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ABSTRACT 

This study surveys late Holocene vertebrate fossils 

from Isla F10reana, Galapagos Islands. 20,000 fossils from 

four lava tubes near Post Office Bay are loosely associated 

with four radiocarbon dates of 2400 years BP or younger. 

Most fossils originated as regurgitated pellets of barn 

owls (Tyto punctatissima). They include six species now 

extinct on Floreana: Geochelone"elephantopus, Alsophis 

biserialis, Tyto punctatissima, Mimus trifasciatus, 

Geospiza nebulosa, and Geospiza magnirostris. These 

species are, respectively, 1st, 1th, 16th, 6th, 15th, and 

2nd in abundance among those recorded as fossils, making up 

57% of individuals in the fauna. Thus extinction probably 

has changed the composition of Florean~'s fauna even more 

than suggested by the number of extinct species alone. 

The evidence is circumstantial, but I believe that 

all extinction on Floreana is related to human impact, such 

as predation, habitat alteration, and introduction of alien 

animals (rats, mice, cats, dogs, p~gs, goats, cattle, and 

donkeys). Direct human predation was probably the main 

cause of extinction only for Geochelone elephantopus. 

Extinction of Tyto punctatissima was probably·due to loss 

of preferred prey species. Extinction of Mimus 

trifasciatus and Geospiza magnirostris may have accompanied 

destruction of Opuntia cactus. Extinction of Geospiza 

x 



. 

nebulosa may be related to habitat changes in the 

highlands. All extinction on Floreana 'probably occurred in 

historic times; whether this is true elsewhere in the 

Galap~gos awaits more research. The lack of fossils of 

COccy~ melacoryphus and Dendroica pectechia is further 

evidence that these birds colonized the Galapagos very 

recently. Fossils enable us to reconstruct natural, 

pre-human faunas more completely than previously possible • 
. '0 &.. 

Modern biogeographical studies usually do not consider how 
/ 

natural the faunas are; they would benefit by considering 

changes wrought by human impact. 

xi 
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CHAPTER 1 

INTRODUCTION 

Biologists have long held the Galapagos Islands in 

high esteem. Even non-biologists are impressed by the 

living things they see there, especially the tameness of . 

tha native animals. More than any other locality in the 

w~r1d, these inhospitable volcanic islands have been 

regarded. as a Mecca to which many natural historians sooner 
,./ 

or later pay homage. Evolutionary biologists, 

biogeographers, and ecologists have found the Galapagos 

particularly enticing as an area that serves as an 

unparalleled "natural laboratory." Situated in the -
equatorial Pacific Ocean, the Galapagos Islands possess a 

flora and fauna that is derived almost entirely from 

ancestors on the South American mainland 600 miles to the 

east. In attempting to reconstruct the evolution of 

various animals inhabiting the Galapagos, biologists have 

suffered from the lack of any paleontological clues to the 

history of their insular subjects. During three trips to 

the Galapagos (3-17 January, 30 May - 8 Aug.ust 1978, 1 

October 1980 - 6 January 1981), I collected late Holocene 

fossils of reptiles, birds, and mammals from lava tubes on 

three oi the larger islands in the group - Santa Cruz~ 

Floreana, and Isabela. These specimens represent the first 

serious paleontological effort to document the evolution, 

past distribution, and extinction of vertebrates in the 

1 
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Galapagos. My studies of the fossils from Santa Cruz and 

Isabela are still incomple~e. This dissertation will 

report comprehensively on the fossils from Floreana, an 

island with a colorful human history and a tragic 

biological history. The fossils described herein, none of 

which predates with certainty even the Holocene, provide 

critical new evidence in understanding the extinction and 

biogeography of the vertebrates of Floreana and the 

Galapagos Archipelago. 

I will introduce the geology, climate, and 

vegetation of Floreana, to provide an understanding of the 

environment in which the vertebrates of Floreana once 

thrived. As much as seems necessary, I will preface the ... 
situation on Floreana with more generalized information 

regarding the entire archipelago. 

The vertebrates themselves have been reviewed in 

innumerable scientific and semi-popular publications. They 

need no introduction here, but pertinent aspects of their 

biology will be mentioned when appropriate. 

Geology 

Probably 100 biologists have visited the Galapagos 

for every geologist who has made the same journey. 

Detailed geological descriptions are lacking for most 

individual islands, Floreana b~ing no exception. McBirney 

and Williams (1969:21-28) provide the only meaningful 
\ 

description of the geomorphology of Floreana, but their 
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study is based upon only five days of field work. General 

accounts of the geology of the Galapagos are found in 

Darwin (1869, and earlier editions), Chubb (1933), and 

William's (1966). Many important advances have been made in 

the regional geology of the Galapagos during the past 

twenty years, thanks to plate tectonic theory in 

combination with techniques of age determination. Modern 

,accounts that consider plate tectonics, potassium-argon 
&.. 

dating, and magnetic polarity determination appear in 
./ 

McBlrney and Williams (1969), Hey et ale (1977), Cox (In 

press), and Simkin (In press). 

The Galapagos Islands are situated on the Nazca 

Plate. They are approximately 30 to 300 km south of the ,-
,Galapagos Spreading Center (Galapagos Island Fracture 

Zone), which separates the ~outhward accreting Nazca Plate 

from the northward accreting Cocos Plate (Hey et al., 1977: 

Figure 1; Cox, In press: Figures 1, 2). The islands emerge 

atop the submarine Galapagos Platform, which is the 

youngest, highest, and westernmost portion of the Carnegie 

Ridge. This ridge trends S820 E from the Galapagos nearly 

to mainland South America, but is obliterated, along with 

the rest of the eastern margin of the Nazca Plate, in the 

subduction zone (Chile-Peru Trench) just west of the South 

American coast. The Cocos Ridge trends N430 E from the 

Galapagos Platform toward Costa Rica. There is no 

evidence, however, that either the Cocos Ridge or the 

Carnegie Ridge ever served as a land bridge or chain of 

3 
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islands to connect the Galapagos to Cocos Island or to the 

mainland. The Galapagos Islands, as well as the Carnegie 

Ridge, may have formed from the Nazca Plate passing over an 

area of magma outpouring from the earth's mantle (a 

"hotspot"). There is no geological eviden~e for subsidence 

of the Galapagos in general, as has been,suggested by some 

biologists to explain the distributions of organisms. 

, .' ,Faulting has caused localized dropping of the land, such as 
~ 

on Baltra, but the regional picture for this young, 
/ 

~ 
'volcanically active archipelago is certainly not one of 

sinking. The youngest islands in the group are probably 

the large western islands of Isabela and Fernandina, while 

the oldest islands are the eastern ones (San Cristobal, 

Espanola, Santa Fe, Plaza, Baltra, and northeastern Santa 

Cruz). potassium-argon dating, magnetic polarity 

determination, geomorphology, and current volcanic activity 

all support the east to west trend of decreasing ages of 

the islands. The oldest islands probably have been 

emergent above the ocean for 3 to 5 million years, while 

the youngest islands are probably less than I million years 

old. Thus the Galapagos are a ve~y youthful group of 

islands, a fact of utmost importance to those pondering the 

evolution of flora and fauna. Based on the present rate of 

eastward movement of the Nazca Plate, the Galapagos 

probably were approximately 200 km west of their present 

location when they first began to appear above the sea • 
. 

They are still moving toward South America, at an estimated 
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rate of SS mm per year, and thus should be subducted 

beneath South America in appro~imately 20 million years. 

Floreana is located in the south-central portion of 

the archipelago (Figure 1). It is the 6th largest island 
, 

in the group, having an area of 171 square kilometers (66 

square miles) (Wiggins and Porter, 1971). The highest 

point on Floreana is Cerro Paja or Cerro de pajas (Straw 

Mountain), which reaches an elevation of 640.meters (2100 

feet; McBirney and Williams, 1969: Plate 2: Figure 2 
/ 

·herein). Although Floreana is roughly circular in shape 

and attains its highest elevations near the center of the 

island, it is not dominated by a single large shield 

volcano with a caldera. ·McBirney and Williams (1969:21) ... 
noted that a caldera may have existed at one time on 

Floreana, but was obliterated by the many younger cones and 

flows, thus placing Floreana in the "Mauna Kea stage" of 

volcanic Qevelopment. Floreana has many parasitic cones, 

scattered nearly randomly, that vary much in size (McBirney 

and Williams, 1969: Figure 8). Nearly all of the cones are 

scoria or lava-scoria cones. In between these cones are 

pahoehoe lava flows and many types of basaltic ejecta u 

ranging from·ash and cinders up to large boulders. The 

small satellite islands to the north and east of Floreana 

are formed from tuff or scoria cones that have undergone 

differing degrees of erosion. 

Most of the surface lavas of Floreana are of the 

Bruhnes Normal Polarity Epoch (0.0 - 0.79 million years 
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old, following Johnson, 1982), although lavas of the 

Matuyama Reversed Polarity Epoch (O.79 - 2.47 million years 

old) are exposed along the northwestern, northeastern, 

easter~, and southern coasts (Cox and Dalrymple, 1966; 

McBirney and Williams, 1969:22, 106; Craig S. Bow, personal 

communication; Cox, In press). Cox (In press) classifies 

Floreana as an island of intermediate age, i.e., one that 

, .. ,emerged during the Matuyama Reversed Polarity Epoch • ... 
• ' / Floreana thus is roughly equivalent in age to Pinzon, 

Rabida, and Wenman. It is younger than the old eastern 

islands, such as San Cristobal, EspaftQla, Santa Fe, and 

Santa Cruz, but older than the western and northern islands 

of Santiago, Isabela, Fernandina, Genovesa, Marchena, '-Pinta, and Culpepper. McBirney and Williams (1969:22) said 

that" ••• almost surely s'ome [of the lavas on Floreana] 

were discharged within the last thousand years, if not 

within the last few centuries." I cannot agree with this, 

for I have never seen fresh lavas on Floreana. Although 

some of Floreana's lavas are still rather devoid of 

vegetation, they are, nevertheless', much more weathered 

than are any of the known historic lavas in the Galapagos. 

McBirney and Williams (1969:22) also mentioned the report 

from 'Captain David Porter, of the U. S. frigate Essex, of 

seeing a volcanic eruption of Floreana in July 1813. 

Neither McBirney and Williams nor any other geologists, 

however, have found any lava or other ejecta suggestive of 
\ 

this activity. Simkin et al. (1982:98) listed this 
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eruption as "uncertain (more likely Sierra Negra 

eruption)." Vo1can Sierra Negra, on southern Isabela, is 

thought to have erupted in 1813 (Simkin et al., 1982:98), 

and Porter's account of the eruption (in Porter, 1822) did 

not state specifically that it occurred on Floreana CT. 

Simkin, personal communication). Until contrary ev-idence 

is brought forth, the volcanoes of Floreana should be 

regarded as extinct • ....... probably there has been no volcanic 

'activity on Floreana for at least several thousand years • 
/' 

Floreana is composed mainly of alkaline olivine 

basalts. Richardson (1933:61) listed tpe following rock 

types from Floreana: "basalt with olivine only phenocrysts, 

amygdaloidal basalt, basalt scoriae, olivine bronzite -
lapilli." McBirney and Aoki (1966) and McBirney and 

Williams (1969:26) reported that plagioclase phenocrysts 

are rare on Floreana, whereas porphyritic olivine is very 

common. I have found, however, that phenocrysts of 

plagioclase, pyroxene, and olivine are all common in the 

basalts of the Post Office Bay region. Further, Chesterman 

(1963) reported phenocrysts of plagioclase in a rock from 

F10reana (see below), and Chubb (1933:18) found "felspar" 

(sic] in large broken crystals near Post Office Bay. 

Chemical analyses or detailed descriptions have been 

published. for rock specimens from Floreana as follows: 

Richardson (1933) - 4 specimens (porphyritic olivine 

basalts); Chesterman (1963) - 2 specimens (a 
\ 

crystal-vitric-lithic tuff from Cormorant Bay, and a bas~lt 
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with phenocrysts of plagioclase and pyroxene from near 

Black Beach); McBirney and Aoki (1966) and McBirney and 

Williams (1969:26-28, 123, 131, 132, 158) - 4 specimens (a 

typical alkaline olivine basalt, a dunite inclusion and a 

peridotite inclusion from the same basalt, and a 

chrome-diopslde from the same peridotite). 

As one would expect in a young volcanic 

" ,archipelago, sed imentary deposi ts and rocks are uncommon in .... 
the Galapagos. Non-marine sedimentary deposits are 

/' 

especially rare. Alluvium occurs as small, unindurated, 

high-energy deposits that are, as one would expect, 

unfossiliferous. The very porous volcanic soil of the 

Galapagos promotes infiltration of rain water rather than -
run-off. The only thorough description of soils in the 

Galapagos is in Laruelle (1966), based upon an altitudinal 

sequence on Santa Cruz. Fine-grained lacustrine sediments 

are found in crater lakes on San Cristobal, Genovesa, 

Santiago, Isabela, and Fernandina. These sediments are 

described by Colinvaux (1968, 1969), Howmiller and Dahnke 

(1969), and Colinvaux and Schofield (1976a, b), the last 

authors also reporting on the fossil pollen and spores from 

El Junco Lake, on San Cristobal. Bogs are found in the 

highlands of Santa Cruz, Isabela, Floreana, and perhaps 

Santiago (Colinvaux, 1968; Hamann, 1975: Figure 2). 

Marine sedimentary rocks occur at least on San 

Cristobal, Santa Cruz, Plaza, Baltra, Floreana, and Isabela 

(Hertlein, 1972; personal observation). Lipps and Hickman 

8 



(1982) have divided the marine deposits into 6 categories 

(tuff cones with marine fossils; limestone and sandstone 

interbedded with basalt flows; terrace deposits above sea 

level; beach rock; supratidal talus debris; recently 

uplif:ed tidal and subtidal rocks and sand). At Punta 

Cormorant, Floreana, I have collected beach rock riddled 

with marine gastropods. Previous workers (Hertlein, 1972, 

and references therein) have regarded certain of these 

.~ deposits to be as old as Miocene or Pliocene, but Lipps and 
/ , 

Hickman (1982) reported that the ages of these deposits 

range from only several hundred years up to approximately 2 

million years, and thus all are probably either Holocene or 

Pleistocene. These deposits typically are dominated by ... 
mollusks, with coelenterates and echinoids also present. 

Among 'the mollusks, gastropods usually outnumber 

pelecypods. 

The volcanic rocks that make up most of the 

Galapagos have been regarded as an extemely poor 

environment for preservation of terrestrial fossils. As 

mentioned above, there is very little alluvial 

sedimentation here. Exposures of fine-grained, stratified 

terrestrial sediment, which are so attractive to vertebrate 

paleontologists on continents, are non-existent. Until 

recently, therefore, vertebrate paleontology in the 

Galapagos lagged well behind other branches of geology. 

Research on fossil vertebrates has begun in the Galapagos 

only in the past two decades with the realization that 

9 



caves (lava tubes) can be rich sources of fossils. 

Niethammer (1964) reported on mammalian bones from owl 

pellets on Santa Cruz; only the large extinct rodent 

ftMegalomys~. j=Megaoryzomys) curioi occurred in what might 

be termed a paleontological context. Ray and Whitmore 

(1973) expressed the great need for paleontological 

research in the Galapagos, and through the interest and 

encouragement of them and others at the Smithsonian , .. 6.. . 
.. 

_: Institution, various field biologists collected bones 
./ 

(mainly of ~ curioi) from caves on Santa Cruz and Isabela 

in the 1960·s. Ray and Whitmore (1973) noted that 

ftMegalomys".curioi had not been described in the proper 

genus. Lenglet and Coppois !1979) to~~ this cue and named -
the new genus Megaoryzomys~ Steadman and Ray (1982) 

detail'ed the systematics, evolution, and paleoecology of 

Megaoryzomys curioi, showing that this extinct cricetine 

rodent is not an oryzomyine, but belongs to the Tribe 

Thomasomyini, which otherwise is confined to mainland South 

America. The cause and chronology of the extinction of 

Megaoryzomys remains enigmatic, as it never has been seen 

or collected from life, nor is it known from dated 

paleontological sites. 

Birds and reptiles, for which the Galapagos are so 

well known, have been unknown as Holocene fossils until 

very recently. Based on field work in 1978 and 1980, I 

reported fossil reptiles, birds, and mammals from santa 

Cruz, F10reana, and Isabe1a (Steadman, 1981). I briefly 
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discussed fossils of Darwin's finches from Santa Cruz in 

re-evaluating the evolution and systematics of that famous 

group (Steadman, 1982). 

Cl imate 

The climate of the Galapagos has been reviewed by 

Alpert (1963), Palmer and Pyle (1966), and Hamann (1979), 

but we still lack a comprehensive treatment of this ... 
.... ,/ subject. Alpert (1963) had data from only two weather 

stations, whereas Palmer and Pyle (1966) did not discuss 

any specific meteorological data gathered in the Galapagos • 

. Hamann (1979) summarized briefly the data on mean annual 

temperature and' precipi tation from 14 meteorolog i<?al -
stations in the archipelago. This very valuable 

contribution understandably was abbreviated, however, 

because Hamann (1979) was concerned mainly with botanical 

matters. 

The oceanic currents of the eastern equatorial 

Pacific strongly affect climate in the Galapagos. Both 

surface and sub-surface currents are covered in some detail 

by Wyrtki (1966, 1967), from which most of the following is 

taken. The first typical circulation pattern is operative 

from August through December, when the Equatorial' 

Countercurrent (eastward flowing) and the South Equatorial 

Current (westward' flowing) are maximal. The southeasterly 

tradewinds are thought to be responsible for the 

development of the South Equatori'al Current, which is fed 
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by the Peru Current, small amounts of the Equatorial 

Countercurrent (reversed at the coast of Central and South 

America), and ,probably also from the westward flowing 

Equatorial Undercurrent. The Equatorial Undercurrent flows 

east from at least l40~ longitude to the Galapagos, at a 

depth of approximately 100m. It is 300 km wide, and 

although it is somewhat broken up by the Galapagos, its 
i 

-water is regarded as a major sourc~ of upwelling, not only ...... 
~est of the Galapagos, but also in smaller amounts from the 

/' 

.. 

( 

Galapagos eastward to coastal Peru (Pak and Zaneveld, 

197?),. The second typical circulation pattern is from 

January through April, when the inter-tropical convergence 

zone (ITCZ) is at its most southerly position. Roughly, -
the ITCZ is the aerial front above the border between the 

Equatorial Countercurrent and the South Equatorial Current. 

Both the Peru Current (northwestward flowing) and the South 

Equatorial Current are relatively weak at this time, and 

the Equatorial Countercurrent is essentially non-existent • 

The third typical circulation pattern operates from May 

through July, when the Equatorial Countercurrent forms once 

again a~ the ITCZ returns to about lOoN latitude. 

The Galapagos lie in the "dry zone" of the 

equatorial Pacific (Palmer and pyle, 1966). They are not· 

subject to the violent storms that can readily occur only 

several hundred miles north of the ITCZ. Relatively high 

islands in the Galapagos, such as San Cristobal, Floreana, 
\ 

Santa Cruz, and Santiago, have an altitudinal gradient in 
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climate. (The large, very high islands of Isabela and 

Fernandina do not quite fit the generalized pattern 

described below, and thus are omitted in this discussion.) 

The data of Hamann (1979) clearly reflect these altitudinal 

differences in temperature and precipitation. On Santa 

Cruz, the CDRS station (elevation 6m) has a mean annual 

temperature and precipitation of 23.80 C and 363.8mm, while 

that of the Bella Vista station (elevation 194m) is 21$70 C ...... 
and lOS9.7mm. Only precipitational data are available for 

·the next three stations on Santa Cruz: Caseta (elevation 

200m) - 990.3mm; Devine's Farm (elevation 320m) - l037.2mm; 

and Media Luna (elevation 620m) - l694.2mm. Although the 

data for temperature are lacking, anyone who has spent much ... 
time at Media Luna can attest that it is much cooler there 

than at lower elevations. The slightly wetter conditions 

at Bella Vista than at Caseta or Devine Farm probably are 

due to the more easterly location of Bella Vista, for 

superimposed upon the altitudinal climatic gradient are the 

effects of directional aspect within a single island. The 

north- and west-facing leeward slopes are more arid than 

are the south- and east-facing windward slopes, especially 

on large islands~ For example, Hamann (1979) reported a 

mean annual precipitation of 363.8mm for the CDRS weather 

station on the south coast of Santa Cruz, compared to 

97.Smm for the Baltra weather station, adjacent to the 

north coast of Santa Cruz. This is strongly reflected in 

the vegetation of Santa Cruz, which is much more lush on 

13 



the southern coast than on the northern coast. 

There are no weather stations on the eastern or 

southern coasts of Floreana, but we may assume that the 

same phenomenon would be in affect here, although probably 

to a lesser extent because of the smaller area,and lesser 

altitude of Floreana compared to Santa Cruz. Fortunately, 

two. weather stations exist in other regions of Floreana. 

Hamann (1979) reported mean annual precipitations of 
~. 

•. 2l4.lmm at the nEn la Playa" station (= Black Beach; 
,/ 

elevation 4m; on the western coast) and 806.0mm at the 

"Asilo la Paz" station (= Wittmer Farm; elevation 300m; on 

the south-central part of the island). The number of years 

upon which these means were based was not given, nor were -
any temperatures. Based upon these limited data, it seems 

that the altitudinal gradient in precipitation is less 

steep on Floreana than on Santa Cruz. 

There are two principal seasons in the Galapagos -

the rainy season lasting approximately from January through 

April, and the dry season that makes up the rest of the 

year. The distinction between these is pronounced, both in 

the arid lowlands and in the moist highlands. The rainy 

season is a time of contrast, as the most precipitation as 

well as the hottest, sunniest days occur at this time. The 

"dryn season is characterized by the occurrence of "garua,n 

a fog or mist that usually provides little measurable 

precipitation. The frequency and intensity of the garua 

varies from year to year. Typically, the ~~ is more 
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persistent in the highlands than in the lowlands. 

The weather patterns of the Galapagos may be 

summarized as follows (based mainly on Alpert, 1963, and 

Hamann, 1979). 

Rainy, hot season: January - April; ITCZ moves 

southward to just north of the Galapagos (usually l-20 N); 

air. pressure is relatively low; relatively warm 

. temperatures (at sea level, CDRS weather station, Santa ...... 
• : Cruz, mean = 2s.90 C, max. = 27.90 C, min. = 24.loC; at 194m 

./ 

elevation, Bella Vista weather station, Santa Cruz, mean = 
000 24.0 C, max. = 24.8 C, min. = 22.6 C); temperature 

inversion weakens or dissipates: rain showers at midday, 

especially in higher parts of the islands; high levels of - ~ 

sunlight; good visibility, especially in the morning; 

relatively low wind velocities; dominant wind direction 

east or east-northeast; low cumulus and altocumulus clouds 

typically present; cumul·us clouds moving from easterly 

direction. 

Dry, £2.2!.season: May - December; ITCZ is well 

north of the Galapagos (approximately lOoN); air pressure 

relatively high; relatively cool temperatures (at sea 
o level, CDRS weather station, Santa Cruz, mean = 22.7 C, 

max. = 27.60 C, min. = la.aoC; at 194m elevation, Bella 

Vista weather station, Santa Cruz, mean = 20.60 C, max. = 

24.soC, min. = l7.aoC); low-level temperature inversion 

operative; often overcast with poor visibility, especially 
\ 

in the morning; usually good visibility in the afternoon, 
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at least in the lowlands; f09, mist, or drizzle ("garua-) 

forms in the mornin9 and usually dissipates before noon, 

but may often persist in the highlands; very little 
I.. • measurable preCIpItatIon at lower elevations, but garua may 

produce measurable precipitation in the highlands; dominant· 
, , 

wind direction southeast or east-southeast; stratocumulus 

and.:altocumulus clouds typically present; stratocumulus 

clouds moving from southerly or southeasterly direction. -.. 
Changes in temperature, whether seasonal or daily, 

'are not extreme in the Galapagos. For example', on low and 

barren Baltra, the mean daily maximum and minimum for March 

(the warmest month) are 3l.loC and 23.90C, while the same 

for September (the coolest month) is 26.70C and 18.90C -
(Alpert1 1963). (I have converted all of the figures in 

Alpert [1963] from Fahrenheit to C~lsius, and from inches 

to millmeters.Y The relative consistency in temperature is 

contrasted, however, by a great variability in 

precipitation. At Wreck Bay on coastal southwestern San 

Cristobal, Alpert (1963) reported that the annual rainfall 

for 1950-1958 varied from 37.1 to 1424mm (mean = 503mm), 

while mean monthly rainfall varied from 4.3mm (June) to 

l51.4mm (February). For any given month in the rainy 

season, great year-to-year variability in rainfall is also 

seen. For example, Alpert (1963) reported 1.5mm for 

February 1950, compared to 487mm for February 1953, and 0.0 

mm in April 1952 and 1954, compared to 458mm in April 1953. 
\ 

Indeed the "rainy" season in the Galapagos can be extremely 
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arid in some years. For the weather station at Wreck Bay, 

mean precipitation during 1950-1958 was 417mm in the rainy 

season (January through April) and only 86.4mm in the dry 

season (the remaining 8 months). 

MEl Nino· refers to the sudden appearance of 

anomalously warm surface water in low latitude regions of 

the, central and eastern Pacific, especially, along coastal 

,regions of Peru and southern Ecuador, westward through the 

""' 'Galapagos. The waters of this region are normally much 

·cooler because of upwelling of cool sub-surface waters, as 

well as the influence of the cool surface waters of the 

northward flowing Peru current. EI Nino, which can last 

from several months to nearly two years, occurs mainly -
during the second circulation pattern discussed above. El 

Nino is not an annual event, but occurs at irregular 

intervals of 1-12 years (Quinn and Burt, 1970). The years 

1828, 1845, 1864, 1871, 1877-1878, 1891, 1904, 1918, 

1925-1926, 1929, 1932, 1939-1941, 1943, 1953, 1957-1958, 

1965-1966, and 1972-1973 are generally regarded as years of 

well developed El Nino activity (Alpert, 1963; Quinn and 

Burt, 1970; Ramage, 1975). The actual cause of El Nino is 

controversial and beyond the purposes of this paper. 

E1 Nino normally sets in during January to March, 

although it C;:AH begin as early as October or as late as May 

(Wyrtki, 1975; Wooster and Guillen, 1974). Sea surface 

temperatures in the Galapagos are highest from January 

through March regardless of the presence or absence of E1 
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Nino, because of increased solar radiation associated with 

the austral summer, as well as a south~ard shift in 

December to February of the warm tropical surface water 

that otherwise occurs north of' the Equator (Wyrtki, 1966). 

During times of El Nino, however, sea temperatures are 

extremely high. Maximum temperature anomalies occur along 

coastal Peru in May through July and the following December 

or January, with values of 2-4oC above normal, separated by ...... 
• ' a relaxation in September and October when temperatures are 

/' 

.. ' 'above normal by only a.50 C or less (Wooster and Guillen, 

1974). This warm water is less saline than the displaced, 

cooler water. Many climatological and oceanographic 

phenomena of the 1972-1973 El Nino, undoubtedly the best 
. -

documented severe El Nino up to now, are described by 

Wooster and Guillen (1974) and Ramage (1975). 

Heavy rainfall in the Galapagos and coastal Peru 

and Ecuador is as~ociated with El Nino. On San Cristobal, 

for example, the highest figures for. annual precipitation 

in Alpert (1963) were for the years 1953, 1957, and 1958, 

each of which is widely recognized".as a year of El Nino. 

The year-to-year variation in precipitation in the 

Galapagos is very similar to that noted by Marchant (1958) 

for southwestern Ecuador. Strangely, Ramage (1975) found 

no positive correlation between sea surface temperature and 

rainfall in the eastern equatorial Pacific during the 

1972-1973 EI Nino, despite the fact that in 1972 coastal 

Peru experienced its worst flooding in 40 years. 
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For the arid Santa Elena Peninsula of southern 

Ecuador, Marchant (1958) noted that the annual 

precipitation varied from 1 to 45 inches (25.4 to ll43mm) 

between 1925 a~d 1958, with peaks approximately every 7 

years. The rainfall here in 1957 and 1958, a time of 

intensive El Nino activity, was much greater than in 1955 

or 1956. Marchant (1959) noted that the great majority of 

, "pesting in terrestrial birds of the Santa Elena Peninsula 
~ 

occurred directly after periods of significant rainfall. 
/ 

Rates of successful avian reproduction were much lower in 

1955-1956 than in 1957-1958. It is interesti~g that the 

same heavy rainfall that means highly successful 

reproduction for terrestrial birds spells disaster for ... 
marine birds. The most famous biological consequence of El 

Nino is a massive mortality in fish (especially anchovies), 

whose planktonic food resources have been altered by the 

lack of adequate upwelling of cool, phosphate-rich waters. 

This results in large-scale mortality among marine birds 

that feed on the fish (Murphy, 1936:101-108; Wyrtki, 1966). 

Seabirds of the Galapagos experience similar population 

declines during El Nino as those of coastal Peru and 

Ecuador (Boersma, 1978), and again it is the nutrient-poor, 

warm water (=lack of putrient-rich upwelling water) that is 

the culprit. 

Paleoclimate 
\ 

On the basis of sediments'from E1 Junco Lake on San 
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Cristobal, Colinvaux (1972) postulated that the Quaternary 

of the Galapagos was characterized by dry glacial intervals 

and relatively wet interglacials. This was substantiated 

further by the pollen and spores from these sediments 

(Colinvaux and Schofield, 1976a, b). The organic sediments 

of the past 10,000 years in EI Junco were underlain by 

undatable inorganic sediments that contained a lens of 

organic sediment dated at )48,000 years BP. The physical 
"~ 

'and chemical nature of the inorganic sediment suggested 
/ 

alluvial deposition in a dessicated lake bed, rather than 

typical lacustrine deposition. To account for ~he 

apparently dry conditions indicated by the inorganic 

sediments, Colinvaux (1972) theorized that the ITCZ was ... 
north of the equator during the entire year in glacial 

times, and therefore was unable to produce the rains from 

January to March or April that characterize its annual 

southward movement today. The unstable, mixing air of the 

ITCZ is responsible for any -normal,- heavy rainfall today 

in the Galapagos, as well as in adjacent areas to the north 

where the ITCZ is present for more than only several 

months. El Nino may be only a very intense southward 

movement of the ITCZ, which would involve a southward 

displacement of the Equatorial Countercurrent and the South 

Equatorial Current. If this is so, then EI Nino probably 

did not affect the Galapagos during Pleistocene glacial 

intervals, and Colinvaux's theory is corroborated. If El 
\ 

Nino has a less obligatory relationship to the ITCZ, such 
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as in the causal theory of Wyrtki (1975), then, El Nino 

still could have influenced the climate of the Galapagos 

during glacial advances. 

The suggestion by Colinvaux (1972) of a more 

northern ITCZ in glacial times touched off several 

responses bi researchers who did not question that-the 

Galapagos were probably more arid during glacial intervals, 

but who instead proposed different mechanisms to account -.. 
~or this arid.ity. Newell (1973) was the first to challenge 

/' 

.' 
Colinvaux's theory, suggesting that Pleistocene aridity 

could be attained through the ITCZ remaining south of the 

equator instead of north. Newell's statement is based upon 

the relationship between modern seasonal, latitudinal -
temperatur.e gradients and the modern seasonal positions of 

the ITCZ, with the southward displacement of ITCZ 

increasing with increasing temperature gradients, 

especially those o£ the Northern Hemisphere •. Newell (1973) 

used 180/160 data from ice cores to state that latitudinal 

temperature gradients at 20,000 years BP were much higher 

that those of any season today, thus the southward 

displacement of rTCZ at 20,000 years BP was greater than 

even the largest southward seasonal displacement today. A 

major flaw that I see in Newell's hypothesis is that a 

southern movement of the ITCZ would result in wetter, not 

drier, conditions in the Galapagos. (For example, see the 

rainfall map in Palmer and pyle, 1966.) Houvenaghel (1974) 

stated that the higher temperature gradient of glacial 
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times resulted in stronger sQ~theasterly t~ade winds that 

increased both the rate and duration of upwelling of cool 

water in the Galapagos. This'would-result in drier weather 
I . 

than at present, without involving a southward shift in the 

ITCZ. Simpson (1975) proposed a model for glacial climates 

in the eastern tropical Pacific, and in doing so, she 

discounted the models of Colinvaux, Newell, and Houvenaghel 

. ~s being largely unsubstantiated and ignorant of relevant ... 
data. However, Simpson's "all-encompassing" model called 

'upon the upwelling of cool water in the Galapagos and 

coastal South America, just as the model of Houvenaghel 

(1974). Although Simpson's methodology is somewhat 

different from Houvenaghel's, the two models do not seem -
incompatible, and each seems 'potentially feasible. 

Vegetation 

The major botanical surveys of the Galapagos are 

those of Hooker (1847), Robinson (1902), Stewart (1911), 

Svenson (1935), Wiggins and Porter (1971), and Hamann 

(1981). My description of Floreana's vegetation is derived 

from the last two references, supplemented by more 

specialized sources. The flora of Floreana is diverse, 

with 283 species of native vascular plants reported (Conner 

and Simberloff, 1978), and 319 including introduced species 

(Bowman, 1961:12). Only Santa Cruz, Isabela, and San 

Cristobal have more ~pecies. The flora of Floreana is also 

relatively well known; the 29 botanical collecting trips to 
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Floreana rank 2nd in the archipelago only to the 38 trips 

made to Santa Cruz (Conner and Simberloff, 1978). Johnson 

and Raven (1973) reported that 73 species of plants on 

Floreana, or approximately 1/4 of the total, were endemic 

to the Galapagos. 

