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2 The Seabird Fossil Record
and the Role of Paleontology
in Understanding Seabird
Community Structure

Kenneth I. Warheit
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2.1 INTRODUCTION

Most seabird systems (e.g., species, communities, populations) are large in both temporal and
spatial scale. For example, it is now firmly established that many seabird populations and commu-
nities are affected by climatic cycles, some of which operate globally and over periods extending
from several years to decades (e.g., El Nifio-Southern Oscillation and the North Pacific decadal
oscillation; see Chapter 7). In general, seabirds are long lived with each bird experiencing a variety
of climatic conditions during its lifetime. The longevity of individual seabirds and the fact that
these birds live in environments that are affected by large-scale phenomena have prompted a plethora
of long-term studies of seabird populations and communities (e.g., Coulson and Thomas 1985,
Ainley and Boekelheide 1990, Harris 1991, Wooler et al. 1992). In fact, there is a lengthy history
of long-term studies of seabird populations (e.g., Rickdale 1949, 1954, 1957, Serventy 1956) and
communities (e.g., Uspenski 1958, Belopol’skii 1961).

The long-term history of seabird systems is even more remarkable when we consider the fossil
record. Contrary to “common knowledge,” birds have a rather extensive fossil record (Olson 1985a)
that is most informative. Owing to the fact that seabirds generally live or lived in depositional
environments (e.g., nearshore marine) rather than erosional environments (e.g., upland), the fossil
record of seabirds represents a large percentage of the total fossil record of all birds (see Olson
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1985a). Given this relatively good but clearly incomplete fossil record, it is possible to use seabird
fossils as a tool not only to study the truly long-term history of seabirds, but also to help interpret
the biogeographical patterns and community structure of modern-day seabird systems.

In this chapter, I summarize first the fossil history of seabirds, here defined as Sphenisciformes,
Procellariiformes, Pelecaniformes (excluding Anhingidae), Laridae, and Alcidae. This summary
includes a comprehensive table (Appendix 2.1) listing each fossil taxon, with its corresponding
temporal, spatial, and bibliographic information. I then discuss the importance of fossils and the
paleontological record in elucidating many aspects of seabird ecology and evolution. I introduce
what fossils can tell us about biology, geography, and time, and provide a series of examples of
how the study of seabird fossils presents essential information to our understanding of the long-
term and large-scale development of seabird communities. Finally, I conclude with a discussion of
the fossil history of the Alcidae. I highlight the Alcidae for several reasons. First, the fossil record
of alcids is one of the best fossil records of all seabirds because of the large amount of material
that has been collected and described, and the high degree of taxonomic diversity resulting from
these descriptions. Second, the alcids encapsulate many of the discussions that are emphasized
throughout this chapter. That is, to correctly understand the biogeographic and phylogenetic rela-
tionships of alcids requires knowledge of the alcid fossil record. Third, the fossil history of alcids
is enigmatic and presents some interesting questions requiring future research.

2.2 THE FOSSIL RECORD OF SEABIRDS

I have provided a list of fossil seabird taxa in Appendix 2.1 (368 entries, including 253 taxa
described to species, 28 of which are assigned or have affinities to modern species). Although this
list is comprehensive, undoubtedly it is not complete, and it does not include modern seabird taxa
found in Pleistocene or Holocene deposits (see Brodkorb 1963, 1967; and Tyrberg 1998 for listing
of Pleistocene fossils of modern seabirds). There are at least two published revisions of a fossil
taxon (penguins from New Zealand and Antarctica; Fordyce and Jones 1990, Myrcha in press) that
were not included in this analysis. In Appendix 2.2, 23 additional fossil taxa are listed that are now
considered synonymous with a species listed in Appendix 2.1.

It is tempting to compare the diversity among some higher taxa based on a list of species;
however, these species were probably not described using the same set of procedures. For example,
one author might feel justified naming a new species based on fragmentary material (e. g., Harrison
1985), while another author might be reluctant to do so or will wait until a greater number of higher
quality material is in hand (Olson and Rasmussen 2001). The lack of a standard in describing new
fossil species will result in some higher taxa having a greater number of described species than
other taxa simply because of authors’ biases rather than a product of true morphological diversity.
That being said, I will still make some rudimentary comparisons among the higher taxa listed in
Appendix 2.1.

Pelecaniformes is the most diverse order in this list in terms of both the number of entries
(141) and described species (94). Procellariidae is the most diverse family with 68 entries and 42
described species, followed by the Alcidae (46 entries, 31 species) and Spheniscidae (45 entries,
38 species). The oldest taxon in the list is Tytthostonyx glauconiticus, from the late Cretaceous of
New Jersey (see Figure 2.1 for time scale), tentatively placed in the Procellariiformes by Olson
and Parris (1987). Following this species there are several taxa described from the Paleocene and
Eocene, most of which are either archaic penguins or Pelagornithidae, an extinct group of bony-
tooth pelecaniforms (see below). In fact, the Paleogene (Paleocene through Oligocene; Figure 2.1)
appeared to be dominated by extinct Pelecaniformes (Pelagornithidae and Plotopteridae), Procel-
lariidae, and large-sized penguins (Figure 2.2). Except for Puffinus (P. raemdonckii, from the early
Oligocene of Belgium), modern genera of seabirds do not appear until the early Miocene or 16 to
23 million years ago (mya), and do not become taxonomically diverse until the middle Miocene
(11 to 16 mya). The middle Miocene (Fauna I in Warheit 1992; see Figure 2.1) marked the onset
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FIGURE 2.2 A reconstruction of one of the largest fossils in the Plotopteridae (Pelecaniformes). This plo-
topterid was larger than Emperor Penguins and had paddle-like wings similar to penguins. Its hindlimb and
pelvic morphology were similar to Anhingas. It used its wings to swim underwater, an adaptation that has
evolved several times in birds (Olson and Hasegawa 1979). (After Olson and Hasegawa 1979.)

of a permanent East Antarctic ice cap, a drop in sea level, and an increase in the latitudinal thermal
gradient of the world’s oceans (Warheit 1992). The steepening of this thermal gradient intensified
the gyral circulation of surface currents, and strengthened the coastal and trade winds that promote
upwelling (Barron and Bauldauf 1989). Indeed, there appears to be a temporal correlation between
these climatic and oceanographic events and the taxonomic diversification of seabirds (see also
Warheit 1992).

I discuss some of these issues and other aspects of the seabird fossil record in the next few
sections. However, I would like to highlight here two groups of extinct seabirds: Pelagornithidae
and Plotopteridae. The Pelagornithidae or pseudodontorns first appeared in the eastern North
Atlantic (England) in the late Paleocene and early Eocene (49 to 61 mya) and in the eastern North
Pacific and Antarctica in the middle and late Eocene, respectively. This group was truly global in
distribution, occurring in fossil deposits in North and South America, Europe, Asia, Africa, New
Zealand, and Antarctica, and survived some 57 to 59 million years (Appendix 2.1). The birds were
also remarkable in their morphology: gigantic in size, one species was estimated to have a wingspan
of almost 6 m (K. Warheit and S. Olson, unpublished data), with bony projections on their rostrum
and mandible (Olson 1985a). Their mandible was also composed of a hinge-like synovial joint and
lacked a bony symphysis (Zusi and Warheit 1992). Zusi and Warheit (1992) speculated that the
birds captured prey on or near the surface of the water while in flight or by lunging while sitting
on the water surface. Their extinction is enigmatic, but may be related to fluctuations in local or
global food resources (Warheit 1992).

The Plotopteridae were pan-North Pacific in distribution and ranged in size from over 2 m in
length to the size of a Brandt’s Cormorant (Olson and Hasegawa 1979, Olson 1980, Olson and
Hasegawa 1996; Figure 2.2). These seabirds were closely related to sulids, cormorants, and anhin-
gas, but were flightless and possessed paddle-like wings remarkably convergent with those of
penguins and flightless alcids (Olson and Hasegawa 1979, Olson 1985a). They disappeared in the
early and middle Miocene from the eastern and western Pacific, respectively (Appendix 2.1). Olson
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and Hasegawa (1979) and Warheit and Lindberg (1988) considered the evolution and radiation of
gregarious marine mammals as a possible cause for the extinction of the plotopterids, while Goedert
(1988) suggested that a sharp rise in ocean temperature was a better explanation for their demise
(see Warheit 1992 for discussion of both hypotheses).

