the Charles Darwin Research Station. 
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THE EXPLORATION OF ISLA DAPHNE MINOR 

by P. R. Grant, T. O. Price and H. Snell· 
Division of Biological Sciences, University of Michigan, Ann Arbor, MI481 09, USA, and CDRS· 

The Island of Daphne Minor: Photo by P. R. Grant 

To celebrate the twentieth anniversary of the Charles Darwin Foundation we climbed Daphne 
Minor (Daphne Chica). It is unli~<ely that the island has ever been climbed from sea level to 
the top before. Long time residents of the islands have seen remains of a rope high up on the 
western cliffs, but the steep, often concave, cliff profile on this side of the island rules out 
more than a part ial ascent from sea level. Possibly American military personnel parachuted 
onto the island during World War II, and used the rope to climb down and off. The rope has 
gone and no account of this visit has passed into Galapagos folklore. Our climb was therefore 
the first of its kind. 

One of us (H.s.) and two climbers from Montreal, Canada, Howard Bussey and Kevin O'Connell, 
spent June 16- 18 establishing ropes on the first 120 feet on the south side of the island, and 
made the first ascent to the top on June 18. Using these ropes the three of us climbed to the 
top of the island on June 19 and set up a camp on the flat rim of the crater on that side. We 
stayed overnight on June 19 and 20, descended on the afternoon of June 21 and left almost 
exactly 48 hours after the initial climb. 

Our purposes were to conduct a biological survey of the island and to determine its maximum 
elevation . 
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PHYSICAL CHARACfERISTICS 

Daphne Minor is 6 km north of Daphne Major, 9 km west of Baltra and 12 krn north of 
Santa Cruz. Wiggins and Porter (1971) gave its area as 0.08 sq. km., but its elevation was 
unknown. Kevin O'Connell used a Killsman type C~ 1 2 aircraft altimeter to measure the 
elevation on two ascents from the sea, and two descents into the crater. Actual readings were 
corrected for (I) atmospheric pressure changes which were recorded separately. (2) instrument 
errors aftto feet (:15m), as the instrument tended to read high on the way down and Iowan 
the way ug. (3) reading errors for the instrument of about 5 feet , and of the thermometer of 
about 0.5 C, and (4) non-ideafatmospheric (temperature) conditions as the working of the 
altimeter is based on an ideal atmospheric model. 

The maximum elevation is 304 feet (93m). The bottom of the crater is 120 feet (37m) above 
sea level. Daphne Major is nearly one third taller than Daphne Minor, as well as being four 
times larger (Wiggins and Porter, 197 1). 

Some other physical fea tures are worth mentioning. Daphne Minor is a tuff cone that has 
partly collapsed, which has given rise to its steep outer surface. The exposure on the southern 
side shows that magma has been extruded from a central vent. Magma caps most of the 
island. The inner slope of the crater is covered with boulders, rocks and some plate-like lava 
all the way to the bottom. Unlike Daphne Major, which has no indigenous lava, there is no 
nat , fine-particled, crater floor. The cra ter is shaped like a cone. The upper part of the inner 
wall on south, west and north sides has a series of three or four terraces running parallel to 
the contours for as much as 100 m and up to 1 O~ 15 m wide. The rim itself varies in width 
from about 30 m on the south side to less than t m on the north side. 

Male Lava Lizard (Tropidurus) : Drawing by Peter Scott 
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PLANTS 

We recorded 24 species of plants (Tab le). No ne were unusual in appeara nce, and all have been 
recorded on Daphne Major duri ng our past stud ies there. Daphne 1\linor is a Bllrsera - Portlllo.ca ­
Merremia island. It differs from Daphne Major in lacki ng about 15 species, in being poor in 
grasses, Ollll1l1io, Croton, Amaranllllls and TribufllS and being rich in Gaiaclio. 

Some plants arc ex tremely rare. Thus we found only 4 Croton bushes together on the Quter 
eastern slope and all without flowers and fruits . Four withercdAmarallthus stems were fou nd 
on the inner slope, and single stems of Mentzelia and Eragrostis were found at the bottom of 
the crater. 