The nature of the vegetation in the Galapagos is 

controlled largely by precipitation, which in turn is 

controlled mainly be elevation, directional exposure, and 

size of the island (Alpert, 1963). On islands of 
/' 

relatively great area and elevation, such as San Cristobal, 

Santa Cruz, Floreana, Santiago, Isabela, Fernandina, 

Pinzon, and Pinta, clear-cut altitudinal changes in 

vegetation are evident. These changes have been studied -
most closely on Santa Cruz (Bowman, 1961; Alpert, 1963; 

Wiggins and Porter, 1971; Reeder and Riechert, 1975; 

Hamann, 1979, 1981), an island that exceeds Floreana in 

both area and elevation, but is nevertheless generally 

similar in climate and vegetation. Hamann (1979) recorded 

a mean annual precipitation at Asilo la Paz, Floreana 

(elevation 300m) of 806.0mm, compared to 990.3mm and 

l037.2mm at Caseta and Devine Farm, Santa Cruz (elevations 

200m and 320m, respectively). These three localities are 

all in the southwestern portion of their islands, and thus 

their climate can be compared directly. The difference in 

precipitation apparently is reflected in the classification 

of the vegetation based on average leaf size, as the Caseta 

locality is termed a "mesophyllous evergreen forest," while 
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Asilo la Paz is termed a "microphyllous evergreen forest n 

(Hamann, 1979:103). 

wiggins and Porter (1971) divide the vegetation of 

the Galapagos into 6 zones: littoral, arid, transition, 

Scalesia, Miconia, and fern-sedge. Excellent photographs 

of these vegetational zones are found in Wiggins and Porter 

(1971) and Hamann ,(1979, 1981). Floreana may have each of 

the 6 zones, although the status of the Miconia and 
'-.,. 

fern-sedge zones is uncertain because of the severe 
/' 

." 
'alteration of the highland vegetation. Hamann (1975:58) 

reported that a Miconia zone is present only on San 

Cristobal and Santa Cruz. Wiggins and Porter (1971:695, 

696) recorded Miconia fro~ only these two islands, but said -
(p. 25) that Miconia does occur on Floreana and Santiago as 

well. Hamann (1981:20) divided the Galapagos plant 

communities into 9 broad categories, most of which have two 

or more subdivisions. They are: fores~; closed scrub with 

scattered trees; scrub; steppe forest (woodland); steppe 

scrub (scrub woodland); shrub steppe savanna; desert scrub; 

broad leaved herb vegetation; and olosed bryoid vegetation. 

I will use the vegetational zones of Wiggins and Porter 

(1971) because of their current greater familiarity to 

non-botanists. I have mod'ified Wiggins and Porter's 

(1971:16-30) general account to include only species 

recorded from Floreana. I will stress woody plants because 

of their importance in the physiognomy of the vegetation. 

Species marked with an asterisk (*) are particularly 
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dominant or conspicuous, at least locally. 

The littoral zone occurs very near the sea or salt 

lagoons, and includes only salt-tolerant plants. Thus it 

is very limited in area. No large ~rees occur in this 

zone, which is well developed on the northern coast of 

Floreana from Punta Cormorant through Post Office Bay. The 

dominant trees and shrubs include four species of mangroves 

.. (*Av icennia .. germ inans, .~Conocarpus .. erecta, *Laguncular ia 
..... 

. racemosa, *Rhizophora mangle), as well as.Batis.maritima, 
/" 

.. ' *Cryptocarpus. pyriformis, Grabowskiaboerhaaviaefol ia, 

Hippomanemancinel1a,Lycium minimum~ *Maytenusoctogona, 

and *No1ana galapagensis. 

The arid zone covers more area on Floreana than any -
other vegetational zone. It occurs from near the coast 

(just in from the littoral zone) upslope to elevatiuns from 

approximately aO-120m on the south-facing side of the 

island to 200-300m on the north-facing side. All of the 

fossil sites are in the arid zone. The highest diversity 

of shrubs and small trees is found here. Most of these are 

deciduous, resulting in a drastic change in the color of 

this zone in the rainy versus the dry season. Many of the 

trees and shrubs are spiny and have relatively small 

leaves. The trees are spaced rather evenly and far apart, 

giving this region an open appearance. Soil occurs only in 

isolated, shallow pockets; most of the surface is barren 

basaltic rock. Two large arborescent cacti (*Opuntia 

megasperma and *Jasminocereus thouarsii) occur in this zone 
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and may be the tallest plants present. The following 

species of trees and shrubs occur in the arid zone: Acacia 

macracantha, h rorud iana, .. Al ternanthera echinocephala, 

Borreria dispersa, !!.:..linearifolia, .*Bursera graveolens, 

Castela galapageia, Chamaesyce .. nummular ia, ~. punctulata, 

.£.:. 'Jiminea, . .£!erodendrum .. molle! .. Cord ia . .1eucophlyctis, *C. 

lutea, £:.. revoluta.,. ~Croton. scouleri ,I.*Cryptocarpus 

.. vriformis,. Desmanthus virgatus,. Geoffroea.spinosa, 

,/ Gossypium. barbadense, .Lantana.peduncularis, . May tenus 

~ ~ctogona, *Parkinsonia aculeata, *Prosopis juliflora, 

*Scalesia affinis, *.2..:.. villosa.I *Scutia.pauciflora, 

Vallesia glabra, and ~Waltheria ovata. 

The transition zone is, as its name implies, an· -
area of mixed vegetation that contains many xerophytic 

species of the arid zone alongside mesophytic species of 

the higher and more humid Scalesia zone. Few, if any, 

species of plants occur only in the transition zone. It 

occurs approximately between 100m and 180m elevation on the 

south-facing side of the island to between 250m to 350m on 

the north-facing side. Fewer trees are deciduous here than 

in the arid zone. Thus this region is green year around, 

although it is greener and lusher in the rainy season than 

in the dry season. The trees are taller and spaced more 

closely together than in the arid zone; The soil here is 

better developed than in the arid zone, but is still thin 

and discontinuous. The increased moisture allows a greater 

abundance of epiphytes and ferns than at lower elevations. 
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The followin9 species of trees and shrubs occur in the 

transition· zone: ~Bursera. graveolens, Cassi~ occide?talis, 

Castela galapageia,. Chamaesyce. viminea., Chiococca ~, 

Clerodendrum molle, Cordia lutea '£:., revol.!!.!!, Croton 

scouleri, Daleatenuicaulis',Darwiniothamnus.tenuifolius, 
. 

Geoffroe.a spinosa,.Gossypium babbadense,. Lantana 

peduncular is, .. May tenus .. octogona '._. Pisonia ,flor ibunda, 

... Scalesia pendunculata, Tournefortia .. pubescens,. Vallesia .... ' 

/' glabra, Waltheria ovata, and. ~ZanthoxYlum fagara. 

The Scalesia zone is next, occurring approximately 

from 180m to 500m elevation on the south-facing side to 

250m to 500m on the north-facing side. This zone is very 

lush and green, usually dominated by thick stands of the -
arborescent composite Scalesia pendunculata (Hamann, 1981: 

Figure 27). The soil is deep and generally continuous, 

with few rock outcrops. Epiphytes and ferns are abundant 

here, but woody plants are much less diverse than at lower 

elevations. Trees and shrubs includ~ Baccharis steetzii, 

Chiococcaalba, Clerdendrum molle, Cordia andersonii, 

*Croton scouleri, ,Darwiniothamnus !!!!.!:!.ifolius, Desmanthus 

virgatus, Lippia salicifolia, *Macraea laricifolia, 

*Pisonia floribunda, *Scalesia pendunculata, Tournefortia 

rufo-sericea, Vallesia glabra, and *Zanthoxylum fagara. 

Hamann (1981) provides a detailed description of the plants 

at two sites in this zone (elevations 280m and 300m), on 

the slopes of Cerro Wittmer and Cerro Pajas. 
\ 

The Miconia zone occurs above the Scalesia zone, 
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and the fern-sedge zone occurs above the Miconia zone. 

Because Floreana has such a limited area above SOOm 

elevation (Figure 2) and because of the extensive habitat 

alteration that has occurred in these highlands, the 

natural extent and distribution of these two highest zones 

cannot be stated with confidence. Both of these zones are 

wet. and windy, and are characterized by an absence of 

.trees. The Miconia zone is dominated by the melastome ... 
shrub Miconia robinsoniana, which generally occurs in very 

/' 

", 
dense stands that are, however, more open on Floreana 

because of damage by feral ungulates. No other species of 

plants are confined to the Miconia zone, which has a gOQd 

diversity of ferns, sedges, and grasses. Shrubs other than -~, 
Miconia are of minor importance herei they are 

Darwiniothamnus _ tenuifol ius l .. Tournefortia ,pubescens, and 

Zanthoxylum fagara. The fern-sedge zone contains a high 

diversity of ferns and sedges and a fair diversity of 

grasses. On all islands having this zone, shrubs are much 

rarer in the fern-sedge zone than in the Miconia zone. The 

fern-sedge zone of Floreana is particularly depauperate in 

this regard, as neither any shrubs nor the conspicuous, 

endemic tree fern (Cyathea weatherbyana) has been recorded 

here. 
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CHAPTER 2 

MATERIALS AND METHODS 

Throughout this paper, I will refer to the bones 

collected in the caves as "fossils.~ I prefer. not to use 

the term "subfossil," which is usually associated with 

non-mineralized Holocene bones, because many of the 

specimens from Floreana are well mineralized and were 
.. &... 

./ 
c~llected from within sediments. The fossils from Floreana 

.vary in preservation, however, from that of nearly fresh 

bone to complete mineralization. It seems simpler to refer 

to all of them as fossils ~han to attempt to distinguish 

unmineralized from mineralized bones by using the awkward -term "subfossil." The word "bone" is also inappropr-iate 

because so many of the specimens retain little if any of 

their originaL organic constituents. 

Field Work 

I visited Floreana 4 times (25 June - 9 July 1978, 

22 October - 1 November 1980, 26 December 1980, and 10 

April 1982). All fossil collections were made during the 

first two trips (Table 1). In addition, I visited the 

satellite islands of Champion (4 July 1978, 26 October 

1980) and Caldwell (26 December 1980) to observe living 

plants and animals. On Floreana, I spent at least 2-3 

hours per day observing the plants and wildlife, especially 

the birds. 
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Armed with the maps of Montoriol-Pous and Escola 

(1975), we (see Table 1) searched for their caves, Cueva de 

Post Office (Inferior and 'Superior) on 25-27 June 1978. 

Upon finding them, we collected fossils in these lava tubes 

for the next 10 days. On 7-9 July 1978, we searched for 

new caves and completed the screening, sorting, and 

packaging of fossils and sediment. We discovered Finch 

Cave at this time, but collected no fossils there. We 
&.. 

visited the Bahia de las Cuevas region from 22-26 October 

,1980. The caves of this area, described in Montoriol-Pous 

and Escola (1975), are not lava tubes but are weathering 

features in the sides of scoria cones. The sediments in 

these shallow caves were essentially unfossiliferous, and 

-seemed to be of very little antiquity. The only organic 

material commonly found here was the trampled qung of feral 

goats. We visited the Post Office Bay region from 26 

October to 1 November 1980, collecting fossils in Cueva de 

Post Office (Inferior and Superior), Finch Cave, and the 

newly discovered Barn Owl Cave. In each instance, the 

basic procedure was as follows: 

1. Search for and locate lava tubes. 

2. If fossiliferous, make maps of the location of the lava 

tube and the plan of the floor. 

3. Collect bones and other organic material on the 

surface. 

4. Look for areas of sediment accumulation and excavate a 

test pit, saving sediment samples from all designated 
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levels. 

5. Describe the stratigraphy of a wall of the test pit. 

6. Screen the sediment from the test pit ~t a convenient 

location outside of the lava tube. 

7. If the sediment is highly fossiliferous, then enlarge 

the excavation la~erally, following any discernible 

stratigraphic units. 

8. Double-check the origina~ description of the 

stratigraphic section, taking additional sediment 

samples if necessary. 

9. Line the excavation with a plastic sheet and fill it in 

with rubble. 

10. Screen all remaining excavated sediment at a point ... 
outside the cave. 

11. Package fossils and sediment samples. 

12. Transport ,by boat all collected materials to CDRS for 

further sorting and packaging, in preparation for 

shipment to USNM. 

We used two sizes of screens, 1/4 inch mesh and 

1/16 inch mesh (window screen). A~l maps were made by 

doing a traverse with a Brunton pocket transit and a 20m 

line. The vegetation made a longer line impractical. 

Within the caves, the width of the floor was measured by 

holding a 25m steel tape at right angles to 1m intervals on 

the 20m line. The steel tape had increments of lcm. These 

measurements were rounded to the nearest O.1m or O.5m, 

depending on limitations of time.\ 
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Museum Research 

At USNM, I unpackaged and cleaned the fossils, 

which then I sorted int9 broad taxonomic categories. 

Precise identifications were made by comparisoris with 

modern skeletons, often aided by a binocular dissecting 

microscope. Measurements were made with dial calipers of 

O.OSmm increments, rounded to the nearest O.lmm. I have 

catalogued the approximately 20,000 fossil specimens in the 
...... 
collection of the Department of Paleobiology, USNM. 

.Representative samples of the fossils will be presented to 

two Ecuadorean institutions: the Departamento de Geologia, 

Escuela Politecnica Nacional, Quito, and the CDRS. 

-Abbreviations 

The following persons, listed in Table 1, assisted 

in field work on Floreana: 

MJC - Maria Jose Campos 

DG - David Graham 

HH - Harvey Helman 

JRH - James R. Hill, III 

MP - Miguel Pozo 

ENS - Edward N. Steadman 

DWS - David W. Steadman 

I examined modern specimens (mainly ~keletons) of 

reptiles, birds, and mammals of the Galapagos from the 

following collections: 

BM(NH) - British Museum (Natural ~istory) 
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CAS - California Academy of Sciences 

RIB - Robert I. Bowman collection, San Francisco State 

University 

UCMVZ - Museum of Vertebrate Zoology, University of 

California, Berkeley 

USNM - National Museum of Natural H~story, Smithsonian 

Institution 

Other abbreviations: 
'*-
BP - before present (=before AD 1950) 

CDRS - Charles Darwin Research Station, Santa Cruz, 

Galapagos 

MNI - minimum number of individuals 

-Place Names 

Place names in the Galapagos either have both 

Spanish and English versions, or are a combination of the 

two languages. In this paper,. I will attempt to use the 

name that is used most often today by residents and 

scientists in the islands, showing no partiality to Spanish 

or English. Thus the reader must forbear such hybrid 

combinations as "Cueva de Post Office." For the past 20 

years, there has been a trend among English-speaking 

peoples to use an increased amount of Spanish for place 

names in the Galapagos. I will abide by this' trend as much 

as possible. Throughout this paper, I will use the name 

Floreana for the island itself. Like most major islands in 

the Galapagos, Floreana is blessed with several names, 
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reviewed here in an attempt to minimize confusion. "Santa 

Maria," the official Ecuadorean name for the island, is 

used only occasionally. "Charles," in honor of King 

Charles II of England, a Stuart king of the late 17th 

century, was the name used by most English-speaking 

persons, including buccaneers, explorers, whalers, and 

scientists, until a decade or two ago. Other names given 

to Floreana include: ·Santa Maria de l'Aguada," on the map 
,~ 

of William Ambrose Cowley in 1684, and occasionally 

.thereafter; "Isle de Saute," used by Ensign Le Sieur de 

Villefort of the French frigate Philippeaux in 1700; and 

"Mercedes," used by General Jose Villamil during his stay 

on Floreana in the l830's and 1840's, according to the -account of Captain He~iri -Louns, Compte de Gueydon, of the 

French brig-of-war ~ Genie (Slevin, 1959: 89), although 

later in the same account Captain Gueydon used the name 

Mercedes for Isla San Cristobal. Floreana is the name used 

almost invariably today by residents and scientists, 

regardless of their native tongue. Occasionally Floreana 

is spelled "Floriana,· especially ~n works of the 19th 

century. The name Floreana is attributed also to General 

Villamil, in honor of General Flores, the first president 

of Ecuador (Wittmer, 1961: 33). In 1832, Villamil 

established on Floreana the first human colony in the 

Galapagos. As we shall see, this human colony proved 

disastrous for many of the native plants and animals of 

the island. 
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Table 1. Fossil localities on F1orearia. Abbreviations of 
collectors' names are explained in "Materials and Methods." 

Locality 

Cueva de Post Office 

(Inferior) 

£dCJe of Inundat~ zone 

Roo. 1 

Rool1 3 

Roo. 4 

Excavations 1, 2 

Excavation 3· 

Cueva de Post Office 

(Super lor) 

Area 1 

Area 2 

Area 3 

Excavations 1, 2 

Excavations 3, 4 
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Collectors 

ows, DG 

DNS, OG, HR, MP 

DIllS, fitJC, JAR, ENS 

DWS, MP 

DIllS, MJC, JAR, ENS 

DIllS, HR, MP 

DIllS, fitJC, JAR, ENS 

OWS, BB· 

OWS, MP 

OWS, "MP 

OWS, MP 

DIllS, MJC, JAR, ENS 

OWS, MP 

OWS, "JC, JRH, ENS 

OWS, MP 

OWS; DG, HH, MP 

OWS, MJe, JAH, ENS 

Date of 

collection 

2 July 1978 

27 June 1978 

27 OCtober 1980 

27 June 1978 

26 October 1980 

30 June 1978 

27 October 1980 

30 June 1978 

4 July 1978 

6 July 1978 

28 June 1978 

28 OCtober 1980 

28, 30 June 1978 

28 October 1980 

31 June 1978 

1 July 1978 

28 October 1"990 



Table 1 -- Continued. 

Locality 

Pinch Cave 

All area. 

aarn OWl Cave 

Roo •• 1-3 

Excavation 1 

Collector. 

DNS, M.JC, JAB, ENS 

DNS, M.JC, JAB, ENS 

DNS, M.JC, JAB, ENS 
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Date of 

collection 

29 October 1980 

30, 31 October 

1980· 

31 October 1980 



CHAPTER 3 

THE FOSSIL SITES 

The Caves 

The four fossiliferous caves (lava tubes) are all 

very close to one another and can be reached on foot from 

the Post Office Barrel in under 15 minutes (Figure 3). A 

tourist trail, constructed in 1980, now leads to Cueva de 
~ 

Post Office (Inferior). The elevations of the caves, at 

their entrances, range approximately from 20 to 50m. 

Blockage from roof collapse made it impossible to reach the 

origin or termination of the lava tubes. The flow that 

contains the four caves is of relatively youthful pahoehoe 

lava thought to be derived from a la~ge scoria cone 

approximately 2 miles SSE of Post Office Bay (McBirney and 

Williams (1969:22,25). This lava is of the Brunhes Normal 

Polarity Epoch, and thus is no older than 0.79 million 

years (see Geology section of "Introduction"). I am not 

aware of any potassium-argon age determinations from the 

Post Office Bay region to complement the paleomagnetic 

information. Many pressure ridges and mounds also occur in 

the Post Office Bay region. 

Cueva de Post Office (Figures 4, 5) was named, 

mapped and described by Montoriol-Pous and Escola (1975). 

Although it is actually a single lava tube, the two 

entrances to this lava tube lead to separate passageways 

("Inferior" and "Superior") that are blocked from each 
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other by a massive roof collapse. In other words, the 

southern end of "Inferior" is separated from the northern 

end of "Superior" by a talus cone of boulders 

(Montorio1-Pous and Escola,· 1975: Figure 2A). The 

e~trances are formed by smaller roof collapses and are such 

that escape would be impossible for any large, non-volant 

animal that fell into them. Cueva de Post Office 

(Inferior) runs downslope to the sea, its lower portion 
~ 

being in salt water. Large boulders of roof spall are very 

,common in the southern portion of Cueva de Post Office 

(Inferior), especially in Room 2 and in the low-roofed area 

separating Room 3 from Room 4. North of Room 2, most of 

the floor of the cave is barren basalt, free of any ... 
sediment-: ' In Room 2 and south thereof, much of 'the floor 

is often covered by poorly sorted sediment ranging in size 

from clay to boulders. None of the original basaltic 

flowstone is exposed on the floor of Cueva de Post Office 

(Superior), where instead thick deposits of poorly sorted 

clays to boulders cover the entire floor. 

Finch Cave and Barn Owl Ca~e (Figures 6, 7) have 

not been named, mapped, or described previously. Miguel 

Pozo and I discovered Finch Cave in 1978. The entrance to 

Finch Cave is the highest roof collapse that I have found 

in the Galapagos, being a drop of 18m from the surface to 

the floor of the cave. A large, bouldery talus cone of 

roof spall dominates the region below the entrance. The 

southeastern edge of the talus cohe is met by a talus slope 
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originating from roof spall concentrated in the 

southeastern portion of the cave (only partially mapped) • 

As wi th most thick talus accumulations i.n caves on 

Floreana, these talus slopes have a dip of 30-350
• The 

original basaltic floor is exposed in much of the northern 

two-thirds of Finch Cave. Seemingly unfossiliferous, 

fine-grained sediments (mainly clays and silts) occur in 

the low-lying sections of the North Room. These sediments 

appear to be derived from soil that periodically washed 

into the cave via the roof collapse, for they are darker 

and better sorted than the fosSil-bearing sediments 

excavated from the other three caves. 

Barn Owl Cave was discovered by James R. Hill on 30 

October 1980. Because we already had scheduled a boat to 

take us from Floreana on 1 November 1980, our 

paleontological endeavors in Barn Owl Cave were limited to 

two frantic days. ~uch of Room 1 is exposed to the surface 

by a huge roof collapse which did not, however, allow as 

easy access to the cave as the entrance in Room 2. 

Essentially the entire floor of Barn Owl Cave is covered by 

some sort of sediment, ranging from mainly boulders on the 

talus slopes to various fine-grained sediments in low-lying 

. areas. For example, the talus slopes in Rooms 1-3 are 

composed mainly of angular basaltic pebbles and boulders up 

to 1.2m in diameter, whereas much of the floor of Room 3 is 

covered by loose, fine sediments (clays through sands). 

Sediments of intermediate average' particle size (clay 
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through pebbles) occur near the edges of the talus slopes, 

such as at Excavation 1. 

Stratigraphy 

The surface of the sediments near each entrance was 

littered with hundreds of bones, as well as pieces of wood. 

I dug five small test pits in the sediments of Cueva de 

Post Office, stratigraphic profiles of which are shown in 

Figures 'S~7, 9, 10 • Excavations were halted either when 

the basaltic bedrock was reached or when the sediment 

became very rocky and essentially unfossiliferous. The 

sediments from the different pits are broadly similar to 

each other. They are very inorganic, being derived from 

basalts-,withsome- secondary minerals (gypsum, flourite, 

minor calcite). Montoriol-Pous and Escola (1975) reported 

flourite, gypsum, and apatite as secondary minerals from 

Floreana. Gypsum has been reported elsewhere in the 

Galapagos from the salt deposits of Tagus Crater Lake, 

Isabela (Howmiller and Dahnke, 1969). The occasional 

in~istinct stratigraphic units in these poorly sorted clays 

to gravels are suggestive of very brief water transport, 

although the lack of well developed laminations, in 

combination with the angular nature of the clasts and the 

poor sorting, suggests that these sediments were not 

transported very far. probably both water and gravity 

sliding were involved, but only for short distances. When 

one considers that nearly all of the sediment in the caves 
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is derived either from weathering products of roof spall or 

from loose soils washed into the cave from the surface, it 

appears that this sedimentihas seldom been transported for 

more than 20m. There is no groun8 water in the caves, and 

occasional heavy rains are the only source of water. It 

appears that the fossils were incorporated into the 

sediments mainly during periodic inundations of sheetwash 

that entered the cave through the roof collapse. The 

runoff deposits the sediment immediately below the 

entrance. The resulting low energy levels explain the poor 

development of lamination, rounding, and sorting. At least 

in Cueva de Post Office (Inferior and Super~or), trampling 

of the sediment by tortoises and humans was also important 

in mixing the bones into the loose sediment. Careful 

. sorting of the fine fraction of the matrix yielded a fair 

number of small, often fragmentary, fossils. With minor 

exceptions, the fossils within the sediments are of the 

same species as occur on the surface of the floor. 

Burrowing animals appear to have had very little impact on 

the sediments; no animals larger than insects are known to 

burrow in Galapagos cave sediments. 

Chronology 

There is little potential for developing a 

Quaternary alluvial chronology in the Galapagos because of 

the scarcity of alluvium. The very porous volcanic soil of 

the Galapagos promotes infiltration of rain water rather 
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than runoff. I have not yet attempted to analyze the cave 

sediments for pollen. Colinvaux and Schofield (1976a, b) 

developed a late Quaternary pollen sequence for El Junco 

Lake, San Cristobal. It would seem difficult or 

impossible, however, to correlate their pollen sequence 

from lacustrine sediments in the humid highlands with one 

from cave sediments in the arid lowlands. 

The Galapagos lack cultural remains from the period 

before the Spanish discovery of the islands in the 16th 

century. This means that chronologies based on lithics, 

ceramics, etc., as well as the often associated charcoal 

for radiocarbon dating, are not possible in the Galapagos, 

beyond the presence of historic artifacts being indicative 

of the past 400 years. Several more recent faunal datum 

points can be used to provide minimum ages for certain 

deposits. For example, historical records show that 

tortoises (Geochelone.elephantopus) became extinct on 

Floreana around 1850. Therefore, tortoise bones in any 

deposit on Floreana would indicate that the deposit is at 

least 130 years old. Snakes (Alsophis biserialis) , hawks 

(Buteo galapagoensis), barn owls (Tyto punctatissima), 

mockingbirds (Mimus trifasciatus), and two species of 

Darwin's finches (Geospiza nebulosa and G. magnirostris) 

also became extinct on Floreana in the mid- or late 1800's, 

although the chronology of these extinctions is less well 

documented than that of Geochelone. Nevertheless, these 

species are also useful indicators of the minimum age of a 
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fossil site. 

Three of the four radiocarbon dates in Table 2 were 

first reported in Steadman (1981). The only other 

published radiocarbon dat~s from the Galapagos are 

associated with late Quaternary lacustrine sediments at El 
..... 

Junco Lake, San Cristobal (Colinvaux, 1972; Colinvaux and 

Schofield, 1976a, b). Unfortunately, no sediments from my 

excavations of Floreana have yielded charcoal or plant 

remains sui table for 'radiocarbon dating. Each of the dates 

in Table 2 is from the surface. I pretreated each sample 

by physical cleaning followed by boiling in 10% HCl to 

remove any carbonates. 13 All ages are corrected for C as 

reported. The delta l3C vaiues for these samples are about 

as expected; those for the wood samples correspond to 

values characteristic of those modern woody plants that are 

generally C3 plants (Stuiver and polach, 1977; DeNiro and 

Epstein, 1978). The delta l3c value for the horny scute of 

Geochelone is to be expected for an animal that eats a wide 

variety of plants, but dominantly cactus (a CAM plant), as 

well as a fair amount of tropical grasses, many qf which 

may be C
4 

plants (Stuiver and Polach, 1977; DeNiro and 

Epstein, 1978). 

The radiocarbon. data provide no eviaence.that any 

of the fossil sites is older than the Holocene. The age 

determinations from the surface are, of course, younger 

than the ages of the underlying sediments. Thus the 

subsurface fossils in each of the caves are more than 130 
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years old. Those of Barn Owl Cave are more than 2400 years 

BP, while those of Cueva de Post Office (Inferior) are 

older than 1000 years BP. That organic material has not 

ceased to accumulate in caves during historic times is 

indicated by the presence on the surface of introduced 

mammals such as ~"musculus and Rattus rattus, as well as 

the modern radiocarbon date on Prosopis. 

The main chronological shortcoming in the Floreana 

caves is not being able to establish both stratigraphic and 

chronological control for the fossils within a single 

deposit. The subsurface levels consist only of bones and 

inorganic sediment~ they lack plant material suited for 

radiocarbon dating. The surface of the sediments, on the 

other hand, contains wood or epidermal scutes of tortoises 

that are excellent for radiocarbon dating, but lack~ the 

stratigraphic framework needed to relate unequ'ivocally the 

dated material to the fossils. There is no way to 

demonstrate with certainty that a dated piece of wood is 

contemporaneous with the bones that lie next to it. 
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Figure 3. The Post Office Bay region of Floreana, showing the location of the four 
fossiliferous caves. Contour intervals are in feet. 
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Figure 4. Plan view of the floor of Cueva de Post Office (Inferior), modified from 
Montoriol-Pous and Escola (1975). Note Excavations 1-3. 
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Montoriol-Pous and Escola (1975). Note Excavations 1-;4. 
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Figure 7. Plan view of the floor of Barn Owl Cave. Note 
Excavation 1. 
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Figure 8. Stratigraphic profile of Excavation 1, Cueva de Post 
Office (Inferior), Floreana, Galapagos. Description of sediment: 
Gravel, slightly silty, slightly sandy; light yellowish brown 
(10 YR 8/4 dry), light brown (9.5 YR 7/6 wet), unlaminated, 
poorly sorted; contact poorly defined; clasts of basalt and flourite, 
very angular to sub-angular, averaging smaller in the top lcm; 
slight reaction with 10% HC1; no fossils in upper 6cm; maximum 
observed thickness = llcm; lower contact basaltic bedrock. 
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CUEVA DE POST OFF ICE 
(INFERIOR) 

EXCAVATION 2 

Figure 9. St~atigraphic profile of Excavation 2, Cueva de Post 
Office (Inferior), Floreana, Galapagos. Description of sediment: 
Clay, silty, sandy, pebbly; light yellowish brown (10 YR 6/4 dry), 
dark reddish brown (5 YR 3/3 wet), unlaminated, poorly sorted; 
contact poorly defined; clasts of basalt and flourite, very 
angular to sub-angular, averaging smaller in the upper 3cm; 
reaction with 10% HCl; maximum observed thickness = l5cm; lower 
contact basaltic bedrock. 
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CUEVA DE POST OFFICE 
lINFERIOR) 

EXCAVATION 3 

, Figure 10. Stratigraphic profile of Excavation 3, Cueva de Post 
Office (Inferior), Floreana, Galapagos. Description of sediment: 
Clay, slightly silty, slightly sandy, pebbly; yellowish brown 
(10 YR 5/6 to 10 YR 5/4 dry), reddish brown (5 YR 4/4 wet), 
poorly laminated, poorly sorted; poorly defined contacts; basaltic 
clasts, angular to sub-angular; reaction with 10% HC1; maximum 
observed thickness = 63cm; partial lower contact basaltic bedrock. 
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Figure 11. Stratigraphic profile of Excavation 1, Cueva de Post 
Office (Superior), Floreana, Galapagos. Description of sediment: 
Clay, silty, sandy, pebbly; light yellowish brown '(10 YR 6/4 dry), 
dark reddish brown (5 YR 3/4 wet), poorly laminated, poorly sorted; 
contacts poorly defined; clasts basaltic, very angular to 
sub-rounded; no reaction with' 10% HC1; maximum observed 
thickness = 37cm; basaltic bedrock not reached. 
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CUEVA DE POST. OFFICE 
(SUPERIOR) 

EXCAVATION 2 

Figure 12. Stratigraphic profile of Excavation 2, Cueva de Post 
Office (Superior), Floreana, Galapagos. Description of sediment: 
Clay, silty, sandy, pebbly; dark yellowish brown (10 YR 6/4 dry), 
reddish brown (5 YR 4/4 wet), unlaminated, very poorly sorted; no 
discernible stratigraphic contacts; clasts basaltic, angular to 
sub-rounded, more common in upper 2cm; very slight reac~ion with 

. 10% HCl; maximum observed thickness = 25cm; basaltic bedrock not' 
reached. 
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Figure 13. Stratigraphic profile of Excavation 1, Barn Owl Cave, 
Floreana, Galapagos. Description of sediment: 
Unit A - Gravel, clayey, silty, sandy; brown (7~5 YR 4/4 dry), 
reddish b~own (5 YR 4/4 wet), moderately well laminated, poorly sorted; 
basaltic clasts very angular to sub-rounded; no reaction with 10% HC1; 
maximum observed thickness = 10cm; indistinct lower contact. 
Unit B - Clay, silty, sandy, pebbly; brown (7.5 YR 4/4 dry), reddish 
brown (5 YR 4/4 wet), umlaminated, moderately well sorted; basaltic 
clasts sub-angular; overall prismatic texture; strong reaction with 
10% Hel; maximum observed thickness = 6cm; sharp lower contact. 
Unit C1 - Clay, silty, sandy, to silt, clayey, sandy, pebbly; 
yellowish brown (10 YR 5/6 dry), dark brown (7.5 YR 4/6 wet), 
unlaminated, moderately well sorted; basaltic clasts, rarely up to 20cm 
in diameter, sub-angular to sub-rounded; strong reaction with 10% HC1; 
maximum observed thickness = 22cm; indistinct lower contact. 
Unit C

2 
- Silt, clayey, sandy, pebbly; light yellowish brown (10 YR 6/6 

dry), aark brown (7.5 YR 4/6 wet), unlaminated, very poorly sorted; 
basaltic clasts rarely up to 20cm in diameter, smaller clasts of 
flourite and calcite, very angular to sub-rounded; strong reaction with 
10% HC1; maximum observed thickness = 6cm; lower contact basaltic 
bedrock. 

57 



Table 2. Radiocarbon age determinations from Floreana. All were 
"done at the University of Arizona Radiocarbon Laboratory. 

Nllllber "Meterial Locality Aqe 

A-2088 8urHra ClMYa de Post 990 ! 120 yu. BP 

sraveolen. Offie. (Inferior) delta 13c • 

(wood, ee. 9gll) RoOII 3: surfae. -23.7% 0 PDB 

A-2089 Pro.oei • Cu.va de Post 80 ! 110 yrs. BP 

~u11f10ra Offie. (Inferior) (lIOdern) 

(wood, ca. 109m) Room 11 surfae. d.1ta 13c 

-25.4% 0 PDB 

A-2090 Geocbelone Cuev. de Po.t 310 .t 80 yrs. BP 

eleebantoeus Office (Inferior) delta 13c 

(borny epidemal Room 1: surface -13.9%
0 PDB 

scute of 

carapee., ca. 7gll) 

A-25l2 ~.p. Barn OWl Cave 2420 .t 25 yu. BP 

(wood, ca. 17CJII) RoOII 3: surface delta 13c • 

-25.5%
0 PDB 

58 



CHAPTER 4 

THE FOSSIL FAUNA 

All of the fossil sites on Floreana are in lava 

tubes with roof collapses that permit the entry of animals 

for potential fossil ization. Tables 3-6 list 

systematically the fossils from each locality within each 

cave, and Table 7 summarizes the fauna of all of the caves. 