2.3 THE IMPORTANCE OF SEABIRD FOSSILS
2.3.1 PALEONTOLOGY AND THE STRUCTURE OF SEABIRD COMMUNITIES

Press and Siever (1982) define paleontology as “the science of fossils of ancient life forms, and
their evolution” and define a fossil as “an impression, cast, outline, track, or body part of an animal
or plant that is preserved in rock after the original organic material is transformed or removed.”
Olson and James (1982a) extended the definition of fossil to also include subfossil bones (bones
that have not become mineralized), such as those present in archeological midden sites, and I will
adhere to this definition of fossil throughout this chapter. Because fossils, especially seabird fossils,
occur in rocks that may also contain the fossiliferous remains of climate-sensitive microorganisms
such as foraminiferans, it is possible to associate a particular climatic régime to a particular fossil
community. Furthermore, since fossil-bearing rocks also can be placed geographically and dated
either relatively or absolutely using a variety of methods, we can associate a fossil with a specific
time and place. As such, if fossils are grouped together based on time, they can provide information
on what species co-occurred during a specific period and in a specific place, and under the influence
of a specific climatic régime. Therefore, fossils are not simply a collection of broken bones, but
are in fact treasure troves that provide us with information about the morphology, anatomy,
physiology, and behavior of individual organisms, as well as composition of past ecological
communities.

Recent and historical processes contribute to the structure of seabird communities today. That
is, those that can be measured in ecological time (e.g., predation, competition, dispersal) as well
as factors that are measured in geological time (e.g., plate tectonics and the origin of modern
oceanic currents), and perhaps random luck (see Jablonski 1986 and Gould 1989 for examples of
the importance of random extinctions and historical contingencies, respectively), are responsible
for the composition of the seabird communities today. 1 argue that in order to understand the
structure of seabird communities today, we must not only study predation, competition, dispersal,
etc., but we must also study fossils. Without incorporating history, an incomplete or a potentially
incorrect story is built. To emphasize this point, I provide three examples of how studies of fossils
and geological history have contributed essential components to our understanding of seabird
communities. The first two examples (North Pacific and South African seabirds) provide information
on how continental drift, sea level, and associated changes in climate and oceanography may have
been responsible for profound changes in the composition of seabird communities. The final
example concerns how the Polynesian colonization of oceanic islands in the Pacific Ocean resulted
in extensive extinctions of both land- and seabird taxa prior to European exploration of the Pacific
or written history.

2.3.1.1 North Pacific Seabird Communities

I have previously reviewed the fossil history of seabirds from the North Pacific and related this
history to plate tectonics and paleooceanography (Warheit 1992). In what follows I highlight some
of the findings from this study, focusing primarily on the seabird communities from central and
southern California. The California Current upwelling system today is one of the primary eastern
boundary systems, and, along with the Benguela and Humboldt upwelling systems of the Southern
Hemisphere, currently support abundant and diverse seabird faunas. These three upwelling systems
have many of the same types of seabirds. That is, each system has wing-propelled divers (e.g.,
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alcids in the north, penguins and diving petrels in the south), foot-propelled divers (cormorants),
pelicans, storm-petrels, and gulls, as well as others. Also present in both the Benguela and Humboldt
systems are plunge-diving sulids, although there are no sulids, indigenous or otherwise, in the
California Current today. It would be possible to develop a series of hypotheses to explain this
difference; sulids are present in the Northern Hemisphere and in the North Pacific, and there are
breeding sulids as close to the California Current as Baja California. However, developing such
hypotheses using only ecological data collected from these communities today would be in error,
Sulids existed in the California Current for the better part of nearly 16 million years and were
represented by at least 11 to 13 different species (Appendix 2.1; Warheit 1992). Therefore, the
question that should be asked is no longer simply “What ecological processes exist that have
prevented sulids from occurring in the California Current?” but should also be “Why did sulids
become extinct in the California Current, while remaining extant and thriving in other cold water
upwelling systems?”

The local extinction of sulids is only one example of a dynamic seabird system. Overall, the
seabird communities of the North Pacific in the past are quite different from those that exist today.
There are at least 94 species of fossil seabirds in the North Pacific from at least seven distinct
seabird “faunas” (Warheit 1992). Most of these species are from extant genera, but there also existed
three groups of extinct and somewhat bizarre taxa: Pelagornithidae and Plotopteridae (discussed
above), and the mancallids. The mancallids consisted of two, possibly three genera (Praemancalla,
Mancalla, and perhaps Alcodes) of flightless alcids with estimated body mass ranging from 1 to 4
kg, compared with a mass of 5 kg for the Great Auk (Pinguinus impennis) (Livezy 1988). These
were the most abundant seabirds in the California Current from at least 12 mya to the Plio-
Pleistocene, especially during the late Pliocene (1.5 to 3 mya; Chandler 1990a), when there were
at least three species of Mancalla and well over 200 specimens recovered from the San Diego
Formation. The flightlessness of mancallids and the Great Auk was convergent in that these two
taxa are not considered to be closely related (Storer 1945, Chandler 1990b), and the mancallids
were more specialized for wing-propelled diving than the Great Auk, approaching the extreme
morphology of penguins (Olson 1985a, Livezy 1988). Mancallids remained extant until the Pleis-
tocene, but became extinct approximately 470,000 years ago (Howard 1970, Kohl 1974), perhaps
as a result of competition for terrestrial space with gregarious pinnipeds (Warheit and Lindberg
1988, Warheit 1992).

In its entirety, the seabird history from the California Current upwelling system can be sum-
marized as a transition from archaic pelecaniforms to a fauna closely resembling the system today,
consisting of volant alcids, shearwaters, and storm-petrels, but a fauna that also included sulids
and flightless alcids. Although competition and predation may have contributed to the various
radiations and extinctions that characterized the California Current seabird faunas, the underlying
physical process that governed the development of these faunas was the tectonic activities that
resulted in the thermal isolation and refrigeration of Antarctica and the uplift of the Isthmus of
Panama (Warheit 1992).

2.3.1.2 South African Seabird Faunas

As with the North Pacific seabird communities, there have been significant changes in the compo-
sition of the South African seabird faunas during the past several millions of years. Recent seabird
faunas in both the North Pacific (in particular California and Oregon) and South African (Atlantic)
coasts occur in cold-water upwelling systems. These upwelling systems are a function of continental
positions and global circulation patterns, which, in turn, are products of tectonic activities. As such,
these upwelling systems have had different characteristics throughout the Tertiary. According to
Siesser (1980; in Olson 1983), the Benguela upwelling system off the southwest coast of South
Africa did not develop until the early late Miocene. No fossil seabirds have been recovered from
deposits prior to the development of this cold water system, but Olson (1983) speculated that since
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water temperatures were warmer than those in the Pliocene and today, cold-water taxa were either
absent or present in low diversity and abundance. The appearance of the first known South African
seabird fauna roughly coincided with a good depositional environment, and, more importantly, with
the development of the Benguela system and the production of cold water. Olson (1983, 1985b)
concluded that with the progressive development of this cold-water nutrient-rich environment,
seabird taxa more typical of cold-water systems moved north from the southerly latitudes near and
around Antarctica.

The early Pliocene (5 mya) deposits of South Africa have yielded a diverse seabird fauna
consisting of four species of penguins possibly related to Spheniscus, an albatross, two species of
storm-petrels (Oceanites), three species of prions (Pachyptila), at least five species of shearwaters
(Procellaria, Calonectris, Puffinus), and at least one species each of fulmarine petrel, diving petrel
(Pelecanoides), and booby (Sula; Olson 1983, 1985b,¢; Table 2.1). Based on the fossil localities
and their depositional environments, and the presence of juvenile individuals in the deposits, Olson
(1985b,¢) reasoned that this seabird fauna consisted of both breeding and nonbreeding species (see
Table 2.1). Although there are similarities between this early Pliocene fauna and South African
seabirds today, mostly in terms of the higher taxonomic diversity of the nonbreeding species, there
are considerable differences in the diversity of the breeding taxa (Table 2.1). There are no procel-
lariiform taxa currently breeding in South Africa today, although there were at least three species
(prion, storm-petrel, diving petrel) breeding locally during the early Pliocene. Olson (1983, 1985b)
concluded that, except for the cormorant species, there has been a complete change in the seabird
fauna of South Africa from the early Pliocene to today and this faunal turnover was mirrored by
a similar turnover in the pinniped fauna. Specifically, taxa with cold-water affinities today and
present in South Africa during the early Pliocene have been eliminated from the modern breeding
fauna (Oceanites, Pachyptila, Pelecanoides), or are present in the modern fauna, but severely
reduced in diversity (Spheniscus). This reduction in the number of cold-water species breeding in
South Africa from the Pliocene to today is enigmatic because the Benguela cold-water upwelling
system has been present off South Africa since the late Miocene. Olson (1983, 1985b) reasoned
that the presence of the cold-water system was not the only factor in determining the relative
diversity of species, but that a combination of factors contributed to the change in seabird faunas
in South Africa. In addition to changes in oceanographic conditions and possible warming of the
Benguela Current, it is possible that there were substantial changes in availability of island habitats
resulting from fluctuating sea levels during the late Pliocene and throughout the Pleistocene. That
is, changes in the height of sea level associated with tectonic activities and polar temperatures
affect the availability of breeding habitats by either creating or removing islands. Islands can be
created during low sea levels through the emergence of submerged land, or during high sea levels
through flooding of low lands and isolation of high lands. The opposite can be true for the destruction
of suitable island habitats.