Common plants were genera lly weIJ distributed over the island, but Chamaesyce amplexicalliis 
was restricted to the fine tuff-derived soils of the outer slope and Chamaesyce pfmctlllaca 
(and severa l others), were only found on the shallow lava-derived so ils on the rim and in the 
cra ter, particularly on the terraces. The largest Bursera tree was about 8 m tall and 110 cm in 
circumference, and therefo re thicker in girth than any tree measured on Daphne Major. 

Dawson (1 966) believed Daphne Minor Jacked Opuntia cactus. We counted 32 bushes. mainly 
on the outer slope, and a total of fmits just short of 1000. 

BIRDS 

The land birds were our chief concern. We put up three 12 Ill.mist nets and operated them on 
both mornings to give a total of 200 net~m eter-hours. This has been a standard netting time of 
censusing on other islands (Abbott et a l. 1977. Grant et al. 1975, Grant and Grant 1980, 
Smith ct al. 1978). In this time we captured 18 Geospiza [ortis. 17 G. [uliginosa, 4 G. scandens, 
1 G. magnirostris, I Camarhynchus pan>ulus, 1 Dendroica petechia and I Asia flammeus. 
Outside the census time we captured nine more finches in thesc and other nets. We measu red. 
banded and released all finches. Only 3 G. [ortis and 3 G. [uliginosa were adults. We observed 
two martins (Progne modesta) flying around the top of the island. 

Little Ground Finch (Geospiza fuliginosa) on Daphne Minor 
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We then walked around the island on the 21st June and recorded all birds (banded and not 
banded). The total population sizes of finches were estimated from the proportion of fmches 
observed that were banded. The estimates can only be rough but are as follows: 60 G. fortis. 
60 G. fu/iginosa, 7 G. scandens. I G. magnirostris and I Camarhynchlls parvulus. Therefore 
we captured and measured between a third and a half of all fmches present. From the same 
census results we estimate there to be 5 Dendroica petechia, 10 Zenaida asiatica and I Asio 
flammeus. 

These numbers do not give a correct indication of breeding population sizes, as most of the 
fmches, some of the doves (Zenaida) and all of the warblers (Dendroica) were in immature or 
juvenaJ plumage. A maximum of 9 Ceospiro finches were in black or partly black plumage; 
most of these were singing. One of them, a C. fuliginosa with a broken leg, was unmated but 
had a display nest. We captured this individual, and the measurements confinned our 
identification. All other black males were apparently mated and were either territoria l (1 
C. fortis and 3 C. fuliginosa) or nomadic and accompanied by juveniles or immatures 
(3 C. fortis and I C. fuliginosa). 

One of the G. fortis pairs (not banded) was feeding nestlings on the outer slope. We confirmed 
the breeding of this species on the island by capturing recently fledged young that could not 
have immigrated from another island. We confinned the breeding of C. fuJiginosa by capturing 
measuring and banding a female, subsequently found incubating three eggs in the only nest 
we encountered with eggs. Thus the breeding populations in 1979 may have amounted to no 
more than a few pairs of C. fortis, G. /uliginosa and Zenaida galilpagoensis. 

~Iany of the other birds had immigrated. We can be certain of this with G. scandens. because 
three of them had been banded previously as juveniles on Daphne Major by one of us (TOP) 
in January and March 1979. It is unlikely that G. scandens could normally breed on Daphne 
Minor as the whole island had less than half the number of 0plIntia fruits usually found in a 
single territory on Daphne Major. Other finches cou ld have immigrated from Daphne Major 
and Santa Cruz. The size and coloration of the beaks suggests a Santa Cruz origin of many of 
them, and Santa Cruz finches do migrate to Daphne Major (Grant et al. 1975). Undoubted ly 
some of the immature finches were born ' earlier in the year on Daphne Minor, but we suspect 
these were in the minority because on nearby Daphne Major the survival of young finches in 
1979 had been extremely poor. 

On Daphne Major all finch nests are in cactus, but on Daphne Minor where cactus is not 
common other nest locations are used. Thus, of 17 empty fmch nests found, two were in 
live Bursera twigs, 3 v.ere in dead Bursera trunks and one was a few cm above the ground 
inPortulaca. The remainder were in Opuntia. 

