
BULLETI N DE L'INSTITUT ROYAL DES SCIE NC ES NATURELLES DE BELGIQUE SUPPLEM ENT. 70: 39-45, 2000 
SU PPLEM ENT, 70: 39-45, 2000 BU LLETIN VAN HET KON INKLIJ K BELG ISCH fNSTITUUT VOOR NATUU RWETENSCHAPl'EN 

Progress and priorities in research for the conservation of reptiles 

by T. H. FRITTS 1
, H. L SNELL 2

, L CAYOT, C. MAcFARLAND 3
, S. EARSOM, C. MARQUEZ, 

W. LLERENA, & F. LLERENA 

Introduction 

The diverse and urnque nahire of many Ga lapagos 
reptiles, combined with a 150-year history of environ­
mental chall enges, has stimulated an intensive research 
and management effort to protect, recover, and pre­
serve the nat ive fa una and the ecosystems in which they 
occur. The attention afforded to various aspects of 
reptile conserva tion has been parti all y dictated by 
opportunity, experti se, human resources, fundin g, and 
technologica l capabiliti es , but many exa mpl es exist of 
past and present successes. Combined with current 
projects, those successes vvill contribute to the pre­
servation of many components of the reptile diver­
sity for whi ch Ga lapagos is so well known throughout 
the world (CAYOT el al., 1994; CAYOT and MORIL LO, 
1997) . 

Conservation and man agement of giant tortoises 

As the primary centre of diversity of extant giant tor­
toises, a group that has suffe red extincti ons and range 
reductions in many other parts of the world , the Gala­
pagos Islands are a true labora tory for tortoise conserva­
tion and management (MAC FARLAN D el al. , 1974a) . Con­
serva tion programmes in Galapagos span a considerable 
scope of geography, complex ity, and timing (MACFAR­
LAND et al., l 974b). Di stinct taxa of giant tortoi ses exist 
on islands ranging from the southernmost island (Espa­
nola) , to the northern extremes (Pinta) , th rough the cen­
tra l islands (Santa Cruz, Santi ago, and Pinzon), to the 
western areas of the archipelago (lsabela). They occur on 
relatively small dry islands such as Pinzon and Espanola, 
and in quite mesic higher environments - on larger 
is lands such as Isabela and Santi ago. The occurrence of 
this taxonomic diversity with varying population sizes 
scattered in equally diverse environments presents special 
constra ints on conserva tion acti vities . We will emphasize 
the dive rsity of problems and approaches in thi s over­
view. 

Long-term recovery efforts with reduced tortoise 
populations 

The tortoi ses on the islands of Espanola and Pinzon have 
been foci of dedi cated recovery acti ons since 1964 and 
1970 respectively. Espanola is a relatively low, arid 
island whi ch was impacted by two distinct threa ts. His­
tori ca lly, whalers easily removed large numbers of tor­
toises due to the island 's access ibili ty resulting from 
its low topography, overa ll arid vegetative cover, and 
secure anchorages. Introduced fera l goa ts overran the 
island for many years and apparently competed with 
tortoises fo r fo rage. There were fe wer than 20 giant 
tortoises on Espanola when conserva tion efforts started 
in the 1960s. 

Goats were finall y removed from Espanola by 
1978 through the combined efforts of the Galapagos 
National Pa rk Service and the Charles Darwin Research 
Station, but the tortoise population was judged to be in 
danger of ex tinction without an active captive breeding 
programme (CA YOT et al., l 994; MACFA RLAND et al., 
l974b). The programme was initi ated with the transfer 
of 12 females and 2 males to captivity on the is land 
of Santa Cruz. Subsequently a third ind ividual was 
added when a large male was returned from the San 
Diego Zoo logica l Soci ety (FRITTS, 1978). Tortoises 
were maintained in capti vity, artificial nest sites were 
provided, eggs were incubated in artific ial chambers, 
and young were reared to the age of one or fo ur 
years before being transferred back to their nati ve 
island (MACFA RLAND, I 974b; CAYOT and MORI LLO, 
1997) . 

Pinzon was simil ar to Espano la in being a small island 
of low elevation, arid habitats, and having been heav ily 
used by whalers in search of tortoises. However, Pinzon's 
more difficult terrain and lack of secure anchorages fo r 
sa iling ships resulted in less impact on adult tortoises by 
whalers and a larger num ber remained (> l 00 indivi­
duals). Goats were never estab lished on Pinzon, but black 
rats were, sometime before the late 19th century. The 
introduced rats prey heav il y on hatchling torto ises, and 
combined with native hawks have prevented recruitment 
of juvenil e tortoises into the population fo r many years. It 
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Tortoises returned to Espanola Island 
tlu·ough captive breeding 
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Figure l . - Cumul ati ve numbers of torto ises re turned to Es­
paiio la Is land as a result of capti ve breed ing 
efforts by the Ga lapagos Nati onal Park Service 
and the Charl es Darwin Research Stati on. 