The fossils originate mainly or entirely in two different 

ways - from prey items of barn owls (Tyto,punctatissima), 

or from the roof collapse acting as a natural trap into 

which an animal falls but cannot escape. Both of these 

modes of accumulation are involved at the fossil sites on 

F10reana, although to different degrees. 

Natural trap localities are dominated by tortoises 

.(Geoche10nee1ephantopus), especially large individuals, 

that fell into the roof collapses and were unable to escape 

from the cave. Bon,ey accumulations via natural traps are 

less rich, both in number of species and in number of 

individuals, than Tyto-derived sites. Fossils tend to be 

concentrated near the entrance (roof collapse) of the lava 

tube in either situation, but in natural traps the fossils 

cluster rather randomly about the entrance, thinning as one 

goes farther from the entrance. In ancient barn owl 

roosts, the fossils usually are concentrated below ledges 

on the walls that served as the owls' roosts. 
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Townsend (1928:157, 159) made this graphic 

description of the tortoises that had been trapped in Cueva 

de Post Office (Inferior). 

It would be difficult to imagine a more 
effective trap for tortoises than the well-like 
entrance to the cave from which the skeletons were 
taken. It must 'have operated automatically as a 
death trap for centuries. The brushy 
half-concealed entrance is merely a hole in the 
ground a dozen feet in diameter and twenty feet 
deep. With a steep slope at one side, the unlucky 
tortoise that tumbled in did not necessarily strike 
bottom with a fatal crash, but rather rolled down 
an incline it could not ascend. 

The rocky floor of the cave is not wide but 
leads into a few low passages under the lava, all 
strewn with dry bones of tortoises that had crept 
everywhere in search of an outlet. The brittle 
remains of the earlier victims had been crawled 
over repeatedly and gradually broken up by those 
that were entrapped subsequently from time to time. 

The bleached and bony remains of those not too 
antiquated and fragile to be removed, had long lost 
their dark horny plates which lay curled and 
twisted beside them. In a dozen of these, both 
carapace and plastron were practically intact, 
while skulls and leg bones had usually been 
disturbed and scattered. A considerable amount of 
broken tortoise remains had long since become mixed 
with the soil of the cave floor. The later 
arrivals lay where they died, their large white 
carapaces showing conspicuously as our flashlights 
were turned in their direction. 

That Tyto punctatissima wa~ responsible for much of 

the deposition of fossils is substantiated by its 

occurrence in the fossil fauna of Barn Owl Cave, these 

being the first specimens of,T."punctatissima ever taken on 

F1oreana. Except for non-hatchling tortoises, the fossil 

fauna of each cave consists almost entirely of animals that 

are potential prey items for barn owls. Although T. 
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punctatissima apparently does not occur on Floreana today, 

it occurs commonly in lava tubes on several other islands 

in the Galapagos, where it is responsible for rich deposits 

of both modern and fossil bones (Niethammer, 1964; Abs et 

al., 1965; Steadman, 1981; Steadman and Ray, 1982). The 

only other owl in the Galapagos is Asio flammeus, the 

short-eared owl, which is not known to roost in lava tubes. 

Excavation 1 of Barn Owl Cave clearly demonstrated 

the importance of rich ancient barn owl roosts in 

determining the past fauna of an island. This site yielded 

many more fossils that the excavations in any other caves 

(Tables 3, 4, 6, 7), and, in containing fossils of.!.:. 

~nctatissima. itself, provided the first absolute evidence 

that barn owls once occurred on Floreana. The barn owls 

that regurgitated bones into Excavation 1 sampled the local 

fauna very thoroughly; each native taxon recovered as a 

fossil occurred in this deposit, except the seabird 

Puffinus lherminieri. In addition to !.:.. punctatissima, the 

following taxa of birds were found only in Barn Owl Cave: 

Pterodromaphaeophygia, Oceanodromacastrp, Pyrocephalus 

nanus, Geospiza crassirostris, Geospiza.scandens, and 

Geospiza parvula. Of these, only Pterodroma phaeopygia 

probably was not brought into the cave by!.:..punctatissima. 

Table 8 shows the general nature of the past 

feeding habits of T. punctatissima on Floreana, considering 

only native animals that are small enough to be prey items. 
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Immediately apparent is the'large difference in relative 

abundance of reptiles and birds in surface versus 

subsurface levels. Reptiles make up only 19.4% of the MNI 

recovered from surface collections, but they represent 

57.0% of the MNI from excavations. The same values for 

birds ar. 79.0% and 42.0%, respectively. The figures for 

all four of the surface collections are remarkably similar 

to each other. Those of the excavations from Cueva de Post 

Office ('Inferior) and -Barn Owl Cave resemble each other 

closely, but they differ significantly from those of Cueva 

de Post Of~ice (Superior). This difference is due to the 

method of collection used in Excavation 4 of Cueva de Post 

Office (Superior), explained at the end of this section. 

Bats are a minor component (less than 2%) in either case. 

Tortoises average much larger in size in the surface 

collections than from sub-surface levels. Therefore, a 

lower percentage of tortoises from the surface were 

potential prey items of T.,punctatissima. I have allowed 

for this by including only a small percentage of their MNI 

in calculating Table 8 (see caption). Even if one were to 

omit tortoises from consideration altogether, the remaining 

reptiles (=lizards and snakes) are still relatively much 

more common in the sub-surface levels (Table 7). Much or 

all of this difference probably is due to a collecting 

bias, because the persons making the surface collections, 

especially myself, had a better search image for skulls, 
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'rostra, and mandibles of Geospiza magnirostris than for any 

of the bones of lizards and snakes. Further, these 

elements of G. magnirostris, as well as many of the 

post-cranial elements ofZenaidagalapagoensis, are larger 

and more conspicuous than the lizard and ,snake bones. For 

these reasons I believe that the excavations are more truly 

representative of the actual relative abundances of nearly' 

all the species in the fossil fauna. This is discussed 

further below. 

Barn owls prefer to eat rodents when they are 

available. Rodents and other small mammals usually make up 

over 90% of the diet 'of species of Tyto on continents, as 

documented by numerous studies, e.g. Wallace (1948), Vernon 

(1972), De Bruijn (1979), Morton and Martin (1979), and 

Jaksia: et al. (1982). Birds seldom comprise more than a 

few percent of the prey items. A notable exception was 

reported by Otteni et al. (1972) in southern Texas, where 

the frequency of mammals in pellets of T. ~ varied year 

to year from 65.5% to 98.9%, while the frequency of birds 

varied from 1.1% to 34.3%, an unusually high figure for 

continents. It is unfortunate that so few studies have 

been made of the feeding habits of the various species of 

Tyto on islands, for the regurgitations of Tyto, both 

living and extinct species, have been responsible for many 

insular paleontological sites. 

The food habits of T. punctatissima in the 
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Galapagos are better documented than for most insular barn 

owls. Salvin (1876:494) and Gifford (1919:·194) reported 

grasshoppers in the stomachs of barn owls collected on 

Santa Cruz and perhaps other islands. Niethammer (1964) 

reported only on the mammals in pellets of ~ punctatissima 

and Asio flammeus from the Cascajo Mountain region of Santa 

Cr.uz, al though. he did not distinguish which of these two 

owls was responsible for which pellets. The mammalian prey 

items were as follows: 2 bats (1 Lasiurus borealis, 1 

Lasiurus cinereus) and 382 rodents (145 Rattus.rattus, 230 

~ musculus, 1 Megaoryzomys curioi, 5 Nesoryzomys 

indefessus, 1 ~ darwini). Abs et ale (1965, including the 

authors' subsequent corrections included in reprints) 

reported on pellets of !.:.punctatissima from two localities 

on Santa Cruz (3km from Academy Bay, and Cascajo Mountain). 

Most of these pellets appear to be the same as those 

reported by Niethammer (1964). Abs et a1. (1964) recorded 

from these pellets 119 Rattus rattus, 224 ~ musculus, 1 

Megaoryzomys curioi, 6 Oryzomys species (= Nesoryzomys 

indefessus and/or !:!.:. darwini), 1 .Lasiurus. boreal is, 1 

Lasiurus cinereus, 2 Zenaida ga1apagoensis, 1 Myiarchus 

magnirostris, 2 Mimus parvu1us, 8 Dendroica"petechia, 4 

Geospiza fu1iginosa .. 4 G. fortis, 1 G. scandens, 3 G. 

pa1lida, 12 ~ olivacea, and 1 undetermined bird. Thus 

birds made up 9.7% of the prey remains l~sted by Abs et ale 

(1965). Harris (1974:121) summarized the food of T. 
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punctatissima as "mainly rats and mice, some small birds. 

Eats more crickets, grasshoppers and scorpions that the 

Short-eared Owl." The very rich fossil site at Cueva de 

*ubler, Santa Cruz, is derived from prey remains of ~ 

punctatissima (Steadman, 1981). This fossil fauna is 

dominated by native rodents, although it does include many 

species of birds and reptiles. On islands such as Floreana 

that lacked rodents, however, ~_Eunctatissima was obliged 

to abandon the rodents in -favor of. small reptiles, birds, 

and insects, at least until the introduction of Rattus and 

~. 

In the West Indies, species of Tyto also eat a 

higher percentage of birds and reptiles than on continents. 

Wetmore and Swales (1931:234-236) reported a variety of 

small birds, lizards, and bats in pellets of T. glaucoEs 

from Hispaniola. Elsewhere in the West Indies, Buden 

(1974) and Johnston (1974) reported a fair diversity of 

birds, lizards, and bats in pellets of ~ !!E! from the 

Bahamas and Grand Cayman, respectively. In each of these 

Antillean samples, the percentage of reptiles and birds was 

lower than in the Floreana fossil sites because of a 

dominance of man-introduced rodents (Rattus, ~). The 

relative scarcity of Rattus and Mus in the deposits from 

Floreana suggests that ~ Eunctatissima became extinct 

there very shortly after the introduction of the two 

rodents, for ~ punctatissima preys very heavily on these 
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introduced rodents elsewhere in the Galapagos (Niethammer, 

1964; Abs. et al., 1965). Had barn owl extinction occurred 

in this century, ~or example, one would expect to find more 

remains of Rattus and Mus in the caves. 

Volcanic activity is one last remote possibility 

for accumulation of fossils in the lava tubes. Mearns 

(1903) reported finding 16 species of passerine birds dead 

in caves in Yellowstone National Park, Wyoming, which he 

attributed to poisonous gas and heat associated with 

geothermal activity. It is at least possible that the heat 

and gas of volcanic eruptions could also kill animals, 

perhaps especially birds, that entered the lava tubes in an 

attempt to escape the danger on the surface, only to die 

when condit~ons became deadly in the cave as well. 

Excavations 3 and 4 of Cueva de Post Office 

(Superior) represent an attempt to test the importance of 

screening cave sediments. These excavations were adjacent 

to each other in a gravely talus slope that lacked any 

stratigraphic units (Figure 5). The sediment of Excavation 

3 was screened outside of the cave in standard fashion, 

whereas that of Excavation 4 was not screened, but was very 

meticulously hand-picked ~ situ for several hours by 

slowly churning the top O.2m of sediment, and collecting 

any bones that appeared. By digging to' a depth of 0.3m in 

Excavation 3, it was determined that essentially all of the 

fossils in this talus slope occurred in the uppermost O.1m 
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of sediment. Because both Excavations 3 and 4 were deeper 

than O.lm, all of the fossils contained' in their sediments 

were potentially obtainable during our opera~ions. 

Excavation 3 had an area of 1.2m X O.6m, or O.72m2 , while 

Excavation 4 had an area of 3.5m X O.7m, or 2.45m2 • Thus 

their effective volumes were O.072m3 and O.245m3, 

respectively. Therefore, Excavation 4 could be expected to 

yield approximately 3 times as many fossils as Excavation 

3, if both methods of collection were equally efficient in 

recovering available fossils. Table 4 clearly reveals, 

however, that this was not the case. In spite of its 

smaller volume, the screened sediments of Excavation 3 

actually yielded more specimens than the unscreened 

sediments of Excavation 4. All common taxa except Geospiz! 

magnirostris are underrepresented in Excavation 4, both in 

numbers of specimens and MNI. The small reptiles (snakes 

and lizards) are very much underrepresented, with a total 

of 52 specimens (7 MNI) in Excavation 3 versus only 9 

specimens (2 MNI) in Excavation 4. The bones of large 

adult tortoises (Geochelone.elephantopus) are extremely 

conspicuous and easily collected by hand, but only very 

small, immature individuals were present in these 

excavations. The bones of Geospiza magnirostris, and to a 

lesser extent, the immature Geochelone elephantopus, convey 

a sight image that allows them to be recovered in good 

quantities by hand. Very small bones, such as those of 
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Phyllodactylus baurii, are collected only very rarely 

without the use of screens. Therefore, the relative 

abundances of animals from the surface collections are not 

truly representative of the entire fossil fauna. Compared 

to hand-collecting, screening also yields more fossils per 

MNI, and more unidentifiable fragmentary bones. 
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Table 3. Faunal summary of Cueva' de Post Office (Inferior). For 
each taxon, the first number is the number of specimens, and the 
number in parentheses is the minimum number of individuals (MNI). 
Introduced species are not considered in the percentages. E = 
extinct on Floreana. I = introduced by man. 

08teichthye., .pecie. indete~inate 

Geoehe1one e1eph.ntapu. IE) 

'hyllad.ctvlus ~ 

Trapidurus ~ 

.Alsophi •. bi.eri.li. IE) 

'uffinus lher.ini.ri 

~yct.n •••• vialac •• 

Z.n.ida salapaga.n.i. 

!!!2! trif •• ciatu. (E) 

G.a.pize n.bu1a.a (E) 

~ fuUsina.1I 

~ ... niraOltri. (E) 

~ aUv.c •• 

Gea.pize, .p.ci •• ind.t.~inate 

' •••• rifarm •• , .p.ci •• lnd~te~inat. 
Av •• , specie. indet.r.inate 

Edge of' 

inundated 

zone. 

surface 

637 (2) 

37 (1) 

~ muscu1ua (I) 1 (1) 

~ ~ (I) 120 (2) 

RoOll 1: 

surface 

1096 (33) 

8 (1) 

2 (1) 

58 (7) 

7 (3) 

1 (1) 

35 (8) 

2 (0) 

!9UUI! !!.!!!.!!!. (I) 1 (1) 

Ma .. a1ia, speci •• indeterminate (I) 1 (1) 

Total 674 (3) 1209 (54) 

'ercent of total 12.4 (1.2) 22.2 (21.3) 
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Table 3 -- Continued. 

RoOli 21 RoOll 3. RoOll 41 

surface surface surface 

'286 (21) 512 (16) 6 (1) 

2 (1) 1 (1) 

1 (1) 

1 (1) 

11 (2) 31 (7) 28 (5) 

37 (3) 8 (3) 6 (2) 

1 (1) 

13 (2) 42 (5) 5 U) 

1 (1) 

22 (0) 

cf.1 (1) 

373 (31) 594 (32) 47 (11) 

6.8 (12.2) 10.9 (12.6) 0.9 (4.3) 

70 

bcavation 

1 

141 (1) 

141 (1) 

2.6 (0.4) 

bcavation 

2 

204 (7) 

3 (2) 

1 (1) 

9 (2) 

3 (2) 

1 (1) 

1 .'U) 

1 (0) 

223 (16) 

4.1 (6.3) 



Table 3 -- Continued. 

Excavation Percent of 

3 Total total 

1 (1) 1 (1) 0.0 (0.4) 

1770 (25, 3874 (103' 71.1 (40.7) 

44· (16, 47 (18) 0.9 (7.1, 

143 (20) 147 (23) 2.7 (9.1, 

109 (11) 764 (17) 14.0 (6.7). 

142 (2) 2.6 (0.8, 

2 (I, 0.0 (0.4) 

31 (11) 162 (34) 3.0 (13.4) 

8 (6, 66 (17) 1.2 (6.7) 

cf.2 Ct) 2 (2) 0.0 (0.8) 

2 (2, 0.0 (O.S) 

23 (8) 156 (26) . 2.9 (10.3' 

2 (2) 3 (3 ) 0.0 (i.2) 

1 (1) 1 (1) 0.0 (0.4) 

23 (2) 27 (3) O.S (1.2) 

32 (0) 54 (D) 1.0 (0.0) 

1 (1) 2 (2) 

121 (3) 

1 (1) 

2 (1) 

2189 (105) 5450 (253) 

40.2 (41.5) 
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Table 4. Faunal summary of Cueva de Post Office (Superior). 
each taxon, the first number is the number of specimens, and 
number in parentheses in the MNI. Introduced species are not 
considered in the percentages. E = extinct on Floreana. I = 
introduced by man. 

Ge~cbe1one e1epbantopu. (I) 

~bk11odactY1ua ~ 

~ropidurua ~ 

A1aopbls bi.eria1is (I) 

Zenaida ga1apagoenai. 

~ trifasciatus (I) 

Geo!pi:a fu11ginosa 

~~ 
~ _egniro.tria (I) 

Geo.piu, specie. lndeterainate 

pa •• erlforae., specie. lnd~terainate 

Ave., specie. indetlrainate 

!!!!!. muac:ul ua. (I) 

!!!!S!!!. ~ (I) 

Total· 

Percent of total 

72 

Are. 11 

surface 

3 (2) 

3 (2) 

5 (2) 

51 (4) 

62 (10) 

2.2 (4.1)· 

Area 2: 

surface 

191 (21) 

1 (1) 

13 (5) . 

2 (1) 

22 (4) 

36 (5) 

414 (42) 

13 (3) 

33 (0) 

2 (1) 

1 (1 ) 

725 (82) 

26.4 (33.7) 

For 
the 



Tahle 4 -- Continued. 

Ar.a 31 Excavation Exc .. atton Excavation Excavation 

8urfac. 1 2 3 4 

-a (3) 198 (11) 17 (6) 494 (15) 345 (25) 

1 (1) 17 (5) 2 (1) 11 (3) 

18 (2) 11 (4) 1 (1) 15 (3) 8 (1) 

.... (4) 8 (4) 26 (1) 1 (1) 

1 (1) 1 (1 ) 5 (2) 5 (3) 

30 (3) 1 (1) 1 (1) 7 (2) 4 (2) 

1 (1) 

1 (1) 

4 (1) 4 (3) 159 (8) 372 (23) 

2 (2; 

1 (0) 3 (2) 12 (2) 13 (1) 

6 (0) 102 (0) 

3 (1) 

cf.1 (1) 

68 (11) 279 (31) 32 (15) 831 (36) 750 (58) 

2.5 (3.0) 10.2 (12.8) 1.2 (6.2) 30.2 (14.8) 27.3 (23.9) 
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Table 4 - Cont·inued. 

P.~c.nt of 

Totd total 

1256 (83) 45.7 (34.2) 

32 (11) 1.2 (4.5) 

66 (16) 2.4 (6.6) 

81 (11) 2.9 (4.5) 

37 (13) 1.3 (5.3) 

B4 (16) 3.0 (6.6) 

1 (1) 0.0 (0.4) 

1 (1) 0.0 (0.4) 

1004 (81) 36.5 (33.3) 

2 (2) 0.1 (0.8) 

42 (8 ) 1.5 (3.3) 

141 (0) 5.1 (0.0) 

5 (2) 

2 (2) 

2747 (243) 
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Table 5. Faunal summary of Finch Cave. For each Taxon, the first 
number is the number of specimens, and the number in parentheses 
is the MNI. Introduced species are not considered in the 
percentages. E = extinct on Floreana. I = introduced by man. 

Geochelone elepbantopus (E) 

Phyllodaetylua ~ 

Tropidurua ~ 

Alsophls biserial is (E) 

Zenaida galapagoensis 

"Viarehus magnirostris 

~ trif.seiatu8 (E) 

Geospiza fullginosa 

i:.~ 

i:. magnirostris (E) 

i:. .E!!!!2!!. 

J 

Main t81us 

Soutb talus cone, 

slope I south slope: 

.urfa~. surface 

11 (3) 

12 (2) 

1 (1) 

1 (1) 

87 (5) 

11 (2) 

7 (3) 

1 (1) 

11 (2) 

23 (1) 

223 (9) 

Passerifo~es, species indete~inate 1 (0) 

Aves, species indeter.inat~ 

L.siurua borealis 

~!!ll!!!. (I) 

Mammalia, speci •• indeter.inate (I) 

Total 

Percent of total 

75 

113 (12) 276 (18) 

13~5 (13.2) 33.0 (19.8) 



Table 5 - Continued •. 

Main tda Min tala 

cone, cone, 

ea.t .10pel .... t .10pel North AD_I Percent of 

surface .urface surface Total total 

35 (5) 9 (3) 11 (4) 77 (17) 9.2 (18.7) 

2 (1) 2 (1) 0.2 (1.1) 

4 (1) 21 (3) 1 (1) 45 (10) 5.4 (11.0) 

39 (1) . 40 (2) 4.8 (2.2) 

29 (6) 26 (5) 4 (1) 71 (15) 8.5 (16.5) 

1 (1) 1 (1) 0.1 (1.1) 

4 (2) 7 (2) 1l (4) 1.3 (".4) 

2 (1) 3 (2) 0.4 (2.2) 

1 (1) 24 (2) 2.9 (2.2) 

66 (7) 86 (7) 20 (3) 482 (31) 57.7 (34.1) 

1 (1) 1 (1) 0.1 (1.1) 

4 (1) 5 (0) 1 (0) 11 (1) 1.3 (1.1) 

6 (0) 14 (0) 20 (0) 2.4 (0.0) 

24 (2) 23 (2) 47 (4 ) 5.6 (4.4) 

10 (2) 10 (2) 

1 (1) 1 (1) 

148 (22) 237 (27) 61 (12) 835 (91) 

17.7 (24.2) 28.4 (29.7) 7.3 (13.2) 

" 
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Table 6. Faunal summary of Barn Owl Cave. For each taxon, the 
first number is the number of specimens, and the number in 
parentheses is the MNI. Introduced species are not considered in 
the percentages. E = extinct on Floreana. I = introduced by man. 

Roo. 2, 

Room I; floor; 

surf.ce surface 

Osteichthye., specie. indeter.in.t. 

a.ochelone .leeh.ntoeu. (E) 319 (20) 61 (7) 

Phlllod.ctxlus ~ 2 (2) 2 (1) 

Troeidurus ~ 102 (16) 14 (2) 

A1soehi. bi.eri.li. (E) 144 (3) 

pterodroa. ph •• oersi. 

Oc •• nodro.. ~ 

NXc.t.n.... violac.a 1 (1) 

Ardeidae, speci •• i~det.r.ln.t. 

Non-pa ••• rine Av •• , 

specie. ind.t.r.inat. 

Z.n.id. g.l.2!S0.nsis 129 (9) 29 (4 ) 

!XS2 punctatissi •• (E) 2 (1) 

!Xroc·ehalus ~ 

~i.rchus .!gnirostri. 1 (I) 

~ trifasciatus (E) 6S (8 ) II (2) 
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Table 6 -- Continued. 

Roo. 2, 

Roo. 1~ floor: 

surface surface 

Gaoapia. nebuloaa (E) 1 (1) 1 (1) 

i:. fuU9ino .. 5 (4) 1 (1) 

9.:.~ 3 (2) 

i:. lI:!!Ini ro.tri. (E) 186 (16) 149 (12) 

i:. cr.ssirostri. 1 U) 

i:. scandens 

i:. parvule 

i:. P!!!E!t 1 (1 ) 

i:. oUv.cee 1 U) 

G.o.piza, speci •• lndeterain.te 2 (0) 

P •••• rlfora •• , speci •• lndeterainete 64 (0) 14 (0) 

Ave., specie. ind.ter.inate 19 (0) 11 (0) 

La.iurus bor •• li. 2 (I) 2 (1) 

!!!!!. musculus (I) 1 (1) 2 (2) 

!!!.Sl!!!.!!.SS!!! (I) 2 (1 ) c:f.3 (2) 

!!!!! doaQ.tic:us (I) 1 (1) 

!2! !S!.2!! (I) 16 (I) 

Total 1041 (87) 296 (32) 

P.~c:ont of tot.1 9.4 (16.7) 2.7 (6.2) 

\ 
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Table 6 - Continued. 

80.2. 

talU8UO,-. 

surface 

558 (10) 

5 (2) 

1 (lJ 

26 (5) 

23 (<I) 

RD. 3. 

surface 

23 (5) 

6 (2) 

2 (lJ 

32 (5) 

1 (1) 

11 (3) 

79 

Excavation 

1: surface 

15 (2) 

4 (lJ 

1 (1) 

3 (1) 

\ 

Excavation 

1: test pit 

102 (6) 

114 (18) 

559 (17) 

254 (5) 

1 (1) 

'. 

64 (11) 

31 (10) 

EXcavation 

1: Unit A 

2 (1 ) 

175 (3) 

242 (39) 

778 (17) 

446 (9) 

60 (5) 

2 (1) 

3 (1) 

17 (2) 



· Table 6 Continued. 

Roo. 2. 

tala slope: RoOli 31 beavaUon beavetion bellYation 

aUl'tac. aUl'fec:. I. su¥'fac. 11 teat pit I: unit A 

1 (1) 2 (1) 

1 (1 ) 4 (3) 5 (3) 
r 

2 (1) 1 (1) 1 (1 ) 1 (1) 

276 (26) 69 (7) 75 (7) 66 (7) 86 (6) 

1 (1 ) 1 (1) 

1 (1) 1 (1) 

1 (1) 

1 (1) 

1 (1) 1 (1) 

1 (0)· 4 (0) 6 (0) 

17- (1) 9 (0) 8 (3) 75 (B)- 51 (0 ) 

11 (0) 9 (D)· 239 (0) 256 (0) 

1 (1) 2 (1) 

32 (5) 

cE.1 (I) cE.1 (1 ) cf.l (1) 

921 (52) 158 (28) 125 (18) 1517 (90) 2136 (92) 

8.3 (10.0) 1.4 (5.4) 1.1 (3.S) 13.7 (17.3) 19.2 (17.7) 
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Table 6 -- Continued. 

Bxcavadon Bxc:.vation Excavation Percent of 

1& Unit B 1& Unit C1 1& Unit C2 'l'otal total 

2 (1) 0.0 (0.2) 

40 (4 ) 49 (1) 1 (1) 1343 (59) 12.1 (11.3) 

79 (10) 73 (8) 512 (78) 4.6 (15.0) 

1372 (16) 1428 (20) 5 (2) 4273 (95) 38.5 (18.3) 

90 (2) 109 (3) 13 (1) 1060 (26) 9.5 (5.0) 

1 (1 ) 0.0 (0.2) 

1 (1) 1 (1) 0.0 (0.2) 

1 (1) 0.0 (0.2) 

cf .. l. (1) . 1 (1) 0.0 (0.2) 

29 (D) 560 (1) 589 (1) 5.3 10.2) 

12 (4) 34 (4) 7 (1,- 394 (SO) 3.5 (9.6) 

] (1) 2 (1) 10 (5) 0.1 (1.0) 

1 (1) 1 (1) 0.0 (0.2) 

12 (4) 1 (1) 17 (7) 0.2 (1.3) 

68 (5) 56 (3) 285 (38) 2.6 (7.3) 
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Table 6 -- Continued. 

. bc."ation bc."ation bcavaUon Percent of 

11 Unit B 11 Unit C1 1: Uftit.C2 Total total 

5 (4) ·0.0 (0.8) 

2 (1) 18 (13) 0.2 (2.5) 

1 (1) 1 (1) 3 (1) 13 (9) 0.1 (1.7) 

46 (3) 52 (5) 22 (2) 1027 (91) 9.2 (17.5) 

cf.1 (1) 4 (4) 0.0 (0.8) 

2 (2) 0.0 (0.4) 

1 (1) 0.0 (0.2) 

2 (2) 0.0 (0.4) 

1 (1) 4 (4) 0.0 (0.8) 

6 (1) 11 (2) 5 (3) 35 (6) 0.3 (1.2) 

173 (0) 14 (0) 425 (12) 3.8 (2.3) . 
230 (0) 263 (0) 28 (0) 1066 (0) 9.6 (0.0) 

1 (1) 2 (1) 2 (1 ) 12 (7) 0.1 (1.3) 

35 (8) 

8 (6) 

1 (1) 

16 (1) 

1948 (48) 2301 (59) 661 (14) 11104 (520) 

17.5 (9.2). 20.7 (11.3) 6.0 (2 .. 7) 

\ 
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Table 7. Faunal summary of all localities. For each taxon, the 
first number is the number of specimens, and the number in 
parentheses is the MNI. Introduced species are not considered in 
percentages. E = extinct on Floreana. I = introduced by man. 

O.teichthye., specie. lndete~in.te 

Ceoche1one e1eph.ntopu. (E) 

Phy1lod.cty1ua S!!£!! 
~ropidurU8 ~ 

Alaophi. bi.eri.li. (B) 

pterodroe. ph.eopyqi. 

Puffinua 1her.inieri 

ace.nodroe. ~ 

"yct.n.... vio1.ce. 

Ardeid.e, specie. lndeter.in.te 

Non-pa •• erine Ave., 

specie. indeter.in.te 

zen.id. Q.1.pagoen.i8 

!X!2 punct.ti •• i.. (E) 

Pyroceph.1us ~ 

Myi.rchus magnirostr18 

!!!!! t~lfasclatu8 (E) 

83 
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Cueva de Po.t Office 

. (Inferior) 

Surf.ce bc.v.tion. 

1 (1 ) 

1900 (71) 1974 (32) 

47 (18) 

3 (2) 144 (21) 

646 (4 ) U8 (13) 

1 (1) 141 (1) 

2 (1) 

128 (21) 34 (13) 

58 (11) . 8 (6) 



Table 7 --' Continued. 

a.o.pl.. n.bulo.. (E) 

~ fuUqino.a 

~~ 
~ lII!CJniro.tris (E) 

~ cra •• irostris 

~ sc.nd.n. 

~ p!I'vula 

~ oUv.c.a 

2!!.piza, speci •• ind.t.rminat. 

P •••• l'ifonl •• , sp.cie. ind.tell1lin.te 

Av •• , .p.ci •• ind.t.nlinate 

La.iurus borealis 

!!!!. mu.culus (I) 

~!W!!! (I) 

!!!!! do.e.ticu. (I) 

!!!!.!S2!!. (I) 

!quu. !!!m!!. (I) 

Ma ... 1ia, specie. ind.tel'lllinate (I) 

Total 

Percent of total 

84 

Cueva·d. Po.t Office 

(Inf.rior) 

Surf.c. 

2 (2) 

132 (17) 

3 (1) 

22 (0) 

1 (1 ) 

121 (3) 

1 (1) 

1 (1) 

Excav.tion. 

2 (2) 

24 (9) 

3 (3) 

1(1) 

24 (2) 

32 (0) 

1 (1) 

2897 (131) 2553 (122) 

14.4 (11.8) 12.7 (11.0) 



Table 7 -- Continued. 

CUev. de Poat Offiee 

(Iupel'io~) "ncb c:.ve Bern OWl C.VfI 

Surface Excavationa Surface Surface Exeavation 

2 (1) 

202 (26) 105 .. (57) 77 (17) 976 ( .... ) 367 (lS) 

2 (2) 30 (9) 2 U) .. (3) 508 (75) 

31 (7) 35 (9) .. 5 (10), 131 (23) 4142 (72) 

2 (1) 79 (10) 40 (2) 148 (6) 912 (20) 

1 (1) 

1 (1) 

1 (1) 

1 (1) 

589 (1) 

26 (7) 11 (6) 71 US) 217 (25) 177 (25) 

/ 3 (2) 7 (3) 

1 (1) 

1 (1) 1 (1) 16 (6) 

71 (10) 13 (6) 11 ( .. ) 113 (18) 172 (20) 
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Table 7 -- Continued. 

Cueva de Poet Office 

(Supel'iol') Pinch cave. Barn 0111 cave 

SUl'face bcavationa SUl'face Surface Excavation 

2 (2) 3 (2) 

1 -(I) 3 (2) 7 (6) II (7) 

1 (1) 24 (2) 7 (5) 6 (4 ) 

469 (47) 535 (34) 482 (31) 755 (68) 272 (23) 

3 (3) 1 (1 ) 

2 (2) 

1 (I) 

1 (1) 1 (I) 1 (I) 

1 (1) 3 (3 ) 

2 (2) 3' (0) 32 (6) 

1-3 (3) 29 (5). II (1) ll2 (4) 313 (8) 

39 (0) 102 (0) 20. (0·) SO (0) 1016 (0) 

47 (4) 4 (2) 8 (5) 

2 (1) 3 (1) 3 (3) 32 (5) 

1 (1) 1 (1 ) 10 (2) 6 (4 ) 3 (2) 

1 (1) 

16 (1) 

1 (1) 

855 (103) 1892 (140) 835 (91) 2541 (217) 8563 (303) 

4.2 (9.3) 9.4 (12.6) 4.1 (8.2) 12.'; (19.6) 42.5 (27.4) 

\ 
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Table 7 -- Continued. 