The only seabirds we recorded were swallow-tail gulls with chicks around the coast, tropic­
birds in caves on the inner slope and fr igate birds roosting. 

OTHER ANIMALS 

A sample of 26 TropiduTUS lizards was collected for taxonomic comparison with the Santa 
Cruz population, but we could fmd no geckos. Although no marine iguanas were seen, one 
was recorded (PRG) on the shore on 20 March 1916. We recorded all Galapagos butterfly 
species (except the fritillary), carpenter bees, locusts, brown grasshoppers, spiders, smaJl 
snails, two types of flightless beetles and ants. Although these have not been identified yet 
they appear to be the same as those found on Daphne Major. We did not find any centipedes, 
but did find one scorpion on the shore. 



 

Altitudes on Daphne Minor and Daphne Major, calculated from 2 to 4 readings except for 
those indicated by a superscript I which are single readings. The average deviations are of 
the same order or less than the instrument error of about 10 feet. 

A. Daphne Minor; 19-20 June 1979 (K. O'Connell) 

Average altitude in Average deviation in 
feet (meters) feet (meters) 

South Rim 304 (93) 13 (4) 
South West Rim 1 304 (93) 0 (0) 
North Rim 281 (86) 5 (2) 
East Rim 235 (72) 9 (3) 
Crater bottom 120 (37) 5 (2) 

B. Daphne Major; 17-18 June 1979 (P. R. Grant) 

Average altitude in Average deviation in 
feet (meters) feet (meters) 

South Peak I 391* (1 19) 0 (0) 
South Peak 2 386 (118) 3 (I) 
South Peak 3 384 (117) 4 (I) 
Plateau Point I 369 (113) 0 (0) 
North Peak i 347 (106) 0 (0) 
Saddle in rim above 

craterlet 188 (57) 12 (4) 
Craterlet 158 (48) II (3) 
Crater 88 (27) 7 (2) 

·Listed by White and Epler (1972, p. 56) as 394 feet. 

Swallow-tailed Gull: Drawing by Peter Scott 
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Plant species recorded on Daphne Minor, with presence of Oowers and fruits indicated by a cross, A 
subjective estimate of abundance is provided in three abundance categories. A more objective estimate r 
given in the last column, A census route was walked around the rim, and piants were recorded in aIm 
quadrat immediately in front of the last footfall, eveIY 10m. 

Plant Species 

Opuntia echio.r 
Burscra malacophytla 
Croton .rcouleri 
Portulaca howell;; 
Herb.rantia cri.rpa 
Chamae.ryce amplexlcaulil 
Chamae.rycc punctuliHa 
Hellotropium cU1'!1I.ravicum 
Heliotropium angiolpermum 
A CXllypha parvuIo 
Amaranthw.releranto/de.r 
Mentulill a.rpera 
Galactia slTiIlta 
Tiliqua IColdl!nill) fu.rca 
DeJmodium glabrum 
Cenchrus platyacanthm 
Eragrosti.r cilwnen.ri.r 
Trlbu/uJ cistoide.r 
Ipomoea lineaTI/o/iIl 

Me"emia aegyptica 
Sida salviifolill 
Abutilon depauperatum 
CacabuJ mier.rii 
Boerhaa)lw erecta 
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The explorer G. H. L. MalJory. when asked why he wanted to climb Mt. EVerest, replied " Because it is there," 
Howard Bussey and Kevin O'Connell did not have this incentive to climb Daphne Minor. The rock surface was 
unconsolidated and friable offering a climbing challenge but not enjoyment. We are very grateful to our two 
climben for persisting through the fInt three days by adopting our incentives. We also thank Bernardo 
Gutierrez of the "San Juan" for a crucial gift of 4" nails, as well as for his general help. Finally. we thank 
Miguel Cifuentes, Intendenle. S.P,N.G., fo r kind permiSSion to make the climb, and Aviation Electric Ltd. of 
St laurent. Quebec, Canada for the loan of the Kollsman altimeter. 
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