Tortoises returned to Pinzon Island 
through captive rearing 
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F igure 2. - Cumul ati ve numbers of torto ises returned to Pin­
zon Island as a result of capti ve rearing efforts by 
the Galapagos Nationa l Park Serv ice and the 
Charles Darwin Resea rch Station. N umbers de­
picted are exc lusive of res ident adult torto ises 
that constitu ted the o ri ginal breeding populati on. 

was clear that without recruitment the fuh1re of the Pin­
zon tortoise was bleak 

Remova l of rats fro111 Pinzon was not judged to be 
feasible in the 1960-70 peri od, and because the rats 
constitu ted no danger to adult tortoises or their eggs, a 
captive rearing progra111111 e was initiated that in vo lved 
co llection of eggs that were near to hatching, or hatch­
lings as they exited the nests. Hatch lings were transferred 
annually to the capti ve breeding fac ility on the island of 

Santa Cruz, rea red there to the age of 3-S years, when 
they were judged to be large enough to res ist predation by 
rats, and returned to their nati ve island (MAcF ARLAND, 
1974b). 

The efforts directed at tortoises on Espm1ola and Pin­
zon have been underway for nea rl y 30 years and ha ve 
resulted in hundreds of torto ises being returned to their 
native habitats (Figs I & 2) with documented hi gh survi­
va l of the libera ted individuals (CAYOT et al. , 1994; 
CA YOT and MORILLO, 1997) . The programmes di ffe red 
in that the programme for Espanola involved mainte­
nance of all breeding stock in capti vity, construction of 
artifi cial nesting areas, and incubation of eggs in artificial 
conditions, whereas the Pinzon programme left adults in 
their native habi ta ts, allowed eggs to be deposited in nest 
sites se lected by the females, and fac ilitated incubati on 
under totally natural conditions. For Pinzon, only the 
juvenil es were subj ected to artificial rearing conditions 
during their first 3-5 years of li fe . 

The costs and risks were grea ter fo r the Espanola effort 
but through continual refine111ent the progra111me can be 
judged to have been a success; it continues to thi s day. No 
111ortality has occurred with adults from Espm1ola in 
captivi ty fo r 111ore than 20 years; hatching rates have been 
continually improved with better handling practices; and 
distortion of sex ratios has been avoided even though 
incubati on temperatures have been shown to determine 
the sex of hatch lings in this spec ies, as in most species of 
cheloni ans. In part, this pitfall was avo ided originall y by 
the pragmatic necessity of using solar incubators that 
caused va ri able incubation tempera tures from month to 
month and yea r to year, but in recent years it has been 
avoided by di viding most clutches into two treatment 
groups of eggs, with half incubated at low temperatures 
resulting in males, and half at hi gher temperatures result­
ing in fe males . 

With severa l aspects of the Pinzon effort focused on 
free ranging adults, nah1 ra l nests, and hence natural in­
cubation condi tions, the pitfa ll of unnaturally skewed sex 
ratios was avoided, but the numbers of eggs co ll ected 
each year depended on the logistica l mobilizati on of 
trained park wardens to find nests at the proper times 
and transfer the young tortoises to captivity. The young 
tortoises produced from tbis effort ca me from a 111uch 
larger nu111ber of potential parents than the Espanola 
tortoises. The success of thi s project hinged on under­
standing the threat, assess ing what activiti es were poss i­
ble with avail able technologies and resources, and on 
maintenance of continuity over more than two decades 
to accompli sh a significant improvement in the size and 
age-structure of the population. The possibility ex ists fo r 
future efforts to eradicate ra ts on Pinzon if the proper mix 
of contro l technologies and funding can be directed to the 
progra m111e. 

Considerabl e gains have been made with these tvvo 
primary recovery efforts, and considera tion is now being 
given to assessments of progress, determining what is the 
target population size for repatri ati on ac ti vity, what are 
the best alternatives for acco111plishing that recovery, and 



when to consider these populations to be at an evolutio­
narily res i I ient status capable of self-suffi c iency with no 
or reduced management attention. At that point, effort 
should be shifted to other popul ations. Popul ati on models 
are currently being deve loped at the Charles Darwin 
Research Darwin Stati on that will facilitate such delib­
erations and support future dec isions. 

Emerging tortoise conservation programmes on 
[sabela 

Tortoise popul ations on other is lands and indi vidual vo l­
canoes of lsabe la, the largest island of Ga lapagos, are 
impacted by a variety of past and current tlU"ea ts ranging 
from histori ca l reducti ons due to over-harvesting by wha­
lers and co lonists to competition and predation by intro­
duced mammal species. These popul ati ons historically 
occupied much larger geographic areas than those on 
Espanola or Pinzon, and thus were more diffi cult to 
census, monitor, and pro tect. Some popul ati ons were 
difficult to access, occurring at high elevations, isolated 
by rough vo lcanic topography, and di spersed in densely 
vegetated areas. However, the di scovery that several 
populations were severely reduced, fa iling to recruit 
new cohorts, or subject to continued predation , made it 
necessary to expand conservation efforts. 