2.3.1.3 Human-Induced Extinction of Seabirds from Pacific Islands

In the previous two examples, the long-term structure of seabird communities appears to have been
largely affected by geological processes, namely, those responsible for the development of particular
oceanic currents and water temperature, and for changes in relative sea level. However, some of
the most profound changes to seabird systems have occurred relatively recently (geologically
speaking) and were the direct result of human activities. Steadman (1995) summarized information
on the Holocene extinction of birds from Pacific islands resulting from activities of indigenous
people from Melanesia, Micronesia, and Polynesia. He determined that approximately 8000 species
or populations, mostly flightless rails, became extinct following the geographic expansion of
Polynesian populations (the extinction of a local population is here referred to as extirpation; see
Steadman 1995). These extinctions and extirpations dramatically reduced the diversity of birds
nesting on Pacific islands prior to the arrival of Europeans (and a written history) and, as such,
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TABLE 2.1
List of Fossil Seabird Species Described by Olson
(1985b,c) from Deposits in South Africa (see text)

Number Breeding

Taxon Fossil® Recent

Sphenisciformes 0 1
Nucleornis insolitus
Dege hendeyi

ud ?Palaeospheniscus huxleyorum
Inguza predemersus
Diomedeidae 0 0
Diomedea sp.
Oceanitidae 1 0

Oceanites zaloscarthmus
Oceanites sp.

Procellariidae 1 0
Fulmarinae sp.
Pachyptila salax b

Pachyptila sp. B
Pachyptila sp. C
Procellaria sp.
Calonectris sp.

Puffinus sp. A
Puffinus sp. B
Puffinus sp. C

Pelecanoididae 1 0
Pelecanoides cymatotrypetes b

Sulidae 0 1
Sula sp.

Phalacrocoracidae 0 4

Phalacrocorax medium sp. A
Phalacrocorax medium sp. B
Phalacrocorax small sp.

2 The number of fossil species determined to be breeding is a
minimum number and in most cases there are not enough data to
determine breeding status.

b A fossil species is said to be breeding at a locality if remains of
juveniles are found.

send a clear message that our studies of island biogeography must not ignore the extinct, prehistoric
faunas and floras (Olson and James 1982a). In what follows, I briefly describe some of the changes
that occurred to the status and distribution of seabird species throughout the Pacific as a result of
the activities of these Pacific island people. This section summarizes the work of H. James, S.
Olson, and D. Steadman, and I refer the reader to these original references (Olson and James
1982a,b, 1991, Steadman and Olson 1985, James 1995, Steadman 1995, and references therein).
In addition, Harrison (1990) provided a popular account of the interactions between seabirds and
humans on the Hawaiian Islands.

James (1995) reviewed the background of prehuman extinction rates for birds on oceanic
islands. Although it is not possible to calculate annual turnover rates in species abundance and
distribution, as is possible to do for islands today, the fossil record provides the means by which
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we can measure long-term biogeographic patterns of seabird species. After reviewing both the
Pleistocene and Holocene (i.e., post-Pleistocene) fossil record of birds on Pacific islands, James
(1995) and others concluded that bird diversity was relatively stable during the Pleistocene, even
during periods of great climatic change, but the number of extinctions increased dramatically
following human occupation. For example, on the Hawaiian island of Oahu, James (1987, in James
1995) recorded 17 species of landbirds from Pleistocene deposits. All but two of these species
survived a period greater than 120,000 years, during intense global climatic change, including a
complete cycle of polar glaciation and deglaciation. However, human activities may have extirpated
13 of these 17 Pleistocene birds during the past thousand years or so (James 1995). In another
example, Steadman (1995) described extinction rates in the Galapagos Islands where some 500,000
bones from Holocene deposits have been unearthed; about 90% of these bones predate the arrival
of humans. During a period of 4000 to 8000 years prior to human occupation, a maximum of only
3 populations were extirpated from the Galapagos; however, during the few centuries since the
arrival of humans, 21 to 24 populations were extirpated (Steadman 1995).

The human-related extinction of birds from islands can be caused by any number of pertur-
bations ranging from direct predation and habitat destruction, to the introduction of non-native
predators, competitors, or pathogens (Steadman 1995). On Hawaii, where the extinction of seabird
species or populations appears less severe than on the Polynesian islands to the south, Olson and
James (1982a) concluded that predation by humans, or collateral predation by their pets, was most
important in the extinction of populations or species of flightless and ground-nesting landbirds
and burrow-nesting seabirds. However, habitat destruction in the form of clearing of lowland
forests was most likely the cause of the extinction of most of the small land bird species. Steadman
(1995) added that soil erosion following deforestation also might have eliminated nest sites for
burrowing seabirds.

The importance of fossils in understanding modern biogeographic patterns is best demonstrated
by the documentation of extinctions and extirpations of birds from these oceanic islands. Steadman
(1995 and references therein) stated that the Pacific seabird biodiversity on subtropical and tropical
islands is now considerably lower than that on temperate and sub-Antarctic islands, and that this
difference in biodiversity has been associated by others with the fact that marine waters in the
tropics are less productive. However, Steadman indicated that the difference in seabird diversity
between lower and higher latitude islands becomes less when you consider the extinct or extirpated
species revealed by the fossil record. For example, on Ua Huka in the Marquesas, the prehistoric
diversity of seabirds included at least 7 species of shearwaters and petrels and a total of 22 species
of nesting species of seabirds; today there are only four species of seabirds and no breeding
shearwaters or petrels (Steadman 1995).

The reduction in biodiversity from the low-latitude Pacific islands is mostly the result of the
local extirpation of a population, not the outright extinction of a species. Steadman (1995) stated
that there have been few examples of seabird species extinctions throughout Oceania. In the
Hawaiian Islands, Olson and James (1991) documented only one extinct species of seabird, Prero-
droma jugabilis, although there were many examples of local extirpation of populations (Olson
and James 1982b). On Henderson Island, Steadman and Olson (1985) showed that although the
island still maintains a diverse seabird fauna, Nesofregatta fuliginosa is recorded only as a fossil
and was most likely eliminated from the island and the rest of the Pitcairn Group of islands because
of human activities.

Finally, and perhaps most telling of the prehistoric destruction of Oceania seabird fauna, the
fossil record indicates that on Easter Island there were at least 25 species of seabirds including an
albatross, fulmar, prion, several species of petrels and shearwaters, a storm-petrel, two species of
tropicbirds, a frigatebird, booby, and a suite of tern species (Steadman 1995). Today, 1 of these
species is extinct (unnamed Procellariidae), 12 to 15 species no longer occur in or around Easter
Island, and only 1 of these 25 species (Red-tailed Tropicbird, Phaethon rubricauda) currently
breeds on Easter Island (Steadman 1995). Steadman stated (1995, p. 1124) that “Evidently, Easter
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Island lost more of its indigenous terrestrial biota than did any other island of its size in Oceania”
and that this destruction occurred in a period from 1500 to 550 years ago, during human coloni-
zation. In interpreting these data, Steadman assumed that the Polynesians collected the seabirds
locally on Easter Island. However, an alternative explanation is that many of these seabird taxa did
not breed on Easter Island and the Polynesians captured birds at sea and brought the carcasses
back to the island (S. Olson, personal communication). This would inflate the number of “breeding”

seabird species on Easter Island if Steadman defined breeding as simply the presence of bones on
the island.