Total Percent of total 

surface IXcavaUou Grand Total SUrface bcav.tiona 

3 (2) 3 (2) 0.0 (0.0) 0.0 (0.4) 

31S5 (158) 3395 (104) 6550 (262) 44.3 (29.2) 26.1 (18.4) 

8 (6) 585 (102) 593 (108) 0.1 (1.1) 4.5 (18.0) 

210 (42) 4321 (102) 4531 (144) 2.9 (7.7) 33.2 (18.0) 

836 (13) 1109 (43) 1945 (56) 11.7 (2.4) 8.5 (7.6) 

1 (1) 1 (1 ) 0.0 (0.0) 0.0 (0.2) 

1 (1) 141 (1) 142 (2) 0.0 (0.2) 1.1 (0.2) 

1 (1) 1 (1) 0.0 (0.0) 0.0 (0.2) 

3 (2) 3 (2) 0.0 (0.4) 0.0 (0.0) 

1 (1) .. 1 (1) 0.0 (0.0) 0.0 (0.2) 

589 (1) 589 (1) 0.0 (0.0) 4.5 (0.2) 

442 (68) 222 (44) 664 (112) 6.2 (12.5) 1.7 (7.8) 

3 (2) 7 (3) 10 (5~ 0.0 (0.4) 0.0 (0.5) 

1 (1) 1 (1) 0.0 (0.0) 0.0 (0.2) 

2 (2) 16 (6) 18 (8) 0.0 (0.4) 0.1 (1.1) 

253 (43) 193 (32) 446 (75) 3.5 (7.9) 1.5 (5.7) 
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Table 7 -- Continued. 

Total Percent of total 

Surfac. benationa Grand Total Surface beavationa 

2 (2) 5 (4) 7 (6) 0.0 ·(0.4) 0.0 (0.7) 

12 (10) 12 (8) 2C (18) 0.2 (1.8) 0.1 (1.4) 

31 (7) 7 (5) 38 (12) 0.4 (1.3) 0.0 (0.9) 

1838 (163) 831 (66) 2669 (229) 25.8 (30.l) 6.4 (11.7) 

3 (3) 1 (1) 4 (C) 0.0 (0.6) 0.0 (0.2) 

2 (2) 2 (2) 0.0 (0.4) 0.0 (0.0) 

1 U) 1 (1) 0.0 (0.0) 0.0 (0.2) 

2 (2) 1 (1) 3 (3) 0.0 (O.C) 0.0 (0.2) 

1 (1) 6 (6) 7 (7) 0.0 (0.2) 0.0 (0.1) 

3 (0) 35 (9) 38 (9) 0.0 (0.0) 0.3 (1.6) 

139 (9) 366 (15) • 505 (2C) 2.0 (1.7) 2.8 (2.6) 

131 (0) 1150 (0) 1281 fO) 1.8 (0) 8.8 (0.0) 

51 (6 ) 8 (5) 59 (11) 0.7 (1.1) 0.1 (0.9) 

6 (5) 36 (7) 42 (12) 

138 (10) 3 (3) 142 (13) 

1 (1) 1 (1) 

16 (1 ) 16 (1) 

1 (1) 1 (1) 

3 (2) 2 (2) 

7128 (542) 13008 (565) 20136 (1107) 

35.4 (49.0) 64.6 (51.0) 
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Table 7 --·Continued. 

Rank In 

Percent of abundance 

9rand total (baBed on MI) 

0.0 (0.2) 19 

32.5 (23.7) 1 

2.9 (9.8) 5 

22.5 (13.0) 3 

9.6 (5.0) '1 

0.0 (0.1) 20 

0.7 (0.2) 19 

0.0 (0.1) 20 

0.0 (0.2) 19 

0.0 (0.1) 20 

2.9 (0.1) 20 

3.3 (10.1) 4 

0.0 (0.4) 16 

0.0 (0.1) 20 

0.1 (0.7) 13 

2.2 (6.8) 6 

\ 
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Table 7 -- Continued. 

Rank In 

Percent of abundance 

grand total (ba.eel on MHI) 

0.0 (0.5) 15 

0.1 (1.6) 9 

0.2 (1.1) 10 

13.2 (20.7) 2 

0.0 (0.4) 17 

0.0 (0.2) 19 

0.0 (0.1) 20 

0.0 (0.3) 18 

0.0 (0.6) 14 

0.2 (0.8) 12 

2.5 (2.2) 8 

6.4 (0.0) 

0.3 (1. D) 11 

\ 
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Table 8. Percentages of MNI of native vertebrates in the fossil 
sites on Floreana, derived from data in Table 7, to attempt to 
determine -the past food habits of ~ punctatissima. For 
Geochelone elephantopus, the numbers in this table include only 
10% of the MNI from surface deposits, and only 25% of the MNI 
from excavations. For birds, the numbers in this table do not 
include Pterodroma phaeopygia, Nyctanas§a violacea, "Ardeidae, 
species indeterminate," "Non-passerine Aves, species . 
indeterminate," and Tyto punctatissima, because these taxa are 
very unlikely to have been food items of ~ punctatissima. See 
text for additional explanation. 

Cave Level ReptUe. Bird. Bats 
Cueva de 

Post Office Surface 19.7 BO.3 

(Inferior) Excavation 61.B :S8.l 

Cueva de 

Po.t Office Surface 16.2 83.8 
(Superior) Excavation 43.3 56.7 

.. inch Cave Surface 19.7 75.0 5.3 

Barn OWl Cave Surface 20.7 78.2 1.1 

Excavation 60.0 38.2 1.8 

Total Surface 19.4 79.0 1.5 

Excavation 51.0 42.0 1.0 

\ 
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Phylum Mollusca 

Class Gastropoda 

Family Bulimulidae 

CHAPTER 5 

SYSTEMATIC PALEONTOLOGY 

Naesiotus.galapaganus (Pfeiffer 1854) - land snail 

Steven Chambers, of the Office of Endangered 

Species, U. S. Fish and Wildlife Service, is studying the 

thousands of land snails that were collected from all 

fossil localities on Floreana. His studies are incomplete, 

but he has generously informed me that Naesiotus 

galapaganus, a species endemic to Floreana, occurs in all 

of the fossil sites, both in surface and sub-surface 

levels. Several other species of land snails are also 

represented in the deposits. In many accounts of the 

Galapagos land snails, Naesiotus is regarded as a subgenus 

of Bulimulus. 

Phylum Arthropoda 

Class Insecta 

Insects were recovered from many of the fossil 

sites. Scott E. Miller, of the Museum of Comparative 

Zoology, Harvard University, is coordinating the study of 

these insects. He has kindly provided this preliminary 

report of his research as of July 1982 (edited by me). Few 

comments can be made now about the fossil insects from 
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Floreana because most species of Galapagos insects are 

poorly understood taxonomically, and because more work is 

required on the fossils themselves to attempt more specific 

identifications. Few specimens are found in the 

sub-surface layers, and the preservation of these is 

generally poor. The dominant group of fossils here, as in 

most Quaternary deposits anywhere, is beetles (Order 

Coleoptera). Gr~und beetles (Family Carabidae) are the 

most abundant coleopterans, especially one or two species 

of Calosoma. Several species of weevils (Family 

Curculionidae) are also present. Oothecae (egg-cases), 

apparently of the cosmopolitan cockroach Periplaneta 

americana (Order Dictyoptera, Family Blattidae), occur in 

Cueva de Post Office (Superior): Excavation 1, 0-3cm, and 

in Barn Owl Cave: Excavation 1, O-lOcm, 10-20cm(Test pit), 

and Unit A. An ensign wasp (Order Hymenoptera, Family 

Evaniidae) also occurs at the first site. This family, 

which is parasitic on cockroach oothecae, has not been 

reported previously from the .Galapagos Islands. A burrower 

bug (Order Hemiptera, Family Cydnidae), Dallasiellus 

murinus (Van Duzee), occurs in Cueva de Post Office 

(Superior): collected 28 October 1980; no further data). 

These bugs burrow (R. C. Froeschner, personal 

communication), and thus probably are of little antiquity. 

Other insects represented include grasshoppers or related 

groups (Order Orthoptera), ants (Order Hymenoptera), and 

fly pupae (Order Diptera, probably Family Calliphoridae). 

93 



Spiders (Class Arachnida) are also present. Additional 

identifications are pending. 

Phylum Vertebrata 

Class Osteichthyes 

Order indeterminate - unknown bony fish 

Material. 3 specimens, representing at least 2 individuals 

(Tables 3, 6,7). 

These three small, undiagnostic vertebrae are from 

one or more species of bony fish. Tyto punctatissima is 

not known to' eat fish, so these remains probably entered 

the caves as undigested food of another bird. Of the 

species recorded as fossils from the caves, ,Pterodroma 

phaeoPygia, Puffinus lherminieri, Oceanodroma castro, and 

Nyctanassa violacea are are known to eat fish. It is also 

possible that Mimus trifasciatus scavenged fish from the 

nearby shores of Floreana. 

Class Reptilia 

Order Chelonia 

Family Testudinidae 

Geochelone elephantoyus (Harlan) Galapagos tortoise 

Material. 6550 specimens, representing at least 262 

individuals (Tables 3-7). 

Tortoises have been extinct on Floreana 

approximately since 1850 (see "Extinction"), resulting in a 

lack of well documented specimens from this island. I 

94 



regard all Galapagos tortoises as conspecific under the 

name elephantopus, based on Testudo elephantopus Harlan 

1827. Marlow and Patton (1981) have shown that all extant 

forms of the Galapagos tortoise have v~ry high levels of 

genetic similarity (based on starch gel electrophoresis), 

thus supporting this treatment. Gunther (1877b) and Van 

Denburgh (1914:244-259) wrote detailed summaries of the 

troubled history of nomenclature and systematics of 

tortoises throughout the Galapagos, and much of my account 

of the Floreana tortoise is extracted from these sources. 

Harlan (1827) stated no specific island locality for the 

holotype (an immature animal) of~ e1ephantopus, but Van 

Denburgh (1914:245-249) reasoned that it probably was from 

Floreana. If this is the case, the Floreana tortoise would 

be known as Geochelone. e1ephantopus el~phantopus. Testudo 

ephippium Gunther 1875, was based on a specimen of unknown 

locality or date of collection, but was regarded by Gunther 

(1875) to be from Floreana because of its resemblance to 

the description by Porter (1822) of the F10reana tortoise. 

Gunther (1877b:11, 62, 82) later regarded T. ephippium to 

be from Isla Santa Cruz as well as Floreana, but Baur 

(1889) thought it to be from Pinta. Finally, Gunther 

(1896) and Van Denburgh (1914:252) regarded ~ ephippium to 

be from Pinzon. 

The first thorough descriptions of the Floreana 

tortoise were those of Gunther (1902:185-192; Plates 16-21) 

and Van Denburgh (1914:317; Plates 55, 56), but all 
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specimens involved are only probably, but not certainly, 

from Floreana.Testudo galapagoensis Baur 1889, is the 

first name based on a specimen regarded by the describer as 

being certainly from Floreana. The holotype of ~ 

galapagoensis is a skeleton taken on Floreana in 1833 by 

Commodore John Downes of the U. S. frigate Potomac, and 

presented to the Boston Society of Natural History. 

Gunther (1902) described and compared,this and two other 

specimens of tortoise supposedly from Floreana, under the 

name ~ galapagoensis. One of these specimens, collected 

by a whaling ship in the 1830's, may actually be from 

Floreana. The other was purchased on Floreana in 1871 by 

A. Agassiz, and thus probably was transported to Floreana 

from another island by the local residents. Van Denburgh 

(1914:255-256, 316-317) regarded T.galapagoensis to be a 

synonym of 1i elephantopus, whereas Broom (1929) disagreed, 

and stated that ~, elephantopus was not from Floreana. If 

Harlan's holotype is not actually from Floreana, the 

Floreana tortoise would be known as Geochelone ,elephantopus 

galapagoensis. However, only leg bones remain of this 

specimen according to Van Denburgh (1914:247), while 

Rothschild (1902) reported the specimen to be lost. To 

summarize, the history of nomenclature of Galapagos 

tortoises, particularly that of Floreana~ is so confused 

that it may never be untangled properly. The Floreana 

tortoise is best regarded merely as Geochelone 

elephantopus, conspecific with al~ other tortoises in the 
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Galapagos. The use of a trinomial for this tortoise spems 

inappropriate pending a modern systematic revision. 

The first specimens of tortoises unquestionably 

from Floreana were skeletons (including essentially 

complete carapaces, plas~rons, and skulls) from Cueva de 

Post Office (Inferior) reported and figured 'by Townsend 

(1928), and described by Broom (1929). These autho~s did 

not name the cave from which the tortoise bones were 

collected, but the description of the region, the cave 

itself, and the tortoise bones (Townsend, 1928), leaves 

little doubt that this cave was the one named Cueva de Post 

Office (Inferior) by Montoriol-Pous and Escola (1975), who 

also reported the presence of tortoise bones. Townsend's 

graphic description of the cave and its tortoise bones is 

quoted herein (see ·The Fossil Sites·). The Hancock 

Expedition of 1933 also found bones of tortoises near Post 

Office Bay, perhaps at the same cave (Banning, 1933:4, 5). 

Strauch (1936:84) mentioned that Dr. Friedrich Ritter 

entered a cave that contained tortoise bones, near Post 

Office Bay, in 1930. Again, this was probably Cueva de 

Post Office (Inferior), the most easily accessible of the 

fossiliferous caves on Floreana. It is not certain how 

many tortoise bones were removed by these and other parties 

before my own visits to Cueva de Post Office (Inferior). 

The fossils in the 3 other fossil-bearing caves seemed not 

to have been disturbed prior to our collections. 

Geochelone elephantopus is the most common fossil 
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taxon. All skeletal elements are represented in this large 

series of tortoise fossils. Most of the tortoises that I 

collected from the caves had been trapped after falling 

through a roof collapse. Cueva de Post Office (Inferior) 

was an especially effective natural trap for large 

tortoises, many of which survived the fall through the roof 

collapse and wandered to the far corners of the cave before 

succumbing. The other three caves contained a much higher 

percentage of immature individuals. A complete 

distribution of size classes is represented by the tortoise 

fossils from all of the caves, ranging from hatchlings up 

to adults that weighed perhaps 150 kg or more. This 

suggests that the caves were sampling a healthy population 
~ 

of tortoises. In Barn Owl Cave and probably in other caves 

as well, many of the smallest tortoises probably represent 

prey items of .Tyto punctatissima. All of the tortoise 

fossils from Excavation I in Barn Owl Cave are of small 

individuals, many of which are small enough to have been 

eaten by the barn owls. T. punctatissima is probably able 

to prey upon tortoises aged 1 or 2·.months or younger. I am 

not aware of any report of T •. punctatissima preying upon 

small tortoises today, but there are no published studies 

of its food habits in areas where tortoises reproduce at 

natural levels. It is not unexpected that barn owls would 

have fed regularly on very young tortoises, especially on a 

rodent-free island such as Floreana. On Santa Cruz, for 

example, very small tortoises occur in the clearly 
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Tyto-derived fossil site at Cueva de Kubler. This cave 

would have been ineffective as a natural trap, and thus 

most of the tiny tortoises there were likely to have been 

prey items of .T. punctatissima. 

Order Squamata 

Suborder Sauria 

Family Gekkonidae 

Phyllodacty1us baurii Garman - gecko 

Material. 593 specimens, representing at least 108 

individuals (Tables 3-7). 

Osteological distinctions, if they exist, never 

have been defined for the various species of .. Phy110dacty1u5 

that occur in the Galapagos. The fossils from F10reana, 

which include most major skeletal elements, clearly agree 

with skeletal specimens of .. Phy110dacty1us from the 

Galapagos, although I refer them to t~e species baurii 

simply because it is the only species 0~.Phy110dacty1us 

recorded on F10reana. I follow the species-1ev~1 

systematics of Van Denburgh (19l2b)., who used the name P. 

baurii for the geckos of F10reana, Gardner-near-Charles, 

Champion, Enderby, Espanola, and Gardner-near-Hood. Geckos 

were first reported from Floreana by Gunther (1877a) as P. 

ga1apagensis Peters, based upon specimen(s) taken in June 

1875, by Commander W. E. Cookson of HMS Petere1. Garman 

(1892) regarded the geckos of Floreana, Espanola, and 

Gardner-near-Hood to be distinct from those of other 
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islands, and named them as a new species, ~ baurii, based 

upon a specimen collected by George Baur at Las Cuevas, 

Floreana, in 1891. Heller (1903) and Van Denburgh (19l2b) 
• 

provide descriptions and measurements of P. baurii and 

other geckos of the Galapagos. I use Garman's original 

spelling of the specific epithet baurii, although most 

authors since Garman (.1892) have dropped the terminal 

Unlike the ·other reptiles of Floreana, 

n ... 
1 • 

Phyllodactylus has been reported to be common, even near 

inhabited areas such as Black Beach (Heller, 1903: Slevin, 

1931). J. R. Slevin's field notes of 1905-1906 on 

Phyllodactylus (in Van Denburgh, 19l2b, and Fritts and 

Fritts, 1982) reported these geckos to be plentiful in the 

lowlands under loose lava blocks, bark, and dried wood. 

For example, Slevin collected 125 geckos on Floreana on 11 

October 1905, and 69 geckos on 23 May 1906. He also 

encountered eggs of geckos frequently, thus indicating 

apparently healthy rates of reproduction. I do not know 

the status of.Phyllodactylus on Floreana today, never 

having looked for it. It may be that it·is still doing 

well, for its inconspicuous habits must make predation 

difficult for introduced predators such as rats, cats, and 

dogs. 

I believe that most or all of the geckos recovered 

from the four caves represent prey items of Tyto' 

punctatissima. Both Phyllodactylus and Tyto are active 

nocturnally. Like all geckos, Phyllodactylus is so 
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sure-footed that it seems unlikely to fall accidentally 

into a roof collapse and become trapped in a cave. 

Phyllodactylus also occurs as a prey item of Tyto on Santa 

Cruz, in both a modern and fossil context. 

Had not the sediments from the caves, on Floreana 

been sifted through a fine-mesh (1/16 inch) screen, the 

relative abundance of,Phyllodactylus would have been 

grossly misjudged in the fossil faunas. Essentially none 

of the tiny bones of Phyllodactylus is ever retained in 

coarse-mesh (1/4 inch) screens. 

Family Iguanidae 

Tropidurus grayii. (Bell) - lava lizard 

Material. 4531 specimens, representing at least 144 

individuals (Tables 3-7). 

These fossils include essentially all skeletal 

elements. They compare favorably with skeletal specimens 

of Tropidurus from the Galapagos. There are no known 

osteological distinctions among the various species of 

Tropidurus in the Galapagos, except perhaps for size. My 

referal of the fossil material .to the species grayii is 

based purely upon geography, as ~ grayii is the only 

species of Tropidurus known from Floreana. Bell (1843:24) 

originally described ~ grayii as Leiocephalus grayii, from 

"numerous specimens" collected on Floreana and San 

Cristobal by Charles Darwin in September 1835. It is not 

known how many specimens came from Floreana, or how many 

101 



there were altogether. I follow the species-level 

systematics of Van Denburgh, and Slevin (1913), who 

restricted ~ grayii to Floreana and its satellite islets 

of Gardner-near-Cha~les, Champion, and Enderby. In 

addition, I observed two males and one female of T. grayti 

on Isla Caldwell on 26 December 1980. As with 

Phyllodactylusbaurii above, I use the describer's original 

spelling of the specific epithet. Bell (1843) proposed the 

name grayii, although many subsequent authors have dropped 

the terminal Wi". 

On most islands in the Galapagos, Tropidurus 

thrives in the face of natural predation by hawks (Buteo), 

owls (Tyto and ~), mockingbirds (Mimus), and snakes 

(Alsophis). There is no reason to doubt that the same was 

once true on Floreana. However, Tropidurus on Floreana has 

suffered greatly from predation by feral mammals, 

especiqlly rats, cats, and dogs. Heller (1903) blamed the 

near extinction of Tropidurus on Floreana on predation by 

domestic animals, especially cats. In May 1899, Heller 

spent three days collecting in the ,western and central 

parts of Floreana without finding any Tropidurus.' Van 

Denburgh and Slevin (1913) reported Tropidurus to be almost 

extinct on Floreana, based upon the California Academy of 

Sciences Expedition taking only 16 specimens of this 

normally abundant and conspicuous lizard during 28 days on 

this island in 1905-1906. This compared to their capture 
\ 

of 15 specimens in only two hours on Gardner-near-Char1es, 
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16 on Champion in 1 1/2 hours, and 31 on Enderby in one 

hour. Slevin (1931:40, 1935:20; and 1£ Fritts and Fritts, 

1982:17,18) stated that cats have nearly exterminated 

Tropidurus on Floreana, with the last population occurring 

in low numbers near the northeastern coast. My own field 

work on Floreana has been mostly on the northern coast near 

Post Office Bay, Punta Cormorant, and Bahia de las Cuevas. 

Tropid~ is extremely rare in the first two regions. It 

is not excessively rare at Bahia de las Cuevas (i.e., it is 

not difficult to find a few of them), but it is certainly 

much less common than in comparabl~ dry lowlands of other 

islands. 

The small body size of Tropidurus on Floreana is 

just as striking as their rarity. During a visit to Isla 

Champion on 26 October 1980, I was very impressed by how 

much larger (especially males) and more abundant are the 

Tropidurus there than on nearby Floreana. My field notes 

of that date read as follows: "Lava lizards (Tropidurus) 

get bigger here than anywhere I've seen in the entire 

archipelago. One individual (a male) was approx. 160-170 

mm snout-vent~ and approx. 300-350 mm total length." 

Champion is a tiny islet 0.7 km north of F10reana, with 

pristine n~tive vegetation and no introduced mammals. The 

status of Tropidurus on Champion versus F10reana is 

paralleled by certain lizards in the West Indies. Baskin 

and Williams (1966) reported that the teiid lizard Ameiva 

polops of St. Croix was extermina'ted by the introduced 
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mongoose (~pestes auropunctatus), but survived on two 

small islets near St. Croix that were mongoose-free. 

Likewise, I observed only one medium-sized individual of 

Ameiva griswoldi during two weeks on mongoose-ridden 

Antigua in 1980, but found very large individuals of A. 

griswoldi to be common on the nearby small islet called 

Great Bird Island. 

The fossil material of Tropidurus includes many 

individuals that are larger than any modern specimens from. 

the island. Again, a similar situation has been reported 

from the West Indies. Among Puerto ~ican lizards, Pregill 

(1981) has reported a larger size in late Quaternary 

fossils of the iguanids Anolis cuvieri and ~occultus and 

the anguid Diploglossus.pleei than in any modern specimens. 

The larger size of fossil Tropidurus, along with the 

examples of large individuals surviving on small, nearby, 

predator-free islets, suggests that the small size of 

today's Tropidurus on Floreana has been induced by 

excessive predation by introduced cats, dogs,and ratSft 

Among the diagnostic characters reported for 

Tropidurus on Floreana are its small size (especially in 

males), its low amount of sexual dimorphism in color and 

mid-dorsal crest development, and its reversed sexual 

dimorphism in size, with males slightly smaller than 

females (Van Denburgh and Slevin, 1913; Carpenter, 1966, 

1970). I believe these characters do not represent the 

natural condition in T. baurii. The small size arises 
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because individuals are never given the chance to reach 

full size. In any organism with indeterminate growth, a 

sharp increase in rate of predation will reduce mean body 

size of the population, particularly in a lizard such as 

Tropidurus that becomes more conspicuous to predators as 

its size 'increases. The average size of Ameiva polops in 

St. Croix decreased this century from 6-7 inches to 4-5 

inches as their. population was being reduced by mongoose 

predation (Baskin and Williams, 1966). The reduced levels 

of sexual dimorphism in size, color, and mid-dorsal crest 

development in ~ grayii of Floreana also are explained by 

the artificially high rate of predation they now 

experience, which does not allow males to attain fully any 

of the normal adult male characteristics. The differences 

in display movements between males and females of 

Tropidurus in the Galapagos (described by Carpenter, 1966) 

may make males somewhat more conspicuous than females. 

This would result in males being preyed upon at an earlier 

average age and thus accentuate the artificially low levels 

of sexual dimorphism. That there may be an abnormal sex 

ratio in Tropidurus on Floreana is suggested by the 

collection of 14 females versus only 1 male by the 

California Academy of Sciences Expedition in 1905-1906. 

In conclusion, I would suggest that size can be 

used as taxonomic character for insular reptiles only with 

great caution. Inter-island comparisons of size in closely 

related reptil ian taxa are in fac\: qui te meaningless in the 
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absence of historical informa.tion on predation, such as the 

introduction of alien predators or the extinction of 

natural predators. 

Suborder Serpentes 

Family Colubridae 

Alsophis biserialis (Gunther) - Floreana snake 

Material. 1945 specimens, representing at least 56 

individuals (Tables 3-7). 

No osteological descriptions or specimens exist for 

the snake of Floreana. I assume that the fossils, which 

include all ske~etal elements, are conspecific with the 

only known snake from Floreana. The snakes of the 

Galapagos are xenodontine colubrids, a complex assemblage 

of Neotropical snakes in which generic level systematics is 

very unsettled (John E. Cadle, personal communication). 

Traditionally the snakes of the Galapagos have been put in 

the genus Dromicus, but I follow Maglio (1970) in placing 

them in the genus Alsophis, which otherwise occurs on 

mainland South America and in the West Indies. For 

species-level systematics, I follow Van Denburgh (19l2a), 

in realization that a paucity of specimens leaves this 

question somewhat open. Until fairly recently, A. 

biserialis was known only from Floreana, 

Gardner-near-Char1es, and Champion. Mertens (1960) 

described A. biseria1is eib1i as a new subspecies from San 

Cristobal. \ Thus the snake of F10reana and its satellites 

106 



is now known as ~ biserialis biserial is. 

Snakes are apparently extinct on Floreana (see 

"Extinction n ). The only snake ever collected from life on 

Floreana was a young specimen taken by Charles Darwin in 

Sept"ember 1835, which Gunther (1860) described as 

Herpetodryas biserialis~ Dr. A. Habel secured a snake in 

1868 that supposedly came from Floreana, but Van Denburgh 

(1912a) stated that this specimen came eit~er from Santa 

Cruz or Rabida. Heller (1903) mentioned, without any 

details, that the Hassler Expedition of 1872 took a snake 

on Floreana. However, Steindachner (1876:305) reported 

that the Hassler Expedition found (but did not collect) 

only 1 snake in all of the Galapagos, this being on Rabida. 

The only other specimen of ~ ~ biserialis is an adult 

female collected on Gardner-near-Charles on 3 October 1905, 

by the California Academy of Sciences Expedition (Van 

De~burgh, 19l2a; Slevin, 1931). Snakes are found commonly 

today, but not collected, on Champion and 

Gardner-near~Charles (De Ridder, 1976; Voigt, 1977a, b; P. 

R. Grant, 1980; B. R. Grant, 1981). 

Snakes seem unlikely to fall into natural traps 

with much frequency. Instead it is probable that most of 

the snakes recovered from the caves of Floreana were prey 

items of m2,,,punctatissima. Judging from their occurrence 

as fossils in Cueva de Kubler, Santa Cruz, snakes were 

eaten regularly but in rather low numbers by ~ 

" punctatissima. Floreana lacks native rodents, so barn owls 
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may have eaten snakes there more frequently than on Santa 

Cruz, although confirmation of this awaits completion of 

the study of the fossil fauna from Cueva de Kubler. The 

small size of.~.punctatissima would make a fully· adult 

snake difficult for it to procure. Therefore, snakes in 

the Galapagos fossil deposits may not include the largest 

individuals in the population. 
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Class Aves 

The standard references for the distribution and 

. systematics of Galapagos birds are Salvin (1876), Ridgway 

(1897), Rothschild and Hartert (1899, 1902), Snodgrass and 

Heller (1904), Gifford (1913), Loomis (1918), Swarth 

(1931), and Harris (1973, 1974). Unless stated otherwise, 
i::J 

I follow one or more of these sources for all birds except 

Darwin's finches. I have used trinomials only when 

subspecies can be distinguished osteologically. 

Order Procellariiformes 

Family Procellariidae 

pterodroma phaeopygia (Salvin) - dark-rumped petrel 

Material. 1 specimen, representing 1 individual (Tables 6, 

7) • 

pterodroma phaeopygia is represented by a single 

alar phalanx from Barn Owl Cave. This petrel is larger 

than any other procellariid that occurs regularly in the 

Galapagos. It nests and roosts in caves, crevices, and 

burrows in the highlands of larger islands in the group, 

including Floreana. Although it is in the lowlands, Barn 

Owl Cave may have served as a former roosting area for P. 

phaeopygia, which is probably too large to be prey item of 

Tyto, punctatissima. 

Puffinus Iherminieri Lesson - Audubon's shearwater 
.. 

Material. 142 specimens, representing at least 2 

109 



individuals (Tables 3, 7). 

This species is distinguished from all other 

procellariids in the G~lapagos by its small size. It is, 

hQwever, l~rger than any species of oceanitid. P. 

lherminieri is a very common resident bird in the 

Galapagos, nesting in holes and crevices on shoreline 

cliffs on Floreana, and many other islands. P. lherminieri 

may have been incorporated into the fossil fauna of Cueva 

de Post Office (Inferior) as prey of Tyto punctatissima. 

Family Oceanitidae 

Oceanodroma castro (Harcourt) - Harcourt's [Madeiran] 

storm-petrel 

Material. 1 specimen, representing 1 individual (Tables 6, 

7) • 

I compared this specimen (a mandibular articulation 

from Excavation'l of Barn Owl Cave) to all species of 

oceanitids that occur in the Galapagos except Fregetta 

grallaria, which is a very rare non-breeding visitor. Most 

species that occur anywhere in the eastern Pacific were 

considered as well. The fossil is larger than in Oceanites 

gracilis, ~ oceanicus, Oceanodroma tethys, o. 1eucorhoa, 

or Halocyptena microsoma, and smaller than in Oceanodroma 

markhami or ~ tristrami. It is approximately the size of 

Fregetta tropica, Pe1agodroma marina, Oceanodroma castro, 

~ £urcata, o. homochroa, ~ hornbyi, g~ melania, or o. 

monorhis. It resembles the mandible of o. castro and 
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differs from all others of similar size in having a shorter 

and stouter Proc. mandibulae medialis. 

Oceanodroma castro nests in many localities in the 

Galapagos, the nearest to Post Office Bay being Isla 

Champion. It is nocturnal on its breeding grounds, and its 

oc~urrence in Barn Owl Cave is undoubtedly due to predation 

by Tyto punctatissima. This is not without precedent, for 

Bonnott (1928) reported that T. alba fed heavily on o • 
. --

leucorhoa at Castle Rock, coastal California. 

Order Ciconiiformes 

Family Ardeidae 

Nyctanassa violacea (Linnaeus) - yellow~crowned night-heron 

Material. 3 specimens, representing at least 2 individuals 

(Tables 3, 6, 7). 

This heron is unique in size among the ardeids of 

the Galapagos, all other taxa being either larger or 

smaller. It is known from 1 radius and 1 tarsometatarsus 

from.Cueva de Post Office (Inferior), and 1 vertebra from 

Barn Owl Cave. N. violacea is resident on Floreana and 

many other islands in the archipelago. It is too large to 

be a prey item of Tyto punctatissima, but may have entered 

and died in Cueva de Post Office (Inferior) and Barn Owl 

Cave while searching for large insects. N. violacea 

commonly forages well inland in arid lowland areas of the 

Galapagos (Gifford, 1913:59; Harris, 1974:82; personal 
\ 

observation) • 
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Ardeidae, species indeterminate - unknown he~on 

Material. 1 specimen, representing 1 individual (Tables 6, 

7) • 

An ungual phalanx from Excavation 1 of Barn Owl 

Cave is of an immature, medium-sized heron. It is likely 

to represent either Ardea.!lE! or Nyctanassa violacea, but 

is not sufficiently diagnostic to allow a specific 

identification. 

Non-passerine Aves, order indeterminate - unknown 

non-passerine bird 

Material. 589 specimens, representing at least 1 

individual (Tables 6,7). 

These shattered, very fragmentary fossils dominated 

the lowest unit (C2 ) of Excavation 1, Barn Owl Cave. They 

are of an indeterminate large bird, but are too fragmentary 

to reveal any d~agno~tic features. Because ,they are 

associated stratigraphically and are all preserved 

simi~arly, these fossils probably belong to a single 

individual. 

\ 
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Order Columbiformes 

Family Columbidae 

Zenaida galapagoensis Gould - Galapagos dove 
I 

Material. 664 specimens, representing at least 112 

individuals (Tables 3-7). 

These fossils, representing all skeletal elements, 

agree in detail with skeletons of,,!.!., galapagoensis. Males 

of ,this dove are significantly larger than females in 

external measurements (Ridgway, 1897:617, 618; Gifford, 

1913:11, 111) and likewise the adult skeletons and fossils 

fall into two distinct categories of size. Sundevall 

(1871) proposed the genus. Nesopel ia for ..!.:.-galapagoensis, 

but neither the osteology nor plumage of this dove support 

its generic separation. 

~ galapagoensis is a ground-dwelling dove that 

occurs throughout the Galapagos, although it usually avoids 

the moist highlands on larger islands except Floreana. .The 

concentration of dove bones in the Floreana caves is 

undo~btedly due to predation by Tyto punctatissima. This 

is corroborated by the large number of immature 

individuals. ~ galapagoensis is common also in the 

Tyto-derived fossil site at Cueva de Kubler, Santa Cruz. 

In pristine times, ~ galapagoensis was abundant 

and conspicuous throughout all dry regions of the 

Galapagos. Early accounts of the islands often mention the 

tameness and great numbers of these doves, which were 
\ 

slaughtered and eaten regularly by the crews of passing 
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ships. For example, Darwin (1871:173, 174) stated: 

Cowley (in the year 1684) says, that the 
'turtle-doves were so tame, that they would often 
alight upon our hats and arms, so as that we could 
take them alive: they are not fearing man, until 
such time as some of our company did fire at them, 
whereby they were rende~ed more shy.' Dampier 
also, in the same year, says that a man in a 
morning's walk might kill six or seven dozen of 
these doves. At present, although certainly very 
tame, they do not alight on people's arms, nor do 
they suffer themselves to be killed in such'large 
numbers. It is surprising that t~ey have not 
become wilder; for these islands during the last 
hundred and fifty years have been frequently 
visited by bucaniers [sic] and whalers; and the 
sailors, wandering through the woods in search of 
tortoises, always take cruel delight in knocking 
down the little birds. 