Over the last five yea rs, an acti ve captive-tortoi se 
facility has been deve loped in the settlement of Vill amil 
on the is land of Isabela to deal with spec ial pro blems on 
thi s is land . The new fac ility has been supported by con­
tributions fro m the Fra nkfurt Zoological Society, the 
World Wildli fe Fund (USA), San Di ego Zoological So­
ciety, the Ecuadorean Government, and otber funding 
bodi es . Thi s facility includes the capability of using a 
variety of conservation measures (captive breeding and 
captive rea ring) w ith assoc iated opportuniti es to facilita te 
research and monitoring effo rts for problemati c popul a­
ti ons. A secondary benefi t of this centre results from 
increased ac tivity by Na tional Park personnel in the for­
merly iso lated co loni zed area of southern Isabela. Thi s 
programme provides obvious opportuniti es for the res i­
dents of lsabe la to better understand the va lue of g iant 
tortoi ses as important elements of Galapagos ecology, as 
part of the Ecuadorean natural heritage, and as touri sti c 
attracti ons of economic va lue to the reg ion. 

Tortoises of th e southern volcanoes of Isabela - Sierra 
Negra and Cerro Azul 

Southern Isabela was co loni zed 111 the late 1800s and 
consequently was exposed to major perturbations result­
ing from introductions of mammali an predators (ca ts, 
dogs, and pi gs), fera l ungul ate populati ons (cows, burros, 
and goats), and over-explo itation of tortoises for meat and 
oil by vis iting m ariners and co lonists a li ke. As a conse­
quence, tortoises di sappea red from vast areas of Si erra 
Negra , and to a lesser ex tent Cerro Azul , areas that were 
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formerl y optimal habitat for exceedingly large popula­
ti ons of torto ises. Fragmented p opulations ex ist today in 
isolated patches of extreme eastern and south western 
Sierra Negra but these represent some of the dri est and 
most marg inal habitats for tortoises that ori ginall y occu­
pied a much larger area. Ironicall y, the fragmentary po­
pulations on eastern Sierra Negra coincide with those 
sampl ed during the histori ca l conserva tion effort of C. 
H . Townsend when torto ises were collected in l 928 for 
capti ve breeding in N orth American zoos (TOWNSEND, 
1928) . 

The Townsend expedition was obviously on tbe lower 
slopes of Sierra Negra (DE SOLA, 1930) rather than Cow­
ley Moun ta in (= Vo lean Alcedo ), as most publications 
have erroneously reported, and thi s fa ct documents the 
ori gin of many captive tortoi ses res iding in North Am er­
ican zoos today. A second sub-population exists on the 
western slopes of Sierra Negra , adjacent to the primary 
lava flo w separating Sierra Negra from Cerro Azul in 
the area of Cerro Paloma. T he only substanti al popula­
tion of torto ises on Sierra Negra exists in an area of 
ex tremely rougb lava close to the coast nea r Ca leta San 
Pedro near the middl e of the southern coast of southern 
lsabela. Scattered indiv iduals or clusters of individua ls 
occur in other lowland areas, but the status of these 
tortoi ses is very hard to establish because of seasonal 
movements and the lack of dependable sightings through­
out much of the area (F RI TTS, 1984) . Threa ts to these 
populati ons inc lude: poaching by fi shermen, wild fi res, 
occasional harvesting by hunters, vulnerabili ty during 
climatic extremes (such as drought), and predation by 
dogs and pigs (especially of yo ung tortoi ses) . These ri sks 
are aggra vated by the small numbers of torto ises remain­
ing and their locali zed di stributi ons making them more 
vulnerable than if populations were more di spersed over 
the original and contiguous ecologica l ra nge. Adults and 
juveniles from several sites are currently part of the 
captive reproduction programme based at the Isabela 
tortoi se fac ili ty. 

Most popul ations of torto ises on Cerro Azul are less 
threatened than those on S ierra Negra , but one area of 
particular concern is an elevati onal zone where both 
Geochelone vicina and G. g1111 theri occur. In thi s area, 
reproducti ve success is limited by pig predati on on nests 
(FRITTS, 1984) and by a recently introduced ant , So/enop­
.1·us ge111i11 ata, whi ch scavenges eggs and may prey upon 
nestling tortoises (TAPJA, 1997) . Current studi es of nest 
survivorship, bas ic reproducti ve parameters, and speci­
fi cs of temperature determination of sex w ill fac ilitate 
conserva tion of these torto ise popul ations. Other areas of 
Cerro Azul are prioriti es fo r monitoring nesting success, 
potenti al damages due to predators, and overa ll popula­
tion characteri stics. 

