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1

Speciation, Adaptive Radiation,
and Evolution

I'should like to take some one family to study thoroughly, principally with a view
to the theory of the origin of species. By that means I am strongly of opinion that
some definite results might be arrived at.

(WALLACE 1847, LETTER TO H. W. BATES, IN RABY 2001, p. 1)

Those forms which possess in some considerable degree the character of species,
but which are so closely similar to some other forms, or are so closely linked to
them by intermediate gradations, that naturalists do not like to rank them as

distinct species, are in several respects the most important to us.

(DARWIN 1859, p. 47)

Introduction

Many of us are fascinated by the biological world around us. We marvel at the
diversity of color, pattern, form, shape, size, ferocity, tameness, speed, and inge-
nious things that animals and plants do to find food and mates and avoid being
eaten. Some of us have peered into microscopes that have opened up a new and
wonderfully diverse world. Others have had the same thrilling experience in
diving off coral reefs and being dazzled by the variety of fishes. Yet others have
been simultaneously bewildered and stimulated by the overwhelming diversity
of a tropical rain forest. All this is so enthralling that some of us not only want
to know why the world is the way it is, we want to explore, examine, and test
ideas in order to make our own discoveries. We are evolutionary biologists.

As evolutionary biologists, we ask, how do species form? If we can answer
that question, we have taken a large stride toward understanding the biological
richness of the world. The question is old but remains unresolved because
rarely is it possible to witness even a part of the process. It must generally be

3
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4 CHAPTER ONE

inferred from indirect evidence, by comparing related species. In this book,
we describe what we have learned about speciation by tracking populations
and measuring evolutionary changes across 40 years in contemporary time.

Our starting point is Darwin’s On the Origin of Species by Means of Natural
Selection (1859). This is a manifesto of cardinal evolutionary principles. It laid
out a theory of common descent of all organisms, represented evolutionary
diversification as a branching pattern, and invoked the principle of natural
selection as the driving agency that caused the repeated divergences. Darwin
argued that species formed by diverging in separate locations and then, when
they came together, competed for food and space, and diverged yet further. By
this means, complex communities built up from simpler ones. Darwin had
little hope of seeing evolution occur, but he did write that young radiations of
species might provide windows through which we could view the steps in-
volved in speciation. By an indirect pathway (P. R. Grant 2023, B. R. Grant
2024), this led us to the Galdpagos Islands, to Daphne Major in particular, to
the finches named after him, to a fascination with them that has lasted more
than 50 years, and even to the origin of a new species.

Adaptive Radiation of Darwin’s Finches

Finches on the Galédpagos are a young radiation of ecologically diverse species
that have evolved from a common ancestor (Lack 1947, P. R. Grant 1986
[1999], Schluter 2000, Lamichhaney et al. 2015). Other radiations of plants
and animals are more spectacular in terms of both numbers of species and
their diversity (Gillespie et al. 2020, Hembry et al. 2021, Fleischer et al. 2022,
Parker et al. 2022, Miles et al. 2023). Darwin’s finches are exceptional for birds
in the rate at which their morphological diversity—the amplitude of morpho-
logical variation or disparity—has evolved (chapter 16). Moreover, Darwin’s
finches have several advantages for the study of biological diversity (box 1.1):
many populations live in pristine environments; no species has become ex-
tinct from human activities, as far as we know; and their evolution can be
studied as a contemporary process.

Once thought to be members of the passerine family Emberizidae (buntings
and finches), Darwin’s finches are now classified as tanagers (Thraupidae)
(Burns 1997, Burns et al. 2002, Barker et al. 2015). This Neotropical family com-
prises about 400 species (Isler and Isler 1999) that evolved in the past 13 MY
(million years) (Barker et al. 2015). The drab-colored Darwin’s finches are thus
asmall part of a much larger radiation of varied and often colorful birds. Accord-
ing to current understanding, at least 17 species of finches evolved on the Galé-
pagos in the past 2 MY, and another evolved on Cocos Island (Grant and Grant
2008a, Lamichhaney et al. 2015). The species are distinctive in morphology
(box 1.2), especially in the size and shape of their beaks, as well as in their diets.
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SPECIATION, ADAPTIVE RADIATION, EVOLUTION S

Box 1.1. The Choice of Darwin’s Finches

When we began our Galdpagos research, the best-known radiations of animals
were the numerous species of cichlid fishes in several of the African Great
Lakes (Fryer and Iles 1972), Anolis lizards of the Caribbean (Williams 1972),
Drosophila (Carson et al. 1967) and honeycreepers (Amadon 1950, Warner
1968) of Hawaii, and Darwin’s finches (Lack 1945, 1947). The major features

of morphological diversity were understood as feeding adaptations caused by
natural selection in spatially segregated populations, and color and pattern
variation resulting from sexual selection. Deepening this understanding required
two things: a better estimation of phylogenies, which only became possible much
later, with the development of molecular genetic markers (Wagner and Funk
1996, Givnish and Sytsma 1997), and an analysis of contemporary populations to
investigate the genetic basis and ecological causes of evolutionary change. This is
where Darwin’s finches had some advantages over the others. They could provide
the missing focus on population biology.

Detailed population studies appeared to be feasible because some populations
are small, finches can be marked for individual recognition, and they are conspic-
uous and approachable, so not only can their behavior be observed and recorded
but their fates can be determined accurately. Ecological influences on their fates
can be identified because the climate fluctuates strongly, and the extremes are
markedly different. In some years there is little or no rain (La Nifia); in others there
is an abundance of rain (El Nifio). The change from one extreme to the other is
caused by reversals in the gradient of atmospheric pressure and sea surface
temperature across the Pacific basin. It is known as the El Nifio—Southern
Oscillation (or ENSO) phenomenon. The climatic extremes occur somewhat
predictably at approximately three- to seven-year intervals on average (Philander
1990, Chen et al. 2004 ), with multi-decadal oscillations in amplitude (Schlesinger
and Ramankutty 1994). Superimposed upon a normal annual cycle of hot-wet
(January to April) and cool-dry (May to December) seasons, the interannual
fluctuations create profound changes in both marine and terrestrial productivity.
As we discovered, the swings from plenty to scarcity reveal the ecological forces
impinging on the lives of finches and the evolutionary consequences. These
in turn help us to interpret the radiation, because it is still in a natural state: no
species is known to have become extinct through human agency, and several
of the islands have scarcely or never been affected by human occupation or
exploitation (Espafiola, Genovesa, Pinta, Marchena, Rabida, Pinzén, Darwin,
Wolf, Fernandina).
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6 CHAPTER ONE

Box 1.2. What Makes a Darwin’s Finch Species?

Lack (1945), following Swarth (1931) and earlier taxonomists, classified the
Darwin’s finch species by their size, proportions, and to a lesser extent plumage.
For example, four species of ground finches can be recognized morphologically
by their differences on any one island and the consistency of the differences
across islands. The Small Ground Finch (Geospiza fuliginosa), Medium Ground
Finch (G. fortis) and Large Ground Finch (G. magnirostris) differ principally in
average size (fig. B.1.2, appendix 1.3, fig. P.1). As size increases from one species
to the next, beak size becomes both larger and blunter. We refer to them as the
granivore group because they all feed extensively on seeds. The fourth species,
the Common Cactus Finch (G. scandens), is about the size of the Medium
Ground Finch but has a proportionately longer and narrower beak than any of
the other three. As the name implies, it is a cactus (Opuntia) specialist. In other
respects, the species are identical. As young birds, they are brown and streaked.
With successive molts the males, but not females, acquire partially black, then
completely black, plumage (Salvin 1876, Bowman 1961, P. R. Grant 1986). The
remaining species of Darwin’s finches, recognized by morphological similarity,
have minor relevance to this book (they are briefly described in appendix 1.4).
Lack (19485, 1947) confirmed the biological reality of species identified by
morphology in the breeding season of 1938—39 on San Cristébal and Santa

20
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FIGURE B.1.2. Morphological variation among four species of Darwin’s ground
finches (males) on several islands. Data are taken from Grant et al. 1985.
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Cruz Islands. Without having the benefit of measurements of individuals, he
observed members of each morphological group (i.e., species) pairing up and
breeding with each other and not with members of another group. Later in this
book (chapter 8), we discuss the additional relevance of song to the question of
what constitutes a species. Genomic data became available only after the first
edition of this book was published. We now recommend recognition of 18
Darwin’s finch species in total, 17 on Galdpagos and 1 on Cocos Island, Costa
Rica, in the light of their genetic distinctness (Lamichhaney et al. 2015)
supplemented by breeding information (Grant and Grant 1989, Kleindorfer
etal. 2014).

How is all the diversity to be explained? Lack (1945, 1947) made the first
attempt to answer this question after studying Darwin’s finches in the field for
a single breeding season. His explanation laid stress on three factors: natural
selection, diversification on separate islands, and competition between spe-
cies for food. Truly Darwinian! According to the Darwinian view, splitting of
a species on Galdpagos is initiated allopatrically when individuals disperse
from one island to another and establish a new population. This is easy to
visualize (fig. 1.1) because the archipelago has many islands. Colonizing birds
encounter new conditions, many die, and those surviving pass on to their
offspring the heritable characteristics that contributed to their survival. In
this way, the population evolves by natural selection and becomes adapted to
the new environment. There may be additional elements of randomness in
how they evolve—if, for example, the founders are few in number or not a
representative sample of the original population, and later diverge through
genetic drift.

The process of colonization and dispersal is repeated from one island to
another until the two diverging lineages eventually come together on an island
(in sympatry). As discussed in several chapters in this book, what happens at
this point is crucially important in the speciation process. If members of the
resident population and the immigrants do not interbreed, but the immi-
grants breed among themselves, two species will have been formed already.
Alternatively, residents and immigrants might interbreed to some extent if prior
divergence had not proceeded far. A tension might then exist between opposing
tendencies: between fusion into a single population through interbreeding, and
fission through divergent selection. The tendency to diverge would be expected
ifindividuals produced by interbreeding had lower fitness than members of the
parental populations, as would be the case if they suffered from an ecological
disadvantage in competition for food or were physiologically weak. The end

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

8 CHAPTER ONE

PINTA
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91I"W 90|°W
FIGURE 1.1. Allopatric speciation in three stages: (1) initial colonization,
(2) establishment of a second and additional populations, and (3) secondary
contact between two divergent populations. Choice of islands is arbitrary.
Repetition of stages 2 and 3 in other parts of the archipelago gives rise to more
species. From Grant 1981a, Grant and Grant 2008a.

point of the divergence of the salient characters—character displacement—is
reduced competition for food, a strengthened barrier to interbreeding, and
enhanced prospects of long-term coexistence (P. R. Grant 1981a, 1986).