These birds, although now still more 
persec~ted, do not readily become wild: in Charles 
Island, which had then been colonized about six 
years, I saw a boy sitting by a well with a switch 
in his hand, with which he killed the doves and 
finches as they came to drink. He had already 
procured a little heap of them for dinner; and he 
said that he had constantly been in the habit of 
waiting by this well for the same purpose. 

Galapagos doves are still remarkably tame today on 

islands such as Genovesa, Santa Fe, and Fernandina that 

have never been populated by humans or feral predators. 

TheY,are reluctant to fly and can be baited with seeds to 

feed from a person's hand. Perhaps more than any other 

bird in the Galapagos, the dove represents the extreme 

tameness characteristic of insular birds. 

The rarity of doves on Floreana in 1905-1906 was 

attributed to predation by feral cats, dogs, and humans 

(Gifford, 1913:6, 8). The only doves that I saw during 4 

weeks on Floreana in 1978 and 1980 were a pair that 

frequented ledges on the vertical walls of the entrance to 
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Finch Cave, where they were apparently protected from 

predators. The future of doves on Floreana is not 

promising; I do not expect them to survive beyond th~s 

cent~ry or shortly thereafter. A similar situation exists 

on Santa Cruz, where Gifford (1913:6) found doves to be 

common or abundant in 1905-1906. Since that time, cats, 

dogs, and people have become established on Santa Cruz, and 

doves are rare there today (personal observation)~ 

Order Strigiformes 

Family Tytonidae 

Tyto punctatissima (Gray) - Galapagos barn owl 

Material. 10 specimens, representing at least 5 

individuals (Tables 6, 7). 

No modern skeletons of Tyto punctatissima were 

available. The 10 fossils (3 vertebrae, 1 coracoid, 1 alar 

phalanx, 5 pedal phalanges) agree qualitatively with 

skeletons of the nearly cosmopolitan ~ alba, and differ 

from ,those of the only other owl in the Galapagos, Asio 

flammeus (Family Strigidae). T. ptintatissima has been 

considered to be merely a subspecies of ~ alba by most 

authors of the past two decades, but I regard ~ 

punctatissima as a full species, quite distinct from T. 

alba of mainland North, Central, and South America. T. 

punctatissima is smaller in all external measurements than 

~ alba. Further, every skeletal element of T. 

punctatissima (best known from numerous fossils from Cueva 
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de Kubler, Santa Cruz) is easily distinguished from that of 

~~, being only approximately 2i3 as large. The 

plumage of T. punctatissima is much darker than that of ~ 

alba. 

Tyto punctatissima is known from San Cristobal, 

Santa Cruz, Santiago, Isabela, and Fernandina, but is 

extinct on Floreana (see WExtinction"). Harris (1973) 

regarded barn owls on Floreana as wprobably extinct" (p. 

270), and "probably once resident, now not present" (p. 

274). I do not know of evidence, other than the fossils I 

found in Barn Owl Cave, for the former occurrence of T. 

punctatissima on Floreana. The fossils include at least 

one immature individual, thus establishing that barn owls 

nested as well as roosted on Floreana. 

Order Passeriformes 

Various passerine birds dominate the terrestrial 

avifauna of the Galapagos. Each species is small enough to 

be p~eyed upon by Tyto punctatissima, and I believe that 

this is how they were incorporated into the fossil 

deposits. 

Family Tyrannidae . 

pyrocephalus nanus Gould - Galapagos vermilion flycatcher 

Material. 1 specimen, representing 1 individual (Tables 6, 

7) • 
\ 

This flycatcher is represented in the fossil fauna 
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by a single humerus from Excavation 1 of Barn Owl Cave. 

The specimen agrees qualitatively with the humerus of 

Pyrocephalus rubinus of mainland North, Central, and South 

America. It is distinguished from the humerus of other 

Galapagos passerines except Myiarchus magnirostris in 

lacking the medial Fossa pneumotricipitalis. It is sma~ler 

than the humerus of ~ magnirostris. 

Recent authors have regarded ~nanus as merely a 

subspecies of 1::.. rubinus, but I beli.eve that the 

differences in osteology and adult plumage between these 

two taxa warrant species-level recogni tion •. The wings and 

tail of P. nanus are much shorter than in ~ rubinus. 

Bones of the ~ing are much smaller in P. nanus than in P. 

rubinus, while the reverse is true for bones of the leg. 

Reduction of the pectoral girdle and enlargement of the 

pelvic girdle are common phenomena in insular birds. It 

seems unlikely that ~nanus could undergo any further 

reduction of the pectoral assemblage, for such would render 

it f~ightless or very nearly so. I cannot think of any 

selective advantage for flightlessness in an arboreal 

flycatcher such as pyrocephalus, which catches insects on 

the wing. The male plumage of P. nan us is a lighter and 

duller red than in ~ rubinus. The female plumage of P. 

nanus is very unlike that of ~ rubinus, being yellow below 

with slight or no streaking, while P. rubinus is more or 

less cream-colored below, suffused with varying amounts of 

pink, and with prominent brown streaks. P. nanus has 
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differentiated into two very distinctive subspecies (.!::..!l:.. 

dubius from San Cristobal, and P. n. nanus from nearly all . -----
other islands), thus providing additional evidence that P. 

nanus has been genetically distinct from the ancestral P. 

rubinus for quite some time. 

~ nanus is most common on islands such as Floreana 

that have moist highlands. On these islands it seldom if 

ever nests in the arid lowlands, occurring there mainly in 

the non-breeding season. Thus its rarity in the fossil 

fauna is easily understood. 

Myiarchus magnirostris (Gould) - large-billed flycatcher 

Material. 18 specimens, representing at least 8 

individuals (Tables 5-7). 

Except for a single humerus from Finch Cave, all 

fossil specimens of Myiarchus magnirostris are from Barn 

Owl Cave, and include 6 humeri, 6 quadrates, and 5 

mandibles. Each of these elements agrees with a skeleton 

of ~ magnirostris, and differs from all other Galapagos 

passerines, except ~ nanus, as follows: quadrate, in 

ventral aspect, with entire mandibular articulation more 

rectangular (less triangular) in outline, and with a 

relatively shallow depression or notch in the central 

portion; mandible, with relatively small retroarticular 

process, the internal articular process nearly horizontal 

in posterior aspect, the ramus relatively straight and 

weak, and the symphysis broad and flat. M. magnirostris is 
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distinguished from Pyrocephalus nanus its larger size. 

Ridgway (1893) proposed the new genus Eribates for 

M. magnirostris, but very few subsequent authors have 

recognized this taxon. The placement of ~ magnirostris in 

Myiarchus ~eems well substantiated by morphology and 

behavior (Lanyon, 1978:603-609). 

!!:.. magnirostr is. is found throughout the Galapagos, 

at nearly all elevations. It is common today in the 

lowlands of Floreana. 

Family Mimidae 

Mimus trifasciatus (Gould) - F10reana mockingbird 

Material. 446 specimens, representing at least 75 

individuals (Tables 3-7). 

~ trifasciatus is easily recognized osteologically 

as the largest passerine bird that occurs in the fossil 

sites. The fossils, which represent essentially the entire 

skeleton, agree qualitatively and quantitatively with 

skeletons of ~ trifasciatus from Champion. They are 

consistently much larger than all skeletal elements of M. 

parvulus and ~ melanotis, while they are slightly smaller 

than M. macdonaldi in the rostrum and mandible, but equal 

in size to M. macdonaldi post-cranially. The distribution, 

ecology, and behavior of M. trifasciatus are covered in 

"Extinction. " 

M. trifasciatus lives today on the small offshore 

islands of Champion and Gardner-near-Char1es, but is 
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extinct on Floreana. Unfortunately, Gould (1837b) named no 

specific island as the type locality of M. trifasciatus, 

although the data on the two Beagle specimens se~m to 

indicate clearly that they were taken on Floreana. The 

holotype was collected" by Darwin, and the other was taken 

by Fitzroy. Su1loway (1982b) gives additional information 

on these specimens. ~~ifasciatus is one of 4 species of 

mockingbirds in the Galapagos according to Swarth 

(1931:104-131) and most subsequent authors. Davis and 

Miller (1960) united all Galapagos mockingbirds under the 

name trifasciatus (not me1anotis, as stated by Abbott an 

Abbott [1978]), restricting the nominate subspecies to 

F10reana and its sate1ites. Even if one were to follow 

Davis and Miller (1960) in lumping all of the Galapagos 

mockingbirds, none of which is sympatric, the name 

trifasciatus would still apply to the Floreana mockingbird 

because of "priority. Sundevall (1871) listed the 

mockingbirds from San Cristobal, Santa Cruz, Santiago, and 

Floreana all as "Mimus me1anotis." On this basis, Salvin 

(1876:466) and Ridgway (1890:119, 122) erroneously reported 

that two species of mockingbirds, M. trifasciatus and M. 

me1anotis, occurred on Floreana. 

Recently, Abbott and Abbott (1978) analyzed 

variation in length of the bill, wing v and tarsus in all 

populations of mockingbirds in the Galapagos, but reached 

no firm systematic conclusions other than recommending that 

M. me1anotis of San Cristobal be lumped with the widespread 
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M. parvulus. Based upon my own examination and 

measurements of skins and skeletons in the BM(NH), CAS, 

RIB, UCMVZ, and USNM, supplemented by the data in Ridgway 

(1907:245-248), Swarth (1931:111-117), Bowman and Carter 

(1971:248), and Abbot.t and Abbott (1978), M •.. trifasciatus 

is distinguished from other species of mockingbirds in the 

Galapagos as follows: large size (much larger in all 

respects than .Me .. me1anotis or !!.:. parvu1us, sl ight1y larger 

than or equal to ~ macdonaldi of Espanola in all external 

and skeletal measurements except those of the bill); entire 

dorsum darker with little or no streaking; less white in 

the tail; auricular region lighter in color than crown 

(other species have a dark facial patch); brown breast band 

present (breast white with varying amounts of streaking in 

other species). Gifford (1919:207) noted that the song of 

~ trifasciatus is different from that of other Galapagos 

mockingbirds, while Bowman and Carter (1971) were unable to 

hybridize captive ~ parvulus with either M. trifasciatus 

or ~ macdonaldi. Further, a canonical analysis of three 

external measurements (Abbott and Abbott, 1978) clustered 

M. trifasciatus as far from other Galapagos populations as 

it was from !:!.:...)ong icaudatus of the mainland. 

The Floreana mockingbird was first described by 

Gould (1837b) as. Orpheus trifasciatus, but most authors 

thereafter reported it" as Mimus trifasciatus (see Sharpe, 

1881:346, and references therein) until Ridgway (1890) 

named the new genus Nesomimus for all Galapagos 
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mockingbirds. Rothschild and Hartert (1899:142; 1902:381) 

expressed their dissatisfaction with the validity of the 

genus Nesomimus, but continued to use it. Nesomimus has 

generally been used since, but I agree with Abbott and 

Abbott (1978) in finding that the distinctions between 

mockingbirds of the mainland and the Galapagos dG not 

warrant generic recognition. Designating the species 

melanotis as the type of his new genus, Ridgway (1890:102) 

diagnosed Nesomimus as follows: "Similar to Mimus BOlE, but 

bill longer and much more compressed basally, and tarsus 

much longer (nearly twice as long as middle toe instead of 

only about one-third long~r)." These characters do not 

hold. Although ~.trifasciatus and M. macdonaldi do have 

longer bills than any of their non-Galapagos congeners, 

this is not the case for ~ parvulus or ~ melanotis, where 

bills of equal length may be found in M. longicaudatus and 

M. saturinus of mainland South America. Even when one 

includes all of the Galapagos mockingbirds in the genus 

Mimus, the variation in length and curvature of the bill in 

Mimus is no greater than in Toxostoma, another genus of 

Mimidae. Also, the bill may be as "compressed basally" in 

~ polyglottos, M. gundlachii, or ~. gilvus as in the 

Galapagos birds. The tarsus of Galapagos mockingbirds is 

not relatively longer than that of ~ gund1achii, ~ 

thenca, or ~ longicaudatus. In fact, mockingbirds of the 

Galapagos are similar enough to ~ longicaudatus to suggest 

very strongly that the latter is their direct ancestor. To 
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separate these species in different genera is to mask their 

relationships. The relatively shorter tail in the 

"Galapagos birds presents no pr~blem systematically, for 

reduction in relative tail length has occurred repeatedly 

in insular birds, probably very soon after colonization of 

an island. 
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Family Fringi11idae 

Subfamily Emberizinae 

Genus Geospiza Gould - Darwin's finches 

Darwin's finches consist of 13 living species in 

the Galapagos and 1 species on Cocos Island, Costa Rica. 

These smalt, tame birds dominate the·terrestrial avifauna 

of th~ Galapagos, with 3 to 8 species recorded from each of 

the relatively· small, dry islands, and 9 to 11 species 

recorded from each of- the large, environmentally diverse 

islands. Floreana boasts 11 species of Geospiza, among 

. which only ~ pallida has not been shown to be resident. 

The evolution of Darwin's finches is a most interesting 

topic that lies beyond the scope of this paper. P. R. 

Grant (1981) and Steadman (1982) review the origin and 

adaptive radiation of this fascinating group of birds. 

I will not discuss in detail the nomenclature and 

systematics of individual species of Darwin's finches, 

except for ~ nebu10sa and G. magnirostris, which are 

extinct on F10reana and have been the source of much 

controversy. I will use the generic classification of 

Steadman (1982) and the species-level classification of 

Lack (1945, 1947). For distributional data, I will follow 

Lack (1969) and Harris (1973, 1974), except where stated 

otherwise. My identifications of fossil Darwin's finches 

are based on the osteological diagnoses and interspecific 

comparisons of Steadman (MS), which details the osteology, 
\ 

paleontology, systematics, and nomenclature of Darwin's 
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finches from Floreana and Santa Cruz. Identification of 

post-cranial specimens usually was possible only for G. 

magnirostris, which is larger than any other species of 

Darwin's finches. All other identifications are based on 

cranial elements, especially the rostrum, mandible, and 

quadrate. 

Geospiza nebulosa Gould - sharp-beaked ground finch 

Material. 7 specimens, representing at least 6 individuals 

(Tabl es 3, 6, 7). 

G. nebulosa is represented by 1 pterygoid and 1 

mandible from Cueva de Post Office (Inferior) and 1 

quadrate, 2 rostra, and 2 mandibles from Barn Owl Cave. 

This finch has been recorded historically from San 

Cristobal, Floreana, Santa Cruz, Isabela, Fernandina, 

Santiago, Pinta, Genovesa, Culpepper, and Wenman. Today, 

G~ nebulosa is either extincf, very rare, or of uncertain 

status on the first 4 or 5 of these islands (see 

"Extinction") • 

Lack (1945, 1947) united all populations of the 

sharp-beaked ground finch under the name G. difficilis, a 

treatment followed by all susequent authors until Sulloway 

(1982a, b) showed conclusively that the name G. nebulosa 

Gould (1837a) is based on an extinct population from 

Floreana, and therefore ~ difficilis Sharpe (1888) becomes 

a synonym of ~ nebulosa for reasons of priority. Sulloway 

(1982a, b) has also determined the specific island 
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localities for most of the Beagle specimens of Darwin's 

finches. His mea~urements of these specimens reveal 
I 

slightly larger bill dimensions than in any other 

populations of G. nebulosa. This is corroborated by the 

fossils reported herein, which are also larger than the 

cranial elements of other forms of G. nebulosa, but differ 

significantly from those of .~fuliginosa, Q:. fortis, or G. 

scandens, both qualitatively and quantitatively. A 

specimen of G. nebulosa collected by Kinberg in 1852 is 

listed in the catalogue of the Stockholm Naturhistoriska 

Riksmuseet as a black male from F10reana. Sul10way's 

measurements of this specimen agree closely with those of 

the Beagle specimens. 

In summary, G. nebu10sa is known from Floreana by 

four skins. Two of these, collected by Fitzroy in 1835 and 

Kinberg in 1852, are certain to be from Floreana because of 

their associated field data. The other two, collected by 

Darwin in 1835, most probably came from Floreana because of 

circumstantial evidence of the chronology and geography of 

Darwin'S collecting, and because these specimens, one of 

which is now lost, agree closely with the other two 

specimens. 

As is also the case with ~ magnirostris, the 

fossils from Floreana of G. nebulosa represent more 

individuals than are known from skins. G. nebulosa occurs 

as a fossil with about the same frequency as G. olivacea. 

On large islands such as Santa Cruz and presumably 
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Floreana, both of these species tend to be more common, and 

do most or all of their nesting, above the arid coastal 

region. They occur regularly in the lowlands only in the 

non-breeding season (Gifford, 1919:238). G. nebulosa 

occurs more commonly as a fossil than other finches, such 

as ~ crassirostris, .~,parvula, and ~ pauper, that are 

regarded as characteristic of areas more humid than the 

region surrounding the caves. Therefore, it probably was 

once a rather common bird in the middle and higher 

elevations of Floreana. It even may have nested in the 

lowlands, where it was at least a regular visitor. 

Geospizafuliginosa, Gould - small ground finch 

Material. 24 specimens, representing at least 18 

individuals (Tables 3-7). 

G. fuliginosa is recorded from each cave. 

Altogether, it is known from 1 cranium,S rostra, and 18 

mandibles •. ~. fuliginosa occurs nearly throughout the 

Gaiapagos •. It is the 2nd most common fossil finch on 

Floreana, and there is an excellent chance that its numbers 

would be augmented if some of the specimens relegated to 

"Geospiza, species indeterminate" were less fragmentary. 

Now that 9~magnirostris no longer dominates the finch 

fauna of Floreana, G. fuliginosa has become by default the 

most common finch of the lowlands surrounding Post Office 

Bay, vying with Dendroica petechia as the common land bird 

in this region today, at least during my observations in 
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June, July, and October. 

Geospiza fortis Gould - medium ground finch 

Material. 38 ~pecimens, representing at least 12 

individuals (Tables 4-7). 

~ fortis is represented by a total of I pterygoid, 

2 jugals, 1 quadrate, 2 rostra, and 9 mandibles f.rom Cueva 

de Post Office (Superior), Finch Cave, and Barn Owl Cave, 

as well as a partial associated skeleton (jugal, palatine, 

quadrate, rostrum, mandible, and major elements of the wing 

and leg) from Finch Cave. This specimen includes the only 

positively identified post-cranial elements of any Darwin's 

finch except.2.:..magnirostris. Because of this associated 

skeleton, G. fortis has a higher number of specimens 

relative to MNI than in any other finches except G. 

magnirostris. G. fortis is very widespread in the 

Galapagos. It is the 3rd most common fossil finch, and 

only G:.. ful ig inosa, is more common today in the lowlands of 

Floreana. ~ fortis is extremely variable in size on 

Floreana (Lack, 1947:Plate IV, Tables XXIV, XXIX), this 

being substantiated by the fossils. 

Geospiz~ magnirostris Gould - large ground finch 

Material. 2669 specimens, representing at least 229 

individuals (Tables 3-7). 

G. magnirostris was the most common avian fossil 

taxon, and was recorded from each site. Its large size, 
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both cranially and post-cranially, distinguishes G. 

magnirostris from all other Darwin's finches. All skeletal 

elements are represented among the fossils, which include 

several nearly complete associated skeletons •. G. 

magnirostris, like . .Q.:., nebulosa, is now extinct on Floreana. 

These two finches resemble each other further in having 

been major sources of controversy among ornithologists of 

the past century. The basic questions have been: 1) Did G. 

magnirostris ever occur on Floreana?; and 2) If so, why did 

it become extinct there? Fortunately, Sulloway (1982a, b) 

has resolved the first of these questions, just as he did 

for G. nebulosa (see above). In addition, the 

paleontological evidence for the occurrence of G. 

magnirostris on Floreana is unequivocal; 2669 fossils do 

not lie. .By c~mbining paleontological evidence with data 

from modern ecological studies, the second question now can 

also be addressed (see "Extinction"). 

Wherever it occurs, G. magnirostris is generally 

restricted to the arid lowlands. It occurs, or did occur, 

on most of the major islands in the Galapagos, but it is 

seldom as abundant as at least 2 or 3 smaller sympatric 

finches. Based on MNI, G. ~ magnirostris is more than 12 

times as common in the Floreana fossil depo~its as the 2nd 

most abundant finch, G. fuliginosa. Unless Tyto 

punctatissima on Floreana was a specialized feeder on G. m. 

magnirostris, there is little doubt that it was was the 
\ 

most common lowland finch on Floreana before human contact. 
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Geospiza crassirostris (Gould) - vegetarian finch 

Material. 4 specimens, representing 4 individuals (Tables 

6, 7). 

~ crassirostris is known from 2 quadrates and 2 

mandibles from Barn Owl Cave. This species is recorded 

from all of the large, biologically diverse islands in the 

Galapagos. It nests no lower than the transition zone on 

islands such as Floreana, although it descends into the 

lowlands in the non-breeding season. In February and March 

1906, Gifford (1919:2~3) found ~ crassirostris on F10reana 

only above 1000 feet elevation. I have never seen this 

species in the arid zone of Floreana. It is surprising 

that as many as 4 individuals of G. crassirostris were 

preserved as fossils, but if Darwin's 3 specimens of G. 

crassirostris actually came from F10reana, as Sulloway 

(1982b) has suggested, then this finch may have been 

relatively common there in more pristine times. 

Geospiza scandens (Gould) - cactus finch 

Material.· 2 specimens, representing 2 individuals (Tables 

6, 7). 

G. scandens is represented by 1 jugal and 1 rostrum 

from Barn Owl Cave. This species occurs on most islands in 

the archipelago. ~ scandens is generally characteristic 

of arid lowlands, although Gifford (1919:239) reported them 

to occur at higher elevations on F1oreana, particularly 

when introduced oranges were ripe. In the lowlands of 
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F10reana, Gifford (1919:239) found 2.:. scandens to be most 

common near the localized stands of cactus. Today, G~ 

scandens seems to be fairly common in the Post Office Bay 

region, but is decidedly less common than 2.:. fu1iginosa or 

G. fortis. Its rarity as a fossil is puzzling, especially 

when one considers the former abundance of cactus on 

Floreana. The overwhelming prehistoric abundance of G. 

magnirostris may have affected the numbers of ..9:.. scandens. 

G. parvula (Gould) - small tree finch 

Material. I specimen, representing 1 individual (Tables 6, 

7) • 

G. parvu1a is known from only I mandible from Barn 

Owl Cave. This smallest and most widespread of the tree 

finches is common on the larger, higher islands, including 

F10reana. It nests mainly in the transition and Sca1esia 

zones, but occurs regularly, som~times commonly, in the 

arid zone, especially outside of the breeding season. 

Tent~tively, I would rate G. parvu1a as the 4th most common 

finch in the lowlands of F10reana today, behind G. 

fuliginosa, ~ fortis, and ~ scandens. I have seen up to 

5 or 6 individuals in a single day (26 June 1978) in the 

Post Office Bay region. Based on it status today, one 

might expect ~ earvu1a to have occurred as a fossil in 

slightly greater numbers. Its actual relative abundance 

may be masked, however, because this species is very 
\ 

difficult to distinguish from ~ fu1iginosa. Certain of 
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the fragmentary fossils reported as "Geospiza, species 

indeterminate" may well pertain to ~ parvula. 

Geospiza pauper. (Ridgway) - medium tree finch 

Material. 3 specimens, representing 3 individuals (Tables 

5-7) • 

G. pauper is represented by 1 mandible from Finch 

Cave and 2 rostra from Barn Owl Cave. It is endemic to 

Floreana, nesting in and above the transition zone. In the 

non-breeding season, ~ pauper regularly occurs in the arid 

lowlands. Gifford (1919:249) reported that it was seldom 

encountered below 1000 feet elevation in 1906, although a 

few specimens were taken in the lowlands. I found it to be 

common at low elevations near Bahia de las Cuevas on 23 

October 1980, and observed a single individual near Post 

Office Bay on 26 June 1978. Its relative abundance in the 

fossil fauna seems to be more or less as expected. 

Geospiza olivacea (Gould) - warbler finch 

Material. 7 specimens, representing 7 individuals (Tables 

3,6,7). 

G. olivacea is known from 1 cranial fragment, 1 

quadrate, and 1 mandible from Cueva de Post Office 

(Inferior), and 1 cranial fragment, 1 pterygoid, 1 

quadrate, and 1 mandible from Barn Owl Cave. Surprisingly, 

G. olivacea is the 4th most common fossil finch. Its 

relative abundance may be biased, however, by its very 
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small size which greatly facilitates identification. 

Nevertheless, G. olivacea seems to be decidedly uncommon in 

the northern lowlands of Floreana today, where I have never 
I 

observed" it in spite of looking for it outside of the 

nesting season (June, July, October). Gifford" (19l9:220~ 

223) found them to occur uncommonly in the "wooded interior 

and on the south slope" of Floreana in 1906, with breeding 

recorded in February and May. The fossils suggest that G. 

olivacea occurred in the arid lowlands of Floreana more 

commonly in the past than today, although my observations 

of its status today were limited. 

Geospiza, species indeterminate - uncertain Darwin's finch 

Material. 38 specimens, representing at least 9 

individuals (Tables 3, 4, 6,7). 

Indeterminate species of Geospiza are represented 

by a total of 3 cranial fragments, 2 rostra, 2 jugals, 1 

pterygoid, 11 quadrates, and 19 mandibles from Cueva de 

Post Office (Inferior), Cueva de Post Office (Superior)~ 

and Barn Owl Cave. Each of these fragmentary fossils is 

smaller than ~ magnirostris and larger than ~ olivacea, 

but cannot be distinguished from two or'more other species 

of Darwin's finches. Most of these specimens agree in size 

with ~ fuliginosa and ~ parvula, and very likely belong 

to one of these species. 

Passeriformes, family through species indeterminate -
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unknown passerine birds 

Material. 505 specimens, representing at least 24 

individuals (Tables 3-7). 

This category consists of non-passerine 

post-cranial elements that are clearly not from Mimus . 

trifasciatus or ,Geospiza.,magnirostris because of their 

small size, or are too fragmeritary to determine accurately 
. , 

even their size. Most the specimens fall into the first 

category, and of these, the great majority undoubtedly 

represent Darwin's finches. As stated previously, the 

smaller species of Geospiza seem to be impossible to 

distinguish on the basis of their post-cranial elements. 

Aves, order through species indeterminate - unknown birds 

Material. 1281 specimens, representing no individuals 

(Tables 3-7). 

This material consists of avian post-cranial 

elements that are too fragmentary for identification even 

to order. From their size, however, all or nearly all of 

these specimens represent birds no 'larger that Zenaida 

galapagoensis. Very likely these specimens pertain mainly 

to the 3 most common fossil species - Geospiza 

magnirostris, Zenaida,galapagoensis, and Mimus 

trifasciatus. They represent no MNI because a sufficient 

numbers of diagnostic avian bones were recovered from the 

same localities. 
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Class Mammalia 

Order Chiroptera 

Family Vespertilionidae 

Lasiurus boreali~ (Muller) - red bat 

Material. 59 specimens, representing at least 11 

individuals. 

Lasiurus borealis is a very widespread species that 

occurs in m.uch of North, Central, and South America. The 

form of L. borealis that occurs in the Galapagos was 

originally described as a new species, Atalapha .brachyotis, 

by Allen (1892:47), who noted that " ••• this insular form 

closely resembles ~ varia [= L.borealis] in coloration, 

slze and proportions, except that it has much smaller ears. 

Allen's holotype and only specimen was from San Cristobal. 

Most authors since Alfen (1892) have regarded L. brachyotis 

as a valid species, although Niethammer (1964) noted that 

brachyotis may be only a race of borealis. While I have 

not made a critical study of the external morphology of L. 

"brachyotis" versus L. borealis of the mainland, I have 

examined the skulls, dentaries, and other bones of these 

forms, finding no justification for recognition of 

brachy~tis as a species distinct fro~ borealis. In the 

absence of a series of skins from the Galapagos, Allen's 

character of smaller ears in "brachyotis" can be accepted 

only with great caution. The Galapagos form may deserve 

recognition as a subspecies of borealis, but the present 

paucity of specimens from the Galapagos prevents any 

135 



decision in this regard. L. borealis from the Galapagos is 

larger than most forms fiom the mainland. 

To my knowledge, no ~peci~ens of L. borealis have 

ever been taken on Floreana. Without providing the date or 

exact locality, Brosset (1963) noted a sight record of 

Lasiurus (species undetermined) from F10reana, this being 

the only evidence of the occurrence of bats on F10reana 

until the fossils reported herein. The only other bat in 

the Galapagos is L.cinereus, which is significantly larger 

than Le borealis. Specimens of L. cinereus from the 

Galapagos have been reported only from Santa Cruz. 

What little is known of the biology of bats in the 

Galapagos has been reviewed by Brosset (1963), Orr (1966), 

and Clark (In press). Brosset (1963) noted that Tyto 

punctatissima will prey upon ~ borealis, and it seems 

likely that this is how the fossils from F10reana were 

deposited in the caves, for L. borealis roosts in 

vegetation, not in caves. I have also identified L. 

borealis from Cueva de Kubler, Santa Cruz, a fossil site 

that is certainly derived from prey items of T. 

punctatissima. 

Introduced Mammals 

The next 6 taxa of mammals have been introduced on 

Floreana by man. Because they are not a part of Floreana's 

natural fauna, I have not included them in any of the 

totals in Tables 3-7. None of these specimens is likely to 
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be older than AD 1832, the year that General Jose Villamil 

established the first large human settlement on Floreana 

(see "Human History"). For nomenclature, I follow Corbet 

(1978). 

Order Rodentia 

Family Muridae 

Subfamily Murinae 

~ musculus Linnaeus - h9use mouse 

Material. 42 specimens, representing at least 12 

individuals (Tables 3, 4, 6,7). 

Although this introduced rodent is reported from 

exc~vations as well as. surface deposits, a critical look at 

its occurrence in the excavations reveals no evidence for 

great antiquity of ~ musculus on Floreana. From Cueva de 

Post Office (Inferior), it is represented by 1 pelvis in 

the 0-3cm level. From Cueva de Post Oftice (Superior), it 

occurs again only in the 0-3cm level (1 premaxilla, 2 

dentaries)G From Excavation 1 in Barn Owl Cave, ~ 

musculus occurs only from the test pit, in the form of 26 

specimens (3 MNI) from the 0-10cm level,S specimens (1 

MNI) from the 10-20cm level, and 1 specimen from the 

30-40cm level. The 6 specimens from below 10cm are 

undoubtedly contaminants that dribbled into lower levels 

during excavation of the test pit. After completion of the 

test pit, we enlarged Excavation 1 horizontally in a much 

more controlled manner, according to its stratigraphic 
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units. Mus musculus was not present in the 

stratigraphically controlled excavation. Mus musculus is 

discussed further in "Introduced Mammals." 

Tyto punctatissima would seem to be the main or 

sole agent for the occurrence of Mus musculus in the caves. 

The rarity of both ~ musculus and Rattus rattus, however, 

s~ggests that these two introduced rodents overlapped in 

time very little with ~ puncatissima. 

Rattus rattus (Linnaeus) - black rat 

Material. 142 specimens, representing al least 13 

individuals (Tables 3-7). 

As was the case with~~culus, the specimens of 
-- --- -

Rattus rattus from excavations are not evidence of its 

prehistoric occurrence of Floreana. From Excavation 3 of 

Cueva de Post Office (Superior), this introduced rodent is 

represented by a single humerus. AlI fossils from this 

excavation, however, occur in the uppermost lOcm of 

sediment, and thus could include surficial remains. From 

Excavation 1 of Barn Owl Cave, ~ rattus occurs only as 1 

upper incisor and 1 dentary from the O-IOcm level of the 

test pit, and 1 vertebra from Unit A, the highest unit. R. 

rattus is discussed further in "Introduced Mammals." 

Order Carnivora 

Family Fel idae 

Felis catus Linnaeus - domestic cat 
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Material. I specimen, representing I individual (Tables 6, 

7) • 

Felis catus is recorded only from I radius on the 
I 

surface of Room I in Barn Owl Cave. Cats are too large to 

be prey items of Tyto punctatissima. (Instead, cats 

probably once preyed upon T. punctatissima on Floreana.) 

Cats thrive today in the lowlands of Floreana. 

Order Artiodactyla 

Family Suidae 

Sus scrofa Linnaeus - domestic pig 

Material. 16"specimens, representing at least 1 individual 

(Tabl es 6, 7). 

These specimens are cranial and post-cranial 

elements from the surface of Room 1 of Barn Owl Cave. The 

bones were scattered over an area approximately 4m in 

diameter. It is very likely that these bones belong to one 

individual because of their similarity in preservation, and 

because they all represent a very young pig. 

Order Perissodactyla 

Family Equidae 

Equus asinus Linnaeus - donkey 

Material. 1 specimen, representing 1 individual (Tables 3, 

7) • 

Donkeys, which are common today in the lowlands of 

Floreana, are represented by a single keratinous hoof 
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sheath from the surface of Room 1, Cueva de Post Office 

(Inferior). The lack of any other remains makes me 

question that the entire donkey was ever in the cave. 

Instead, a dog, cat, or rat may have brought the hoof into. 

the cave. 

Mammalia, order indeterminate - unknown mammal 

Material. 2 specimens, representing 2 individuals. 

These remains consist of a pair of fused thoracic 

vertebrae from the surface of Room 1, Cueva de Post Office 

(Inferior), and a small cranial fragment from the surface 

of "East side of main talus cone" in Finch Cave. The first 

specimen is from an immature individual, dog-sized or 

larger. The other is approximately the size of Capra or 

~, but lacks any diagnostic featurese 
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Human History 

CHAPTER 6 

DISCUSSION 

An understanding of the human history of Floreana 

is crucial to this study, for all vertebrate extinction on 

Floreana is related temporally to human arrival. Many 

accounts of the settlements on Floreana are vague and 

conflicting, and that which follows is my best attempt to 

piece together briefly the major historical events on this 

much abused island. 