Volcan Alceclo - a pending environm ental crisis for 
giant tortoises 

The reali zation within recent years that an invas ion of 
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goats from southern Isabe la onto the slopes of Volcan 
Alcedo has just ifi ed a major effort to protect the largest 
population of giant tortoises left in Galapagos. As the 
goat population has soared on Alcedo, damage to the 
vegetation, maj or erosion , and conflicts with tortoises 
have become apparent. A concerted effort has been 
launched to control goa ts on Alcedo (first, to initially 
reduce the expansion , and secondarily to reduce the po­
pulation to Jess threaten ing leve ls) and fulfill a plan to 
ultimate ly eliminate them from northern Isabela. 

This programme is unprecedented, both in size and 
compl ex ity, but the results of an international workshop 
invo lving a multi-disciplinary team of conservat ion ex­
perts wi 11 guide the effort over the next few years. Factors 
that contribute to the potential for success are the extre­
mely large size and ecological complexity of Alcedo, the 
tenacity and long I ife-span of giant tortoises, and the 
dedica ti on and competence of the Galapagos National 
Park Service in dealing with introduced populations of 
mammals. Most at ri sk are the juvenil e tortoises and 
reproductive females that occupy the lower elevat ions 
where food and water are most limited during dry periods. 
Some damage may have been forestalled in 1998 due to 
extremely wet conditions related to the El N iiio event, but 
an intensive and continuing effort will be essential to 
prevent major declines of the tortoise population in the 
drier periods likely to follow the current mesic period . 
Beyond protect ion of critical trees and other plant spe­
cies, it may be necessary as an interim measure to protect 
large areas that serve as important nesting areas and 
juvenile tortoise habitats. 

Northern lsabela - tortoises on Volcan Wolf and Vol­
can Darwin 

Tortoise populations on these volcanoes are Jess threa­
tened than those on southern Isabela , but monitoring 
programmes are essential to protect critical habitats. 
Goats have now been seen across all of northern Isa­
bela, but their density remains very low on Volcan Wolf 
and Cerro Ecuador. On Volcan Darwin, just north of 
Volcan Alcedo, their density has reached a level where 
impacts on the vegetation were noticeable prior to the 
1997-98 El Nino. However, the eco logica l diversity of 
habi tats occupied by tortoi ses on these volcanoes, the 
poor knowledge of their distribution and status, and the 
logist ical problems of working in these topographically 
complex regions warrant special efforts invo lving both 
research and management teams to document, assess , and 
address problems before irreversible damage occurs. Ac­
cess to geographic positioning technology (GPS) - a 
relatively new tool - will be important in facilitat­
ing research and management efforts on the large 
volcanoes of Alcedo, Darwin, and Wolf, and funding 
must be sought fo r sufficient equipment to support ade­
quate numbers of Ga lapagos National Park Service per­
sonnel and biologists of the Charl es Darwin Resea rch 
Sta tion. 

Historically IJroblematic tortoise populations 

The status of tortoises on the islands of Fernandina 
and Pinta warrants special consideration. Tortoises have 
not been sighted on Fernandina since Roi lo Beck re­
moved a single adult male for scientific purposes in 
1906. This island is one of the most active volcanoes 
in the Ga lapagos Archipelago, making it tempting to 
conclude that tortoises may have been ext irpated or re­
duced to evolutionaril y precarious numbers by volcanic 
activity (MACFARLAND et al. , 1974a) . However, many 
disjunct habitat patches ex ist on this large and complex 
volcanic island ; exploratory work has been limited; and 
occasional reports of large scats that could be those of 
very large land iguanas, or tortoi ses, have provided some 
basis fo r further work to determine if a remnant tortoise 
population ex ists. Additional surveys may be justified 
before dec laring the tortoises of Fernandina definitely 
extinct. 

The future survival of the tortoises of Pinta Island is 
also problematic, with only a single living male known. 
The Pinta tortoise population fell victim to period ic hunt­
ing by fishermen who apparently tired of a diet restricted 
to fish during long excursions to the northern waters of 
Galapagos; and also to competition from a goat popula­
tion originally introduced in the late 1950s. Goats have 
now been large ly removed from Pinta through intensive 
control campaigns over a period of more than two dec­
ades, but despite thousands of man-days on the island, 
only one male torto ise (popularly known as " Lonesome 
George") has been discovered. However, due to the 
success of the major hunting campaigns in the l 97 1-
1982 peri od, goa ts were reduced to extremely small 
numbers, trips to the island have been much less frequent , 
vegetative recovery has been significant, and a re-survey 
of the island is necessary. Juvenile tortoises are extremely 
difficult to find , and any juveniles that mi ght have been 
present, but overl ooked two decades ago, are likely to 
have survived. They, or their sign, would be more detect­
able at present than before due their subsequent growth to 
a larger size. 