2.3.2 THE Fossit RECORD OF THE ALCIDAE

The fossil record of the Alcidae is enigmatic when one attempts to reconcile the geographic
distribution of certain fossil taxa with that of their modern relatives. For example, while alcid fossils
are extremely abundant in western Atlantic deposits (Olson 1985a, Olson and Rasmussen 2001),
the overall alcid diversity in the Atlantic was lower than that of the Pacific, and there are no pre-
Pleistocene specimens of Uria and no fossil specimens of Cepphus (see Appendix 2.1). However,
while there are relatively few alcid fossils from eastern Pacific deposits except those from the
mancallines (see above), alcid diversity was high and there are two fossil species of Uria and at
least one fossil species of Cepphus. In what follows, I briefly review the fossil history of the Alcidae
in terms of when and where taxa first appeared (Appendix 2.1, Table 2.2), based on Olson (1985a),
Chandler (1990a), Warheit (1992), and Olson and Rasmussen (2001). See Gaston and Jones (1998)
for a general account of the fossil record of the Alcidae.

Fossils representing the earliest evolution of the Alcidae are either not described in the literature
or their relationships are in question. Storrs Olson (personal communication) stated that a fossil of
a “primitive auk” might be present in the London Clay material from the lower Eocene of England,
which, if shown to be correct, would represent the earliest known alcid taxon. There are two
published accounts of pre-Miocene alcids: Hydrotherikornis oregonus from the late Eocene of
Oregon (Miller 1931) and Petralca austriaca (Mlikovsky and Kovar 1987) from the late Oligocene
of Austria. It is unclear if Hydrotherikornis is an alcid or a procellariid (see Olson 1985a). Chandler
(1990b, p. 73) considered Hydrotherikornis to be “a petrel very similar to Daption” and he provided
one skeletal character to justify this relationship. Chandler (1990b) also doubted the alcid affinities
of Petralca and placed the taxon in Aves, Incertae Sedis; however, he did not examine the specimen
but considered the taxon’s description by Mlikovsky and Kovar (1987) insufficient to justify
placement in the Alcidae.

TABLE 2.2

Distribution of Alcidae and Relative Dates of First Appearance in the Fossil Record
(see also Appendix 2.1)

Recent Distribution®  First Appearance Fossil Record

Taxon? Atlantic Pacific Atlantic Pacific Comments
Alcini Yes Yes middle Miocene  late Miocene No Uria in Atlantic until Pleistocene
Cepphini Yes Yes — late Miocene No Cepphus in Atlantic until Recent
Brachyramphini No Yes — late Pliocene No Brachyramphus in Atlantic
Aethiini No Yes early Pliocene late Miocene  Only fossil Aethiini in Atlantic
Fraterculini Yes Yes early Pliocene late Miocene

* Alcini (Alle, Alca, Uria, Pinguinus, Miocepphus); Cepphini (Cepphus, Synthliboramphus); Brachyramphini (Brachyram-
phus); Aethiini (Ptychoramphus, Cyclorhynchus, Aethia); Fraterculini (Cerorhinca, Fratercula).
® Pacific also includes Bering Sea.
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Another 25 to 30 and 8 to 12 million years pass following Hydrotherikornis and Petralca,
respectively, before the appearance of the next fossil alcids, which appear nearly simultaneously
in both the western Atlantic and the eastern Pacific (Appendix 2.1, Table 2.2). However, like
Hydrotherikornis and Petralca, these species were not of modern affinities and were described in
extinct genera (Appendix 2.1). In the eastern Pacific, there are two alcid fossils known from middle
Miocene deposits. The first of these fossils was from Baja, California, and was described as an
alcid, but with indeterminate affinities. The second specimen was described in the extinct genus
Alcodes, whose relationships within the Alcidae are uncertain (Olson 1985a, Chandler 1990b), but
was tentatively considered by Howard (1968) to be closely related to the mancallids. In the Atlantic,
there existed at least two species of alcids, both described in the extinct genus Miocepphus.
Miocepphus was not closely related to Cepphus, as originally described by Wetmore (1940), but
was part of the Alca-like radiation of Atlantic alcids (Howard 1978, Olson 1985a).

Following this initial middle Miocene radiation, alcid diversity dramatically increased in both
the Atlantic and Pacific; however, the radiation within each of the ocean basins did not follow parallel
paths (Table 2.2). The radiation in the Atlantic centered within the Alcinae, in particular, birds
described as Alca (including the extinct genus Australca, which Olson and Rasmussen [2001] made
synonymous with Alca). Of the nine alcid taxa from the late Miocene and early Pliocene deposits
of the Atlantic, six are described as Alcini (Alca, Pinguinus, and Alle), while four of these six are
considered Alca (see Appendix 2.1). The only Alcini missing from the Atlantic at this time was Uria.
Also present in the Atlantic at this time was Fratercula (two species described as having affinities
to the F. arctica and F. cirrhata, respectively) and an Aethiinae of indeterminate relations. During
this same time, the situation in the Pacific was quite different, where at least 13 alcid species are
recognized (Appendix 2.1) including Aethia (1 species), Uria (2), Cepphus (1), and Cerorhinca (2),
as well as 7 species of mancallids (Praemancalla, Mancalla, and Alcodes). In addition to these taxa,
fossils described as Alca, Synthliboramphus, and Fraterculini are present. Finally, there are late
Pliocene alcid-bearing deposits in the Pacific, but not the Atlantic, and from within these deposits
six additional alcid species are described, including two species of Brachyramphus and one species
each of Ptychoramphus, Synthliboramphus, Cerorhinca, and Mancalia (see Appendix 2.1).

Olson and Rasmussen (2001) discussed the biogeographical implications of the Miocene and
Pliocene Lee Creek deposits of North Carolina and highlighted two important points related to
the history of the Alcidae. First, the two species of Fratercula (including F. cirrhata) and an
unidentified species of Aethiinae in the early Pliocene of North Carolina require some explanation,
given the fact that there is only one species of Fratercula and no species of Aethiinae in the Atlantic
today (Table 2.2). Olson and Rasmussen (2001) considered that both taxa moved from the Pacific
to the Atlantic, via the Arctic Ocean, sometime right before or during the early Pliocene. Second,
given the possibility of a pre-Pleistocene movement of alcid taxa from the Pacific to the Atlantic,
Olson and Rasmussen (2001) speculated that the absence of Uria and Cepphus from the Atlantic
until the late Pleistocene and Recent, respectively, was a result of competition with Alca. Olson
and Rasmussen (2001) reasoned that until appropriate “niches” became available, a product of the
Pleistocene extinction of many of the Alca species, Uria, and Cepphus were unable to colonize
the Atlantic.

For the remainder of this section I focus on this second point, and detail several important
components of the alcid fossil record that contribute to our understanding of the origin of Uria.
These components focus on the following four points associated with the fossil record: (1) the
presence of Alca in the Pacific; (2) the presence and close association of Uria and Cepphus in the
Pacific; (3) the abundance and taxonomic diversity of Alca in the Atlantic; and (4) the appearance
of Uria in the Atlantic during the late Pleistocene. After I detail each of these points, I provide a
hypothesis for the biogeographic history of Uria.

Howard (1968) described a coracoid and a humerus from late Miocene deposits in southern
California as Alca. This material is fragmentary and Olson (1985a) was cautious in referring these
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specimens to a specific genus. Although Howard was reluctant to assign these fragments to a species
or base a description of a new species on this material, she was definitive in her assignment of the
fossils to Alca. If Howard’s identification is correct, Alca is no longer restricted to the Atlantic,
and this Pacific Alca is only slightly younger in age than the first Alca-like species from the Atlantic
(Miocepphus) and older than all other species described to the genus Alca. Howard also described
two species of murres from Tertiary deposits of California. The older of the two species was U.
brodkorbi from the Miocene diatomite deposits of southern California and was described by Howard
(1981) as a murre comparable in size to the Recent Uria. Uria paleohesperis, the second Uria
species described by Howard (1982), was from the late Miocene San Mateo Formation of San
Diego County and was younger in age and smaller than U. brodkorbi.