Except for the dubious possibility of limited, 

temporary Amerindian encampments (Heyerdahland Skjolsvold, 

1956; Heyerdahl, 1963), discovery of the Galapagos Islands 

is credited to Fray Tomas de Berlanga, the Bishop of 

Panama, in 1535. The particular islands that he visited 

cannot be determined with certainty from his writings, 

although Rose (1924:337) suggested that Floreana was one of 

seve~al islands explored by Fray Tomas. Other Spanish 

ships called in the Galapagos in the 16th and 17th 

centuries, but they seem to have added little to the 

recorded knowledge of these islands. 

The supposed earliest mention of Floreana as an 

individual island is on the map prepared by William Ambrose 

Cowley in 1684, and reproduced in Beebe (1924: Figure 78) 

and Slevin (1955: Map 1; 1959:19). F10reana is named "King 

Charles's Island" on this map, after King Charles II of 
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England. However, an island labeled "Sta. Maria de 

l'Aguada" was added to Cowley's famous map (after l684?). 

I agree with Markham (1880) that "Santa Maria de l'Aguada" 

is also Floreana, and thus Cowley's map actually depiots 

Floreana twice. The island designated on Cowley's map as 

"King Charles's Island" is less accurate, both in location 

and shape, than the one named ·Santa Maria de l'Aguada." 

Cowley and other privateers and pirates such as 

Edward Davies, John Cook, Lionel Wafer, William Dampier, 

John Eaton, and Woodes Rogers g frequented the Galapagos in 

the late 17th and early 18th centuries. These islands 

provided a sheltered base where they could make repairs and 

obtain food and water in between raids on Spanish ships and 

coastal towns of Latin America. James Bay on Isla Santiago 

was the most popular hideout for the buccaneers, but they 

also anchored off northern Floreana (Slevin, 1959:28; 

Thornton, 1971:5, 6). Captain Henri Louns, Compte de 

Gueydon, of the French brig-of-war Le Genie, stated in his 

acco~nt of 1846 (Slevin, 1959:93, 94) that " ••• according 

to the natives, some buccaneers had established themselves 

••• " in the caves of the Bahia de las Cuevas region. Rose 

(1924:354) noted that Floreana was probably the island 

visited by Edward Davies in 1687, where he careened his 

ship, the Batchelor's Delight 6 and took on board a large 

supply of tortoise meat and oil. In 1700, the French 

frigate Philippeaux called at 3 or more islands in the 

Galapagos. Slevin (1959:38) reasoned that Floreana was one 
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of these islands, which was named Isle de Saute (=Health 

Island) in the account of Ensign Le Sieur de Villefort of 

the Philippeaux, wh~ reported taking abundant tortoises and 

fish to .feed the crew members. Rogers (1718; quoted in 

Rose, 1924:361) reported that in 1709 the island called as. 

Maria de l'Aquada" [sic] was known to be a place where 

water, timber, tortoises, sea turtles, and good anchorage 

could be obtained. 

After the time of the buccaneers, visits of ships 

to F10reana were apparent~y i~frequent until the late 

1700's, when the Galapagos waters became the focus of 

whaling ships ft'om the United States and Britain. These 

whaling ships stopped in the Galapagos regularly until the 

1860's. Initially, Floreana was visited often because it 

offered both tortoises and fresh water, as well as good 

anchorage. With the extinction of tortoises there in 

approximateli 1850 (see "Extinction"), Floreana became a 

little less popular with the whalers, who were drawn there 

nevertheless by the fresh water. 

It was not until 1807 that Floreana was occupied by 

its first long-term resident in the form of one Patrick 

Watkins, an Irish sailor distinguished as being probably 

the first settler anywhere in the entire archip~iago. 

Watkins was the first of a long succession of persons of' 

dubious character to settle on Floreana. Slevin (1959:105) 

and others have summarized Watkins' life on F1oreana, based 

upon the diary, written in 1813, of Midshipman William W. 
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Feltus of the U. S. frigate Essex, and upon the journal of 

Captain David Porter of the Essex (Porter, 182~). Watkins 

lived on F10reana for approximately 2 years before 

hijacking a boat to mainland South America. 

In 1832, General Jose Villamil established a 

.sizeab1e colony on F10reana with the permission of the 

newly formed Ecuadorean governmente This was the first 

significant human settlement anywhere in the Galapagos. 

Charles Darwin described Villamil's community as it existed 

in September 1835 (1871:141,142): 

The inhabitants are between two and three hundred 
in number ••• who have been banished for political 
crimes from the Republic of the Equador [sic] ••• 
The settlement is placed about four and a half 
miles inland, and at a height, probably, of a 
thousand feet. • •• The houses are irregularly 
scattered over a flat space of ground, which is 
cultivated with sweet potatoes and bananas. • •• The 
inhabitants, although complaining of poverty, 
obtain, without much trouble, the means of 
subsistence. In the woods there are many wild pigs 
and goats, but the staple article of animal food is 
supplied by the tortoise. 

Joseph Hooker had determined that 10 species of 

plants collected on F10reana by Darwin had been imported by 

man (Darwin, 1871:165). Thus it is evident that major 

biotic alterations were already underway on Floreana in 

1835. 

Villamil's colony was short-lived. Villamil left 

Floreana in 1840, and the last remaining colonists moved to 

San Cristobal in 1845 (Rose, 1924:408). According to 

Seemann (1853), however, the settlement on F10reana still 

existed in some form when the HMS Herald called there in 
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1846. Rose (1924:408) reported that 25 criminals lived on 

F10reana in 1849. On 16 May 1852, the Swedish frigate 

Eugenie found only a single North American sailor named 

Anderson living on F10reana (Slevin, 1959:56, 57). Later 

in 1852, a criminal named Briones was deported to F10reana 

along with seven companions (Rose, 1924:409). They soon 

hijacked an American whaling ship, the George Howland, and 

sailed to Guayaquil, murdering many people along the way. 

Briones and his crew were executed soon after. 

After the Briones incident, Floreana was 

apparently uninhabited until 1870 '(Rose, 1924:410; Patton 

et al., 1975), when Jose Valdizan began a penal colony on 

Floreana. Agassiz (1873) reported that only seven persons, 

in destitute condition, lived on Floreana in June 1872. 

These men were the remnants of Va1dizan's colony of 60-100 

persons, most of whom had left Floreana many months before. 

Valdizan apparently returned to Floreana, where he was 

murdered by the convicts in 1878 (Tanner, 1888; Slevin, 

1959:102-104; Rose, 1924:410). Markham (1880:744) found 

Floreana uninhabited in 1880, noting that only eighteen 

months had elapsed since the abandonment. In 1884-1885, 

the Italian corvette Vettor Pisani stopped at F10reana, 

finding orchards, vineyards, and many wild cattle, but no 

people (Rose, 1924:56; Slevin, 1959:56). 

In 1888, crew members of the Albatross discovered 

one man on Floreana (Tanner, 1888). Don Antonio Gil of 

Guayaquil and his followers stayed on Floreana from 1893 
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until 1897, when they left to establish the extant town of 

Villamil on Isabe1a (Rose, 1924:410, 411; Slevin, 

1959:107) e After 1897, F10reana apparently was uninhabited 

until the 1920's, when approximately 60 Norwegians settled 

there to farm and operate a canned fish factory (Strauch, 

1.936:34; Slevin, 1959:108; Wittmer, 1961:34). They left 

F10reana within a year and settled elsewhere in the 

Galapagos. Robinson (1936) found one Norwegian and two 

Ecuadorean men living on F10reana in 1928. 

Two Germans, Dr. Karl Friedrich Ritter and Frau 

Dore Strauch, settled in the highlands of F10reana in 1929, 

and remained there until Dr. Ritter's death in 1934, when 

Strauch returned to Germany (Strauch, 1936). When they 

arrived, only a young Ecuadorean man named Hugo (surname 

unrecorded) was living on F10reana, in a building at Post 

Office Bay that had been abandoned by the Norwegians. Hugo 

left F10reana in 1929 after being injured by a wild bull. 

Only Ritter and Strauch lived on F10reana for the next 

several years, except for very temporary attempts at 

colonization by a few persons (Strauch, 1936:100-117). 

The Wittmer family, also of Germany, moved to 

F10reana in 1932. The Wittmer's initially consisted of 

Heinz, his wife Margret, and Heinz' son Harry. Frau 

Wittmer gave birth to .~ son Rolf in 1933 and a daughter 

Ingeborg (F10reanita) in 1937. Frau Wittmer, who now lives 

at Black Beach (the family origna1ly settled in the 

highlands), has recounted her family's experiences on 
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Floreana (Wittmer, 1961). 

Later in 1932, Baroness Antoinette (Eloise) von 

Wagner-Bousquet, apparently from Austria, moved to Floreana 

along with thfee men - two Germans named Alfred Rudolph 

(Rudi) Lorenz and Robert Phillipson, and an Ecuadorean 

named Felipe Valdivieso, who left Floreana early in 1933~ 

Controversy, mistrust, and finally tragedy filled the lives 

of the Baroness and her companions~ as well as Ritter, 

Strauch, and the Wittmer's, as one can discern from the 

conflicting accounts in Strauch (1936), Robinson (1936), 

Conway and Conway (1947), and Wittmer (1961). Ritter, 

Strauch, and the Wittmers regarded the behavior of the 

Baroness and her male subordinates as offensive and rude, 

and an air of hatred and jealousy prevailed over the 

residents of Floreana. In March 1934, the .Baroness and 

Philippson disappeared. Lorenz left Floreana in July 1934, 

only to die of thirst on Marchena when his small boat 

failed in attempting to go from Santa Cruz to San 

Cristobal. Ritter died in November 1934, of apparent food 

poisoning. The events that occurred on Floreana in 1934 

still rate as the most popular of unsolved mysteries in the 

Galapagos. 

The Zavala family moved to Floreana from Isabela in 

1937, ending a period of three years during which the 

Wittmer's were the island's only residents. An American 

couple, Ainslie and Frances Conway, moved to Floreana from 
\ 

Santiago in 1937 (Conway and Conway, 1947). The events of 
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World War II forced Frances to return to the United States 

in 1941, while Ainsley left Floreana in 1942 to serve at 

the newly established United States Air Force Base on 

Baltra. 

Approximately twenty Ecuadoreans, consisting of 

military personnel and their families, settled at Post 

Office Bay in 1940. They soon moved to Black Beach, where 

Ecuador has maintained a small military outpost ever since 

(Wittmer, 1961:163, 193; personal observation). A Senor 

Cruz moved to Floreana in 1945 (Wittmer, 1961:193). Cruz 

later married and produced 11 children, some of whom still 

live on F10reana (Gayle Davis, personal communication). 

Several other Ecuadorean families moved to Floreana in the 

late 1940's and early 1950's, settling in the highlands 

near Wittmer's farm, as well as at Black Beach (Wittmer, 

1961:205). Slevin (1959:108) said that in 1959 the Wittmer 

family compr-ised the entire population of F10reana, but 

Wittmer (1961:221, 234) reported that about 50 persons 

1iveq on F10reana during the period of 1956-1959. Today, 

approximately 50 persons live on Floreana (Gayle Davis, 

personal communication), both in the highlands and at Black 

Beach. 



Introduced Mammals 

"We may infer from these facts what havoc the 

introduction of any new beast of pr~y must cause in a 

country before the instincts of the indigenous inhabitants 

have become adapted to the stranger's craft or power" 

(Darwin, 1871:176). 

Perhaps more than any other island in the 

Galapagos, Floreana has been adversely affected by mammals' 

introduced by man. These feral mammals are probablu 

involved in the extinctions of at least 6 species of 

vertebrates on Floreana, although evidence for this is no 

better than circumstantial. Only the extinction of the 

hawk Buteo.galapagoensis is difficult to attribute directly 

to the impact of feral mammals. Direct human predation is 

often less harmful to native insular animals than are the 

effects of man-introduced mammals.' Large animals tend to 

be more vulnerable to direct human predation. than smaller 

animals because they are generally more conspicuous and 

occur in lower densities. On Floreana, predation by man 

may be the chief cause of extinction for Geochelone and 

Buteo, and may be involved in the loss of A1sophis and Tyto 

as well. 

Slevin (1959:7) and Leveque (1963) noted the 

following species of feral mammals as occurring on 

Floreana: black rat (Rattus rattus), house mouse (~ 

musculus), dog (Canis familiar is), cat (Felis domesticus) , 

goat (Capra hircus), cow (~ taurus), pig (~ scrofa) , 
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and burro or donkey (Equusasinus). Eckhardt (1972) also 

listed all of these species as currently inhabiting 

Floreana, with cats and donkeys designated either as 

especially abundant or particularly destructivee Eckhardt 

(1972) is an excellent reference for the ecological effects 

of introduced plants and animals in the Galapagos, although 

he makes little reference to Floreana in particular. 

During my field work on Floreana in 1978 and 1980, I noted 

cats, goats, and donkeys to be common in the arid northern 

coastal region. I did not observe pigs, cattle, or dogs on 

Floreana, but I have spent only part of a" single day in the 

highlands. I have not seen Rattus on Floreana, but I have 

identified bones of both Rattus and ~ from cave deposits 

on Floreana as well as from modern pellets of a short-eared 

owl (~flammeus) that roosts on Champion but hunts 

mainly on nearby Floreana. The islands of San Cristobal, 

Santa Cruz, Santiago, and Isabela today possess 'the same 

species of feral mammals as Floreana (Leveque, 1963; 

Eckhardt, 1972), but feral mammals on these four larger 

islands seem to have done somewhat less damage to native 

vertebrates. 

Once established, most feral mammal populations 

have thrived on Floreana up to the present. Possible 

exceptions are mules and sheep, mentioned by Tanner (1888) 

but by nobody else before or since, and horses, noted only 

by Tanner (1888) and Strauch (1936:45). Most species of 

feral mammals escaped into the wilds of F10reana within 10 
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years after 1832, the year that Ecuador established the 

settlement there. It is possible, however, that buccaneers 

or whalers released goats on F10reana by buccaneers or 

whalers prior to 1832. Wittmer (1961:32) suggested that 

goats and cattle were released on' Flo~eana by Fray Tomas de 

Berlanga in 1535, but t·his seems highly unlikely. Captain 

David Porter of the Essex released goats on Santiago as 

early as 1814 (Porter, 1822). Darwin (1871:142) reported 

that feral goats and pigs were on Floreana in September 

1835. By 1846, Berthold Seemann of HMS Herald stated (in 
I 

Van Denburgh, 1914:226) that H ••• wild dogs, pigs, goats, 

and cattle had increased wonderfully" on Floreana, while 

Villamil's settlement owned approximately 2000 head of 

cattle. 

Captain A. H. Markham visited Floreana in 1880 in 

HMS Triumph, finding the island to be (1880:744) H ••• in 

undisturbed possession of the so-called wild cattle ••• , 

donkeys, dogs, pigs, and other animals that had been left 

to run wild on the abandonment of the island by the former 

inhabitants." In 1887, Midshipman M. Estienne o.f the 

French corvette Decres reported (in Slevin, 1959:103) 

abundant donkeys on Floreana, as well as wild cattle and 

pigs. Captain Tanner (1888) of the Albatross noted large 

numbers of cattle, horses, mules, donkeys, sheep, and hogs 

running wild on Floreana in 1888. Slevin (1931:39-43) 

reported cats, dogs, goats, cattle, pigs, and donkeys seen 

on Floreana by the California Academy of Sciences 

151 



Expedition in October 1905. Strauch (1936), Conway and 

Conway (1947), and Wittmer (1961) collectively mentioned 

rats, mice, cats, dogs, pigs, goats, cattle, donkeys, and 

horses on Floreana between 1930 and 1960, with pigs and 

cattle being very destructive to their crops. 

Patton et al. (1975) stated that rats occurred on· 

Floreana by sometime in the 1800's, noting that Darwin made 

no mention of rats being there in 1835. The first specimen 

of Rattus from Floreana was taken by the Hopkins Stanford 

Galapagos Expedition in 1898-1899 (Heller, 1904). It is 

likely that rats were living o~ Floreana in 1835 or very 

shortly thereafter, but were simply overlooked. On Santa 

Cruz, where rats seem to be abundant today, at least 

locally (personal observation), they can easily go 

unnoticed to someone who is not looking for them 

specifically. 

While I'am convinced that alien introductions 

triggered the extinction of native forms, the direct 

evidence of such is elusive. Rats may be involved in the 

extinction of Geochelone (predation on eggs and hatchlings) 

and Alsophis (predation on young). Atkinson (1977) 

hypothesized the potentially detrimental effects of Rattus 

rattus on birds in Hawaii, both through direct predation 

and transmission of disease. There is, however, very 

little unequivocal evidence of actual predation on birds by 

Rattus (Norman, 1970, 1975), or of their role in 

transmission of disease. Atkinson (1977) noted that avian 
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extinction coincided with the introduction of Rattus on 

Hawaii, Lord Howe Island, and Big Smith Cape Island in New 

Zealand. Their role in extinction of birds on Floreana is 

purely speculative. I am not aware of studies of any sort 

on Mus in Galapagos, nor do I know that ~ has had any 

damaging effect on the biota of Floreana or any other 

island in the Galapagos or elsewhere. 

Native vertebrates of Floreana probably have 

suffered heavily from predations of feral cats and dogs. 

Strauch (1936:93) and Wittmer (1961:136) both owned cats on 

Floreana that regularly ate finches and doves. Cats and 

dogs may be involved in the extinctions of Geochelone, 

A1sophis, Buteo, Tyto, Mimus" Geospiza nebulosa, and 

Geospiza magnirostris, and in the rarity of Tropidurus and 

Zenaida. 

Among the introduced ungulates of F10reana, only 

the pig may prey directly on vertebrates. While rooting 

around in the soil and ground cover, pigs undoubtedly kill 

small individuals and eggs of Geoche10ne and Alsophis. 

Koford (1966) noted that residents 'of Santa Cruz claim that 

pigs destroy the nests and eggs of tortoises. Goats, 

cattle, and burros destroy the native vegetation by their 

relentless browsing and grazing. In arid regions such as 

the Galapagos, succulents are preferred because because of 

their high water content. Hamann (1975) has reviewed the 

damage done to vegetation by introduced herbivores, 

especially goats, on Santa Cruz, Santa Fe, and Pinta. 
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Undoubtedly the same general principles apply to F1oreana. 

Koford (1966) mentioned that the densest population of 

donkeys then in the Galapagos was on F1oreana. Andre De 

Roy of San~a Cruz told me (personal communication) that 

goats alone do not damage the larger individuals of prickly 

pear cactus (Opuntia) nearly as effectively as when they 

occur along with donkeys. Nevertheless, goats are 

notorious for habitat alteration on islands, both in the 

Galapagos and elsewhere (Coblentz, 1978). 
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Extinction 

Seven species of vertebrates from Floreana have 

become extinct, six of which are recorded as fossils. The' 

fossils themselves provide no evidence concerning the cause 

of extinction, except in the case of the barn owl Tyto 

punctatissima, which was probably responsible for 

deposition of most of the fossils. The main importance of 

the fossils is in determining the presence or absence of a 

species at a given time, in this case the late Holocene. 

Having established that a certain species once lived on 

Floreana, then v'arious kinds of independent, circumstantial 

evidence can be sought to suggest causes of extinction. 

The chronology of extinction on Floreana suggests 

man's involvement; all or nearly all extinction has 

occurred since man's arrival. Except for the barn owl, all 

extinct vertebrates from Floreana are known to have 

surv ived "into histor ic times, i.e., to AD 1835 or later. 

While the barn owl is recorded from Floreana only by 

fossils, I believe that it also is an historic extinction 

(see account below). It is significant that a fairly 

extensive fossil record from Floreana has disclosed no 

clearly prehistoric extinction. If man's impact is a major 

cause of extinction on islands, then a lack of prehistoric 

extinction is not unexpected on an archipelago such as the 

Galapagos where prehistoric man probably never occurred, or 

at most visited on a very limited basis. New dated fossil 

faunas from other islands in the Galapagos will provide the 
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crucial test. I predict that most or all extinction in the 

Galapagos will be shown to have occurred in historic times. 

Radiocarbon dating is essential. For example, Steadman and 

Ray (1982) could say little about the extinction of the 

giant rat of Santa Cruz, Megaoryzomys curioi, because of 

the lack of radiocarbon dates from any of its localities. 

Geochelone,elephantopus. Presumably, extinction of 

tortoises on Floreana was due mainly to direct human 

predation, although predation on eggs and young by 

introduced mammals such as rats, cats" dogs, and pigs may 

have also contributed. Various accounts of visits to the 

Galapagos of the 17th, 18th, and early 19th centuries 

mention the tremendous numbers of tortoises that lived 

there, and Floreana was no exception. The buccaneers, 

whalers, and explorers of this time often took on board 

hundreds of tortoises during a single landing. As a 

result, tortoises became very rare or extinct on islands 

that,initially seemed to have an inexhaustible supply. My 

account of the history of man-tortoise relationships in the 

Galapagos is taken mainly from Baur (1889), Van Denburgh 

(1914), Townsend (1925a), and Slevin (1935, 1959). 

Tortoises can survive for months without food or 

water, so they were an ideal source of fresh meat for 

sailors. According to Captain Benjamin Morrell (1825; in 

Baur, 1889:1055-1056): 

They are an excellent food, and have no doubt 
saved the lives of thousands of seamen employed in 
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the whale-fishing in those seas, both American and· 
Englishmen. I have known whale-ships to take from 
six to nine hundred of the smallest size of these 
tortoises on board when about leaving the islands 
for their cruising grounds; thus providing 
themselves with provisions for six to eight months, 
and securing the men against the scurvy. I have 
had these animals on board-my own vessels from five 
to six months without their once taking food or 
water; and on killing them I have found more t~an a 
quart of sweet fresh water in the resceptacle ,which 
nature has furnished them for that purpose, while 
their flesh was in as good condition as when I 
first took them on board. They have been known to 
live on board some of our whale-ships for fourteen 
months under similar circumstances, without any 
apparent diminution of health or weight. 

On large islands, female tortoises occur more 

frequently in the arid coastal regions than males, which 

tend to concentrate in the humid highlands (Hendrickson, 

1966). Thus human predation probably took many more 

females than males initially, simply because the females 

were more accessible. Medium-sized tortoises (50-100 lbs.) 

were preferentially sought because they were not too heavy 

to transport, yet they could yield significant quantities 

of meat. Tortoises were taken mainly for their meat, but 

their oil was also an attractive commodity for many 

tortoise hunters. Residents of various islands in the 

Galapagos, including Floreana, killed tortoises regularly 

and in large numbers for their oil alone. 

Rose (1924:354) reasoned that Floreana was the 

island where buccaneer Edward Davies of the Batchelor's 

Delight careened his ship and obtained many tortoises in 

1687. If so, this would be the first record of human 

predation on the Floreana tortois~. Until late in the 18th 
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century, however, removal of tortoises from Floreana 

probably occurred at ~ relatively low rate because of the 

infrequency of ships passing through the Galapagos. 

American and British whaling ships became numerous in 

Galapagos waters from the late 1700's until and late 

1800's. These ships were very destructive to tortoises. 

By the year 1800, tortoises were still abundant on 

Floreana, although the whaling ships undoubtedly had 

already reduced their numberse It seems that the major 

decline occurred in the last 50 years of their existence, 

the period from 1800 to 1850. 

I will now review the records of human predation on 

Floreana tortoises. Amasa Delano (1817) reported that 

tortoises were plentiful on Floreana in 1801 and several 

years thereafter. Captain David Porter (1822:160) found 

tortoises abundant on Floreana in 1813; he and his crew 

found 30 tortoises at the spring during only an hour and a 

half. Later during this visit, Porter took on board his 

ship, the u.s. frigate Essex, between 400 and 500 tortoises 

from Floreana, each weighing 50-100 lbs. The tortoises 

from Floreana and Hood Island (=Espanol a) may have been 

favored above those of other islands, for Porter (1822:233) 

stated that those from Espanola n were of a quality far • • • 

superior to those found on James Island. They were similar 

in appearance to those of Charles Island, very fat and 

delicious.,n 

The U.S. whaler Sukey took 250 tortoises from 
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Floreana in June 1812 (Townsend, 1925a) 0 L.ieutenant John 

Shillibeer of HMS Briton spent p single day on Floreana in 

1813, finding few tortoises and no water (Slevin, 1935). 

Shillibeer probably did not visit the highlands, for in 

that.same year Midshipman William W. Feltus, of the u.S. 

man-of-war Greenwich, found many tortoises in the highlands 

of Floreana near the spring, but fopnd none in the 

lowlands. Feltus' field journal of the Galapagos is quoted 

in full by Slevin (1959:62-73), and in small part herein 

(pp. 178-179). Later, the HMS Briton took 24 large 

tortoises from Floreana on 25 July 1814 (Slevin, 1959:74). 

Townsend (1925a:89-91) stated that Captain C. H. Barnard, 

of the British whaler Eliza, removed from Floreana 

"boatloads" of tortoises on 23 June 1816, and 74 tortoises 

on 28-29 October 1816. The crew of the u.S. whaler Apollo 

took 300 tortoises in a week on Floreana in 1816 (Townsend, 

1925a). They observed individual tortoises of all sizes, 

ranging "from as large as a silver dollar to the size of a 

Henry Clay cookstove" (E. C. Cornell; ~ Townsend, 

1925a:95). The presence of small hatchling tortoises 

suggests that they were still reproducing at a significant 

rate in 1816, which suggests further that most or all of 

the feral predators were absent at that time. 

The U.S. whaler Essex took 60 tortoises from 

Floreana in October 1820 (Slevin, 1959:128). During his 

three voyages to the Galapagos between 1823 and 1825, 

Captain Benjamin Morrell (quoted above), of the U. s. 
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sealing ship ~asp, took on board approximately 580 

tortoises (Baur, 1889), including 100 from F10reana in 

December 1824 (Slevin, 1959:129). Townsen~ (1928) reported 

394 tortoises taken from Floreana by the u.S. whaler Loan 

in 1824, and 100 'taken there in 1828 by the u.S. whaler 

India. Townsend (1925a:91, 93, 95) quoted Captain W. M. 

Davis, of the British whaler,Chelsea, as taking an 

undetermined number of tortoises from ,Floreana in 1827 

and/or 1831. Visits by whaling ships to F10reana increased 

in frequency after 1832 with the establishment of General 

Villamil's settlement which provided the ships with fresh 

fruit and vegetables. The availability of fresh water, 

produce, and tortoises made Floreana the most beneficial 

stop in the entire archipelago. In 1833, Commodore John 

Downes of the u.S. frigate Potomac captured a "great many" 

tortoises on Floreana (Baur, 1889:1057; Van Denburgh, 

1914:220; Broom, 1929), two of which apparently were 

preserved at the Boston Society of Natural History to 

become the specimens described by Baur (1889) as Testudo 

galapagoensis. Table 8 lists the American whaling ships 

known to have taken tortoises on F10reana between 1831 and 

1837, based upon the industrious work of Townsend (1925a, 

1928). This list is very incomplete, however, as Townsend 

openly admitted. For example, no fewer than 31 whaling 

ships called at Floreana between 13 October 1832 and 30 

August 1833 (Reynolds, 1835; in Baur, 1889). Reynolds (in 

Townsend, 1925a) estimated that each of these ships took on 
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board 200 tortoises, whereas Townsend (1925a) reported an 

average of 138 tortoises taken by each of 9 whaling ships 

that called at Floreana in early and mid-1830·s. If each 

of the 31 ships took 138 tortoises, which may be an 

underestlmate,. this would resul t in the removal of 4280 

tortoises from F10reana in only 10 1/2 months, or an 

alarming 5480 per year. Baur (1889) stated that about 

100,000 tortoises were removed from the Galapagos since 

their discovery, but subsequently he revised this figure 

(~ Townsend, 1925a,b) to 10,000,000. The truth may lie 

somewhere in between. 

Van Denburgh (1914:220) reported that the people 

who colonized F10reana in 1832 (see "Human History") had, 

with the help of their feral mammals, " ••• reduced the 

number of tortoises upon Charles Island so rapidly and to 

such an extent that within three years [=1835] the people 

were obliged to send hunting parties to other islands to 

procure a supply of food." In 1835, Darwin (1871:144) 

encountered on James Island (=Santiago) a group of men from 

Floreana who were hunting tortoises. Yet tortoises were 

still being hunted successfully on F10reana at that time, 

for Darwin (1871:142) noted that, " ••• the staple article 

of animal food [of the people living on Floreana in 1835] 

is supplied by the tortoise. Their numbers have of course 

been greatly reduced in this island, but the people yet 

count on two days' hunting giving them food for the rest of 

the week." 
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Very shortly after 1835, however~ the Floreana 

tortoise declined to the point of no return. The whaler's 

lo.gbooks examined by Townsend (1925a, 1928) record no 

tortoises taken from Floreana after 1837, except for a few· 

taken in 1847 by the ship Congaree. and in 1848 by the ship 

Aurora. Townsend reasoned, however, that these tortoises 

probably were not' native to F10reana, but were imported 

from other islands. 

Reasonable estimates of the date of extinction of 

the Floreana tortoise range from 1840 (Heller, 1903) to 

1850 (Broom, 1929). The French frigate La Venus visited - . 

Floreana in 1838, and made collections of birds and plants, 

but made no mention of tortoises (Slevin, 1959:56). 

Berthold Seemann of HMS Herald visited Floreana in 1846 and 

reported the tortoise to be extinct, whereas wild dogs, 

pigs, goats, and cattle were abundant (Van Denburgh, 

1914:226). Dr. Kinberg of the Swedish ship Eugenie 

reported no tortoises on Floreana during his visit in 1852. 

The U.S. whaling ship Fabius visited F10reana for one day 

in 1858, sending "boats ashore after turtle" (Townsend, 

1925a:82). Their results are not known. Professor Louis 

Agassiz, on board the U.S. steamer Hassler, purchased a 

tortoise on Floreana in 1872, and Townsend (1928) listed 

three tortoises taken on F10reana in 1882 by the U.S. 

whaler Atlantic. Broom (1929) rightly cautioned, however, 

that any tortoises collected on Floreana after 1850 were 

probably brought there from another island by the settlers 
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of Floreana. The following statement of Heller (1903:45) 

is misleading in that it implies that Commander W. E. 

Cookson of HMS Peterel collected tortoises on Floreana in 

1875: n Comman.der Cookson ••• collected some reptiles, 

chiefly tortoises, at Abingdon, Albemarle, and Charles." 

In fact, Cookson (1876) reported that the Floreana tortoise 

had become extinct 20-30 years before 1875. (Steindachner 

[1876] and Gunther [1877a,b] reported on the reptiles 

collected by Cookson.) All subsequent explorers of 

Floreana have also failed to find living tortoises, 

including the thorough search made by the California 

Academy of Sciences Expedition in 1905-1906 (see J. R. 

Slevin's herpetological field notes ~ Van Denburgh, 

1914:317-318; Fritts and Fritts, 1982). All things 

considered, the year 1850 is a very reasonable estimate of 

the date of extinction of the Floreana tortoise. 

It could be that tortoises on Floreana would be 

extinct or nearly so today even if direct human predation 

had never occurred; the 150 years of combined efforts by 

alien mammals may have been sufficient by itself to reduce 

tortoise populations beyond recovery. Rats, cats, dogs, 

and pigs eat young tortoises or tortoise eggs, while feral 

browsers and grazers (donkeys, cattle, and especially 

goats) are detrimental to tortoise populations through 

competition for food (MacFarland et al., 1974a, b). Even 

if the adult population were healthy, the four predators 

may be capable of preventing successful recruitment. 
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Cookson (1876) stated that dogs kill not only very young 

tortoises, but also those weighing up to 60 lbs. Townsend 

(1928) mentioned that rats and cats feed on newly hatched 

tortoises. Thus it seems that Floreana's feral mammals 

could have played a significant role in wiping out the 

tortQises~ it cannot be said that predation by seafarers 

and residents was the unique cause of tortoise extinction 

on Florea'na. 

Alsophis biserialis. This snake is known from 

Floreana by on1y one specimen taken in 1835 by Charles 

Darwin. Presumably it is extinct there, but extinction is 

difficult to determine because of inconspicuous nature of 

snakes. Alsophis may possibly survive on Floreana in 

extremely reduced numbers, simply having eluded collectors 

of the past 150 years. On San Cristobal, for example, 

snakes had never been collected until three specimens were 

taken in 1957 (Mertens, 1960). The California Academy of 

Scie~ces Expedition collected one snake on 

Gardner-near-Charles Island on 3 October 1905, this 

specimen apparently being conspecific with the snake of 

Floreana itself (Van Denburgh, 1912a:337). I do not know 

the current status of snakes on Gardner-near-Charles, but 

snakes were reported recently to be fairly common on 

Champion (Voigt, 1977). The California Academy of Sciences 

Expedition collected 98 snakes on other islands in the 

Galapagos from 24 September 1905 to 25 September 1906 (Van 
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Denburgh, 19l2a:330; Slevin, 1931:34, 150), an average of 

one snake for every 3.7 days in the field. They spent 28 

days on Floreana (see the herpetological field notes of J. 

R. Slevin in Van Denburgh, 1914:317-318; Fritts and Fritts, 

1982), which therefore could have been expected to yield 

approximately 7 or 8 snakes from Floreana. Instead they 

found none. 

Scarcity or absence of snakes on Floreana can be 

attributed to introduced mammals. Van Denburgh (1912a:338) 

stated: 

Snakes must be very rare on Cha~les Island, for 
none ·were seen there by any member of our 
expedition, although careful search was made for 
them. It is probable that the ravages of the 
smaller kinds of mammals that have been introduced 
there - particularly rats and cats - have pushed 
them to the verge of extinction, as they have the 
Tropidurus. It is probable that a longer search 
would show that snakes are still to be found on 
Champion and Enderby as well as on Gardner, for 
Tropiduri [sic] still are are fairly abundant on 
all these islets. 