While the probabili ty of additional tortoises surviving 
on Pinta is low, the consequences of extinct ion of the 
Pinta tortoise are suffici ently serious in terms of the 
conservation of biodivers ity and ecosystem va lues to 
justify this conservat ion effort. Recent molecular geneti c 
studies of torto ises from all known populations in Ga la­
pagos, and of Ga lapagos tortoises of unknown origin in 
zoos, furnishes another, admittedly small , chance of iden­
tifying living tortoises from Pinta that may have gone 
undetected. The single living Pinta male is held at the 
Tortoi se Conservation Centre on Santa Cruz Island and 
the discovery of any fema le of the Pinta population would 
provide an add itional opportunity to use the captive 
breeding and rearing teclrnology for recovery of this 
population. By using experienced tortoise searchers, 
and potenti all y even trained dogs, every effort should 
be made to invest igate the possible ex istence of addi ­
tional indivi duals as potential mates for the single known 



111ale. Only after this poss ibi lity is eli111inated shou ld other 
111ore extre111e conservation strategies be considered, such 
as cloning or cross-breeding. 

Marine iguanas 

The conservation of 111arine iguanas presents a similar 
array of prob lems, needs, and approaches as does the 
progra111111e fo r tortoises. Significant di versity is known 
to exist, vvith major differences in size, coloration, and 
seasonality among populations on various islands. Genet­
ic sh1dies have recently attempted to clarify relationships 
among populati ons and with evolutionary outgroups 
(RASSMAN el al. , 1997, SI TES el al. , 1996) . Populations 
of marine iguanas show grea ter variation in DNA from 
mitochondri a than from the ce ll nucleus, suggesting dif­
ferential migra tory patterns of 111ales and females. Whil e 
predictable patterns of size exist among populations ap­
parently related to energeti c constraints (WI KELSKI et al. , 
1997), the molecular analyses support the conclusion that 
marine iguanas represent a single variabl e species. Apart 
from sea turtles, marine iguanas have the greatest poten­
tial of natural inter-i sland di spersa l of any native reptile 
and their low levels of variabili ty apparently reflect a fa ir 
a111ount of gene flow among populations (RASSMAN et al. , 
1997). 

In the late 1970s alar111ing levels of predation on adult 
marine iguanas by feral dogs (KR UUK and SNELL, 198 1) 
combined with a similar situation in land iguanas, 
prompted a successful ca111paign grea tly reducing the 
numbers and impacts of fe ral dogs (SNE LL el al., 1984). 
Some populati ons currentl y lack juveniles, potential e­
vidence of poor recruitment likely to be due to predation 
on the young iguanas by ca ts. (CA YOT et al. , l 994a; 
Y ACELGA , 1995). Many populations are free of predation 
from introduced mammals, but may still oscillate greatl y 
due to variations in ocean conditions during and between 
El Nino phenomena (LAURIE, 1990; LAUR IE and BROWN, 
1990). 

The co111bination of large nahiral fluctuations in popu­
lation size and relatively hi gh ability to disperse among 
islands (at least co111pared to other reptiles within Gala­
pagos) indica te that Ga lapagos marine iguanas could 
have a meta-population struchire. In that sihiation the 
populati ons of individual islands would be iso lated for 
evolutionarily short periods of time and experience ex­
changes of individuals more frequently than more terres­
trial species . ft would be li kely that small populati ons 
would frequently go extinct and perhaps be recoloni zed 
by dispersa l from nearby 111embers of the meta-popula­
tion . Under continued natu ra l conditions such a dynami c 
system would be persistent within the archipelago even 
though a parti cul ar island mi ght lack marine iguanas at 
various times in its history. 

However, with the introduction into the system of new 
predators, li ke the dogs and ca ts menti oned above, the 
effects of the nah1ral populati on declines could be ampli ­
fi ed. Within Ga lapagos, introduced mammali an predators 

Progress and priori ties in research 43 

are more common on the larger isl ands and impacts are 
greatest there. It is li kely that those are the primary 
islands which would serve as source populations for 
recoloniza tion and recupera ti on after a severe natural 
decline. However, if introduced predators lower those 
populations then the meta-population itself might lose 
its dynamic abili ty to respond and wide-ranging extinc­
tion could become a problem. 

Land iguanas 

The land iguanas of Galapagos are more di verse than 
reflected by current taxonomic treatments which recog­
ni ze two nominate species . Morphologica l compari sons 
among all ex tant populations identi fy three distinct po­
pulations or groups, two of whi ch represent named spe­
cies and a third distinct evo lutionary lineage that may 
warrant spec ifi c status (SNELL et al., 1984). Current bio­
chemical studies of molecular morphology may provide 
tests of hypotheses drawn from mac ro111orphologica l 
analyses upon their completi on (Rassman pers. com.) . 
Of the currently recognized species, Conolophus pa!!idus 
is limited to a single island (Santa Fe) while C. subcris­
lalus natura lly occurred on Fernandina, Isabela , Santa 
Cruz, Plaza Sur, Baltra, and Santiago within the last 
170 years. 