The fossil record of Cepphus follows closely that of Uria. While there are no Cepphus fossils
from the Atlantic, Howard (1968, 1978) tentatively assigned fossil material from the Miocene of
California to this genus. This material is roughly the same age as U. brodkorbi and suggests the
origin of both taxa may be contemporaneous. In addition, C. olsoni, again described by Howard
(1982), is from the same fossil locality as U. paleohesperis, further emphasizing the temporal and
geographic similarity between murres and guillemots.

The most abundant alcid taxon from the Atlantic is Alca, in terms of both taxonomic diversity
and numbers of specimens recovered. Thousands of Alca fossils have been recovered from the early
Pliocene Lee Creek deposits of North Carolina (Olson and Rasmussen 2001), from which at least
four species, including A. rorda, are described (see Appendix 2.1). The first and only Atlantic
appearance of a fossil correctly identified to Uria is U. affinis, a single humerus from the Pleistocene
of Maine (12,000 years ago), which Olson (1985a) stated is likely referable to one of the extant
species. It is clear from the fossil record from the western Atlantic that the Alcini underwent an
extraordinary radiation, compared with that of the Pacific, and that this radiation began at essentially
the same time as the Pacific radiation of the other alcid clades (Appendix 2.1).

The geographic distribution of fossil Uria is enigmatic given Uria’s relationships within the
Alcini and its current distribution (north Atlantic, north Pacific, and Arctic Oceans; Gaston and
Jones 1998). This fossil history has also led to several hypotheses for the evolution of Uria (e.g.,
Olson 1985a, Gaston and Jones 1998, Olson and Rasmussen 2001). These hypotheses generally
concern (1) the relationships of Uria with the other Alcini, in particular, Alca; (2) the ocean of
origin of the Alcini and Uria; (3) the historical interchange between the Atlantic and Pacific via
the Arctic Ocean from the Miocene through the Pleistocene; and (4) the extinction and the loss of
diversity of Alcini in the Atlantic. If Uria is indeed closely related to Alca, as both the morphological
(Strauch 1985 and Chandler 1990b) and molecular (Moum 1994, Friesen et al. 1993, 1996) evidence
conclusively indicate, and Howard (1968) was correct in identifying Alca fossils from the Pacific,
the following scenario is most plausible: the Alcini evolved in the Pacific, and quickly moved into
the Atlantic where it greatly diversified. In the Pacific, the diversification of Alcini was minimal
and centered primarily on the genus Uria. Uria evolved in the Pacific (or the Arctic) Ocean and
moved into the Atlantic sometime between the early Pliocene and the Pleistocene. Alternatively,
Uria moved into the Atlantic at an earlier date, but remained in northerly latitudes, similar to the
distribution of U. lomvia today, and therefore would not have occurred in the highly fossiliferous
deposits of Lee Creek, North Carolina. I refer the reader to Gaston and Jones (1998) and Olson
and Rasmussen (2001) for further discussion of this topic.

2.4 CONCLUSIONS

This has been a brief summary of fossil seabirds and an argument for the importance of fossils in
the study of seabird ecology and evolution. Fossils are not simply a collection of bones. People
who study fossils are concerned not only with naming and cataloging species. Fossils provide
definite information on the history of a taxon or ecological community and, as such, are essential
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FIGURE 2.3 This reconstruction of an early Eocene frigatebird (Limnofregata azgosternon) shows similarities
to the tropicbirds which extend to its skeleton. For instance, both have coracoids of the same proportions and
a four-notched sternum. (After Olson 1977.)

in our understanding of that taxon or community (Figure 2.3). I have shown that seabird commu-
nities in the California and Benguela Currents today are composed of different sets of species from
those that existed in the past — related to a combination of geological (e.g., plate tectonics) and
ecological (e.g., competition for space with gregarious marine mammals) processes. Therefore, the
community structure of the systems today reflects these past processes and these past processes
must be considered when evaluating hypotheses concerning this structure. Furthermore, past pro-
cesses may also be useful in predicting changes in community structure resulting from future short-
or long-term events such as habitat alteration and global climate change. Finally, it is quite apparent
that we need to consider the fossil history of Pacific islands. Clearly, the seabird composition on
these islands scarcely resembles that which existed prior to the expansion of Polynesian populations,
and as stated by Olson, Steadman, James, and others, it would be folly to attempt to explain the
relative diversity of seabirds there without considering the fossil record.

The fossil record also provides information on the presence and distribution of a particular
taxon from times inaccessible to ecological study. We know from the fossil record of the Alcidae
that the current distribution of alcid taxa, with Alca and Alca-like species in the Atlantic and most
of the other alcid clades in the Pacific, has existed for many millions of years. Nevertheless, the
presence of fossil Alca in the Pacific and the absence of fossil Uria and Cepphus from the Atlantic,
for example, deviate from the current distributional patterns and provide important data in our
understanding of the evolution of the Alcidae.



30 Biology of Marine Birds

ACKNOWLEDGMENTS

I dedicate this paper to Hildegarde Howard and Storrs Olson, two giants in the field of avian
paleontology whom I have had the honor and pleasure of knowing. Storrs Olson’s impact on my
studies of seabird paleontology is immeasurable, and without his help this paper would have been
impossible. I thank Tony Gaston, Vicki Friesen, and Storrs Olson for reviewing an earlier draft of
this paper, and Cheryl Niemi, Storrs Olson, Betty Anne Schreiber, and Joanna Burger for providing
comments on the final draft. I thank Chris Thompson and Cheryl Niemi for making several clever
suggestions in formatting Appendix 2.1. Finally, I thank Betty Anne Schreiber and Joanna Burger
for inviting me to participate in this project, and for demonstrating extreme patience with my many
missed deadlines.

LITERATURE CITED

AINLEY, D. G., AND R. J. BOEKELHEIDE. 1990. Seabirds of the Farallon Island. Ecology, Dynamics, and
Structure of an Upwelling-System Community. Stanford University Press, Stanford, CA.

ALVAREZ, R. 1977. A Pleistocene avifauna from Jalisco, Mexico. Contributions of the Museum of Paleon-
tology, University of Michigan 24: 205-220.

BALLMANN, P. 1976. The contribution of fossil birds to avian classification. Proceedings of the International
Ornithological Congress 16: 196-200.

BARRON, J. A,, AND J. G. BALDAUF. 1989. Tertiary cooling steps and paleoproductivity as reflected by
diatoms and biosiliceous sediments. Pp. 341-354 in Productivity of the Ocean: Present and Past (W. H.
Berger, V. S. Smetacek, and G. Wefer, Eds.). John Wiley & Sons, Chichester.

BECKER, J. J. 1987. Neogene Avian Localities of North America. Smithsonian Institution Press, Washington, D.C.

BELOPOL’SKIL, L.O. 1961. The Ecology of Sea Colony Birds of the Barents Sea. Israel Program for Scientific
Translations, Jerusalem.

BERGGREN, W. A, D. V. KENT, C. C. SWISHER, III, AND M. P. AUBRY. 1995. A revised Cenozoic
geochronology and chronostratigraphy. Pp. 129-212 in Geochronology Time Scales and Global Strati-
graphic Correlation, S.E.PM., Special Publication No. 54 (W. A, Berggren, D. V. Kent, M. P. Aubry, and
J. Hardenbol, Eds.). Society for Sedimentary Geology, Tulsa, OK.

BICKART, K. J. 1990. The birds of the Late Miocene-Early Pliocene Big Sandy Formation, Mohave County,
Arizona. Ornithological Monographs 44: 1-72.

BOCHENSKI, Z. 1997. List of European fossil bird species. Acta Zoologica, Cracov 40: 292-333.

BRODKORB, P. 1955. The avifauna of the Bone Valley Formation. Florida Geological Survey Report of
Investigations 14: 1-57.

BRODKORB, P. 1963. Catalogue of fossil birds; Part 1 (Archaeopterygiformes through Ardeiformes). Bulletin
of the Florida State Museum, Biological Sciences 7: 179-293.

BRODKORB, P. 1967. Catalogue of fossil birds; Part 3 (Ralliformes, Ichthyornithiformes, Charadriiformes).
Bulletin of the Florida State Museum, Biological Sciences 11: 99-220.

CHANDLER, R. C. 1990a. Fossil birds of the San Diego Formation, late Pliocene, Blancan, San Diego County,
California. Ornithological Monographs 44: 73-161.

CHANDLER, R. C. 1990b. Phylogenetic Analysis of the Alcids. Ph.D. dissertation, University of Kansas,
Lawrence.