Presumably the predatory actions of rats, cats, 

dogs, and pigs, as well as humans, have been devastating to 

the Floreana snake. It is difficult to say just how 

detrimental to snakes was the vegetational damage wrought 

by goats, cattle, pigs, and donkeys; it may have been 

considerable. Goats alone may not be very detrimental to 

snakes in the short run because snakes are still common 

today on Espanola and Santa Fe, two islands that were 

heavily populated by goats until very recently. 

Judging from the size of collections from 

individual islands of the California Academy of Sciences 
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Expedition (Van Denburgh, 19l2a:330), snakes were common in 

1905-1906 on Espanola, Santa Cruz, and Santa Fe, and were 

reasonably common on Santiago, Fernandina, Baltra, and 
I 

Rabida. At that time, only Santiago of the above islands 

had rats (Patton et al., 1975) and pigs, and probably none 

of these islands had feral cats or dogs. Isabela, San 

Cristobal, and Floreana were the large islands where snakes 

were rare or non-existent in 1905-1906; each of these 

islands already had been settled by people and had obtained 

a variety of feral mammals, including rats. The effect of 

introduced mammals on snakes can be inferred from the case 

of Santa Cruz. As noted above, snakes were common on Santa 

Cruz when this island lacked introduced mammals. Since the 

1920's; Santa Cruz has been colonized intensively by people 

and it now boasts a full complement of rats, cats, dogs, 

pigs, goats, cattle, and donkeys. Snakes are now very rare 

on Santa Cruz. I have never seen a snake there in over 

four months of field work. I have found snakes to be 

common today in the Galapagos only on Santa Fe and 

Fernandina, two islands that lack introduced mammals or 

have had them removed. My field experience on Espanola is 

too limited to judge the status of snakes there. 

When Floreana was in pristine condition, the snake 

probably thrived in the midst of its natural predators -

Buteo galapagoensis, Tyto punctatissima, Asio flammeus, and 

Mimus trifasciatus, the latter taking only very small 

individuals. Herons, especially Nyctanassa violacea which 
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frequently hunts inland in the Galapagos, also may prey 

upon snakes. Ironically, three of these natural predators 

(Buteo, Tyto, and Mimus) are also extinct now on Floreana. 

The decline and probable extinction of snakes on 

Floreana is more speculative that that of the Floreana 

tortoise. It is much easier to say that an island has no 

tortoises than it is to say that it has no ~nakes. Most or 

all o£ the introduced mammals were well "established and 

undoubtedly affecting the snake population of Floreana by 

the l830·s. Snakes were probably in very low numbers by 

1850, and may not have survived the close of the 19th 

century. 
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Buteo qalapaqoensis. Specimens of,~ galapagoensis 

have never been reported from Floreana, nor are they 

mentioned specifically to occur there in early account., 

such a~ those of Porter (1822), Darwin (1871), and Markham 

(1880). Nevertheless, it is probable that hawks once 

occurred on Floreana. This passage from Gould (1841:25), 

based upon Darwin's observations in 1835, provides fairly 

convincing evidence that ~,galapagoensis did indeed once 

live on Floreana: " ••• on all islands, it is excessively 

numerous. • •• It is extremely tame, and frequents the 

neighborhood of any building inhabited by man. • •• These 

birds will eat all kinds of offal thrown from houses ••• 

They are sa~d to kill young doves, and even chickens ••• " 

Gould's statements could pertain only to Floreana, for the 

other three islands visited by the Beagle were uninhabited 

in 1835. 

Providing" no details, Thornton (1971:150), Harris 

(1973; 1974:37,86), and Vries (1975) have noted that hawks 

are extinct on Floreana. Snodgrass and Heller (1904:265) 

noted that the absence of hawks there,may be due to the 

scarcity of Tropidurus. If ~ galapagoensis once occurred 

on Floreana, it probably was wiped out or severely reduced 

in numbers fairly soon after 1835, and went unrecorded by 

collectors. Its extinction may have been due to human 

predation. This very tame hawk, which could be killed 

easily with firearms, is still hunted today elsewhere in 

the Galapagos (Duffy, 1981). Hawks are also presumably 
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extinct on the settled island of San Cristobal (Harris, 

1973; 1974:37,86), where the Ca1iforni'a Academy of Sciences 

Expedition took the last specimen in 1905~1906· (Swarth, 

1931:50). On Banta Cruz, it was abundant in 1905-1906 

(Gifford, 1919:190), but it is very rare today (Harris, OPe 

cit.). Santa Cruz was first settled in the 1920's and 

1930's. It seems unlikely that a change in avai~abi1ity of 

prey on Floreana, such as the drastic reduction in numbers 

of snakes and lava lizards, could have caused the hawk's 

extinction. B. 9a1apa90e~ is an extremely opportunistic 

and versatile predator and scavenger (Vries, ·1976), and 

probably could have thrived on the rats, mice, and large 

mammal carrion that became available on F10reana with the 

arrival of man. 

!Yto punctatissima. This owl was not recorded 

definitely from Floreana until I found fossils in Barn Owl 

Cave. Nevertheless, I believe that barn owls died out in 

historic times, as with all other extinct vertebrates from 

Floreana. Otherwise, the remains of black rats (Rattus 

rattus) and house mice (~musculus) in the caves would be 

difficult to explain. The other owl in the Galapagos, does 

not roost within lava tubes. 

T. punctatissima may have been extirpated by severe 

population declines in its preferred prey species, perhaps 

aided by direct predation on the owls by people, cets, or 

dogs. Rodents dominate the diet of ~ punctatissima on 
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other islands. Floreana has always lacked native rodents, 

for they would have appeared in the fossil sites had they 

been present. Thus T. punctatissima never may have been as 

common on Floreana as it is (or was) on the rodent-bearing 

islands of San Cristobal, Santa Cruz, Santiago, Isabela, 

and Fernandina. Based upon fossils, the 7 most common 

vertebrate pr~y items for barn owls on Floreana were, in 

descending order, Geospiza magnirost~is, Tropidurus.9rayii, 

Zenaida galapagoensis, .. Phyllodactylus baurii~ Mimus 

trifasciatus, Alsophis.biserialis, and hatchling Geochelone 

elephantopus (Tables 7, 8). Collectively, these species 

made up approximately 86% of the barn owl's diet. geospiza 

magnirostris,.Mimus trifasciatus, Alsophis bisertalis, and 

Geochelone elephantopus are now extinct on Floreana, while 

Tropidurusgrayii and Zenaidagalapagoensis survive only in 

extremely reduced numbers. Phyl10dacty1us baurii is the 

only one of the 7 most commmon prey species that still 

probably occurs on Floreana in "normal" numbers. But this 

tiny gecko is the smallest of these prey species and would 

never have provided the bulk of an owl's diet. Otteni et 

al. (1972) noted a drastic decline in yearly reproductive 

rates of ~ alba in Texas when their preferred food (in 

this case, small mammals) declined in population. 

Therefore, a long-term decline in the preferred prey, such 

as occurred on Floreana, could prove fatal to an insular 

population of barn owls. The major decline in its prey 

species occurred approximately from 1830 to 1860, so it is 
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reasonable to suggest that T. punctatissima died out on 

Floreana by the 1860's or l87Q's. 

Killing of barn owls by people and feral mammals 

may also be involved in their disappearance. Predation may 

have provided only the "coup de grace;" the severe 

depletion of its preferred prey was probably much more 

important in wiping out ~punctatissima. Harris (1973) 

stated that man was probably directly involved in the loss 

of ~ punctatissima from Floreana, presumably through 

predation. It seems likely that 19th century encounters 

between human residents and barn owls were often fatal to 

the latter, for this owl is amazingly tame, and can be 

killed very easily. Residents apparently still kill barn 

owls today (Duffy, 1981). In 1906, the California Academy 

of Sciences Expedition collected one barn owl on Isabe1a 

with a stick, and three others on Santa Cruz that were 

perched only 6-7 feet away (Gifford, 1919:194). On Santa 

Cruz,· I have approached barn owls to within arm's reach 

without making them fly. 

Mimus trifasciatus. This mockingbird has been 

extinct on Floreana since approximately the 1870's. It 

survives today only on Champion and Gardner, two of 

Floreana's satellite islands (Figure 2), with a total 

population in 1980 of 48 individuals on Champion and 

150-200 individuals on Gardner (P. R. Grant, 1980). Other 

than the fossils I collected, only 3 specimens of ~ 
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trifasciatus are known from Floreana. The Beagle 

Expedition collected two specimens in S~ptember 1835 

(Gould, l837b), and Dr. Kinberg of the Swedish frigate 

Eugenie collected a single specimen in May 1852 (Sundevall, 

1871). As far as I can determine, no specimens of M. 

trifasciatus have been taken on Floreana since 1852. The 

last record of mockingbirds on Floreana is from Dr. A. 

Habel, whose field notes of 1868 (1E Salvin, 1876:472) 

reported that " ••• the Mocking Thrushes there (Floreana) 

differed in their livelier and more intelligent habits, and 

in their superior powers of song (compared to M. macdonaldi 

of Espanola.]" Habel took no specimens of mockingbird from 

Floreana. Ridgway (1897:482, 483) was the first to suggest 

that M. trifasciatus was extinct on Floreana. Ridgway was . 

unaware of Kinberg's specimen taken in 1852, and thus noted 

that nobody had collected M. trifasciatus since Darwin's 

visit in 1835. Rothschild and Hartert (1899:142, 143) were 

next to mention the extinction of mockingbirds on Floreana, 

based on the failure of collectors such as Habel (in 1868), 

the naturalists of the Albatross (in 1888, 1891), Baur and 

Adams (in 1891), and Webster and Harris (in 1897), as well 

as others, to procure any specimens there. (Note, however, 

that Habel did observe mockingbirds on Floreana.) Since 

1899, ~ trifasciatus has been reported to be extinct or 

probably extinct on F10reana by Snodgrass and Heller 

(1904:358,359), Rothschild (1907:xi, xii), Gifford 

(1919:207), Swarth (1931:114,117), Hellmayr (1934:334), 
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Lack (1947:23), Harris (1968, 1973, 1974:36, 37, 128), 

Bowman and Carter (1971), Thornton (1971:79, 80, 157, 160), 

and Abbott and Abbott (1978). Swarth (1931:117) suggested 

that the mockingbirds collected by the Beagle Expedition 

may have been taken on Gardner instead of Floreana. This 

unsubstantiated caution was reiterated by Thornton 

(1971:160) and Bowman and Carter (1971). 

The flora of Champion seems to be pristine (see 

plant lists in Voigt and Voigt, 1977; P. R. Grant, 1980). 

We are fortunate that this small offshore island has 

preserved a flora that probably resembles fairly closely 

that of the adjacent lowlands of northern Floreana before 

the arrival of man. During visits to Champion on 4 July 

1978 and 26 October 1980, I observed 8 different 

mockingbirds very closely. Each one was always in an 

arborescent prickly pear cactus (Opuntia megasperma var. 

megasperma) or: on the ground. Although other trees and 

shrubs, such as Bursera,graveo1ens, Crotonscou1eri, 

Jasminocereus ,thouarsii~parkinsonia aculeata,and Prosopis 

juliflora, were common on Champion~ I did not observe the 

mockingbirds to use these plants in any way. My 

observations on the mockingbirds of Champion are 

corroborated by those of several other authors. Gifford 

(1919:207) reported finding mockingbirds near Opuntia, with 

"a nest or two ••• in nearly every good-sized cactus tree." 

Harris (1974:128) reported the nest of M. trifasciatus to .-
be "usually a substantial mass of twigs placed in a 
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cactus." Voigt (1977) noted: "Old nests found only in 

cacti, about 2m above ground." Mockingbirds from other 

islands in the Galapagos also use Opuntia frequently as a 

nesting site (Rothschild and Hartert, 1902:383i Gifford, 

19l9:209-2l4i Harris, ~974:l26,128i P. R. Grant and B. R. 

Grant, 1979), but they are not as completely dependent upon 

Opuntia as M. trifasciatus. 

Opuntia also may be important to..!!.:. .. trifasciatus as 

food, although no quantified studies exist of its food 

habits. M. trifasciatus feeds on flowers and fruits of 

0puntia, as well as grasshoppers, ants, moths, spiders, and 

centipedes from the ground and rotting 0puntia pads, eggs 

of ~ nebouxii, and flowers of the prostrate vine 

Convulvulus (Hatch, 1965i Bowman and Carter, 1971i De 

Ridder, 1976i Voigt, 1977a, bi Voigt and Voigt, 1977i B. R. 

Grant, 1981i Harcourt, 1982). 

Based on these observations, it seems that Opuntia 

is essential to the survival of M. trifasciatus on 

Champion. It is the site of nesting and roosting, as well 

as feeding and probably other activities. The major 

vegetational difference between Champion and F10reana is 

Champion's much greater density of Opuntia. One would 

expect to find Opuntia to be very common in the arid 

lowlands of Floreana just as 'i t is on other islands in the 

Galapagos. But both species of columnar cactus, Opuntia 

most suitable regions of F10reana, surviving only on steep, 
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inaccessible, rocky outcrops, such as on the tops of dikes 

or vertically eroded tuff cones. This situation certainly 

is not na~ura1~ Portek (1822:~62) found "prickly pears in 

great abundance" on F10reana in 1813. I believe that the 

destruction of cactus was caused by feral ungulates. The 

arid lowlands of F10reana lack fresh surface water, so the 

succulent stems and pads of cactus provide a very good 

source·of moisture for large introduced herbivores. Koford 

(1966) and Hamann (1975) discussed damage to Opuntia in the 

Galapagos by feral goats. For an extreme example of this 

damage, compare Figures 1 and 6 of Hamann (1975). 

Beginning in the 1830's, I believe that goats and donkeys 

heavily damaged the cactus of F10reana, particularly the 

Opuntia. As the Opuntia disappeared, so did the 

mockingbirds. 

The extinction of ~ trifasciatus on Floreana was 

not as rapid as that of Geospiza.magnirostris, another bird 

whose loss I also attribute to the rarity of Opuntia in the 

lowlands of F10reana. I doubt that its longer survival was 

due to M. trifasciatus being any less dependent on Opuntia 

than was G. magnirostris. Instead it may have been that M. 

trifasciatus was slightly better at avoiding predation from 

feral cats and dogs, which may have added the final touches 

to wiping out both birds, once they were localized because 

of loss of habitat. 

Predation by dogs and especially cats has been 

suggested as the sole cause of extinction of M. 
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trifasciatus. Swarth (1931:117), who questioned whether or 

not ~ tri~asciatus ever occurred on Floreana, doubted that 

predation by cats and dogs was an important factor in the 

loss of ~trifasciatus. He pointed out that the northern 

coast of Floreana, adjacent to Champion, lacked cats and 

dogs early in the 20th century according to J. R. Slevin. 

This does not seem likely, however, for cats and dogs were 

certainly established elsewhere on Floreana at this time, 

as indicated by Slevin himself (1959:7; see "Introduced 

Mammals"). Harris (1974:36, 37) also doubted that cats 

were responsible for the loss of M. trifasciatus on 

Floreana. On Santa Cruz and southern Isabela, M. parvulus 

appears to thrive today in the presence of cats and dogs, 

and the same is true for M. melanotis on San Cristobal. 

Behavioral differences, however, may have made M. 

tr.ifasciatus more vulnerable to predation than M. parvulus 

or M. melanotis. By leading a rather specialized life that 

involves spending essentially all of its time either in 

cact~s or on the ground, M. trifasciatus may have been much 

easier to prey upon than the other mockingbirds, which are 

not so dependent upon Opuntia. Lastly, Duffy (1981) 

suggested that pathogens, perhaps introduced by domestic 

fowl, may have been involved in the loss of M. 

trifasciatus. 

If feral ungulates were removed from Floreana, it 

is possible that the vegetation of the arid lowlands would 

regenerate toward what it was like before the 19th century. 
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If Opuntia increased in abundance, ~.trifasciatus could 

conceivably survive once again on Floreana. Eradication of 

feral carnivores may be necessary as well. Re-colonization 

of Floreana would probably require transplanting 

individuals from Champion or Gardner, for Abbott and Abbott 

(1978) noted that no stray mockingbirds from nearby 

Champion and Gardner have ever been recorded on Floreana. 

Captain David Porter (1822:163) found mockingbirds in great 

numbers on Floreana in 1813. To restore their former 

abundance would seem to be a worthy goal of future 

conservation efforts in the Galapagos. 

Geospiza nebulosa nebulosa. Lack (1945:9, 10, 

14,15) was the first author to suggest tnat G. nebu10sa may 

be extinct on F1oreana. Until Lack's discovery that G. 

nebu10sa was a large form of G. "diffici1is", 

ornithologists since Salvin (1876) had regarded G. nebu10sa 

as a synonym of G. fortis (see account of G. nebu10sa in 

"Systematic paleontology"). This synonymy not only masked 

the true relationships of ~ nebu1osa, but also covered up 

the fact that nobody had collected ~ nebulosa on Floreana 

since 1852. G. fortis, on the other hand, had been 

collected regularly on Floreana (its type locality) since 

the Beagle's visit in 1835, and is still common there 

today. By regarding G. nebulosa as synonymous with ~ 

fortis, ornithologists had no clue that they were ignoring 

an extinct, morphologically recognizable population. 
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Subsequent to Lack (1945), the following authors have noted 

that an extinct form of G. "diffici1is" may have occurred 

on F10reana: Lack (1947:23, 120; 1969), Bowman (196l:270)f 

Paynter (1970:162), Harris (1973; 1974:36, 144), and 

Su110way (1982a, b). 

G. nebu10sa was either extinct or very rare on 

F10reana by the 1860's or 1870's. It was last collected in 

1852 by Dr. Kinberg of the .Swedish frigate.Eugenie. 

F10reana was visited rather frequently from the 1860's 

onward, yet no specimens of G. nebu10sa were procured. 

Almost certainly it was extinct no later than the turn of 

the century, for the California Academy of Sciences 

Expedition did not take any during their intensive 

collecting effort on Floreana in 1905-1906. That the 

Beagle crew took 3 specimens of G. nebu10sa from Floreana 

in 1835 suggests that it was not a rare bird at that time. 

This was just 3 years after the initial settlement of 

Floreana, so ~ nebulosa may not then have been affected 

greatly by human habitation. Once the population began to 

decline, total extinction may have occurred rapidly. In 

the case of Santa Cruz, where G. nebulosa was common in 

1905-1905 (Gifford, 1919:238), it was apparently gone 

completely by the late 1930's (Lack, 1945:13), within a 

decade after the highlands of Santa Cruz began to be 

cleared extensively for cattle grazing. 

Referring to the record on Santa Cruz, Lack 

(1945:9, 10, 13), Bowman (1961:270), HaJrris (1974:36), and 
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Sulloway (1982b) postulated that habitat destruction in the 

highland's may also have been responsible for the extinction 

of G. nebulosa on Floreana. In addition, Bowman (1961:270) 

noted that predation from feral cats may 'have been a 

fac~or. Abbott et ale (1977:170) cited "lack of preferred 

habitat or food" and "competition" as reasons for the 

absence of ~ nebulosa from Floreana. If "lack of 

preferred habitat" can be taken to mean habitat 

destruction, then the reasons of Abbott et al. (1977) seem 

compatible with those of Sulloway (1982b), who discussed 

the extinction of G. nebulosa more thoroughly than any 

previous author. Su110way stated (1982b:69): 

Although once found on all of the larger 
islands in the archipelago, G. difficilis has 
definitely become extinct on-Several of them, 
probably owing to ground clearing and cultivation 
in the humid zone. It is hardly surprising, then, 
that G. diffici1is may have encountered this same 
fate on Charles Island, which was the first island 
to be settled, in 1832. Within just a few years, 
ecological disturbances associated with the 
settlement were already manifesting themselves. 
Darwin (1963[1836]:264) specifically noted that the 
larger species of ground finches, which normally 
prefer the arid lowlands, were extremely common on 
Charles Island near the cleared tracts at the 
highlands settlement. Indeed, 'these ground finches 
had become quite troublesome to the settlers, 
eating seeds buried up to six inches in the 
cultivated fields. Thus, by the mid-1830s any 
endemic Charles Island population of G. diffici1is 
would have been faced with two threatS-to its 
continued existence: a diminishing'habitat and 
increased competition from other species of 
Darwin's finches that are normally restricted to 
the lower altitudes. 

To summarize, it seems that the extinction of G. 

nebu10sa on Floreana, as well as Santa Cruz and perhaps San 

Cristobal and Isabe1a, can be attributed to a combination 
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of habitat destruction (probably affecting both nesting and 

feeding), predation by feral cats and possibly dogs, and 

co~petition from newly invading finches such as G. fortis 

and G. fuliginosa. 

On Genovesa, P. R. Grant and B. R. Grant (1980b) 

studied the food habits of G. nebulosa acutirostris in 

detail, but it would be dangerous to extrapolate from 

Genovesa to Floreana because of the major vegetational 

differences between the 2 islands, and because the bill in 

G. ~ acutirostris is so much smaller than in G. ~ 

nebulosa. Our information on the habits of ~ nebulosa in 

the highlands is from Gifford (1919:238), who said that on 

Santa Cruz in 1905-1906: 

••• they were found commonly in the thickly 
vegetated region of the lower humid belt, usually 
feeding on the ground under bushes, often in 
·flocks. More than once we shot at one, mistaking 
it for a rail, so skulking were its habits •••• in 
the arid region below 75 feet elevation ••• they 
were found, as formerly in the humid belt, under 
bushes, digging vigorously in the grass and dry 
leaves. 

Gifford found them to feed on the ground also on 

Santiago, and summarized their habits by saying (p. 239), 

" ••• it is strictly terrestrial and does not feed in the 

trees as do the other species." Its terrestrial habits may 

have made G. nebulosa more vulnerable to predation by feral 

carnivores than other small finches. 

Geospiza magnirostris magnirostris. This finch is 

almost certainly extinct on Floreana. The various claims 
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to its existence after the Beagle collections are refuted 

in Steadman (MS). Based on its abundance as a fossil, ~ 

m. magnirostris must have been an extremely common bird 

prjor to human arrival. It makes up 75% of the total 

fossil finch fauna, being over 12 times more numerous than 

any other species of finch. ~.~ magnirostris constitutes 

86% of the finches from surface deposits, and 65% of the 

finches from excavations. Probably the last figure more 

closely approximates its relative abundance as a fossil, 

for the surface collections are biased by its large size. 

As stated previously, fossil collectors would have a better 

sight image of the bones of G. ~.magnirostris compared to 

the smaller species of finches. On Floreana in l8~3, 

Porter (1822:163) found great numbers of n ••• a small black 

bird, with a remarkably short and strong bill, and a shrill 

note." Porter's bird is probably ~.~ magnirostris. The 

Beagle Expedition collected 15 specimens of Darwin's 

finches on Floreana in 1835, of which 5, or 33%, were ~ ~ 

magnirostris. If we assume the likelihood that the Beagle 

specimens of ~ ~ma9nirostris were collected in the 

lowlands of Floreana, whereas the Beagle specimens of G. 

nebulosa and ~ crassirostris (which total 5 specimens) 

were from the highlands of Floreana, then ~ !!!.:. 

magnirostris would constitute 50% of the lowland fi'nch 

fauna collected by the Beagle crew. This is not too far 

from the 65% derived from the fossils, although the 

relative abundances of the Beagle specimens are at best a 
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very crude approximation of relative density because of 

small sample size, collectors' biases, and possibility of 

lost specimens. Regardless of its precise relative 

frequency, I believe that .9.:.l!!..:. .. magnirostris was still 

common on Floreana in 1835. Its e~tinction may have been 

very rapid for no additional specimens of . .9.:. l!!..:. 

magnirostris were ever taken there. This negative evidence 

is significant, for ~l!!.:. magnirostris was probably rather 

conspicuous in life, and by necessity all trips to Floreana 

had to pass through its habitat in the arid lowlands. The 

earliest post-Beagle collecting efforts on Floreana were 

those of Adolphe-Simon Neboux and Charles-Rene-Augustin 

Leclancher of the French frigate Venus in 1838, Thomas 

Edmonston of H. M. S. Herald in 1846, and Dr. Kinberg of 

the Swedish frigate Eugenie in 1852. Collectively, these 

three expeditions spent more than 13 days (perhaps as many 

as 20 days) on Floreana, obtaining specimens only of other 

species of finches: G. nebulosa, G •. fuliginosa, .2..!. fortis, 

~ scandens, and G. parvula (Sundevall, 1871; Sharpe, 1888; 

Sul1oway, 1982b). In addition, Salvin (1876:479) 

specifically noted that Dr. A. Habel did not encounter G. 

magnirostris during his visit to Floreana from 27 July to 

12 August 1868. It is particularly significant that the 

Venus collectors obtained no specimens of G. ~ 

magnirostris in their 11 days on Floreana in 1838, only 3 

years after the Beagle's visit. Thus it could be that the 

Beagle crew collected G. ~ magnirostris during its final 

182 



several years of abundance. It may have disappeared within 

a decade after the only 5 historic specimens were 

collected. San Cristobal was settled approximately a 

decade after Floreana, so perhaps ~ ~ magnirostris 

survived there a little longer than on Floreana. 

As on Floreana,~.~ magnirostris has not been 

recorded from San Cristobal since 1835. Ridgway (1890:121) 

noted that the Albatross Expedition recorded it there in 

1888, but he cited no specimens or other details of this 

record. I have searched in vain for such a specimen in the 

USNM collection, where the Aibatross specimens are housed. 

While Gifford (1919:225) reported that the California 

Academy of Scienc~s Expedition took specimens of G. 

magnirostris on Floreana, Swarth (1931:147) pointed out 

that Gifford was actuaJly referring to ~ fortis and not G. 

magnirostris. Bowman (1961:20, 271) cited a specimen he 

collected as 'evidence of the modern and past occurrence of 

~ magnirostris on Floreana. This specimen is much too 

smal~, however, to represent the large F10reana race of G. 

magnirostris (Steadman, MS). 

Rothschild and Hartert (1899) were the first to 

suggest that ~ ~ magnirostris may be extinct on F10reana, 

stating (p. 142): 

On Charles Island ••• probably at least one or 
two thick-billed finches have become extinct. As 
the earliest settlement of men has been on Charles 
Island, and as we know that they had no regard for 
the birds - sailors, finding the tameness of the 
birds strange and novel, used to take a cruel 
pl~asure in knocking them down with sticks - we are 
probably right in ascribing these disappearances 
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merely to human influence. 

p. 154 - It is probable that G. magnirostris 
[on F10reana] is exterminated or extremely scarce. 
This is quite possible when we consider that 

INesomimus trifasciatus has disappeared from Charles 
Island, and that these finches, according to Darwin 
(Zool. Beag~, ~ p. 100), did 'much injury by 
digging up roots and seeds from a depth of even six 
inches.' It is therefore to be supposed that they 
were killed by the colonists, who complained of 
their injuries, and who first settled on Charles 
Island about 1830. 

Townsend (1928:168) suggested that the 

extermination of Q:.!!!.:. magnirostris was due to predation by 

cats and rats. Lack (1947:23) said that its extinction 

probably was due indirectly to the human settlement on 

Floreana, which may mean predation by feral mammals or 

habitat destruction. Duffy (1981) mentioned introduced 

pathogens as a possibility. The following authors have 

regarded ~ ~ magnirostris to be possibly, probably, or 

certainly extinct on F1oreana, without proposing any 

specific cause: Ridgway (1901:493, 496), Lack (1946, 

1969:253, 254, 261)~ Paynter (1970:,161), Harris (1973, 

1974:143), and Su110way (1982a, b). 

To .summar i ze the story up to this po int, 2.:. .!!!..:. 

magnirostris was evidently once a very common bird in the 

lowlands of Floreana, but its extinction occurred rapidly, 

perhaps within a decade after the Beagle's visit to 

F10reana in 1835. This extinction has been attributed to 

human agency through predation by introduced cats and rats, 

as well as humans themselves. The fossil record sheds no 

new light on the extinction problem, but does show that G. 
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magnirostris was once probably very abundant. 

By itself, predation from alien animals does not 

seem to be sufficient to cause the rapid decline and 

extinction of ~ ~ magnirostris on Floreana. Other ground 

finches, such as ~ fuliginosa and ~ fortis, were probably 

less common ini tially than ~ !!.!.,magnirostr is. Why should 

they survive this predation whil'e ~ ~ magnirostris did 

not? If predation, especially by cats and humans, could 

act this rapidly by itself, then one might expect that 

Zenaida galapagoensis would have become extinct first. Yet 

this extremely tame and tasty, ground-dwelling dove has 

survived (although barely) 150 years of predation on 

Floreana from man and his feral mammals. 

As with Mimus trifasciatus, I believe that the 

severe depletion of Opuntia on Floreana by feral ungulates 

is related to the extinction of ~ ~ magnirostris. Both 

the bill of ~ ~ magnirostris and the seed of Opuntia 

megasperma var. megasperma are extremely large. I propose 

that these large sizes have co-evolved on F10reana, 

resulting in a dependence of .Q.:. !!!.:. magnirostris. onOpuntia 

for much of its food. Thus the loss of much of the Opuntia 

may have greatly reduced the numbers of G. ~magnirostris. 

Abbott et a1. (1977) have formulated a composite index of 

size (depth) and hardness (kg of force) of seeds to 

evaluate Darwin's finches' ability to feed successfully on 

different types of seed. B. R. Grant and P. R. Grant 

(1981: Table 1) reported the size-hardness index for seeds 
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of Opuntia in the Galapagos, but did no t incl ude o. !!!..:. var. 

megasperma from Floreana and Champion. B. R. Grant 

(personal communication) has informed me that the seed 6f 

~ ~ var. megasperma is much larger and harder than in any 

other Opuntia in the Galapagos, and therefore has a much 

higher size-hardness index. Wiggins and Porter (1971:545) 

have also documented that the seeds of O. m. var. --
megasperma greatly exceed in size those o·f all other 

species and varieties of Opuntia in the archipelago, 

including ~ ~ var. orientalis. The size-hardness index 

of Opuntia seeds appears to be correlated positively with 

the bill size of ~ magnirostris from the same island; 

Floreana simply represents the highest values for each of 

these characters. In addition, Racine and Downhowe'r (1974: 

Table 4) reported that ~ ~ var. megasperma from Floreana 

produces a much greater volume of seeds than any other 

Opuntia in the Galapagos. O. m. var. orientalis from San 

Cristobal has the second greatest seed volume, but has the 

greatest fruit volume of all. B. R. Grant and P. R. Grant 

(1981) noted that the frui~ surrouriding the seed is fibrous 

in ~ megasperma, whereas it is fleshy in ~ echios, o. 

helleri, and ~ galapageia. Thus not only the seed, but 

also the fruit of ~ megasperma is tougher that that of 

other species of Opuntia. 

Q.:. magnirostri~ feeds, not only on the seeds of 

Opuntia, but also the flowers, pollen, fruit, and pad 

fibers (P. R. Grant and B. R. Grant, 1980b; B. R. Grant and 
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P. R. Grant, 1981). Opuntia occupied 22.5% of the foraging 

time of G. magnirostris on Rabida in June (Abbott et al., 

1977:181). On Genovesa in Nov~mber,' .Q..:. magnirostris spent 

64.6% of its foraging time on Opuntia seeds on the ground, 

as well as 4.5% on Opuntia pad fiber (P. R. Grant and B. R. 

Grant, 1980:Table 18). ~~ magnirostris may also have 

depended heavily upon Opuntia for nesting sites; 28 of 46 

nests of..Q.:... magnirostris of Genovesa were in Opuntia (P. R. 

Grant and B. R. Grant, 1980:Table 12). 

If G. ~ magnirostris was dependent upon Opuntia 

for feeding and probably nesting, then a possible cause of 

its extinction on Floreana can be proposed. Beginning in 

the l830's or perhaps slightly earlier, feral goats and 

donkeys severely reduced the Opuntia in th~ lowlands of 

Floreana, thereby destroying the major source of food and 

nesting sites for G. ~_magnirostris. Feral mammals may 

also have competed with G. ~ magnirostris for the 

relatively few remaining fruits of Opuntia. By itself, 

reduction of Opuntia by itself may not have completely 

wiped out G. ~ magnirostris, but the small, localized 

groups that survived may have succumbed to predation by 

rats, cats, dogs, or humans. Thus I suggest that the 

extinction of both Mimus trifasciatus and G. m. --
magnirostris was mainly due to loss of Opuntia. The 

apparently more rapid extinction of the latter may be due 

either to a need for larger territories (i.e., a greater 

inability to survive in small, localized patches of 
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Opuntia), or a greater vulnerability to feral predators, or 

both. 

In discussing extinction on Floreana I have taken 

the position that all faunal losses are due to the impact 

of man or his introduced mammals. My position ~s supported 

by the fossil record, which discloses no clear cut losses 

in the last few thousand years before human arrival'. This 

raises several questions. For example, to what degree are 

insular extinctions random events? By documenting 

extinctions, can the Holocene fossil record be used to 

illuminate studies of island biogeography? Is it possible 

to relate human impact and other causes to the observed 

differences in intensity and chronology of extinction on 

different groups of islands? 
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Theoretical biogeography and fossils 

The past 20 years have witnessed an explosion of 

publications on the distribution of insular biotas. 

Stimulated mainly by the theoretical models of Preston 

(1962a,b) and MacArthur and Wilson (1963, 1967), 

researchers have analyzed the floras and faunas of many , 

islands and archipelagos, attempting to support or modify 

these models, which are part of an all-encompassing 

"equilibrium theory of island biogeography." It is my 

intent here to stress the importance of paleontological 

evidence in understanding patterns of insular biogeography. 

I will preface this, however, with some non-paleontological 

criticisms of theoretical island biogeography. 