Species and Speciation

Species differ (box 1.2). If they interbreed, they do so rarely yet remain dis-
tinct. They are said to be reproductively isolated from each other by behavioral
barriers that prevent or inhibit interbreeding, and/or by genetic barriers that
prevent the formation of viable or fertile offspring. To be more precise, it is
individuals that interbreed, not species, and a species is a collection of indi-
viduals in one or more populations that are capable of breeding with each
other with little or no loss of offspring fitness. This is the biological species

For general queries, contact info@press.princeton.edu
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— — — Lineages cannot interbreed

————————— Lineages diagnosably different

Morphology

Small Large

FIGURE 1.2.Y diagram of speciation. The process is represented as a splitting
and divergence of lineages. Opinions vary on when the lineages merit recog-
nition as two species because divergence is gradual (discussed in Grant and
Grant 2008a).

concept, with the essence of species being their complete or near-complete
separation from each other.

Speciation is the evolutionary process that gives rise to the differences. It
occurs when one species splits into two non-interbreeding populations or sets
of populations (fig. 1.2). The challenge we face is to explain the product, spe-
cies and their attributes, when the process by which they are produced is
scarcely ever seen. To that end we need to answer the how, why, when, and
where questions of speciation (Grant and Grant 2008a). What are the impor-
tant factors that cause populations to diverge, how do they operate, and what
are the circumstances? What prevents them from interbreeding and fusing
into a single population? Can we find evidence from contemporary popula-
tions of how species came to be the way they are? To answer these questions,
we chose to study finches on a small island: Daphne Major.

Daphne

Daphne (box 1.3, figs. P.1, P2, 1.3, and 1.4) is centrally located in the main part
of the Galépagos archipelago, about 8 km from the much larger islands of
Santa Cruz to the south and Seymour to the east (fig. P.3). It is a pyroclastic
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Box 1.3. Recent History of Daphne

There is not one Daphne but two: Daphne Major and Daphne Minor (Chica)
(figs. P2 and 2.4). The Daphnes were named after the British naval vessel HMS
Daphne, which visited Galdpagos in 1846, possibly by Midshipman G. W. F.
Edwardes, who was the first to show the pair on a map (K. T. Grant, pers.
comm.). William Beebe (1924) appended the terms Major and Minor (Woram
1989). The Daphnes differ in two respects. Whereas it is difficult to climb onto
Daphne Major with camping supplies, it is impossible to do so on Daphne Minor
without ropes. Daphne Minor has been climbed once. It has a crater lined with
blocks of lava (Grant et al. 1980), indicating volcanic activity above the sea,
whereas the Daphne Major crater lacks lava.

Daphne Major, hereafter Daphne, was put on the map ornithologically by
Rollo Beck. He and companions collected specimens of finches in 1901 and
1905-6 for Walter Rothschild’s museum in England (now the Natural History
Museum at Tring) and the California Academy of Sciences, respectively
(Gifford 1919). Beebe (1924 ) reached a wide audience with an engaging
description of a day on Daphne in his popular book Galdpagos: World’s End.
David Lack never visited the island, but his assistant, L. S. V. Venables, did for
one day in early January 1939 (fig. 1.5) and reported that Geospiza fortis
(identified as G. fuliginosa!) was common all over the island, whereas there
were very few G. scandens in cactus clumps adjacent to the crater floor. He saw
one G. magnirostris. Lack believed the Medium Ground Finch (fortis) was
almost the sole occupant on the basis of these observations, those of collectors
(Gifford 1919), and 42 specimens in museums. In addition, three Small
Ground Finches (fuliginosa) and four Common Cactus Finches (scandens) had
been collected (Lack 1945), and Beebe (1924) had observed the breeding of a
single pair of Large Ground Finches (magnirostris) in 1923. In the 1960s,
Daphne was a place for seabird research by David Snow and Michael Harris;
their incidental observations on the finches (Harris 1973, 1974) provided the
most up-to-date information on their status when we made our first visit to the
island in April 1973. Providentially, The Flora of Galdpagos (Wiggins and Porter
1971), an invaluable field guide to the plants of Daphne, had been published
just before.

or tuff cone that was formed explosively by underwater volcanic activity per-
haps as recently as 23,000 years ago. Once a volcanic satellite of Santiago
(Geist et al. 2014), it became an island about 15,000 years ago (appendix 1.1,
fig. 2.4). Approximately 0.75 km long and 120 m high, it has never had a human
settlement. The center is a crater floor that is periodically occupied by breeding
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FIGURE 1.3. Daphne Major landing. Left: The wave-cut, barnacle-covered

platform used for landing and departing, at low tide; arrows indicate “steps”
(M. Wikelski). Right: Exit, leaving when the sea is calm.

Blue-footed Boobies (Sula nebouxii). Topographically, there are three vege-
tated habitats: an inner slope, an outer slope, and an area on the southern side
with a gentler slope of about 15 degrees that we refer to euphemistically as the
plateau (figs. 1.4 and 1.5). All three habitats have shallow soils, seasonally de-
ciduous annual and perennial plants, and clusters of Opuntia (prickly pear
cactus) bushes where the finches nest. The two main finch species are the
Medium Ground Finch (Geospiza fortis) and the Common Cactus Finch
(G. scandens).

Associated with Daphne’s small size (0.34 km?), its most important fea-
ture is its ecological simplicity. It has a community of fewer than 60 plant
species, most of which are rare (appendix 1.2), and a similarly low diver-
sity of insects and spiders. Breeding populations of finches rarely exceed
150 pairs. Small numbers make it relatively easy to determine how environ-
mental factors affect morphological traits of finches, and how change in
the environment brings about change in morphology. The birds’ tameness
makes them easy to observe. Of paramount importance for this study, they
can be uniquely marked so that every individual can be identified by
observation.

The Darwin’s finch radiation in the Galdpagos is the macrocosm; Daphne
and its finches are the microcosm. To throw light on the macrocosm, we stud-
ied the microcosm for 40 years and witnessed evolution.
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FIGURE 1.4. Three habitats on Daphne. Upper: Plateau, 1995. The fallen

tree (near right) was present throughout the 40 years. It died in 2022-23 at an
estimated age of more than 100 years, based on tree rings and trunk circumfer-
ence. Middle: Inner slope and plateau, 1983. Lower: Outer slope, 2012.
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FIGURE 1.5. Changes in vegetation on Daphne over 73 years. Upper: View
across the crater floor in 1939 (L.SV. Venables). Middle: 1973. Blue-footed
Boobies (Sula nebouxii) are nesting on the crater floor. Lower: 2012. The pat-
tern of vegetation on the crater floor, principally Croton scouleri, reflects drain-
age of rainwater to the lowest level. Notice in the left part of each photograph
that the extent of dark green cactus bushes increased over the years. Finches
roost, nest, and in some years (e.g., 1992) die in large numbers in the bushes
fringing the crater floor.
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14 CHAPTER ONE

Evolution Observed

Figure 1.6 shows an intriguing pattern of change through time. The average
beak size of the G. fortis population did not remain constant for 40 years but
increased in 1978 and decreased in 2005. Beak size evolved. A host of compel-
ling questions arises when we confront a pattern of change like this. First, why
did it occur? The strong and rapid transitions in average beak size at these two
times implicate natural selection. How strong was selection, and what caused
it? What is the source of beak-size variation, and what maintains it when se-
lection occurs? To what extent is it genetically based? What is the relevance
to speciation?

The most remarkable feature of the trajectory is the fact that G. fortis is no
longer the same as it was 40 years ago. Change is not inevitable, however, as
figure 1.7 shows. The trajectory of G. scandens is flat except for minor excur-
sions; beak depth remained the same on average for 40 years. Why did one
species (fortis) change while the other (scandens) did not? Was scandens sub-
ject to natural selection but lacked the genetic variation to respond evolution-
arily? Did scandens change in other traits? Did the two species interbreed, and
if so, with what result? Did they compete for food?

Among the several unexpected things that happened in the 40 years, two
events stand out. One was the arrival of a strange-looking finch. Years later, its
descendants were breeding among themselves: they were behaving as a new
species! How could that happen in such a short time? Why did it happen, and
why did they not breed with fortis or scandens? What was the immigrant’s
identity, and where did it come from?

The second event was the establishment of a breeding population of the
Large Ground Finch (G. magnirostris) at the end of 1982. Thirty years later,
there were 50 pairs on the island. How could another species fit into the com-
munity? Did it compete with the residents for food, and if so, what were the
consequences, both evolutionary and ecological? How might the arrival of a
new species throw light on speciation?

These questions are interdependent. By unraveling the dependencies, we
are able to reveal causes and complexities of evolution in contemporary time.

Chapters of the Book

We address these questions and describe the events that gave rise to them in
the following chapters. The sequence is partly dictated by the nature of the
study. In the study’s first half, we attempted to find every nest on the island and
to mark every nestling uniquely. After we stopped doing this, our information
on relatedness and biological success of individuals declined. On the other
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FIGURE 1.6. Evolutionary trajectory of G. fortis beak size over 40 years. Means
and 95% confidence limits are shown for all birds alive in each year. Parallel
horizontal lines mark the upper and lower 95% confidence limits on the first
estimate of a mean based on a large sample size (n=221) in 1973.
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FIGURE 1.7. Evolutionary trajectory of G. scandens beak size over 40 years.
Means and 95% confidence limits are shown for all birds alive in each year.
Parallel horizontal lines mark the upper and lower 95% confidence limits on the
estimate of the mean in 1973 (n=71).

hand, genetic data on relatedness became available in the study’s second half.
G. magnirostris became an important factor only in the second half. Thus, the
two halves of the study differ, and the organization of the chapters reflects this.

We start with an observation and a historical question in chapter 2. The
Medium Ground Finch (G. fortis) is exceptionally small on Daphne. What
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16 CHAPTER ONE

caused its evolution? This apparently simple problem was the magnet that
drew us to Daphne in the first place. In contrast to the initial historical perspec-
tive, subsequent chapters are concerned with evolution as a contemporary
process. Chapters 3 and 4 discuss the genetic basis of morphological variation
and the evolutionary responses to natural selection in the first half of the study
(fig. 1.6). Chapter S considers how the breeding component of fitness might
affect the evolutionary trajectory. The arrival of magnirostris and its subsequent
fate—i.e., how a population became established and why it prospered—are
described in chapter 6. It was a new factor, a competitive influence on fortis
and a cause of evolutionary change in the fortis trajectory (chapter 7). Chap-
ters 8—10 discuss rare but persistent introgressive hybridization through back-
crossing between fortis on the one hand and scandens and immigrant fuliginosa
on the other. Chapter 11 surveys morphological evolution across the 40 years
in both fortis and scandens, and in traits other than beak size, contrasting the
relative influence of selection and introgressive hybridization on the two spe-
cies. Chapter 12 attempts to generalize the findings on Daphne to finches on
other islands. Chapter 13 discusses the events leading up to the formation of
anew, reproductively isolated lineage of finches. Chapter 14 quantifies the role
of selection during the morphological transformation of one species into an-
other, drawing upon knowledge of genes expressed during development as
well as upon adult morphology. Chapter 15 discusses how speciation occurs,
in the light of knowledge from the Daphne study, and chapter 16 extends the
discussion by speculating on how the radiation unfolded. Chapter 17 discusses
the future of the finches as global climate change affects Galapagos. It stresses
the value of continuous long-term study of ecology and evolution coupled with
genomic investigations of the material basis of evolutionary change. Chap-
ter 18 integrates the discoveries on Daphne, a microcosm of evolution, with
the major patterns of the adaptive radiation, the Galdpagos macrocosm.