CHENEVAL, J. 1984. Les oiseaux aquatiques (Gaviiformes a Ansériformes) du gisement Aquitanien de Saint-
Gérand-le-Puy (Allier, France): Révision systematique [The water birds (Gaviiformes to Ansériformes)
from the Aquitanien layer of Saint-Gérand-le-Puy (Allier, France): systematic revision]. Palaeovertebrata
14: 33-115.

CHENEVAL, J. 1993. L’avifaune Mio-Pliocene de la formation Pisco (Pérou) étude préliminaire [Preliminary
study of the Mio-Pliocene avifauna of the Pisco Formation (Peru)]. Documents des Laboratoires de
Géologie de la Faculte des Sciences de Lyon 125: 85-95.

CHENEVAL, J. 1995. A fossil shearwater (Aves: Procellariiformes) from the Upper Oligocene of France and
the Lower Miocene of Germany. Courier Forschungsinstitut Senckenberg 181: 187-198.



The Seabird Fossil Record and the Role of Paleontology 31

CIONE, A. L., AND E. P. TONNI. 1981. Un pingiiino de la formacién Puerto Madryn (Miocene Tardio) de
Chubut, Argentina. Commentarios acerca del origen, la paleoecologia y zoogeograffa de los Spheniscidae
[A penguin from the Puerto Madryn formation (late Miocene) of Chubut, Argentina. Commentary about
the origin, paleoecology, and zoogeography of the Spheniscidae]. An. Congr. Latino-Am. Paleont., Porto
Alegre 2: 591-604.

COULSON, J. C., AND C. S. THOMAS. 1985. Changes in the biology of the Kittiwake Rissa tridactyla: a
31-year study of a breeding colony. Journal of Animal Ecology 54: 9-26.

DEMERE, T. A., M. A. ROEDER, R. M. CHANDLER, AND J. A. MINCH. 1984. Paleontology of the middle
Miocene Los Indios Member of the Rosarito Beach Formation, northwestern Baja California, Mexico.
Pp. 47-56 in Miocene and Cretaceous Depositional Environments, Northwestern Baja California, Mexico
(J. A. Minch and J. R. Ashby, Eds.). Pacific Section, American Association of Petroleum Geologists, Los
Angeles, CA.

EMSLIE, S. D. 1992. Two new late Blancan avifaunas from Florida and the extinction of wetland birds in
the Plio-Pleistocene. Pp. 249-269 in Papers in Avian Paleontology Honoring Pierce Brodkorb. Natural
History Museum of Los Angeles County, Science Series No. 36 (K. E. Campbell, Jr., Ed.). Natural History
Museum of Los Angeles County, Los Angeles, CA.

EMSLIE, S. D. 1995. A catastrophic death assemblage of a new species of cormorant and other seabirds from
the late Pliocene of Florida. Journal of Vertebrate Paleontology 15: 313-330.

FEDUCCIA, A., AND A. B. MCPHERSON. 1993. A petrel-like bird from the late Eocene of Louisiana:
earliest record for the order Procellariiformes. Proceedings of the Biological Society of Washington 106:
749-751.

FORDYCE, R. E., AND C. M. JONES. 1990. Penguin history and new fossil material from New Zealand.
Pp. 419-446 in Penguin Biology (L. S. Davis and J. T. Darby, Eds.). Academic Press, San Diego, CA.

FRIESEN, V. L., A. J. BAKER, AND 1. F. PIATT. 1996. Phylogenetic relationships within the Alcidae
(Charadriiformes: Aves) inferred from total molecular evidence. Molecular Biology and Evolution 13:
359-367.

FRIESEN, V. L., W. A. MONTEVECCHI, AND W. S. DAVIDSON. 1993. Cytochrome b nucleotide sequence
variation among the Atlantic Alcidae. Hereditas 116: 245-252.

GASTON, A. J., AND 1. L. JONES. 1998. The Auks. Oxford University Press, Oxford.

GOEDERT, J. L. 1988. A new Late Eocene species of Plotopteridae (Aves: Pelecaniformes) from northwestern
Oregon. Proceedings of the California Academy of Science 45: 97-102.

GOEDERT, J. L. 1989. Giant late Eocene marine birds (Pelecaniformes: Pelagornithidae) from northwestern
Oregon. Journal of Paleontology 63: 939-944.

GOULD, S. J. 1989. Wonderful Life: The Burgess Shale and the Nature of History. W.W. Norton and Company,
New York.

GRIGORESCU, D., AND E. KESSLER. 1977. The middle Sarmatian avian fauna of South Dobrogea. Revue
Roumaine de Géologie Géophysique et Géographie 21: 93-108.

GRIGORESCU, D., AND E. KESSLER. 1988. New contributions to the knowledge of the Sarmatian birds
from South Dobrogea in the frame of the eastern Paratethyan avifauna. Revue Roumaine de Géologie
Géophysique et Géographie, Géologie 32: 91-97.

HARRIS, M. P. 1991. Population changes in British Common Murres and Atlantic Puffins, 1969-88. Pp.
52-58 in Studies of High-Latitude Seabirds, Vol. 2: Conservation Biology of Thick-billed Murres in the
Northwest Atlantic (A. J. Gaston and R. D. Elliot, Eds.). Canadian Wildlife Service, Ottawa.

HARRISON, C. J. O. 1985. A bony-toothed bird (Odontopterygiformes) from the Palacocene of England.
Tertiary Research 7: 23-25.

HARRISON, C.J. 0., AND C. A. WALKER. 1976. A review of the bony-toothed birds (Odontopterygiformes):
with descriptions of some new species. Tertiary Research Special Paper 2: 1-62.

HARRISON, C. J. 0., AND C. A. WALKER. 1977. Birds of the British lower Eocene. Tertiary Research
Special Paper 3: 1-52.

HARRISON, C. S. 1990. Seabirds of Hawaii. Natural History and Conservation. Cornell University Press,
Ithaca, NY.

HOLDAWAY, R. N., AND T. H. WORTHY. 1994. A new fossil species of shearwater Puffinus from the late
Quaternary of the South Island, New Zealand, and notes on the biogeography and evolution of the Puffinus
gavia superspecies. Emu 94: 201-215.



32 Biology of Marine Birds

HOPSON, J. A. 1964. Pseudodontornis and other large marine birds from the Miocene of South Carolina.
Postilla 83: 1-19.

HOWARD, H. 1946. A review of the Pleistocene birds of Fossil Lake, Oregon. Carnegie Institution of
Washington Publication 551: 141-195.

HOWARD, H. 1949. New avian records of the Pliocene of California. Carnegie Institution of Washington
Publication 584: 177-199.

HOWARD, H. 1958. Miocene sulids of southern California. Los Angeles County Natural History Museum,
Contributions in Science 25: 1-15.

HOWARD, H. 1965. A new species of cormorant from the Pliocene of Mexico. Bulletin of the Southern
California Academy of Sciences 64: 50-55.

HOWARD, H. 1966. Additional avian records from the Miocene of Sharktooth Hill, California. Los Angeles
County Natural History Museum, Contributions in Science 114: 1-11.

HOWARD, H. 1968. Tertiary birds from Laguna Hills, Orange County, California. Los Angeles County Natural
History Museum, Contributions in Science 142: 1-21.

HOWARD, H. 1969. A new avian fossil from Kern County, California. Condor 71; 68—69.

HOWARD, H. 1970. A review of the extinct genus, Mancalla. Los Angeles County Natural History Museum,
Contributions in Science 203: 1-12.

HOWARD, H. 1971. Pliocene avian remains from Baja California. Los Angeles County Natural History
Museum, Contributions in Science 217: 1-17.

HOWARD, H. 1978. Late Miocene birds from Orange County, California. Los Angeles County Natural History
Museum, Contributions in Science 290: 1-26.

HOWARD, H. 1981. A new species of murre, genus Uria, from the late Miocene of California (Aves: Alcidae).
Bulletin of the Southern California Academy of Sciences 80: 1-12.

HOWARD, H. 1982. Fossil birds from the Tertiary marine beds at Oceanside, San Diego County, California,
with descriptions of two new species of the genera Uria and Cepphus (Aves: Alcidae). Los Angeles
County Natural History Museum, Contributions in Science 341: 1-15.

HOWARD, H. 1984. Additional records from the Miocene of Kern County, California with the description
of anew species of fulmar (Aves: Procellariidae). Bulletin of the Southern California Academy of Sciences
83: 84-89.