The species-area equation, S = CAz, is one model. of 

MacArthur and Wilson (1967:8, 9) that has received an 

enormous amount of attention. S is the number of species 

of a particular taxonomic group on an island, A is the area 

of the island, C is a constant "That depends on the taxon 

and biogeographic region, and in particular most strongly 

on the population density determined by these two 

parameters," and z is a constant "that changes very little 

among taxa or within a given taxon in different parts of 

the world." Both C and Z are fitted to the data available 

for Sand A. A log-log plot of S (Y-axis) versus A 

(X-axis), for a given related set of insular floras or 

faunas, will yield a fitted regression line of supposed 

predictive abilities whose slope is z and whose Y-intercept 
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is C. Preston (1962a) expressed the species-area equation 

as N = KAz, but since most workers follow the terminology 

of MacArthur and Wilson (1967), I will do the same. 

The species-area equation, as well as other aspects 

of the equilibrium theory of island biogeography, has 

enjoyed great popuLarity; the few serious attempts to point 

out its shortcomings have generally been ignored. For 

example, Haas (1975) exposed several major flaws in the 

species-area equation. Confidence intervals seldom are 

placed about C, z, or the fitted regression line. Haas 

stated (1975:371): 

In fitting data of any sort there is bound to 
be some error, which may produce uncertainty about 
the fitted constants [C, z] and thus the 
conclusions based on them. The reader should not 
be fo=ced to program the data anew himself iri order 
to, judge how much to trust these fitted constants • 
••• wide confidence intervals are not untypical and 
should be' considered more fully before any 
discussion of the differences between particular z 
values, which may have been influenced very 
strongly by a few data points~ ••• the confidence 
intervals have a tendency to flare as they move 
away from the mean, the most stable point on the 
regression line. Errors or poor fits about the 
data points will tend to 'rock' the regression line 
about the mean, affecting the end points of the 
curve most. For this reason, the confidence 
intervals flare. This means that if one has a 
species-area curve and wishes to use it to predict 
the number of species ~n a nearby island, he must 
be ready to accept almost any number as fitting his 
prediction (making it meaningless) if the island is 
very much smaller or larger than those already 
considered. 

Haas (1975:372) also noted that the theory behind 

the interpretation of the constants C and z is poorly 

understood (and therefore ignored), but that this 

••• really should come as no surprise, since 
many factors affecting species abundance influence 
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and, in turn, are absorbed by these two constants. 
This is especially so with C, which is affected 
variously by the density of the organisms, number 
of species in the taxa, degree of isolation 
(MacArthur and Wilson, 1967), and the scale with 
which the area is measured. In facf, so much 
variation is sopped up by C that particular values 

.of it are hardly ever discussed. Although used 
primarily 'as an index of isolation or 'islandness,' 
the parameter z must also be influenced by other 
factors. 

A biogeographic analysis of Hawaiian birds by Juvik 

and Austring (1979: their Figure 2) is a good example of 

the shortcomings of the species-area equation discussed by 

Haas. Juvik and Austring do not give confidence intervals, 

and their data for the two smallest islands are essentially 

meaningless, or at least are not readily comparable to 

those of the six larger islands, because the numbers of 

species of birds and' the areas of the islands include 

drastic changes in magnitude (from 1 to 20 species and from 

0.77 to 10,464 km2, respectively). Further, their graph 

has only 8 points per regression line. Finally, as I will 

discuss further, their biogeographic analyses failed to 

anticipate how much richer the Hawaiian avifauna was in 

prehistoric times. 

Sauer (1969) also made a detailed critism of the 

equilibrium theory of MacArthur and Wilson (1967) that 

deserves more attention than it has received. He wrote 

(1969:590, 591, 593): 

In short, the equilibrium model and its 
derivatives suffer from extreme oversimplification 
by treating islands as functional units with no 
attention to internal habitat diversity and by 
treating species as interchangeable with no 
allowance for genetic or geographical diversity. 
This is not even good as a first approximation, 
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because it filters out the interpretable signal 
instead of t.he random noise. The authors are in 
such a hurry to abandon the particulars of natural 
history for universal generalization that they lose 
the grand theme of natural history, the shaping of 
organic diversity by environmental selection. A 
model that visualizes various sizes of assemb'lages 
of characterless species on various sizes of 
featureless plains is essentially absurd, since it 
excludes the very basis of genesis and continued 
coexistence of multiple species. 

MacArthur and Wilson recognize the 
impracticality of measuring immigration and 
extinction rates in their models but suggest that 
these rates might be deduced from variation among 
islands in equilibrial species number and species 
composition. They are also hopeful about direct 
measurement of colonization rates. However, all 
these approaches require synoptic tabulations of 
entire biotas. Available tabulations, including 
most of those the authors cite, are usually 
accumulations of observations over extended periods 
of time and, even so, omit parts of the biotas. 
For an island of any size and complexity, a 
complete census-type enumeration would be a 
fantastic undertaking, particularly if the 
cr.i ter ion of spec ies presence were based on 
propagules rather than on established populations. 
The whole approach smacks of ornithology and is 
reasonable enough for creatures that fly about 
advertising their presence, especially if they are 
identifiable by a body of volunteer watchers. 
However, enumerating the entire biota would require 
a massive collecting job to be undertaken by 
specialists. The entire biomass would have to be 
screened, the forests felled, and the soil sifted 
f~r seeds, spores, and whatnot, with each tested 
for viability and cultured until mature enough to 
be identified. Each census would produce the 
suggested artificial Krakatoa and whatever was left 
of the biota could hardly be pursued to the next 
census as an equilibrium system. 

At present, I believe, biogeography would 
accomplish more by using its concepts and tools 
than by redesigning them. No matter how cleverly 
derived, o~r models will remain soft and amorphous 
until calibrated with real values. We need to work 
out enough solid cases of species patterns and the 
processes shaping them to get beyond vague 
banalities and isolated details. This is a grand 
enterprise in which any number can join. 
Eventually, work will have to be pushed with some 
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taxonomically difficult organisms in some 
unpleasant habitats. At the moment there are still 
plenty of easily recognized species and m~ny 
beautiful islands that no biogeographer has 
claimed. There are good practical reasons for 
continuing to draw on islands for case studies, 
though there is no longer any excuse for 
segregating them from continents in biogeographical 
theory. 

Conner and Simberloff (1978) pointed out 

inadequacies in studies of species-area relationships of 

Galapagos plants and birds. They noted that (p. 219), 

"Generalizations about factors determining species numbers 

that are based on multiple regression and correlation are 

precarious." Further, Conner and Simberloff (1978) stated 

that the values used for numbers of species may be faulty 

for these reasons: all species are treated equally, when in 

fact some are much more abundant or otherwise biologically 

important than others; criteria for residency are ambiguous 

(for example, is a single propagule enough to be counted, 

or must there be a breeding population?); and different 

islands have not been collected as thoroughly as others, so 

that species lists vary in their levels of completeness. 

Conner and Simberloff justifiably criticized previous 

att~mpts to model the biogeography of the Galapagos, but 

then they went ahead and proposed their own, admittedly 

inadequate, alternative models. 

Conner and McCoy (1979) analyzed the data used in 

100 species-area curves from allover the world in 

reviewing the statistics and biology of the species-area 

relationship. Their conclusions should be sobering to many 
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theoretical biogeographers. Conner and McCoy (1979:814) 

concluded: 

Our discussion of the theoretical basis of the 
species-area relatIonship was basically 
inconclusive. The two most frequently proposed 
hypotheses, habitat diversity and area per se are 
both possibly correct, yet the result of either 
mechanism is neither qualitatively nor 
quantitatively different. One virtually always 
observes a positive correlation between species 
number and area, regardless of the mechanism. 

(p. 815) In general, we have found that 
published predictions and interpretations 
concerning both the slope and intercept parameters 
[z and C) are not supported by the available 
evidence. Many other predictions and 
interpretations are either iogical1y untestable or 
require additional data for an adequate test. 
Because of these results, we are skeptical that any 
biological significance can be attached to these 
parameters and recommend that they be viewed simply 
as fitted constants devoid of specific biological 
meanings. 

I do not believe that the findings of Conner and 

McCoy (1979) were inconclusive as they claimed. Rather, I 

believe that they demonstrated conclusively that many 

biogeographers have yet to blend quantitative theory with 

empirical data satisfactorily. 

The criticisms by Haas (1975), Sauer (1969), Conner 

and Simber10ff (1978), and Conner and McCoy (1979) are 

sufficient to cast much doubt on the significance of modern 

quantified island biogeography. The derivations of C and z 

are simply too vague and shallow to permit quantitative 

comparisons of insular biotas that are based on the 

calculated values of these constants, which cannot account 

for all of the factors that actually do influence the 

number of species. Common sense tells us that both area 
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and habitat diversity are related to the number of species 

of organisms on islands, but neither is sacred in itself~ 

It is beyond our knowledge of insular biology to quantify 

the species-area relationship into a model that is rather 

sophisticated yet is supposedly of widespread 

ap.plicability. For example,. it should come as no surprise 

that Darwin's finches "fail to conform" to species-area 

relationships as predicted by the MacArthur and Wilson 

model. Yet Juvik and Austring (1979) are concerned and 

puzzled by this "failure." They claim thac the earliest 

reliable distributional data on birds of the Galapagos were 

those compiled by the California Academy of Sciences 

Expedition in 1905-1906, before which time they regard the 

extent of man's influence on avian distribution in the 

Galapagos to be (p. 212) " ••• only a matter of 

speculation." By finding and studying fossils, I have 

shown that it is indeed possible to reconstruct the 

avifauna of the Galapagos well before 1905, and to reveal 

the nature of the fauna before human impact. More than 

previously realized, it is possible to determine the extent 

of man's influence on island life. 

Perhaps because many oceanic are thought to lack 

any significant Holocene fossil record ("fossil" here 

referring to bones found in either a paleontological or 

archaeological context), most biogeographical studies, from 

MacArthur and Wilson up to the present, have ignored the 

prehistoric and historic factors that have influenced 
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insular biotas. Man has impacted the biota of nearly every 

island to some degree before the initial collection of data 

used in quantified insular biogeography. One must attempt 

to determine the severity of these influences if a 

realistic comparison of truly natural insular biotas is our 

goal. Written documentation exists in varying levels of 

accuracy and completeness for man's activities of the past 

several hundred years on many islands, and this should be 

an important source of information for the biogeographer. 

For information that precedes written records, we must turn 

to the fossil record, which is the only way to determine 

which species occurred at a given locality at any time that 

predates written accounts. 

Admittedly, most biogeographers prefer to analyze 

today's floras and faunas, not those of the past. But such 

studies are meaningless if the fauna of a relatively 

undisturbed island is compared to that of another island 

that has been altered by man to the point that some of its 

nati~e species have been lost. Sever.e habitat destruction 

that occurred hundreds or thousands of years ago can be 

masked completely today by successional recovery of the 

vegetation, and thus the modern floras will not necessarily 

reveal the history of habitat disturbances. In his recent 

critique of the MacArthur and Wilson equilibrium theory, 

Williamson (1981:83) also noted that this theory does not 

consider historical factors. But Williamson then stated 

that historical phenomena are frequently unimportant in 
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studying modern distributions. To this I reply that any 

analyses of modern distributions, whether on continents or 

islands, are unreliable if they are not substantiated by 
I 

historical infor.mation. 

Although the arguments in this paper are applicable 

in concept to any group of organisms, they pertain in 

practice only to those groups for which a significant 

fossil record is obtainable. This discussion will deal 

mainly with terrestrial avifaunas for several reasons. 1. 

The number of species of birds on an island may be high 

enough to have at least mathematical potential for some 

sort of quantitative manipulation. These analyses would be 

less well suited for insular mammals, for example, because 

of t'heir lower species diversity. 2. Birds are an easy 

group to study, and living insular avifaunas thus are often 

relatively well known compared to other groups of organisms 

(as Sauer stated [1969:591], "The whole approach smacks of 

ornithology ••• n). Nevertheless, additional data certainly 

are ryeeded in most cases even for birds. 3. Deposits of 

vertebrate fossils on islands ofteri include many birds. 

In the few instances where the fossil record of a 

particular island is well documented, one can reconstruct 

that island's past avifauna in a manner that at least 

approaches the natural situation. The best example of this 

is in Hawaii, where Olson and James (1982, In press a, b) 

have shown that late Quaternary extinction of birds 

occurred at a much greater rate than ever before suspected. 
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They have collected rich deposits of avian fossils from 

most of the major Hawaiian islands. These fossils document 

for the first time the occurrence of many new species, as 

well as many new records of species otherwise known only 

from other islands in the archipelago. Altogether, their 

fossils have more than doubled the number of previously 

known species of terrestrial Hawaiian bi"rds. Most Hawaiian 

fossil sites are in the lowlands. Tney include species 

that apparently became extinct through habitat destruction 

by Polynesians during the past 1000 years. Olson and 

James' fossil record has shown that the wave of extinction 

among Hawaiian birds during the past century was not a 

unique event. Further, the prehistoric record is even more 

important than the historic record in determining the 

natural avifauna of Hawaii. Biogeog~aphic studies of the 

Hawaiian avifauna that do not consider the fossil record 

are not only. incomplete, but they are downright misleading. 

Turning to Floreana, we see that the fossils from 

the Post Office Bay region have confirmed that Tyto 

punctatissima, Mimus. trifasciatus,' 'Geospiza,nebulosa, and 

~ magnirostris, each of which is now ~xtinct on Floreana, 

were once resident there. These losses occurred later in 

time than those found by Olson and James in Hawaii. So 

far, no prehistoric extinctions are surely known from 

Floreana. The resident land bird fauna of Floreana 

consists of 22 species (Table 10), of which at least 10 are 

Darwin's finches. Floreana has suffered as much or more 
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human-related biological disturbance than any other island 

in the Galapagos (see "Human Histor.y" and" Introduced 

Mammals"). Therefore it is not surprising that a rich 

Holocene fossil record from only one small region of 

Floreana should confirm the former residency of four 

species of extirpated birds. 

Table 10 calls to mind another problem of analyzing 

numbers of species of birds on island., namely, which 

resident birds should be included? For instance, should 

one include non-marine water birds such as ducks (~ 

bahamensis) and shorebirds (Himantopusmexicanus, 

Phoenicopterus ruber)? Are the rails (Laterallus 

jamaicensis, Neocrex erythrops) non-aquatic enough to be 

considered among the land birds? Is Geospiza pallida, 

known from only a single historic Floreana specimen, to be 

included? To each his own. For Floreana, Harris (1973) 

listed 16 species as "breeding now" and 22 species as "ever 

recorded." The two rails were not included in Harris' 

numbers. Power (1975) and Conner and Simber10ff (1978) 

used the data of Harris (1973) for their quantitative 

analyses of the Galapagos avifauna. 

We now know that the natural finch fauna of 

Floreana included at least 10 species (Sulloway, 1982a, b; 

this study). The former status of the 11th recorded 

species, Geospiza pallida, remains uncertain. It is known 

on F10reana from a single specimen, collected on 11 October 

1905 (Swarth, 1931:243). Hamilton and Rubinoff (1963, 
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1964, 1967) studied factors (area, isolation, plant 

diversity) that are potentially related to number of 

species and degree of endemism in Darwin's finches. They 

cited Lack (1947) and Bowman (1961) in recognizing 9 

species of Darwin's finches to be native to Floreana. But 

Lack (1947: Table XVII) listed only 8 resident species, 

noting that if G. difficilis [=nebulosa] and G. - -
magnirostris were found to have been once resident on 

Floreana, this figure would increase to 10. Bowman (1961: 

Table 7) recognized 9 species, omitting G. nebulosa because 

of apparent uncertainties in its locality ~f collection 

(discussed in Lack, 1945:14, 15). [Contrary to Hamilton 

and Rubinoff (1963), Bowman (1961) did not follow the 

taxonomic conclusions of Swarth (1931), who recognized 28 

species of Darwin's finches in the Galapagos as compared to 

Bowman's 13 species.] Hamilton and Rubinoff (1963) 

produced an equation to predict the number of Darwin's 

finches on any island in the Galapagos. For Floreana, this 

equation predicted 6.2 species, far short of the 10 or 11 

species now known to have occurred .there. Harris 

(1973:274J listed 8 species of Darwin's finches as 

C\,lrren tl y res iden t on Floreana, wi th G. nebulosa regarded 

as "probabl yonce .res ident, now not presen ttl and G. 

magnirostris regarded as "has been recorded, probably 

stragglers." 

Biogeographical equations look good only when they 

produce results that are consistent with previously known 
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empirical data or with the researcher's preconceptions. 

When these circular equations fail to "predict" the desired 

numbers, the unfortunate results are written off as being 

due to such things as statistical errors, inadeuate data, 

or unknown factors. In effect, this is only an admission 

of our ignorance of biological phenomena. Even on islands, 

biogeography is too complex to be explained by a few magic 

numbers. 

Fossils have made it possible to determine the 

natural fauna of Floreana with more confidence than ever 

before. As fossil records emerge from other islands in the 

Galapagos, we will be able to make more meaningful 

inter-island faunal comparisons. The opportunity to 

elucidate ancient and therefore undisturbed insular faunas 

is dependent on locating suitable accumulations of fossils. 

The Galapagos lack calcareous dunes (aeolianites) which 

have yielded Quaternary faunas on Hawaii, St. Helena, and 

Fernando de Noronha (Olson, 1975, 1981; Olson and james, In 

press a). They also lack calcareous muck deposits, known 

to be very rich in bird bones in parts of New Zealand 

(Gregg, 1972; McCulloch and Trotter, 1979), as well as 

phosphate deposits and fine-grained alluvium, which can be 

fossiliferous on Ascension and St. Helena (Olson, 1975, 

1977). Limestone sinkholes and caves, which often contain 

fossils elsewhere, e.g. Hawaii, Bermuda, and the West· 

Indies, are also absent in the Galapagos. To date, no 

fossil sites are· known from fumaroles in the Galapagos, as 
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have been found on Ascension Island (Olson, 1977). 

Deposits in l~va tubes are the one outstanding 

opportunity for bone preservation in the Galapagos. Lava 

tubes are present in good numbers on San Cristobal, Santa 

Cruz, Santiago, Isabela, and Fernandina, as well as 

Floreana. In future attempts to elucidate the natural 

fauna of the Galapagos, these islands will provide rich 

opportunities for prospecting. The.first four islands 

either are or have been inhabited by man, and thus have 

their fair share of introduced plants and animals. A 

fossil record from them would be expected, as was the case 

on Floreana, to yield remains of animals that have become 

extinct within the past 200 years. For example, fossils 

from San Cristobal could provide inf~rmation on the 

presently uncertain status of Geospiza nebulosa and G. 

pa1lida on that island. On Santa Cruz, I have excavated 

~everal sites (briefly summarized in Steadman, 1981). A 

preliminary analysis shows that Santa Cruz was once 

inhabited by 12 species of Darwin's finches, two more than 

are known historically from that island, and three species 

of extinct rodents. Santiago is yet unexplored 

pa1eontologica11y, but has much potential for important 

discoveries, especially of rodents. Isabe1a, from which I 

have a very limited fossil record, already has yielded new 

rodents (Steadman, 1981). Both San~iago and Isabe1a may 

have supported populations of the apparently extinct, 

undescribed finches that I have found on Santa Cruz. 
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Fernandina has never been inhabited by humans, nor does it 

harbor any introduced ·mammals. Because of its high levels 

of historic volcanic activity (Simkin and Howard, 1970), 

however, the status of many vertebrates on Fernandina is 

unknown. Natural extinctions are entirely possible. 

Fossils from Fernandina could shed light on the former 

status of tortoises, rodents, Geospiza magnirostris, ~ 

scandens, and ~ pallida, among others. Within the next 

decade we can expect the emergence of a much more complete 

picture of the natural vertebrate fauna of the Galapagos. 

Animals Not Recorded ~ Fossils 

Not included among the fossils are certain species 

that either still live on Floreana, once lived there, or 

may be suspected to have once occurred there. In order to 

interpret a fossil fauna as thoroughly as possible, one 

must attempt to account for absences in the record, the 

basic questions being: Is a certain species unrepresented 

in the fossil fauna because it simply did not occur there 

during the time of deposition of the fossils? If not, are 

there any behavioral or ecological traits of the species 
~ 

that may help to explain its absence? 

Cricetine rodents and land iguanas (Conolophus) 

fall into the first category. They are not known. 

historically from Floreana, and I regard their absence as 

fossils as strong evidence that they in fact never occurred 

there. Various ~-derived fossil sites on Santa Cruz and 
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Isabela are dominated by indigenous rodents; had rodents 

been present on Floreana, the barn owls would have preyed 

upon them and deposited their bones in the caves. Land 

igauanas occur as fossils regularly but in low numbers on 

Santa Cruz and Isabela. Young land iguanas are preyed upon 

by barn owls, whereas adults are trapped within the cav~s 

after falling through vertical roof collapses. It is 

likely that one of these methods would have entombed land 

igaunas in the Floreana caves, had they been present, 

Eight of the 22 species of birds in Table 10 were 

not recorded as fossils. Of t~ese, the absence of Buteo· 

galapagoensis and ~ flammeus may be explained by their 

being too large to be eaten by barn owls, as well as the 

fact that they do not use caves for any of their own 

activities. The six other species of birds are small 

enough to be eaten by barn owls, so different reasons must 

be sought for their absence. The two rails,. Laterallus 

spilonotus and Neocrex erythrops, and the large tree finch, 

Geospiza psittacula, occur mainly in the humid highlands of 

Floreana, outside of the hunting territory of a barn owl 

roosting in the Post Office Bay region. In addition, ~ 

erythrops is undoubtedly a very recent colonizer of the 

Galapagos: it is totally undifferentiated from mainland 

forms; it was not recorded in the Galapagos until 1952; and 

it does not occur in the huge fossil sample from Cueva de 

Kubler, Santa Cruz. Progne modesta is a very rare bird, 

although it does occur in the lowlands. This martin has 
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not been recorded from any modern or fossil barn owl roost 

in the Galapagos. P. modesta roosts mainly along cliffs 

near the sea, places that make it inaccessible to barn 

owls. 

The absence of the two remaining birds, the 

dark-billed cuckoo (Coccyzus melacoryphus) and yellow 

warbler (Dendroica.petechia) cannot be explained by biases 

of habitat or predation. These two species are common 

today in the lowlands of Floreana. In,fact, the yellow 

warbler may be the most common lowland bird on Floreana. 

Furthermore, both the cuckoo and warbler occur r~gularly in 

modern pellets of barn owls from Santa Cruz and Isabela. 

In Cueva de Kubler, Santa Cruz, for example, the cuckoo and 

warbler are present in fresh barn owl pellets, but are not 

among the thousands of avian fossils studied thus far, 

which were collected only 50m away. The lack of fossil 

remains of cuckoos and warblers from both Floreana and 

Santa Cruz suggests that these two currently common species 

colonized the Galapagos only very recently, perhaps even in 

the last several hundred years. The fossil sites on 

Floreana range in age from modern to at least 2400 years 

BP, whereas Cueva de Kubler has yielded radiocarbon ages 

ranging from modern to 1750 years BP. The ages from Cueva 

de Kubler are unreliable, however, apparently because of 

contamination from surface testing of nuclear weapons in 

the Pacific (Robert Stuckenrath, personal communication). 

Thus the actual age of the fossils in Cueva de Kubler is at 
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least 1750 years BP and may be much older. For now, I can 

say that the conspicuous absence of Coccyzus,melacoryphus 

and Dendroica, petechia from all fossil sites on Floreana 
I 

and Santa Cruz suggests that these species were not present 

during the time of fossil deposition. 

Although both seem to be relatively recent 

colonizers, it is likely that the cuckoo is more recent 

than the warbler, based on date of first collection of 

historic specimens, and perhaps the degree of morphological 

divergence from mainland populations. I believe, in fact, 

that cuckoos probably did not colonize the Galapagos until 

the 19th century. It was not collected there until 1888, 

on Floreana and San Cristobal (Ridgway, 1890). Rothschild 

and Hartert (1902:404) described it as "somewhat rare and 

apparently a recent immigrant." By 1905-1906, when the 

California Academy of Sciences Expedition collected 55 

specimens, it was known from six different islands, 

suggesting a rapid increase in numbers and distribution. 

Specimens of ~ melacoryphus from the Galapagos do not 

differ significantly from those of mainland South America 

(Swarth, 1931:71, 72). This infers that there has been 

very little time available for morphological changes 

between the two populations. 

Dendroica petechia was first recorded from Floreana 

in 1852 (Sundevall, 1871), although it probably was there 

in 1835, for Gould (1841) noted that it was common 

throughout the archipelago. The yellow warblers of the 
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Galapagos and Cocos Island, D. ~ aureola, are essentially 

identical to each other. Hellmayr (1935:383) noted that D. 

~ aureola is very similar to D. ~ peruviana of the 

Pacific coast of Colombia, Ecuador, and Peru. I have been 

unable to examine specimens of ~ ~ peruviana, so I cannot 

yet assess the level of morphological change between 
• 

insular and mainland populations. Additional fossil sites 

from other islands in the Galapagos should either 

strengthen or discredit my hypothesis of recent 

colonization by cuckoos and yellow warblers. 

It is possible that some historic colonization in 

the Galapagos has been aided by ships travelling from the 

mainland, as well as within the islands. Harris (1974:120) 

suggested thai fhe several records of groove-billed anis 

(Crotophaga su1cirostris) in the Galapagos are possibly due 

to human agency. It may be that other species are also 

getting free rides to the Galapagos. 
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Table 9. Tortoises taken from F10reana by American whaling 
ships from 1831 to 1837. Data from Townsend (1925a, 1928) 

Year 
1831 

n 

1832 

1833 

1834 

" 

" 

" 
1835 

" 
It 

1836 

n 

1837 

Total 

Ship 
Magno1 ia 

Frances 

Hector 

Octavia 

Bengal 

Moss 

Benezet 

L. c. Richmond 

Barclay 

Benezet 

Pioneer 

Ohio 

pioneer 

Eliza Adams 

Number of 
tortoises 

155 

179 

226+ 

235 

100 

350 

120 

? 

50 

40 

? 

? 

? 

24 

1479+ 

Number of days 
attempting to 
take tortoises 

2 

5 

7 

? 

2 

15 

5 

1 

3 

6 

8 

4 

2 

4 

64+ 
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Table 10. Status of the resident 1mld birds of F1oreana. These 
22 species now breed, or have bred in the past, on Floreana. 

Spec i ... 

Buteo 9.l.P89o.n.i. 

Lat.r.l!!! spilonotu. 

Meocr.. .rythr0p! 

Zen. ida ,.I.,.,oen.i. 

COCCyzu. ..lacoryphu. 

!l!! punct.ti •• i •• 

!!!!!. n .... u. 
pyroc.phalua ~ 

Myiarchu. megniroatri. 

Prosne mod •• ta 

~ trifasci.tu. 

D.ndroic. pet.chia 

a.oapiz. nebulo.a 

!!.:. fuU,ino •• 

!!.:. 12.U!! 
!!.:. liIegniro.tl'ia 

!!.:. scandena 

!!.:. craaairostria 

!!.:. parvula 

!!.:. pauper 

!!.:. paittacula 

!!.:. oUvac.a 

Total 

OCcur. Extinct on R.c.nt colonizer 

•• • fo •• il Flor •• n. of tbe aalap.qo. 

x 

x 

x 
X 

X 

x 
X 

X 

x 
X 

X 

X 

X 

X 

14 
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x 

x 

x 
x 

x 
x 

x 

X 

X? 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 

Isla Floreana (Charles) is a relatively large, 

diverse island in the south-central part of the Galapagos 

Archipelago. From Floreana I have collected and identified 

over 20,000 late Holocene vertebrate fossils, representing 

more than 1100 individual animals of 24 native species. 

This study is the first faunal survey of fossil vertebrates 

from the Galapagos Islands. The fossils were collected 

from both surface and sub-surface levels of floors in four 

lava tubes in the arid Post Office Bay region. None of the 

fossil sites is more than lkm from the ocean, or more than 

SOm in elevation. The lava tubes are in flows of Brunhes 

normal magnetic polarity, less than 0.79 million years old. 

The oldest of four radiocarbon determinations from surface 

remains in two of the caves was 2400 years BP. Although 

fossils in the underlying sediment must be older than the 

surface material, .the sub-surface levels yielded no organic 

material well-suited for radiocarbon dating, and thus their 

age is not known precisely. There is no reason to believe, 

however, that any of the fossils are pre-Holocene. 

Except for non-hatchling tortoises, nearly all of 

the fossils were deposited in the caves as pellets 

regurgitated by barn owls. The fossil fauna includes six 

indigenous species of vertebrates that are now extinct on 

\ Floreana: the Galapagos tortoise (Geochelone elephantopus) I 
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Floreana snake (Alsophis biserial is) , Galapagos barn owl 

(Tyto punctatissima), Floreana mockingbird (Mimus 

trifasciatus), sharp-beaked ground-finch (Geospiza 

nebulosa), and large ground-finch (Geospiza magnirostris). 

Based on calculated minimum numbers of individuals, these 

extinct species are, respectively, 1st, 7th, 16th, 6th, 

15th, and 2nd in abundance among all species recorded as 

fossils. Together they make up 57.2% of the individuals in 

the entire fossil assemblage. If percent of occurrence in 

the fossil record approximates relative population size, 

historic extinction has changed the composition of 

F10reana's vertebrate fauna even more than might be 

suggested by the number of extinct species alone. The 3rd 

and 4th most numerous fossil taxa, the lava lizard 

(Tropidurusgrayii) and Galapagos dove (Zenaida 

ga1apagoensis) , are extremely rare on Floreana today. Of 

the 7 most common fossil taxa, only the gecko 

(Phyllodacty1us baurii) survives in what may approach 

natural numbers. 

While details of the process are unknown, I believe 

that all extinction on F10reana may be related to human 

impact, "including predation, habitat alteration, and 

introduction of alien mammals. Floreana's first large 

human settlement began in 1832, accompanied by mammals such 

as black rats, house mice, cats, dogs, pigs, goats, cattle, 

and donkeys. Although direct human predation may have been 

involved in all extinctions to some extent, it was likely 
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to have been the main cause only for the tortoise. 

Extinction of the barn owl was probably due to loss of 

preferred prey species. Extinction of the mockingbird and 

large ground-finch may have accompanied the destruction of 

Opuntia cactus in the lowlands by fer~l goats and donkeys. 

The sharp-beaked ground-finch's extinction may have been' 

due to habitat change in the highlands, along with 

predation from feral mammals and a sudden burst of 

competi~ion from other finches that moved into the 

highlands as man altered the vegetation. 

Because of a paucity or lack of specimens, 

scientists have questioned whether or not most of the 

extinct species actually occurred on Floreana. The fossils 

demonstrate unequivocally that they did. The lack of 

fossils of Cocyzus melacoryphus and Dendroica petechia is 

additional evidence that these species are very recent 

colonizers of the Galapagos. The fossils also allow us to 

compare the skeletal morphology of populations from other 

islands. I regard Tyto punctatissima and Mimus 

trifasciatus as full species, the latter restricted to 

Floreana (formerly) and the nearby islets of Champion and 

Gardner. Geospiza nebulosa nebulosa, a large race of 

sharp-beaked ground-finch, is recognized for Floreana only; 

it may also have occurred on San Cristobal, but we lack 

proper documentation. Geospiza magnirostris magnirostris 

is regarded to have occurred only on Floreana and San 

Cristobal. This largest of all Darwin's finches was 
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probably the most common bird in the lowlands of Floreana 

before human contact. Floreana apparently lacked native 

rodents, and the red bat, Lasiurus borealis, was the only 

indigenous "terrestrial" mammal recorded. Had rodents been 

present, the barn owl certainly would have preyed upon them 

and deposited their bones in the caves, as was the case 

elsewhere, e.g. Santa Cruz. 

The fossils from Floreana enable us to reconstruct 

the natural, unimpacted (= pre-human) vertebrate fauna of 

this island. This exposes a major limitation in the 

popular "equilibrium theory of·island biogeography," namely 

that nearly all inter-island comparisons of faunas have 

been made without any historical basis. Without a fossil 

record, one cannot determine with confidence the extent of 

man-related extinction on an island. As a result, 

biogeographers generally have little idea how natural their 

faunas are. Other theoretical and practical shortcomings 

show that quantitative biogeographical models oversimplify 

natural phenomena to the point where they generate little 

or no meaningful information. Regardless, MacArthur and 

Wilson have generated a great theoretical interest in 

islands. The concepts of turnover and biotic equilibrium 

may eventually be demonstrated or refuted through time 

series study. A sufficiently rich Holocene fossil record, 

for example, might disclose natural turnover. To date, 

none is evident. 

Availability of fossil sites limits the extent to 
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which paleontology can elucidate the natural fauna of the 

Galapagos. These islands lack the aeolianites, 

fine-grained alluvium, calcareous mucks, phosphate 

deposi~s, and limestone caves and sinkholes that have 

produced rich fossil sites on other oceanic islands. Lava 

tubes are the primary source of vertebrate fossils in the 

Galapagos, although other volcanic features should be 

explored, such as earthquake crevices, steep-walled spatter 

cones v and fumaroles. I believe that all extinction on 

Floreana occurred in historic times; 'whether or not this 

holds for the rest of the archipelago awaits more digging 

for fossils. 

I am thinking about a nature walk today at Post 

Office Bay. From the boat, the vegetation appears dense 

and undisturbed; a pristine island is one's first 

impression. The alert boat passenger now glasses yellow 

warblers, flycatchers, and small ground-finches. As we 

walk inland, most people might not notice the absence of 

snakes, once abundant but difficult to find casually. 

However, the absence of giant tortoises, lava lizards, and 

dense stands of cactus would be immediately evident. 

Fossils and historic documents reveal that the common birds 

here should be large ground-finches, mockingbirds, and 

doves, with barn owls in the caves. Tortoises and lava 

lizards should occur in abundance on the basaltic land, 

dwarfed by huge aborescent cactus. The animal world of 

Floreana is gone, to a greater degree than the species list 

214 



of cave fossils might suggest. 
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