Summary

Darwin’s finches on the Galdpagos Islands are a model system for the study of
speciation and adaptive radiation—that is, the rapid evolution of morpho-
logically and ecologically diverse species from an ancestor. Core ingredients
ofa theory to explain how and why the radiation occurred are natural selection,
allopatric divergence, reproductive isolation, and interspecific competition.
Our task is to determine how these ingredients occur, and how they are
connected. In this book we describe what we learned about evolution by
studying four species of ground finches on the single island of Daphne Major
over a period of 40 years.

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

INDEX

Note: Bold page numbers refer to illustrations.

183 allele, 245, 247, 254

abbreviations, 363-64

abnormalities, beak, 280

absolute mean fitness, 65

absorption, reproductive, 183-84

Abutilon depauperatum, 338

Acalypha parvula, 338

acoustic cues. See songs

acoustic isolation, 254

adaptation, S, 17, 304

adaptive divergence, 233

adaptive landscapes, 36, 37, 42

adaptive peaks, 38, 42

adaptive radiation, 4-8, 16, 178, 235, 291;
Certhidea lineages, 300-302, 331; cichlid
fishes, S, 324; classical theory, 329-30; of
Darwin’s finches, 297-308, 324, 329-33;
ephemerality of species, 306; expanded
theory, 330-31; graphical representation,
30S; and hybridization, 324, 330-31;
importance of extinctions, 303-4, 305,
331; interpreting the causes, 304-6;
mechanism in Darwin’s finches, 331;
models, 297-98, 300, 302, 303, 304,
307; morphological diversity, 298-99;
non-Certhidea lineage, 302-3; overview,
306-7; reasons Darwin’s finches radi-
ated, 332; reconstructing the process of
divergence, 299-303; through repeated
cycles of speciation, 332. See also Early
Burst model of adaptive radiation

adaptive variation, 141, 178, 180

adaptive zone, 295

Aedes taeniorhynchus, 320

African Great Lakes, 5, 324

age group and drought survival, 65-66

age structure, 85

aggressive behavior, 42, 100, 152, 249

air temperature, 83, 315

alleles: deleterious, 161; diversity of, 172;
frequencies, 189, 197, 199-201, 205, 347,
348; introgression of, 161, 180, 197-98,
203,231, 347, 348; losses and gains of,
111, 112, 121; for pedigree identification,
186-87; recessive, 108, 322, 355

allometry, 176, 177, 180, 272; beak dimen-
sions and body size, 195-97, 225-26,
229,260,298

allopatric speciation, 7, 8, 238, 257, 282,
283-85,294, 329

allopatry, 7, 256, 331; divergence in, 16,
283-85,294-95, 331. See also speciation

allozyme variation, xxxiii

Alternanthera filifolia, 339

ALX1 gene, 134-3S, 169, 199, 205, 263

Amaranthus sclerantoides, 338

Amaranthus squamulatus, 338

ancestry of finches, 4, 189-90, 192, 193,
286,299-308, 331; of humans, 240

Andersson, Leif, xxxvii, 111

Andes, 237

Ani, Smooth-billed. See Crotophaga ani

Anolis lizards, S, 238, 305, 324

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

408

antagonistic selection, 77, 78

aphids, 22

Ardea alba (Great Egret), 94, 345

Ardea herodias (Great Blue Heron), 94, 345

arid environment, 81, 232, 318

Aristida subspicata, 338

arthropods, 22, 24, 2§, 81, 240

artificial selection, 228

Asemospiza, 300, 301, 302, 331

Asemospiza obscura, 299, 301

Asio flammeus (Short-eared Owl), 94, 94,
95, 345, 346

assignment tests, 185

assortative mating, 146, 257, 356. See also
mate choice

autosomal loci, 110, 111, 121, 187

avian malaria, 320

avian visitors to Daphne, 43, 94, 95,
345-46

avipox, 80, 95, 321

B1 allele, 199, 201, 205

backcrosses. See hybrids and backcrosses

bacteria, 240

Baltra Island, 18, 21, 320

banding, 46; leg bands, 27, 33; tools, 27

Barbados, 293

barriers to dispersal, 96, 103

barriers to interbreeding, 186-90, 255, 256,
257,287-88,290-91, 293, 294, 331. See
also reproductive isolation

Beagle, HM.S., xxxi

beak deformities, 280

beak depth, 19, 33, 35, 48, 49-50, 51, 54, 74,
214,218, 221, 226, 229, 261, 279, 281,
340, 350; divergence in, 296, 298;
importance for survival, 64-65, 69;
morphological convergence, 188-89

beak development: genetic factors, 133-35,
263-64,276-79, 281; growth after
hatching, 279-80

beak length, 33, 35, 35, 38, 48, 51, 54, 66,
74,77,78, 214, 218, 221, 225, 226, 229,
279,298, 340; vs beak width, 284, 287

INDEX

beak shape: adaptive radiation, 299-302,
332; and body size, 298-99, 301; evolu-
tionary transitions, 272-74; and feeding
behavior, 211; genetic transformation,
276-79; increases in variation, 194; mor-
phological convergence, 188, 190-91,
203; morphological diversity, 296,
298-99; morphological transformations,
271-72, 276; morphological trends,
212-25,228-29; morphological varia-
tion, 194-99, 204, 236, 349; survival,
74-75, 349, 350; transcription factor
locus, 134, 278, 282, 330, 332

beak size, 6, 17, 90, 340; allometries of,
176, 177, 180, 195-97, 225-26, 229,
260, 298; Big Bird lineage, 249, 250,
258, 260; blurring of morphological
distinctions, 187-88; and body size,
300; cause of trend in magnirostris,
225; and character displacement, 127,
128-29, 132; correlations, 176, 180; as
determinant of survival during drought,
64-65,74,75; and diet, 31-38; diet and
evolutionary change, fortis and scandens
comparison, 135-39; distribution in
fortis and scandens, 185, 190; evolution-
ary trajectories, 14, 15, 77, 132, 207,
212, 279-80; genetic transformation,
276-79; and hybridization, 170, 171;
immigration of magnirostris effects,
223-24, 330; morphological change,
270; morphological transformations,
271, 276; morphological trends, 212-25,
228-29; morphological variation,
18-19, 134,222, 231, 236, 263; pheno-
typic variation, 46-57, 264; prediction
from food supply, 36, 37; and seed size,
36; selection on, 64-65, 69, 74, 75, 146,
209; and songs, 288-90; survival of,
349, 350; trait heritability of, 46-57.
See also morphology

beak width, 33, 35, 48, 51, 54, 66, 69, 74,
214,218, 221, 258, 260, 281, 340; mor-
phological convergence, 188-89

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

INDEX

beak-color polymorphism in nestlings,
321-23,355-61; diet effects, 358-59;
frequencies, 358, 359; inheritance, 322,
356; survival of homozygotes and het-
erozygotes, 360

Beck, Rollo, 10

Beebe, William, 10

behavior: aggressive, 42, 100, 152, 249; and
barriers to interbreeding, 297-98;
change in fortis and scandens, 203; and
drought survival, 65; flexibility of, 99

B-carotene deoxygenase (BCO2), 355

bidirectional selection, 77

Big Bird lineage, 242, 245, 248-50, 248,
270, 291; barriers to interbreeding, 255;
beak size, 249, 252, 260; body size and
beak shape, 250, 252; diet and morphol-
ogy, 261, 262; extrinsic factors and suc-
cess, 260; feeding, 248, 260, 261; future
prospects, 264-65; identification of
breeders, 352-55; increase in homozy-
gosity, 255; intrinsic factors and success,
259-60; morphology, 260-64; natural
selection, 260, 262-63; pedigree, 247; a
question of speciation, 257, 271; a ques-
tion of species, 256; reproductive isola-
tion, 254-55, 256, 257; success of the
lineage so far, 259-64; success related to
two improbable and unrelated events,
323-24; territories, 254

bill. See beak entries

biological species concept, 202, 256

bird number 5110. See Geospiza conirostris
(Espafola Cactus Finch) (number 5110)

bivalve mollusks, fossil, as markers, 233

Black Robins (Petroica traversi), 108-9

Blackcap, Eurasian (Sylvia atricapilla), 146

Blackpoll Warbler (Setophaga striata), 345

blood samples, 34, 46

Blue-footed Booby (Sula nebouxii), 11, 13,
71,346

body size, 65,204, 340, 347; and allometry,
195, 2285, 226; and beak shape, 298-99;
bird 5110 and descendants, 257, 260, 263,

409

26S; and character displacement, 128,
129, 132; and colonization, 106; differ-
ences between species in, 17, 18, 340;
divergence in, 296, 298; evolutionary
transitions, 273-74, 279-80; morpho-
logical trends, 212-14, 215, 216, 219, 220,
224; selection on, 62, 146, 209; song and
hybridization, 290-91; trait heritability
of, 45-57; transitions of, 274. See also
weighing

body weight, S1, 54, 74, 76, 128, 130, 133,
226,241,296, 298,299, 300-301, 302,
340,343

Boerhaavia caribaea, 338

Boerhaavia erecta, 338

bone morphogenetic protein 4 (BMP4),
276,277,278

Booby, Blue-footed. See Sula nebouxii

Borrero Bay, 13,22, 30, 144

brain size, 106

breeders, identification of (Big Bird lin-
eage), 352-5S

breeders’ equation, 135

breeding biology, 81-82; annual variation
in relation to rain, 82-87; predicting
reproductive success, 87-97

breeding ecology: of magnirostris, 103-17;
and reproductive fitness, 79-100

breeding locations, 53, 340-41, 342

breeding season, 81-82, 84, 88

Brickellia diffusa, 338

Bubulcus ibis (Cattle Egret), 345

Bursera: berries and nectar, 28, 120, 124;
life span, 124; as nest sites, 46, 81

Bursera graveolens, 24

Bursera malacophylla, 37, 59,72, 73, 338

Buteo galapagoensis (Galipagos Hawk), 94,
345

Butorides sundevalli (Lava Heron), 345

butterflies, 241

Cacabus miersii, 118, 337
Cactus, Prickly Pear. See Opuntia echios
California Academy of Sciences, 10