Land iguanas have been extirpated fro m Santiago, 
Baltra, and vast areas of southern Isabela. Fera l dogs 
have caused much of the dec imation, but fera l pigs and 
humans have played signi fica nt roles as well (SNELL et 
al., 1984). Because the damaging populations of fera l 
dogs have largely been reduced, the most significant 
threat to current land iguana populations appears to be 
feral cats that prey upon hatchlings and very young 
juveniles. 

Populations of land iguanas can be more quickl y dec i­
mated by introduced predators than populations of 
tortoises simply because adult iguanas are susceptible 
as well as juveniles. Thus, some of the population 
crashes observed have been alarmingly rapid . Between 
1975 and 1977 feral dogs extirpated all but a few 
iguanas from northwestern Santa Cruz and the area 
around Bahi a Cartago, Isabela. In the face of such rapidly 
developing tlu·ea ts, the primary conservation ac tion was 
immediate removal and protection of the adults. Follow­
ing protection of the adults in captivity at the CDRS, 
research led to successful reproduction and rearing in 
captivity between 1977 and 198 1 (SNELL, 1985; CA YOT 
et al., 1994). 

The land iguana populati on from the island of 
Baltra has a different hi story. Iguanas had vani shed 
from Baltra by 1954 after the island suffe red the con­
struction and operation of an American airbase during 
the Second World War. Some combination of habitat 
destructi on, human predation, and feral animals proved 
fa tal to the iguana population (WoRAM , 199 1). Luckily, 
a few adul ts transferred to a nearby island from Baltra 
in the 1930s remained, and served as the basis fo r 
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the captive rearing programme of the l980s and l990s 
(BANNING, 1933 , SNELL el al., 1984, CAYOT and MENOS­
CA L, 1992). 

Like Galapagos tortoises , some populations of land 
iguanas have responded well to restoration programmes 
of the CDRS and the GNPS. Since the first formal 
repatriations to Bahia Cartago, lsabela Island , iu l982 
(REYNOLDS, 1983), a total of 73 7 land iguanas have been 
repatriated (390 to Bahia Cartago, Isabela ; 257 to Cerro 
Dragon, lsabela ; and 94 to Baltra). Survival of the re­
patriates to adult size exceeds an average of40% for these 
three populations. Reproduction by repatriated indivi­
duals occurs at all three sites. 

In addition to further control of feral mammals, future 
activities for the conservation of land iguanas will include 
continuing the restoration programmes, investiga ting the 
magnihide of impacts caused by cats, especially on north­
ern lsabela, and evaluating the potential for a restoration 
programme on southern Isabela where only a few scat­
tered populations remain. 

Other reptiles of Galapagos 

Lava lizards, snakes, and geckos are less famous re­
sidents of Galapagos than giant tortoi ses and the iguanas, 
and at least geckos and lava lizards may be more resilient. 
We know of no extirpated populations of either lava 
lizards or geckos. However, both groups have shown 
behavioural shifts in response to various introduced ver­
tebrates (STONE el al. , 1994; OLMEDA and CAYOT, 1994) 
and some of their populations on smaller islands may be 
threatened. 

Snakes are the rarest reptiles of Galapagos on in­
habited islands, but are relatively common on others 
where they occur. Predation by cats is the most likely 
cause of their decline, but rats may also contribute. If we 
are unable to control introduced populations of cats and 
rats in the near future , it may become necessary to estab­
lish progra mmes for the conservation of snakes, at least 
on Santa Cruz. It is probably too late for Floreana Island, 
where they appear to be extinct (GREENE and REYNOLDS, 
in prep.). 

There are two other species of reptil es naturally 
occurring in the islands. Yellow-bellied sea snakes are 
a pel ag ic species observed in low numbers every kw 
years. Their occurrence may vary with water tempera­
tures (REYNOLDS and PICKWELL, 1984) and probably has 
little to do with human activ ity within the archipelago. 
Green sea turtles are numerous, and nest in varying 
numbers on the beaches of almost every island. Forh1-
nately, green turtles have not been popular direct targets 
of human predation to date, although recent increases in 
fishing activity within the Galapagos have led to in­
creased numbers of carapaces found around fishing 
camps . Sea turtle nests are destroyed and most eggs are 
ea ten by fera l pigs on several islands, lending yet more 
support to the view that feral pigs must be controlled as 
soon as is possible. 