HOWARD, H., AND L. G. BARNES. 1987. Middle Miocene marine birds from the foothills of the Santa
Ana Mountains, Orange County, California. Los Angeles County Natural History Museum, Contributions
in Science 383: 1-9.

HOWARD, H., AND S. L. WARTER. 1969. A new species of bony-toothed bird (Family Pseudodontorni-
thidae) from the Tertiary of New Zealand. Records of the Canterbury Museum 8: 345-357.

JABLONSKI, D. 1986. Larval ecology and macroevolution in marine invertebrates. Bulletin of Marine Science
39: 565-587.

JAMES, H. E 1987. A late Pleistocene avifauna from the island of Oahu, Hawaiian Islands. Documents des
Laboratoires de Géologie de la Faculte des Sciences de Lyon 99: 221-230.

JAMES, H. F. 1995. Prehistoric extinctions and ecological changes on oceanic islands. Ecological Studies
115: 87-102.

JENKINS, R. J. F. 1974. A new giant penguin from the Eocene of Australia. Paleontology 17: 291-310.

KIMURA, M., AND K. SAKURAL. 1998. An extinct fossil bird (Plotopteridae) from the Tokoro Formation
(late Oligocene) in Abashiri City, northeastern Hokkaido, Japan. Journal of Hokkaido University of
Education (Section 1IB) 48: 11-16.

KOHL, R. F. 1974. A new Late Pleistocene fauna from Humboldt County, California. Veliger 17: 211-219.

LAMBRECHT, K. 1930. Studien tiber fossile Riesenvégel. Geologica Hungarica Series Palaeontologica 7: 1-37.

LIVEZEY, B. C. 1988. Morphometrics of flightlessness in the Alcidae. Auk 105: 681-698.

MATSUOKA, H., F. SAKAKURA, AND F. OHE. 1998. A Miocene pseudodontorn (Pelecaniformes; Pel-
agornithidae) from the Ichishi Group of Misata, Mie Prefecture, central Japan. Paleontological Research
2: 246-252.

MCKEE, J. W. A. 1985. A pseudodontorn (Pelecaniformes: Pelagornithidae) from the middle Pliocene of
Hawera, Taranaki, New Zealand). New Zealand Journal of Zoology 12: 181-184.

MICHEAUX, J., R. HUTTERER, AND N. LOPEZ-MARTINEZ. 1991. New fossil faunas from Fuerteventura,
Canary Islands: evidence for Pleistocene age of endemic rodents and shrews. Comptes Rendus de
I’ Academie des Sciences Series 2 312: 801-806.



The Seabird Fossil Record and the Role of Paleontology 33

MILLER, A. H. 1931. An auklet from the Eocene of Oregon. University of California Publications Bulletin
of the Department of Geological Sciences 20: 23-26.

MILLER, A. H. 1966. The fossil pelicans of Australia. Memoirs of the Queensland Museum 14: 181-190.

MILLER, A. H,, AND C. G. SIBLEY. 1941. A Miocene gull from Nebraska. Auk 58: 563-566.

MILLER, L. H. 1929. A new cormorant from the Miocene of California. Condor 31: 167-172.

MILLER, L. H. 1951. A Miocene petrel from California. Condor 53: 78-80.

MLIKOVSKY, J. 1992. The present state of knowledge of the Tertiary birds of central Europe. Pp. 433-458
in Papers in Avian Paleontology Honoring Pierce Brodkorb. Natural History Museum of Los Angeles
County, Science Series No. 36 (K. E. Campbell, Jr., Ed.). Natural History Museum of Los Angeles
County, Los Angeles, CA.

MLIKOVSKY, J. 1997. A new tropicbird (Aves: Phaethontidae) from the late Miocene of Austria. Annalen
des Naturhistorischen Museums in Wien 98A: 151-154.

MLIKOVSKY, J., AND J. KOVAR. 1987. Eine neue Alkenart (Aves: Alcidae) aus dem Ober-Oligozin
Osterreichs. Annalen des Naturhistorischen Museums in Wien 88A: 131-147.

MOUM, T., S. JOHANSEN, K. E. ERIKSTAD, AND J. F. PIATT. 1994. Phylogeny and evolution of the
auks (subfamily Alcinae) based on mitochondrial DNA sequences. Proceedings of the National Academy
of Sciences 91: 7912-7916.

MOURER-CHAUVIRE, C. 1982. Les oiseaux fossiles des Phosphorites du Quercy (Eocéne Supérieur a
Oligocene Supérieur): implications paléobiogeographiques [The fossil birds from the Phosphorites du
Quercy (Upper Eocene to Upper Oligocene): Paleobiographical implications]. Géobios Mémoire Spécial
6: 413-426.

MOURER-CHAUVIRE, C. 1995. Dynamics of the avifauna during the Paleogene and the early Neogene of
France. Settling of the recent fauna. Acta Zoologica Cracoviensia 38: 325-342.

MYRCHA, A., A. TATUR, AND R. DEL VALLE. 1990. A new species of fossil penguin from Seymour
Island, west Antarctica. Alcheringa 14: 195-205.

MYRCHA, A., P. JADWISZCZAK, C. TAMBUSSI, J. NORIEGA, A. TATUR, A. GAZDZICKI, AND
R. DEL VALLE. (In press). Taxonomic revision of Antarctic Eocene penguins based on tarsometatarsus
morphology. Palaeontologia Polonica.

NUNN, G. B,, J. COOPER, P. JOUVENTIN, C. J. R. ROBERTSON, AND G. G. ROBERTSON. 1996.
Evolutionary relationships among extant albatrosses (Procellariiformes: Diomedeidae) established from
complete cytochrome-B gene sequences. Auk 113: 784-801.

OKAZAKI, Y. 1989. An occurrence of fossil bony-toothed bird (Odontopterygiformes) from the Ashiya Group
(Oligocene), Japan. Bulletin of the Kitakyushu Museum of Natural History 9: 123-126.

OLSON, S. L. 1975. Paleornithology of St. Helena Island, South Atlantic Ocean. Smithsonian Contributions
to Paleobiology 23: 1-49.

OLSON, S. L. 1977. A lower Eocene Frigatebird from the Green River Formation of Wyoming (Pelecani-
formes: Fregatidae). Smithsonian Contributions to Paleobiology 35: 1-33.

OLSON, S. L. 1980. A new genus of penguin-like pelecaniform bird from the Oligocene of Washington
(Pelecaniformes: Plotopteridae). Los Angeles County Natural History Museum, Contributions in Science
330: 51-57.

OLSON, S. L. 1983. Fossil seabirds and the changing marine environments in the late Tertiary of South Africa.
South African Journal of Science 79: 399-402.

OLSON, S. L. 1984a. A brief synopsis of the fossil birds from the Pamunky River and other Tertiary marine
deposits in Virginia. Pp. 217-223 in Stratigraphy and Paleontology of the Outcropping Tertiary Beds in
the Pamunkey River Region, Central Virginia Coastal Plain — Guidebook for the 1984 Field Trip Atlantic
Coastal Plain Geological Association (L. W. Ward and K. Krafft, Eds.). Atlantic Coastal Plain Geological
Association, Norfolk, VA.

OLSON, S. L. 1984b. Evidence of a large albatross in the Miocene of Argentina (Aves: Diomedeidae).
Proceedings of the Biological Society of Washington 97: 741-743.

OLSON, S. L. 1985a. The fossil record of birds. Pp. 79-252 in Avian Biology, 8 (D. S. Farner, J. R. King,
and K. C. Parkes, Eds.). Academic Press, Orlando, FL.

OLSON, S. L. 1985b. Early Pliocene Procellariiformes (Aves) from Langebaanweg, South-Western Cape
Province, South Africa. Annals of the South African Museum 95: 123-145.

OLSON, S. L. 1985c. An early Pliocene marine avifauna from Duinefontein, Cape Province, South Africa.
Annals of the South African Museum 95: 147-164.



34 Biology of Marine Birds

OLSON, S. L. 1985d. A new genus of tropicbird (Pelecaniformes: Phaethontidae) from the middle Miocene
Calvert Formation of Maryland. Proceedings of the Biological Society of Washington 98: 851-855.
OLSON, S. L. 1986. A replacement name for the fossil penguin Microdytes Simpson (Aves: Spheniscidae).

Journal of Paleontology 60: 785.