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

410

calmodulin (CaM), 134, 277

caltrop. See Tribulus cistoides

Camarhynchus heliobates, 275, 285

Camarhynchus pallidus, 275

Camarhynchus parvulus, 275, 335, 34S

Camarhynchus pauper, 275

Camarhynchus psittacula, 275, 345

Camarhynchus (tree finches), 296, 298, 302

Canis lupus (wolf), 119

capturing birds, 33, 34

capuchino seedeaters (Sporophila), 237

Caribbean, §, 238, 305, 324

carotene/carotenoids, 355, 358, 359,
361-62

Castela galapageia, 339

caterpillars, 22, 25, 81, 88

Cattle Egret (Bubulcus ibis), 345

Cenchrus platyacanthus, 31, 32, 36, 73, 338

Certhidea (warbler finches), 114, 298, 299,
300-302, 307, 331, 355

Certhidea fusca (Gray Warbler-Finch), 275,
302, 33§, 337

Certhidea olivacea (Olive Warbler-Finch),
275,302, 337,345

Chamaesyce amplexicaulis, 26, 28, 46, 61,
81,338

Chamaesyce nummularia, 338

Chamaesyce punctulata, 338

Champion Island, 21

character displacement, 8, 18, 122, 125-35,
260; causal role of magnirostris in dis-
placement of fortis, 129-31; evolution of
a displaced character, 132; genetic conse-
quences of selection, 133-35; strength of
selection, 127-29

character release, 18, 21; hypothesis testing,
22-42

chickens, 272, 361

Chloris virgata, 25, 32, 81, 338

chromosomes, 189, 191, 240

cichlid fishes, 5, 324

cladistics, xxxiii

Cleome viscosa, 320, 321, 338

climate change, S, 314, 315, 318, 326

INDEX

climate variability, 318, 326, 335-37

clutches and clutch size, 46, 80, 81, 82, 84,
85,90,97

Coccyzus melacophyrus (Dark-billed
Cuckoo), 43, 345

Cocos Finch. See Pinaroloxias inornata

Cocos Island, 4, 7, 80, 275, 307, 329

coefficient of additive genetic variation, 56,
171,173

coefficient of coancestry, 107

coeflicient of discriminant function, 64

coeflicient of environmental variation, 56

coefficient of inbreeding, 96, 110, 254-55

coefficient of phenotypic variation, 56, 171

coefficient of residual variation, 181

coeflicient of selection, 127,208, 209, 210

coeflicient of variation, 141, 194, 196, 264,
318. See also inbreeding; variation

coevolution, 99,228

coexistence in sympatry, 285-86, 294, 332

Collared Flycatcher (Ficedula albicollis),
108

colonization, 7, 8; of Daphne by magnirostris,
103-21, 122, 270, 271; factors affecting
success, 117-20; of Galdpagos by plant
species, 304, 306; of Galapagos by verte-
brate animals, 304; nonrandom, 114.
See also founder event

color and pattern variation, S, 238

common ancestor of finches, 4, 286, 302

Common Cactus Finch. See Geospiza
scandens

communities, 230, 269-71, 303, 314, 324,
335

competition, 36; and diet overlap, 123, 125;
effect on survival, 123-25; and food
availability, 125; interspecific, 16, 17, 36,
42,122-39, 330; intraspecific, 125

competitive asymmetry, 125

competitive exclusion, 38

conirostris, Geospiza. See Geospiza conirostris

conspecific gene flow, 168, 173-75

conspecific mates: extra-pair mating, 152;
scarcity of, 144-45

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

INDEX

convergence through hybridization,

184-205, 291, 318, 319; are fortis and scan-

dens now one species, 202; behavior and
plumage, 202-3; frequencies of hybrids,
193-94; genetic convergence, 197-202;

morphological convergence, 188-93, 202,

205; morphological variation, 194-97,

203; question of identity, 184-88
coral, 240, 336; core records, 335, 336
Cordia lutea, 306, 314, 332, 339
courtship, 81, 146, 148, 152, 164, 359
craniofacial architecture, 303

crater/crater floor (Daphne), 10, 13, 71, 131,

253,254, 318, 341

Croton scouleri, 13, 81, 106, 338; fruits, 28,
119

Crotophaga ani (Smooth-billed Ani), 345

cuckoldry, 109, 243

Cuckoos, Dark-billed. See Coccyzus
melacoryphus

Culex quinquifasciatus, 320

cultural transmission, 147, 255

Cuscuta gymnocarpa, 338

Cyperus anderssoni, 339

Cyperus confertus, 339

Daphne, HMS (naval vessel), 10

Daphne finches, 231; generalization from
Daphne to other island communities,
230-39; morphological change in the
community, 269-71; a question of size,
17-45; reproduction, 46

Daphne Major (Daphne), xxxii, 9-13, 23,
324, 333; breeding individuals, 84;
breeding locations, 53, 340—41; climate
variability, 335; drought effects, 60-66,
67, 69-74; field laboratory and kitchen,
328; finch population sizes, 317, 318;
future lives of finches on, 311-26; gener-
alization of Darwin’s finches to other
island communities, 230-39; geological

history of, 9-10, 232-34, 33S; history of,

335-37; isolation as a result of sea level
rise, 21; landing on, 11; location of, 9; as

411

microcosm of adaptive radiation, 333;
other bird species on, 43; potential com-
petitor arrives on, 103-21; rainfall vari-
ance, 315-18; recent history of, 10; sea-
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Dove, Galdpagos. See Zenaida galapagoensis

Drosophila, 5

drought, 336; effect on vegetation and seed
supply, 61, 6974, 75; food availability
in, 64; natural selection in, 60-66, 67,
69-71,75,78, 234, 318, 326; and no
breeding, 82; population decline during,
63; selective mortality of birds during,
60-64; survivors of, 62, 64, 65-66, 86

dry season, 27, 28; diets during, 22-24, 63,
73, 120, 178; food supply, 72, 73, 123,
124, 125; niche, 80-81, 97, 99; seed pro-
files, 31, 36; and survival, 94. See also
drought; La Nifa

Early Burst model of adaptive radiation,
297,300, 303, 307

ecological causes of evolution, 211

ecological divergence, 285

ecological effects on introgression, 173, 178

ecological effects on new lineage, 259-60

ecological isolation, 257

ecological niches, 18, 178

ecological opportunity, 232, 259, 271, 282,
297,308, 332

INDEX

ecology of speciation, 282-94

Ecuador, 80

eggs/egg laying, 81, 82

Egret, Cattle. See Bubulcus ibis

Egret, Great. See Ardea alba

El Bosque de Cactus, 235

El Nino, 5, 103, 243, 283, 315, 323, 335;
effect on colonization, 105, 106, 117;
effect on hybrid survival, 164; effect on
rainfall and air and sea temperatures, 83,
315, 335; effect on reproduction and
survival, 82, 84-86, 88, 315, 337; effect
on seed composition, 73; effect on seed
supply, 69-70; effect on vegetation, 31,
71,72,75, 315, 337; history of, 337

El Nifo-Southern Oscillation (ENSO), S,
82,99, 336

electrophoresis, xxxiii

Eleusine indica, 339

Emberizidae, 4

embryonic development, 271, 276, 277

emigration, 60, 207, 219, 223, 349

endemism, 235

Enderby Island, 313

endogamy, 247, 256

endogenous retrovirus (ERV), 176

environment, 58, 59, 69, 77, 78, 99, 104, 117,
164, 167, 184, 235, 303; arid, 81, 232,
318; changing/fluctuating, 207, 228, 230,
231; heterogeneous, 141, 178; temperate,
80

environmental conditions, temporal varia-
tion in, 178-79

environmental stochasticity, 318

environmental variation, 47, 57, 295, 312,
323; over time, 335-36

ephemerality of species, 306

episodic selection, 189, 198, 209, 212, 215

epistasis, 161,260

equilibrial genetic variation, 56, 168, 173,
349

Eragrostis cilianensis, 32, 338

Espanola Cactus Finch. See Geospiza
conirostris
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Espariola Island, S, 21, 242, 275

ethological speciation, 293

Eurasian Blackcap (Sylvia atricapilla), 146

Europe, 106

evolution: adaptive radiation. See adaptive
radiation; ecological causes of, 211; gen-
eralizing to finches on Daphne, 230-39;
importance of rare events, 264; investiga-
tion tools, xxxiii—xxxiv; island size and
isolation effects, 234-35; morphological,
207-29; of new species, 240, 241, 256,
266,269,278,284,291,292,297,307,
330; observed, 14; oscillates in direction,
69-75, 78; predictability and evolvabil-
ity, 312-14; prediction of, 68, 136-39;
rapid, 16, 295-96; “ratcheted”, 206; rate
of, 238; in response to natural selection,
58, 66-71,76-78,206-29, 230, 318, 330;
reticulate, 291, 292, 306, 333

evolutionary change: in beak size, fortis and
scandens comparison, 135-39; ecological
causes of, 5; extrinsic potential of,
282-83

evolutionary divergence, 235, 237, 332

evolutionary potential: of introgression,
176-77,204; of a population, 312-14

evolutionary trajectories: of beak size, 14,
15,77, 132,207, 212; growth after hatch-
ing, 279-80

evolutionary transitions on body size and
beak shape, 273-74

evolvability, 54, 312-14

exogamy, 254

extinctions, S, 265, 297, 303; of fuilginosa
from Daphne, 38, 42; importance of in
adaptive radiation, 303—4, 305, 331; risks
of after colonization, 104

extra-pair mating (EPM), 152, 254, 341-44

extra-pair paternity, 50, 92, 93, 152, 344

extra-pair young (EPY), 50, 51, 52, 53,248

extrapolation, on the dangers of, 349

extreme weather events, effects of, 315-18

extrinsic potential for evolutionary change,
282-83
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FO/ F, / F, generations (magnirostris), 106-7,
110, 117

Falco peregrinus (Peregrine Falcon), 345

family resemblance, 45, S5, 147

feeding adaptations, S; efficiency of,
129-30, 178, 179, 260, 261

feeding behavior, 26-27, 31, 36-38, 41-42,
70, 173, 211, 248, 260; beak shape im-
pact on, 211, 215; generalist, 173, 260,
300