Common elements for reptile conservation 

The overall objective of reptile conservation progra mmes 
in Galapagos has been to preserve diversity. Thus, each 
population is considered a separate evolutionary unit and 
a suitable focus of preservation. In each case, compre­
hensive ecological, population, and reproductive resea rch 
was needed to guide management efforts. Control or 
elimination of threats was attempted concurrent vvith 
efforts to increase population sizes and return progeny 
to natural conditions. Understanding dietary, reproduc­
tive, and thermal needs, normal growth and maturation 
patterns, and habitat use by native reptiles at individual 
sites was essential to the enhancement of conservation 
programmes and important for their success (SN ELL 1985, 
CAYOT et al. , 1994). 

Reptile conservation successes in Galapagos have been 
well documented, and these efforts stand as exa mpl es for 
programmes in other parts of the world. In most cases, the 
level of funding was modest, the approaches were prag­
matic, and the technologies used were as simple as pos­
sible. Considerable benefits have been conferred on these 
programmes by conducting them all within the Galapagos 
Islands, taking advantage of nah1ral climates, native food 
species, and the isolation from foreign diseases, etc. The 
provision of adequate funding, the continued involve­
ment of adequately trained and dedicated biologists in 
research and management efforts, and continued diligent 
analysis of problems and potential solutions are all cri­
tical to the future progress of these important activities. 

Acknowledgments 

These programmes have ex tended over thirty yea rs. The li st of 
peop le crucial to their success is immense, and impossible to 
detail here. However, without the personnel , consultants, and 
vo lunteers associated with the GNPS and the CDRS, severa l 
populations now roaming free would be extinct. Likewise, it is 
impossible to give adequate appreciation to all the private 
individuals, conservation and research funding agencies, and 
government bodies which have contributed the funds necessa ry 
to carry out the programmes briefly described here, but that 
support has been and continues to be vital for the preservation 
of Galapagos reptiles. We thank Robert Reynolds for providing 
comments on the manuscript. 

References 

BANNING, G. H. , 1933 . Hancock expedition to the Galapagos 
Islands, 1933. Genera l Report. Bulletin Zoological Socie(J' of 
San Diego , I 0: 1-30. 

CAYOT, L. J. & R. MENOSCAL, 1992. Land iguanas return to 
Baltra. Noticias de Galapagos, 51: 11-1 3. 

CA YOT, L. J. , K. RASSMANN, & F. TRILLMICH, 1994. Are marine 
iguanas endangered on islands with introduced predators? 
Noticias de Gatapagos, 53: 13- 15. 

CAYOT, L. J., H. L. SNE LL, W. LLERENA, & H. M. SNE LL, 1994. 
Conservation biology of Galapagos reptiles: Twenty-five yea rs 



of successful resea rch and management. !11 : J. B. MURPHY, K. 
ADLER, & J. T. COLLI NS (Editors), Captive Management and 
Conserva ti on of Amphibians and Reptiles. Society for the 
Study of Amphibians and Reptiles, Ithaca (New York). Con­
tributions to Herpeto logy, Volume 11 , pp. 297-305. 

CAYOT, L. J. & G. E. MORILLO, 1997. Rearing and repatri ation 
of Ga lapagos tortoises: Geoc/1elo11e 11igm hoodensis, a case 
study. In: P. VAN ABBEMA, J. (Editor). Pmceedings: Conserva­
tio11 and J\!fa nagement o.f Tortoises and Turtles - An lntema­
tional Conference. 11-16 July 1993, State Uni v. of New York, 
pp .1 78- I 83. 

DE SOLA, C.R., 1930. The li ebespiel of Test11do vandenblll ghi , 
a new name fo r the Mid-Albemarle Island Galapagos Tortoise. 
Copeia, 1930 : 79-80. 

FR ITTS, T. H ., 1978. Espanola tortoi se returns. Noticias de 
Galapagos, 28: 17- 18. 

FRITTS, T. H. , 1984. Evolutionary divergence of giant tortoises 
in Galapagos. In: R. J. BERRY (Editor), Evo lution in the Gala­
pagos Islands. Academic Press, London, UK, pp 165- 176. 

KRUUK, H. & 1-1. L. SNE LL, 1981. Prey se lecti on by feral dogs 
from a populati on of marine Iguanas (A mblJll'hync/111s crista­
t11S). Jo11mal of Applied Ecolog)'. 18: 197-204. 

LAUR IE, W. A. , 1990. Population biology of marine iguanas 
(A 111blyrhync/111s cristat11s). f. Changes in fecundity related to a 
population crash. Jo11mal of Animal Ecologv, 59 (2): 5 15-528. 

LAURIE, W. A. , & D. BROWN, 1990. Population biology of 
marine iguanas (A n1 blvrhync/111s cristat11s). 11. Changes in an­
nual survi va l rates and the effects of size, sex, age and fecundity 
in a population crash . Jo11mal ofA11illlal Ecology, 59 (2): 529-
544. 

MACFARLAND, C. , G. J. VIL LA, & B. TORO. I 974a. The Gala­
pagos giant tortoises (Geochelo11e elephantop11s) I. Status of 
the surviving populations. Biological Conservation , 6 (2): 11 8-
133. 