Fernandina Island, S, 18, 275

ferns, 339

fertility of hybrids, 159-60, 293

Ficedula albicollis (Collared Flycatcher), 108

fish, S, 179, 184, 241, 324

fission-fusion dynamics, 234

fission of populations, 165, 234, 291, 324

fitness: absolute mean, 65; and beak depth
and body size, 5, 69; and breeding ecol-
ogy, 79-100; consequences of hybridiza-
tion, 155-61; effect of inbreeding, 7;
from extra-pair mating, 344; genotype—
phenotype—environment interaction
influence on, 58, 59; of hybrids, 62,
155-61, 162, 164, 331; of individuals, 86;
and introgression, 180; and lifetime
number of recruits, 91-92; morphology
contribution to, 91-93, 99, 100; parental,
93; peaks and valleys, 36, 37; reduced
with inbreeding, 95-97; relative, 65,
161, 162, 165; reproductive, 79-100; in
selection analysis, 65, 69; variation in,
97-98, 99, 100

fitness costs of inbreeding, 107-9

fledging success, 46, 87

fledglings, 81, 82, 86, 87; beak-color poly-
morphism of, 321-23; production by
magnirosris, 105, 107, 121; production of,
84, 86, 87,90, 92, 93,97, 98, 100; pro-
duction of hybrids, 144; production of
new lineage, 248; production of through
extra-pair mating, 343; song learning by,
146

flies, 241,272
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Floreana, 18, 164, 184

flycatchers, 97; Collared (Ficedula albicol-
lis), 108; Galapagos (Myiarchus magniros-
tris), 43

food availability, 22; annual variation, 179;
and beak size, 36, 37, 156; and character
displacement, 129; and competition,
123-28; distribution profiles, 30; during
drought, 64, 234; estimating, 26-27; and
hybrid survival, 156-57; and mortality,
211; scarcity of, 22; seasonal variation,
59,123, 124

foraging. See feeding behavior

fortis, Geospiza. See Geospiza fortis

fossils, 206, 233

founder event, 104; by magnirostris, 105-7,
111; causes, 106; forming new lineage,
264

frequency distributions, 19, 137, 144, 170,
187, 196, 286, 347

freshwater fish, 5, 179, 324

fruits in diet, 27, 28, 29, 32

fuliginosa, Geospiza. See Geospiza fuliginosa

fusion of populations, 165, 183,202, 234,
291,324

future lives of finches on Daphne, 311-26;
extreme climate events effects on, 318;
global warming impact on, 315-16; hy-
brid lineage, 319-20; increase in average
rainfall effects on, 315-17; invasive plant
species and disease, 320-21; merge-and-
diverge dynamics, 318-19; the present as
a guide to the future, 314-15; value of
long-term studies, 321-26

Galactia striata, 338

Galépagos: climate change, 335; coloniza-
tion by vertebrate animals, 304; ecologi-
cal conditions, 318; fission-fusion-
replacement dynamics, 234; and global
warming, 314-15, 326; islands as macro-
cosm of adaptive radiation, 333; map,
xxxiii; rapid diversification, 295-96,
307, 332; rapid evolution of Darwin’s

INDEX

finches, 295, 296; weather variability, S,
22,69, 70-72. See also specific islands,
e.g. Genovesa Island

Galépagos Dove (Zenaida galapagoensis),
43,345

Galdpagos finches. See Darwin’s finches

Galédpagos Flycatcher (Myiarchus magniros-
tris), 43

Galdpagos Hawk (Buteo galapagoensis), 94,
345

Galdpagos Martin (Progne modesta), 43,
345

Galdpagos National Park, 52

Garden Warbler (Sylvia borin), 146

Gardner Island, 242

gene exchange, 234, 240, 291, 294

gene expression, 276, 277, 280, 281

gene flow, 199, 202, 235, 347; barriers to,
148, 155, 164; conspecific, 168, 173-75;
network, 170

gene regulation, 277, 278-79

generalist feeding behavior, 173, 260, 300

generalization when N=1, 230-39

genes: additive effect of, 47; deleterious,
108; regulating beak development,
133-35, 263-64,276-79, 281

genetic absorption. See reproductive
absorption

genetic anomalies, 187

genetic augmentation, 119

genetic barriers. See barriers to
interbreeding

genetic bottleneck, 117, 119

genetic characteristics/characterization,
110, 187

genetic compatibility, 155

genetic constraints, 177, 276

genetic convergence, 197-202

genetic correlations, 176, 180

genetic covariances, 271

genetic distance, 199, 200

genetic divergence, 285, 291-93

genetic diversity in magnirostris, 110-15, 121;
composition of the breeding population,
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114-15; losses and gains of alleles, 111,
112; nonrandom colonization, 114;
source of immigrants, 111-14, 121

genetic drift, 7, 168, 173, 185, 231, 232, 239,
255,333

genetic fitness, 79-100

genetic hybrids, 189, 205, 347, 349

genetic incompatibilities, 156, 164, 191,
202,294

genetic isolation, 306

genetic load, 117

genetic markers, 5, 46, 50, 110, 121, 173,
189,197,357

genetic polymorphism, 321-23

genetic rescue, 119, 265

genetic resistance, 272

genetic similarity, 234

genetic transformation in speciation, 276,
280; gene regulation, 278-79; signaling
molecules, 276-78

genetic transmission, 147, 149. See also heri-

table variation/heritabilities

genetic variances, 271; for size, 271

genetic variation, xxxi, 45-57, 104, 167;
four-factor scheme (theoretical model),
167

genetically effective size of a population,
231

genetics: loci. See loci; quantitative. See
quantitative genetics; variance-
covariance matrices, 68

genome network tree for Darwin’s finches,
293

genome sequencing, 242

genomes, xxxvii, 303

genomic ancestry, 189-90, 192, 193

genotype: of immigrants (magnirostris),
111-13; of individuals (from bird 5110),
24S,246-47,352; and phenotype-
environment interactions, 58, 59

genotype X environment correlations,
52-53

Genovesa Cactus Finch. See Geospiza

propinqua
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Genovesa Island, xxxiv, S, 35, 77, 80, 107,
116, 164, 275, 279, 285, 290, 345; inter-
breeding, 184

geological history, 9-10, 232-34, 335

Geospiza (ground finches), xxxiv, 233, 290,
296,299,302

Geospiza acutirostris, 184, 275, 285,290

Geospiza conirostris (Espanola Cactus Finch)
(number 5110), 241-66, 242, 275, 282,
324; Aline of descent, 244, 251, 25659,
265, 291; B line of descent, 245, 24647,
251,253,257,258, 265, 291; beak size and
width, and in lines of descent, 249, 250,
252,258,260, 262-63, 265; Big Bird
lineage, 242, 245, 248-50, 254, 258,259~
65, 323-24; body size, 257,260, 263, 265,
291; descendants—phase I: the start of a
new lineage, 242, 243-4S; descendants—
phase II: generations 1 and 2, 245-46;
descendants—phase ITI: endogamy and
reproductive isolation, 246-55; fate of the
Aline of descent, 256-59; feeding, 260;
homoploid hybrid speciation, 240-55,
256; local community, 253; origin of re-
productive isolation, 255-56; phenotypic
uniqueness, 243-45; songs and song from
lines of descent, 243-45, 251, 291, 330; a
stranger arrives on Daphne, 241-43; terri-
tory, 253-54. See also Geospiza propinqua

Geospiza difficilis (Sharp-beaked Ground
Finch), 274, 275, 298, 302, 306

Geospiza fortis (Medium Ground Finch),
xxxii, 6, 10, 11, 15-16, 44, 127, 275, 285;
adaptive radiation, 178; beak dimen-
sions, 35, 48, 51, 55-56, 65-66, 283-85,
286,294, 340, 343; beak size and shape,
18, 19, 31, 36, 45, 135-39, 194-97, 21214,
231,249,261, 270,276,279, 330, 349,
350; beak-color polymorphism, 321-23,
355, 357-58; behavior, 103; body size,
45-47, 62,212, 340, 343; breeding, 82,
84, 85-97; character release hypothesis
testing, 18, 22—43; classifying individuals
to species, 144, 177, 184, 186; competition
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Geospiza fortis (Medium Ground Finch)
(continued)

with magnirostris, 122-39; competition
with scandens, 36-38; competitive exclu-
sion of fuliginosa from Daphne, 38, 42;
copying of magnirostris songs, 152-55;
copying of scandens songs, 175; diet and
evolutionary change, 135-39; diets,
22-27,28, 31, 59, 118, 120, 262; drought
effects, 60-64; eggs, 82; evolutionary
trajectory of beak size, 14, 15, 132, 207;
extra-pair mating, 152, 341-42, 344;
feeding, 26, 41, 173, 178, 179, 211, 314;
frequency of hybrids, 193; genetic con-
vergence, 197-202; genetic hybrids, 189,
347, 349; heritable variation, 45-57;
hybrids/hybridization, 143, 144, 152-64,
159, 169, 17073, 175, 176, 178, 180,
186-205, 215, 235, 242-46, 253, 286,
291, 319; immigrants and residents, 174,
175; leg banding, 33; morphological
change, 270; morphological conver-
gence, 188-93, 202; morphological in-
termediacy, 19; morphological trends,
212-14, 228-29; morphological varia-
tion, 51, 166-80, 194-97, 228, 236, 343;
natal and breeding locations, 53; natural
selection and evolution, 58-78,207-25,
330; number of breeding individuals, 84;
phenotypic variation, xxxiv, 45-57,
140-41; plumage maturation, 203,
350-52; population size on Daphne, 317;
selection regimes, 208-9; songs and
song variants, 145, 147, 148-50, 151, 245,
246,288,289, 290; space and time
equivalence, 283-8S; transitions to fuilgi-
nosa and magnirostis morphologies, 273
Geospiza fuliginosa (Small Ground Finch),
xxxii, 6, 18, 44, 232, 275, 285, 313, 332;
absence from Daphne, 38, 42, 44, 136;
beak size and shape, 18, 19, 31, 36, 194-97,
279,285, 286, 294, 340; body size, 340;
breeding, 142-43, 160; character release,
18; diets, 22-27, 28, 31, 120; eggs, 82;

INDEX

frequency of hybrids, 193; genetic hy-
brids, 189, 347; hybrids/hybridization,
142-43, 154, 155, 156, 159, 160, 161,
164, 170, 173, 178, 186-87, 235, 237, 253,
286, 320; as immigrant on Daphne, 42;
leg banding, 33; on Los Hermanos, 31, 36,
204; morphological variation, 194-97,
228,236

Geospiza magnirostris (Large Ground

Finch), xxiii, 6, 10, 15, 104, 127, 172,
184,190, 207, 275, 28283, 285, 324,
332; beak shape and size, 19, 51, 219-25,
262-64,279,286,294, 340, 349; beak-
color polymorphism, 322, 323, 355,
357-58, 359; body size, 219, 220, 340;
breeding populations, 14; breeding suc-
cess on Genovesa, 107; changes in size of
breeding population, 105; colonization
of Daphne, 103-21, 270, 271; coloniza-
tion success factors, 117-20; competition
and character displacement, 122-39,
330; copying of their song by fortis and
scandens, 152-55; dependent on Opuntia
and Cordia lutea, 314; dependent on
Tribulus, 312, 314; diet, 120, 262; does
not hybridize on Daphne, 152-55; eggs,
82; extra-pair mating, 344; feeding, 119,
211, 260, 261; first few generations,
106-10; founder event, 105-7, 111; gene-
alogy (1983-92), 108; genetic diversity,
110-15, 121; hybridization on Santa
Cruz, 175; immigration effects impact
on beak morphology, 219, 223-24; in-
breeding, 107-9, 265; leg banding, 33;
morphological change, 270-71; morpho-
logical trends, 219-25, 228-29; morpho-
logical variation, 51; plumage matura-
tion, 351; possible role of selection on,
223; recurrent immigration, 109-10, 118,
207; residents, 174; songs, 115-17, 121,
151,289

Geospiza propinqua (Genovesa Cactus

Finch), 35, 54, 77, 184, 275, 278, 285,
290,358
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Geospiza scandens (Common Cactus
Finch), xxiii, 6, 10, 11, 275, 285, 347;
beak dimensions, 48, 51, 55-56, 218,
340; beak shape and size, 194-97, 212,
215-18, 217,270, 276, 279, 285, 350;
beak-color polymorphism, 322, 323, 355,
357-58; behavior, 203; body size, 215,
216, 340; breeding, 82, 84, 85-97; clas-
sifying individuals to species, 144, 177,
184, 186; competition with fortis, 36-38;
competition with magnirostris, 122-39;
copying of magnirostris songs, 154, 155;
dependence on Opuntia cactus, 312; diet,
37,38, 118, 120, 262; eggs, 82; evolution-
ary trajectory of beak size, 14, 15, 207;
extra-pair mating, 341, 344; feeding,
36-38,39-42, 124, 173, 211; frequency
of hybrids, 193; genetic convergence,
197-202; genetic hybrids, 189, 347, 349;
heritabilities, 53—57; heritable variation,
47-53; hybrids/hybridization, 143,
144-45, 154, 155, 156, 158-63, 159, 164,
169, 170-73, 175, 176, 178, 180, 186-205,
215,235, 237, 242, 244, 276, 291, 319;
immigrants, 175; leg banding, 33; mor-
phological change, 270; morphological
convergence, 188-93, 202; morphologi-
cal trends, 215-18, 228-29; morphologi-
cal variation, 51, 166-80, 194-97, 228,
236; natal and breeding locations, 53;
natural selection and evolution, 207-25;
number of breeding individuals, 84;
phenotypic variation, xxxv, 47-53,
140-41; plumage maturation, 203,
350-52; population size on Daphne, 317;
selection regimes, 209-11; songs, 148,
150, 243, 246, 288, 289, 290

Geospiza septentionalis, 275, 358

Geospiza strenuirostis, 256

glacial/interglacial cycles, 21, 233, 239,

333

global warming, 314-1S, 318, 326

glossary, 365-72

Gossypium barbadense, 338
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Gradual model of adaptive radiation, 297,
302,307

granivores, 6, 38, 130, 173, 271, 277, 279,
280, 281, 300

Gray Warbler- Finch (Certhidea fusca) 335

Great Blue Heron (Ardea herodias), 345

Great Egret (Ardea alba), 94, 34S

Green Warbler Finch (Certhidea olivacea),
275,302, 345

greenhouse gas emissions, 314, 326

growth of finches: after hatching, 279-80.
See also embryonic development

gulls. See Larus

habitat, 80, 104, 114, 117, 234, 235; destruc-
tion, 184; effect on song transmission,
288; of finches, 11, 12; outside Galdpa-
gos, 237-38; spatial variation in, 179

Haemorhous mexicanus (North American
House Finch), 278

hatching success, 46, 84, 87, 107, 159,
322

Hawnaii, 5,298

Hawk, Galépagos. See Buteo galapagoensis

heat dissipation, 127

Heliotropium angiospermum, 28, 32, 338

Heliotropium curassavicum, 339

Herissantia crispa, 338

heritable variation/heritabilities, 45-53, 57,
97, 273; beak-size traits, 46-57; body-
size traits, 46-57; estimating, 47-50; and
fitness, 97; in hybrids, 169; potential
biases, 47, S0-53; research strategy, 46;
species comparison, 53-57. See also
family resemblance

Heron, Great Blue. See Ardea herodias

Heron, Lava. See Butorides sundevalli

heterochrony, 278

heterospecific ancestry, 190

heterospecific copying of song, 150, 151,
152-55

heterospecific imprinting, 152

heterozygous/heterozygosity, 110, 111, 112,
114, 117, 118, 133, 180, 187, 358, 360
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HMGA?2 gene, 133, 134, 135, 136, 236, 260,

263,278,285

homoploid hybrid speciation, 240-55, 256,

330

homozygous/homozygosity, 242, 245, 247,

254-55, 352,358,360

honeycreepers, 5,298

House Sparrow (Passer domesticus), 97

Hubbs principle, 144

human activities, 4, 184

hummingbirds, 298

hybrid lineage, 282, 291, 306, 314, 319-20,
324. See also Big Bird lineage; new
lineage

hybridization, 7, 140-65, 235-36, 239,
241, 333; and adaptive radiation, 324,
330-31; barriers to, 186-90, 255, 256,

257,287-88,290-91, 293, 294; and beak

size, 170, 171; bird S110 (G. conirostris)
and descendants, 240-66; blurring of
genetic distinctions, 185-87, 188; blur-
ring of morphological distinctions,

187-88; causes of, 141-42, 143-52; con-

vergence through, 184-205, 330; and
copying of magnirostris songs by fortis,
152-55; due to scarcity of conspecific
mates, 144-4S5; effect on allometry, 176,

177, 195-97; effect on variation, 169-73;

and evolution of reproductive isolation,
241; and extra-pair mating (EPM), 152;
fitness consequences, 155-61, 331; fre-
quency of, 143; hybrid lineage, 319-20;
and imprinting, 145, 148-52, 153, 163,

164; introgressive, 141-42, 161, 164, 165,

166-80, 184, 191, 194, 198, 203-5, 276,
285,291,293, 346-47, 348; long-term
trends, 183-205; phylogenetic implica-
tions, 291; song influence, 144, 145-438,
152-55, 163, 243-47, 265, 290-91, 294;
speciation through, 155, 240-66; varia-
tion in time; vs mutation, 175-76. See
also introgression

hybrids and backcrosses, 144, 159, 236;
allometry influence, 176, 177, 195-97;

INDEX

assigning individuals to species, 144, 177,
184, 186; in assignment tests, 185; beak
proportions, 176, 177, 195-97; diets of,
156-57, 260; feeding efficiency, 178, 179;
fertility, 159-60; fitness of, 62, 155-61,
180; frequencies of, 193-94, 203; gene-
tic, 189, 20S; hatching success, 159; heri-
table variation in, 169; heterogeneity of
pairing within a family, 154; identifica-
tion, 186, 242; imprinting of song, 163;
mating patterns of, 154-55, 161-63;
morphology of, 167-69, 178; plumage
maturation, 202-3, 351-52; survival,
158, 164; viability, 155-59

Hydrobates (storm-petrels), 346

Hyles lineata (sphingid caterpillar), 25

Ice Age, 21

immigrants, xxxii, 7, 15, 42, 95, 105, 107,
174, 175, 241-43; and colonization, 106,
115, 116; source of (magnirostris), 111-14,
121

immigration: gene flow through, 175; im-
pact on beak size of magnirostris, 219,
223-24; recurrent, 109-10, 118, 207

imprinting, 145, 146; heterospecific, 152;
perturbations of, 148-52, 164; of songs
in hybrids and backcrosses, 153, 163,
265,330

inbreeding: avoidance of, 96-97; coeffi-
cient of coancestry, 107; coeflicient of
inbreeding, 96, 110, 254-5S; deleterious
effects, 265; fitness costs of, 107-9; mag-
nirostris, 107-9, 265; occurrence of, 104,
110, 118, 254

inbreeding depression, 95-97, 109, 121,
165, 180

incipient species, 183, 306, 332

inheritance: beak-color polymorphism,
321-23, 356; Mendelian, 185, 322, 355;
song, 145-48

interbreeding. See hybridization

interspecific competition, 16, 17, 21-22, 207;
magnirostris on Daphne, 122-39, 204
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interspecific introgression, 291

intraspecific competition, 125

introgression, 176, 234, 330; of alleles, 161,
180, 197-98, 231, 347, 348; convergence
through, 205, 330; counteracting in-
breeding depression, 165, 180; evolution-
ary potential, 176-77, 204; and fitness,
180; gene flow through, 175; interspe-
cific, 291; recurrent, 161; unidirectional,
291

introgressive hybridization, 141-42, 161,
164, 165, 184, 191, 194, 198, 203-5, 237,
241,276,285, 291, 293; comparison of
fortis and scandens, 171-73; conspecific
gene flow, 173-75; correlations, 176,
180; from fuliginosa to scandens via fortis,
169-71, 34647, 348; gene flow net-
work, 170; and variation, 166-80; vs
mutation, 175-76

invasive plant species, 320

Ipomoea linearifolia, 27, 339

Isabela Island, 18, 31, 113, 114, 121, 204, 275,
284,285

islands: diversification, 17; size and isola-
tion effect on evolution, 234-35. See also
specific islands, e.g. Santa Cruz Island

isolation: acoustic, 254; ecological, 257;
genetic, 306; reproductive. See reproduc-
tive isolation

La Nina, 5, 82, 318, 336

Lack, David, 10, 17, 18, 21

Large Cactus Finch. See Geospiza conirostris

Large Ground Finch. See Geospiza
magnirostris

large islands, population dynamics, 234-3$

Large Tree Finch. See Camarhynchus
psittacula

Larus (gulls), 313

Larus argentatus, 361

Larus fuscus, 361

Lava Heron (Butorides sundevalli), 345

learning: inheritance through, 145-48; and
mate choice, 164; process of, 148, 150,
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164; in reproductive isolation, 287, 293;
sensitive period for, 145, 146, 148; of
song, 146, 148-52, 288. See also
imprinting

leg banding, 27, 33

lineages, 332; Big Bird, 242, 245, 248-50,
252,254-57,259-64, 312, 352-55; from
Asemospiza to Certhidea and Platyspiza,
299-303, 331; “ghost,” 303, 331; hybrid,
282,291, 306, 314, 319-20, 324; new,
241-66; reproductively isolated, 246-55

linkage, genetic, 134, 167, 197, 263

lizards, S, 238, 304, 305, 324, 344

loci: autosomal, 110, 111, 121; and beak size,
133-35; heterozygous, 110, 111, 112, 114,
117, 352; homozygous, 2485, 247, 352;
transcription factor for beak shape, 134,
278,282, 330, 332; z-linked, 110

long-term studies: value of, 321; beak-color
polymorphism, 321-23; changes in per-
spectives, 324-26; detection of rare but
strong events, 323-24

long-term trends: in hybridization, 183-205;
in natural selection, 206-29

longevity, 80, 90, 93-95, 97; factors affect-
ing, 94-95, 96, 99-100; and morphology,
99-100; variation in, 95