MACFARLAND, c. , G. J. VILLA, & B. ToRo, 1974b. The Ga la­
pagos giant tortoises (Geochelone elephantop11s) 11. Conserva­
tion Methods. Biological Conservation, 6 (2): 198-2 12. 

OLMEDO, J. and L. J. CA YOT, 1994. Introduced geckos in th e 
towns of Santa Cru z, San Cristobal, and Isabe la. Noticias de 
Gal{rpagos , 53: 7-13 . 

Rr\SSMANN , K. , D. TAUTZ, F. TRILLMICH, & C. GLIDDON, 1997. 
The microevolution of the Gal<1pagos marine iguana A111blyr­
hyncln1s cristat 11s assessed by nuclear and mitochondri al genet­
ic analyses. Molecular Ecology, 6: 437-452 . 

REYNO LDS, R. P. , 1983. Experimental repatri ati on of captive­
reared land iguanas (Conoloplws s11bcristat11s) at Cartago Bay, 
Isabela. Ambia, 12 (3 -4): 189. 

REYNOLDS, R. P. & G. V. PICKWELL, 1984. Records of the 
yellow-belli ed sea snake, Pelamisplat11ms, from the Ga lapagos 
Islands. Copeia , 1984 : 786-789. 

SITES, J. W. , S. K DAV IS, T. GUERRA, J. B. IVERSON, & H. L. 
SNELL, 1996. Character congruence and phylogeneti c signal in 
molecul ar and morphol og ica l data sets: A case-study in the 
li ving iguanas (Squamata ; Iguanidae) . Molecular Biolog)i and 
Evolution , 13: 1087- 1105. 

SNE LL, H. L. , 1985 . Behavioural and morphologica l adaptations 
by Galapagos land iguanas (Conoloplws s11bcristat11s) to water 
and energy requiremen ts of eggs and neonates . American Zool­
ogist, 25: 1009- 101 8. 

SNE LL, H. L. , H. M. SNELL, & C. R. TRACY, 1984. Variation 
among populations of Galapagos land iguanas Conolopl111s: 

Progress and prioriti es in research 45 

contrasts of phylogeny and eco logy. Biological Jo11mal, Li11-
11ean Societv, 2 1 ( 1-2) : 185-208. 

STONE , P.A., 1-1 . L. SNE LL , & 1-1 . M. SNELL, 1994. Behavioural 
diversity as biological diversity: introduced cats and lava li za rd 
wariness. Co 11servatio 11 Biolog)1, 8: 569-573 . 

TAPI A A. , W. , 1997. Aesthete actual y di stribution estacional de 
las tortugas gigantes (Geoc/1elo11e elephantop11s spp .) de Cinco 
Cerros, Volcan Cerro Azul , lsla Tsabela , Galapagos, Ecuador. 
Tesis de Grado, Universidad Tecnico del Norte, Ibarra, Ecua­
dor. 

TOWNSEND, C. 1-1 ., 1928. The Galapagos Islands revisited. Bul­
letin Ne1v York Zoological Society, 3 l(5): 148-1 69. 

W1KELSK I, M. , V. CAR RILLO, & F. TRILLMICH, 1997. Energy 
limits to body-s ize in a grazing reptile; the Ga lapagos marine 
iguana. Ecology, 78 : 2204-22 17. 

WORAM, J. M., 199 1. Who killed the iguanas? Noticias de 
Galapagos , 50:2-17. 

Y ACELGA, M ., 1995. Metodologias para mejorar la sobreviven­
cia de iguanas marinas en poblaciones amenazadas. Tesis de 
grado, Universidad Central de Ecuador, Quito, Ecuador. 

Notes 

1 Vice President (North America) , Charles Darwin Foundation. 
2 Former Vice President (North America) , Charles Darwin 
Foundation. 
3 Fonner Pres ident, Charles Darwin Foundation, 1985-96; and 
form er Director, Charl es Darwin Research Station, 1974-78. 

T.1-1. FRITTS 
U.S . Geological Survey 
4512 McMurry Avenue 

Fort Collins, CO 80525-3400 
U.S.A. 

H.L. SNELL 
Charles Darwin Research Station 

Isla Santa Cruz, Ga lapagos 
Ecuador 

& 
Department of Biology 

University of New Mexico 
Albuquerque, NM 87 13 1 

U.S.A. 

L. CA YOT, S. EARSOM, 
C. MARQUEZ, & W. LLERENA 

Charl es Darwin Resea rch Station 
Isla Santa Cruz, Ga lapagos 

Ecuador 

C. MACFARLf\ND 
P.O. Box 207 

Arlee, Montana 5982 1 
U.S.A. 

f. LLERE NA 
Galapagos Nat ional Park Service 

Isla Santa Cru z, Ga lapagos 
Ecuador 