Los Hermanos (Crossmans), 18, 19, 20, 31,
36,204, 286

Lowxigilla noctis, 293

McGill seedcracker, 27

macroevolutionary patterns, 206, 225

magnirostris, Geospiza. See Geospiza
magnirostris

mammals, 80, 119, 241

Mandarte island, Canada, 119, 344

Manduca (caterpillar), 25

Marchena Island, S, 18, 113, 121, 275

marking finches, 33

Martin, Galdpagos. See Progne modesta

mate choice, 164, 330; by bird 5110, 243-45;
cues used in, 146, 154-55; random, 107;
within-group, 254
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maternal effects, 52

mating patterns of hybrids, 154-5S, 161-63

measurement and marking of finches, 33,
34-35, 337, 340; annual changes in
measurement, 341, 343; samples for
selection analyses, 351, 353-54

Medium Ground Finch. See Geospiza fortis

Medium Tree Finch. See Camarhynchus
pauper

medium-population syndrome, 232-34;
beyond Galépagos, 237-38

Melanospiza bicolor, 293

Melospiza melodia (Song Sparrow), 96, 108,
119, 344

Mendelian inheritance, 183, 322, 355

Mentzelia aspera, 338

Merremia aegyptica, 27,72, 339

mice, 272

microevolutionary studies, 206-7, 225

Microlophus (lizard), 344

microsatellite DNA markers, 46, 50, 110,
121, 173, 189, 197, 302, 356

Middle Pleistocene Transition, 302

migrants, 80, 345

misidentified paternity, 50-51, 52, 57

misimprinting, 145

mist nets, 33, 34, 45, 110

mitochondrial DNA (mtDNA), 202, 302

molecular genetic markers, S, 46, 50, 110,
121, 173, 189, 197, 357

molecular phylogeny, 274

Mollugo flavescens, 338

molt/molting, 6, 64, 76,203, 351

monogamy, 50, 93

montane habitat, 237

morphological changes in the Daphne finch
community, 269-71

morphological convergence, 188-93,202,
205

morphological divergence in allopatry, 293,
294, 331

morphological diversity, 4, S, 7, 298-99;
reconstructing the process of, 299-303

morphological evolution, 207-29

INDEX

morphological intermediacy of fortis, 19

morphological transformation in specia-
tion, 271-72; species that differ in shape,
273-76; species that differ in size,
272-73

morphological trends: fortis, 21214, 228-29;
magnirostris, 219-25, 228-29; scandens,
215-18,228-29

morphological variation, 6-7, 166-80, 228;
beak shape and size, 18-19, 134, 194-97,
203,204,222,231,236,263,349; in
diet, 178-79; genetic basis, 45-57; and
mortality, 347-49

morphology: annual change in, 207; Big
Bird lineage, 260-64; contribution to
fitness, 91-93, 99, 100; divergence of. See
speciation; genetic effects on. See genetic
variation; of hybrids, 167-69, 178-79;
and longevity, 94, 99-100; selection on.
See natural selection; and songs, 146,
289-91; species different in, 17; species
transitions in, 273

mortality, 95, 318, 34S; caused by starva-
tion, 60-64, 130, 131, 211; causes by
intraspecific competition, 125; and diet,
211; from parasites, 321; from predation
and natural causes, 95; and variation,
347-49

multicollinearity, 69

museum specimens, 10

mutations, 167, 238, 294, 322; and specia-
tion, 278; vs hybridization, 175-76

Myiarchus magnirostris (Galapagos Fly-
catcher), 43, 345

Natural History Museum, 10

natural selection, 4, 5, 7, 16, 17, 202; Big
Bird lineage, 260, 262-63; causes of
selective mortality, 60—64; on different
age groups, 65-66; directional, 68, 76-77;
and drought, 60-66, 69-71, 75, 78, 234,
318, 326; effects on fortis and scandens,
207; episodic, 189, 198, 209, 212, 215;
evolution in response to, 58, 66-71,
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76-78,206-29, 230, 318, 330; long-term
trends, 206-29; in opposite directions,
76-77,78; oscillates in direction, 69-75,
78; repeated occurrence, 69; and sea-
sonal variation, 58-59, 69-75; in small
populations, 232; and speciation in Dar-
win’s finches, 293-94, 331; targets of,
64-65; vs artificial selection, 228. See
also selection; selection differential; se-
lection gradient

Neanderthals, 240

Neotropical species, 237, 238

Nesospiza, 234

nest predators, 80

nesting/nest sites, 46, 53, 81, 82

nestlings, 46, 80, 81, 88, 95, 321, 345; beak-
color polymorphism, 321-23, 355-61

new lineage, 241-66

Nolana galapagoensis, 339

nonrandom colonization, 114

North America, 280

North American House Finch (Haemorhous
mexicanus), 278

North Plaza Island, 232

North Seymour Island, 9, 21, 320

Notiomystis cincta (stitchbirds), 108

Olive Warbler-Finch (Certhidea olivacea)
275,302, 337, 345

Opuntia echios (Prickly Pear Cactus), 6, 11,
25,73,225,306, 332, 338; competition
for seeds, 123, 130; flowers and buds of,
28, 39, 64, 120, 123, 211, 260, 262; fruits
and seeds of, 37, 40, 42, 59, 64, 74, 78,
118, 120, 123, 124, 211, 237, 262, 314, 345;
life span, 124; nectar and pollen of, 41,
64, 82, 124, 211, 260, 358, 359; as nest
sites, 46, 81; scandens dependent on, 312

Owl, Short-eared. See Asio flammeus

oxygen-isotope ratios, 336

P1 allele, 199, 201, 205
P2 allele, 201, 202
Pacific, 5, 314-15, 336
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paleoclimate, 304

paleontology. See fossils

parapatry, 238, 282

parasites, 80, 321

parental fitness, 93

Paspalum galapageium, 338

Paspalum redundans, 339

Passer domesticus (House Sparrow), 97

paternity/paternity assessment, 46, S0-51,
52, 57,92, 93, 152, 186, 243, 344, 356,
358

pedigrees, 144, 177, 184, 186-87, 189, 195,
203, 243,244,245,247-48,352

Peregrine Falcon (Falco peregrinus), 345

Periglypha multicostata, 233

Petroica traversi (Black Robin), 108

Phaethon (tropicbirds), 346

Phaseolus atropurpureus, 338

phenotypic merging, 191

phenotypic plasticity, 314

phenotypic variation, xxxi; biases, 47; in
body-size and beak size, 46-57, 264;
estimating, 47; in fortis, xxxiv, 140; in
scandens, Xxxv

Philornis downesi (parasitic fly), 321

phylogeny/phylogenomics, S, 242, 274,
275,291, 292, 293, 298,299-303, 304

phylophenomics, 298

Physalis pubsecens, 339

Pinaroloxias inornata (Cocos Finch), 275,
298,302

Pinta Island, 5, 18, 113, 116, 275, 302

Pinzon Island, S, 18

plant species, 11, 27, 32, 338-39; annual
variation in reproduction, 124; coloniza-
tion of Galédpagos, 304, 306, 332; crucial
for survival of two finch species, 312;
ecological links to speciation and adapta-
tion of finches, 304-6; invasive, 320

Plasmodium, 320

plasticity, phenotypic, 314

Platyspiza (Vegetarian Finch), 298, 299,
301, 302, 303, 307, 331

Platyspiza crassirostris, 275, 302
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playback experiments, 145, 249

pleiotropy, 231

plumage/plumage maturation, 203, 287,
350-52, 359

pollen, 41, 64, 82, 124, 211, 260, 358,
359

polygenic variation, 167

polymorphism, beak-color, 321-23, 355-61

polyploid species, 240

population genetics theory, 230-39; an
island within an island, 235-37; beyond
Galépagos, 237-38; large islands,
234-35; medium-population syndrome,
232-34, 237; small-population syn-
drome, 231-32; when N=1, 230-31

populations: crashes of, 317; establishment
of, 8, 14, 107, 117, 241, 319, 324; evolu-
tionary potential, 312—-13; fission and
fusion of, 165, 183, 202, 234, 291, 324;
genetically effective size of, 231; growth
of, 117; sizes of, 231-34, 317, 318; space
and time equivalence, 283-85; temporal
changes during drought, 63

Porophyllum ruderale, 339

Portulaca howelli, 32,46, 338

Portulaca oleracea, 119, 120

pre-mating barriers to interbreeding, 287—
88,291, 293, 331

predators, 80, 94, 95, 234, 344-46

predictability of evolution, 312-14

predicting reproductive success, 87-90;
cohorts of 1975, 90-91; contribution of
morphology to fitness, 91-92; contribu-
tion of offspring to parental fitness, 93;
four later cohorts, 91, 92; inbreeding,
95-97; longevity, 93-95, 96, 97,99, 100

premaxillary bone, 276-77

prenasal cartilage, 276, 277

Prickly Pear Cactus. See Opuntia echios

primates, 240, 303

principal components analysis (PCA), 147,
273

Progne modesta (Galépagos Martin), 43,
345

INDEX

propinqua, Geospiza. See Geospiza
propinqua

Protonotaria citrea (Prothonotary Warbler),
345

pyroclastic cone, 9-10

quadrats for seed sampling, 26
quantitative genetics, 45, 273

RabidaIsland, S, 18,284

radiation, adaptive. See adaptive radiation

rainfall, 5, 22, 69, 72—73, 335; air and sea
temperatures, 83, 315; annual variation in
reproduction in relation to, 82-87; and
breeding biology, 81-82; effects of in-
crease in average rainfall, 315-17, 326;
and length of breeding season, 84-85

random genetic drift. See genetic drift

randomizing clutches among foster parents,
52,53

rare events, importance of, 264, 323-24

“ratcheted evolution,” 206

reciprocal expression, 278

reciprocal introgression, 291

recombination, 135, 167, 176, 228, 263

recruitment, 89, 93, 96, 97, 98

recruits, 92, 93; production, 97, 98

recurrent immigration, 109-10, 118, 207

relatedness, 15, 105, 108, 265, 285

relative fitness, 65, 161, 162, 165

Replacement model of adaptive radiation,
297,302, 304,307

reproduction: age structure, 85; annual varia-
tion in relation to rain, 82-87; basic
breeding biology, 81-87; breeding season,
81-82, 84, 88; constraints on, 80; hatch-
ing and fledgling success, 87; lifetime
reproductive traits of female finches, 89;
long-term study, 46; number of breeding
individuals on Daphne, 1976-91, 84;
number of broods per year, 85; predicting
reproductive success, 87-97; sequence of
broods, 86; variation in fitness, 97-99;
variation in lifetime recruitment, 89
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reproductive absorption, 183-84

reproductive advantage, 93

reproductive character displacement. See
character displacement

reproductive fitness and breeding ecology,
79-100

reproductive isolation, 16,241, 249,
254-55, 257,260, 286-90, 293; origin
of, 255-56

research strategy, 46

residents, 174

reticulate evolution, 291, 292, 306, 333

Rhynchosia minima, 339

Roccella gracilis (lichen), 38

rodents, 272, 304

salamanders, 241

Salvia sp., 33

sampling grids, 26

San Cristébal Island, 6, 18, 235-36, 275,
284

Santa Cruz Island, 6-7, 8, 18, 19, 20, 21, 22,
71,73, 115, 116, 144, 178, 179, 231, 232,
241,244,275, 313, 335; air and sea tem-
peratures, 83; beak size, 36, 284, 286;
dietary differences, 23, 24; fulginonsa on,
38, 172; hybridization, 175, 279; rainfall
variance, 315-18; seed abundances, 25,
30; as source of magnirostris, 111, 113, 114,
121

Santiago Island, 18, 113, 116, 275, 303,
335

Sarcostemma angustissima, 338

Scalesia crockeri, 184, 339

scaling, 279

scandens, Geospiza. See Geospiza scandens

sea level rise, 21, 233, 314

sea-surface temperature, 83, 315, 318-19,
326,335,336

seasonal variation, 22-24; and natural se-
lection, 58-59, 69-75; in reproduction,
82-87. See also drought; dry season; El
Nifo; rainfall

secondary contact, 8,257
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seed handling. See feeding behavior

seed sampling, 20, 22, 26

seeds: composition changes associated with
ElNino, 73, 74; decline during drought,
and bird mortality, 60-64; in diet,
22-27,31, 32, 118, 120, 126, 262,
338-39; differences in supply, 25-31;
estimating availability, 26-27; size and
hardness of, 22-23, 24, 27,27, 31, 38, 44,
59,60, 64

selection: antagonistic, 77, 78; directional,
76-77,132, 178, 180, 204, 207, 211, 212,
232,333, 350; disruptive, 141, 178; diver-
sifying, 178, 179, 318; ecological causes,
211; fortis, 208-9; morphological trends,
212-25; occurring repeatedly, 69; in
opposite directions, 76-77, 78; oscillates
in direction, 69-75, 78; possible role on
magnirostris, 223, 224; scandens, 209-11;
on shape, 273-76; on size, 272-73; stabi-
lizing, 212, 347, 350. See also natural
selection

selection analysis, 65, 69, 351, 353-54. See
also natural selection

selection differentials, 74, 75, 208-9, 210,
224,229

selection gradient, 65, 66, 69, 74

Sesuvium edmonstonei, 26, 46, 81, 338

Setophaga petechia (Yellow Warbler), 43, 43,
345

Setophaga striata (Blackpoll Warbler),
345

sexual imprinting, 145, 243, 331

sexual selection, 5,287, 344

shape changes, 273-76

Sharp-beaked Ground Finch. See Geospiza
difficilis

Short-eared Owl (Asio flammeus), 94, 94,
95, 345, 346

Sida salviifolia, 25, 26, 338

signaling molecules, 276-78

size changes, 272-73

Small Ground Finch. See Geospiza
fuliginosa
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Small Tree Finch. See Camarhynchus
parvulus

small-population syndrome, 231-32

Smooth-billed Ani (Crotophaga ani),
345

snakes, 80, 304

social dominance, 211

social stimulation for breeding, 106

Song Sparrow (Melospiza melodia), 96, 108,
119, 344

songs, 115; and beak size, 288-90; of bird
5110 and hybrid descendants, 243-47;
and body size, 290-91; characteristics of,
115, 116; in choice of mates, 146, 243-43,
291; copying and mis-copying of, 150,
131, 15255, 175, 246, 288; differences
within and between species, 288-90; and
hybridization, 144, 145-48, 152-5S, 163,
243-47,265,290-91, 294; inheritance,
145-48; interisland differences in fortis
and scandens, 288; learning of/imprint-
ing, 146, 148-52, 288, 330; and morphol-
ogy, 146, 288-91; playback experiments,
1435, 249; stimulation of, 106; transmis-
sion of, 147, 255, 288; types in magniros-
tris, 115-17, 121; variants in fortis, 145-47

sonograms for magnirostris, 115

South America, 237

South Plaza Island, 232

space and time equivalence, 283-85

sparrows, House (Passer domesticus), 97;
Song (Melospiza melodia), 96, 108, 119,
344

specialist species, 6, 130, 142, 211, 212, 300,
347,358

speciation, 9, 16; allopatric, 7, 8,238, 257,
282,283-8S5, 294, 329; Big Bird lineage,
257,271; bird 5110 (G. conirostris),
240-66; convergence in, 184-205, 291;
Darwin’s finches, 237-38; divergence in,
7-8,9,283-85,291; ecology of, 282-94;
episodes of, 77, 306; ethological, 293; and
extinction, 303-4; fission and fusion
during, 234; genetic transformation in,

INDEX

276-79, 280; habitat size in, 237; homo-
ploid hybrid, 240-5S, 256, 330; and learn-
ing, 146; morphological transformation
in, 271-76; and mutations, 278; process
of, xxxiv-xxxv, 42—44; rate of, 238; re-
peated cycles and adaptive radiation,
332; in reverse, 183, 184; and secondary
contact, 8, 257; sympatric, 7, 257, 282,
285-90, 291, 294, 329; tanagers, 238;
through hybridization, 155, 240-66; Y
diagram, 9

species: are fortis and scandens now one
species?, 202; Big Bird lineage, 256;
Darwin’s finches, 6-7; definition of, 8-9;
ephemerality of, 306; exploitation of
resources, 142; formation of. See specia-
tion; identification of, 144; incipient,
183, 306, 332; new species. See under
evolution; origin of, xxxi, xxxv, 297; sym-
patric, 146, 231, 234, 330; that differ
in shape, 273-76; that differ in size,
272-73; transformation of, 269-81;
transitions in morphology, 273

sphingid caterpillars, 25

Sphyrapicus (woodpeckers), 169

spiderlings, 26

Sporophila (seedeaters), 237

stabilizing selection, 212, 347, 349, 350

starvation and mortality, 60-64, 130, 131, 211

stitchbirds (Notiomystis cincta), 108

stochasticity, environmental, 318

storage effect, 173,203, 205

storm-petrels (Hydrobates), 346

STRUCTURE analysis, 186, 188, 242

Sula nebouxii (Blue-footed Booby), 11, 13,
71, 313, 346

survival of beak size and shape, 74-75, 349,
350

survival of finches, 64-66, 74-75, 82,
84-86, 88, 94-95; competition effects,
123-25; hybrids, 158, 160, 164-65

Sweden, 108, 119

Sylvia atricapilla (Burasian Blackcap), 146

Sylvia borin (Garden Warbler), 146
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sympatric speciation, 7, 257, 282, 291, 294,
329-30, 332; coexisting populations,
285-86, 294, 332; and reproductive iso-
lation, 286-90

sympatric species, 146, 231, 234, 330

tameness, 11, 203. See also behavior

tanagers, 4, 238, 272, 278, 331

Tangara, 238

tarsus length, 33, 35, 51, 54, 74, 340

temperate environment, 80

temperature: air, 83, 315; rises through
global warming, 314-1S; sea-surface, 83,
315, 318-19, 326, 335, 336

Tephrosia decumbens, 73, 338

territory, 79, 145, 151, 152, 187, 253-54,
258,344

“The cradle that is Daphne” (poem), 334

Thraupidae, 4

Thrushes. See Turdus

Tiaris bicolor. See Melanospiza bicolor

Tiaris obscurus. See Asemospiza obscura

Tiquilia darwinii, 339

Tiquilia galalpagoa, 28, 338

tortoises, 304

Tournefortia psilostachya, 339

transformation of species, 269-80; genetic,
276-79; growth after hatching, 279-80;
morphological, 271-76

transgressive segregation, 260-61

tree finches. See Camarhynchus

Trianthema portulacastrum, 339

Tribulus cistoides (caltrop), 29, 70, 225, 262,
306, 332, 338; arrival in the Galdpagos,
313, 332; competition for seeds, 126; and
feeding efficiency, 129-30; fruits and
seeds of, 24, 27, 29, 37, 64, 69, 74, 78, 118,
119, 120, 126, 127, 136, 138, 248, 260,
261; magnirostris dependent on, 312, 314;
part of the food niche of fortis, 313-14

Trichoneura lindleyana, 338

Tristan da Cunha, 234

tropical rain forest, 80

tropicbirds (Phaethon), 346
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tuff cone, 10
Turdus merula, 361
Turdus philomelos, 361

unidirectional introgression, 291
unidirectional selection, 77, 99

vangids, 298

variation: adaptive, 141, 178, 180; in allo-
zymes, xxxii; comparison of fortis and
scandens, 171-73; in diet, 178-79;
enhancement of, 169; environmental, 47,
57,295, 312, 323, 335-36; equilibrial,
56, 168, 173, 349; in fitness, 97-98, 99,
100; genetic. See genetic variation; in
growth, 50, 219; heritable, 45-53, 57, 97;
hybridization effects on, 169-73; and
introgressive hybridization, 164, 166-80;
in longevity, 95; maintenance of on a
continuously varying trait, 168; morpho-
logical. See morphological variation; and
mortality, 347-49; phenotypic. See phe-
notypic variation; polygenic, 167; in
song types, 115-17, 121; spatial, 179;
temporal, 178-79

Vegetarian Finch. See Platyspiza

vegetation/vegetation changes, 232; after
abundant rain, 72, 81; during drought,
61, 69-74,75; El Nino effects, 31, 71, 72,
75, 315; over time, 13

Venables, L. S. V,, 10

viability of hybrids, 155-59, 293

volcanic activity/volcanism, 10, 333, 335

Waltheria ovata, 339

warbler-finches. See Certhidea

warblers: Blackpoll (Setophaga striata),
34S; Garden (Sylvia borin), 146; Protho-
notary (Protonotaria citrea), 34S; Yellow
(Setophaga petechia), 43

weather variability, 5, 22, 69, 70-73. See also
climate variability; drought; dry season;
El Nifo; La Nifa

weighing, 33, 34
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weight. See body weight Yellow Warbler (Setophaga petechia), 43,
West Nile virus, 320 345
wet-season, 80-81, 97, 99; food supply, 123,
124 Z chromosomes, 191, 202
white-eyes (Zosterops), 234 Z-linked loci, 110
Whittaker’s index, 23 Zanthoxylum fagara, 306
wing length, 33, 51, 54, 74, 340, 343 Zenaida galapagoensis (Galapagos Dove),
wolf (Canis lupus), 119 43,345
Wolf Island, S, 114, 232, 275, 358 Zosterops (white-eyes), 234
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