OLSON, S. L. 1999. A new species of pelican (Aves: Pelecanidae) from the lower Pliocene of North Carolina
and Florida. Proceedings of the Biological Society of Washington 112: 503-509.

OLSON, S. L., AND Y. HASEGAWA. 1979. Fossil counterparts of giant penguins from the North Pacific.
Science 206: 688—689.

OLSON, 8. L., AND Y. HASEGAWA. 1985. A femur of Plotopterum from the early middle Miocene of
Japan (Pelecaniformes: Plotopteridae). Bulletin of the Natural Science Museum, Tokyo, Series C 11:
137-140.

OLSON, S. L., AND Y. HASEGAWA. 1996. A new genus and two new species of gigantic Plotopteridae
from Japan (Aves: Pelecaniformes). Journal of Vertebrate Paleontology 16: 742-751.

OLSON, S. L., AND H. F. JAMES. 1982a. Fossil birds from the Hawaiian Islands: evidence for wholesale
extinction by man before western contact. Science 217: 633-635.

OLSON, S. L., AND H. F. JAMES. 1982b. Prodromus of the fossil avifauna of the Hawaiian Islands.
Smithsonian Contribution to Zoology 365: 1-59.

OLSON, S. L., AND H. F. JAMES. 1991. Descriptions of thirty-two new species of birds from Hawaiian
Islands: Part I. Non-passeriformes. Ornithological Monographs 45: 1-88.

OLSON, S. L., AND D. C. PARRIS. 1987. The Cretaceous birds of New Jersey. Smithsonian Contributions
to Paleobiology 63: 1-22.

OLSON, S. L., AND P. C. RASMUSSEN. 2001. Miocene and Pliocene Birds from the Lee Creek Mine,
North Carolina, in Geology and Paleontology of the Lee Creek Mine, North Carolina, I1I (C. E. Ray and
D. J. Bohaska, Eds.). Smithsonian Contributions to Paleobiology, 90.

OLSON, S. L., AND D. W. STEADMAN. 1979. The fossil record of the Glareolidae and Haematopodidae
(Aves: Charadriiformes). Proceedings of the Biological Society of Washington 91: 972-981.

ONO, K. 1983. A Miocene bird (gannet) from Chichibu Basin, central Japan. Bulletin of Saitama Museum
of Natural History 1: 11-15.

ONO, K. 1989. A bony-toothed bird from the middle Miocene, Chichibu Basin, Japan. Bulletin of the Natural
Science Museum, Tokyo, Series C 15: 33-38.

ONO, K., AND O. SAKAMOTO. 1991. Discovery of five Miocene birds from Chichibu Basin, central Japan.
Bulletin of Saitama Museum of Natural History 9: 41-49.

PETERS, D. S., AND A, HAMEDANIL. 2000. Frigidafons babaheydariensis n. sp., ein Sturmvogel aus dem
Oligozan des Iran (Aves: Procellariidae) [Frigidafons babaheydariensis n. sp., a petrel from the Oligocene
of Iran (Aves: Procellariidae)]. Senckenbergiana Lethaea 80: 29-37.

PRESS, F., AND R. SIEVER. 1982. Earth. W. H. Freeman and Co., San Francisco, CA.

RASMUSSEN, D. T., S. L. OLSON, AND E. L. SIMONS. 1987. Fossil birds from the Oligocene Jebel
Qatrani Formation, Fayum Province, Egypt. Smithsonian Contributions to Paleobiology 62: 1-20.
RASMUSSEN, P. C. 1998. Early Miocene avifauna from the Pollack Farm site, Delaware. Pp. 149-151 in
Geology and Paleontology of the Lower Miocene Pollack Farm Fossil Site, Delaware. Special Publication

No. 21 (R. N. Benson, Ed.). Delaware Geological Survey.

RICH, P. V., AND G. F. VAN TETS. 1981. The fossil pelicans of Australasia. Records of the South Australian
Museum 18: 235-264.

RICHDALE, L. E. 1949. A study of a group of penguins of known age. Biological Monographs 1: 1-88.

RICHDALE, L. E. 1954. Breeding efficiency in yellow-eyed penguins. Ibis 96: 206-224.

RICHDALE, L. E. 1957. A Population Study of Penguins. Oxford University Press, Oxford.

SCARLETT, R. J. 1972. Bone of a presumed Odontopterygian bird from the Miocene of New Zealand. New
Zealand Journal of Geology and Geophysics 15: 269-274,

SERVENTY, D. L. 1956. Age at first breeding of the short-tailed shearwater, Puffinus tenuirostris. Ibis 98:
532-533.

SHUFELDT, R. W. 1915. Fossil birds of the Marsh collection of Yale University. Transactions of the
Connecticut Academy of Arts and Sciences 19; 1-110.

SIESSER, W. G. 1980. Late Miocene origin of the Benguela upswelling (sic) system off northern Namibia.
Science 208: 283-285.

SIMPSON, G. G. 1972. Conspectus of Patagonian fossil penguins. America Museum Novitates 2488: 1-37.



The Seabird Fossil Record and the Role of Paleontology 35

SIMPSON, G. G. 1975. Fossil penguins. Pp. 1941 in The Biology of Penguins (B. Stonehouse, Ed.).
Macmillan, London.

SIMPSON, G. G. 1981. Notes on some fossil penguins, including a new genus from Patagonia. Ameghiniana
18: 266-272.

STEADMAN, D. W. 1995. Prehistoric extinctions of Pacific island birds: biodiversity meets zooarchaeology.
Science 267: 1123-1131.

STEADMAN, D. W.,, AND S. L. OLSON. 1985. Bird remains from an archaeological site on Henderson
Island, South Pacific: man-caused extinctions on an “uninhabited” island. Proceedings of the National
Academy of Science 82: 6191-6195.

STORER, R. W. 1945, Structural modification in the hindlimb in the Alcidae. Ibis 87: 433-456.

STRAUCH, J. G., JR. 1985. The phylogeny of the Alcidae. Auk 102: 520-539.

TYRBERG, T. 1998. Pleistocene birds of the Palearctic: a catalogue. Publications of the Nuttall Ornithological
Club 27: 1-720.

USPENSKI, S. M. 1958. The Bird Bazaars of Novaya Zemlya. (Translation) Russian Game Report, Vol. 4.
Queen’s Printer, Ottawa.

VAN TETS, G. F, C. W. MEREDITH, P. . FULLAGAR, AND P. M. DAVIDSON. 1988. Osteological
differences between Sula and Morus, and a description of an extinct new species of Sula from Lord
Howe and Norfolk Islands, Tasman Sea. Notornis 35: 35-57.

WALKER, C. A., G. M. WRAGG, AND C. J. O. HARRISON. 1990. A new shearwater from the Pleistocene
of the Canary Islands and its bearing on the evolution of certain Puffinus shearwaters. Historical Biology
3:203-224.

WARHEIT, K. I. 1990. The Phylogeny of the Sulidae (Aves: Pelecaniformes) and the Morphometry of Flight-
Related Structures in Seabirds: A Study of Adaptation. Ph.D. dissertation. University of California,
Berkeley.

WARHEIT, K. I. 1992. A review of the fossil seabirds from the Tertiary of the North Pacific: Plate Tectonics,
Paleoceanography, and Faunal Change. Paleobiology 18: 401-424.

WARHEIT, K. L., AND D. R. LINDBERG. 1988. Interactions between seabirds and marine mammals through
time: interference competition at breeding sites. Pp. 292328 in Seabirds and Other Marine Vertebrates.
Competition, Predation, and Other Interactions (J. Burger, Ed.). Columbia University Press, New York.

WETMORE, A. 1940. Fossil bird remains from the Tertiary deposits of the United States. Journal of Mor-
phology 66: 25-37.

WILKINSON, H. E. 1969. Description of an Upper Miocene albatross from Beaumaris, Victoria, Australia,
and a review of the fossil Diomedeidae. Memoirs of the National Museum of Victoria 29: 41-51.
WOOLLER, R. D., J. S. BRADLEY, AND J. P. CROXALL. 1992. Long-term population studies of seabirds.

Trends in Ecology and Evolution 7: 111-114.

ZUSI, R. L., AND K. I. WARHEIT. 1992. On the evolution of the intramandibular joints of pseudodontorns
(Aves: Odontopterygia). Pp. 351-360 in Papers in Avian Paleontology Honoring Pierce Brodkorb. Natural
History Museum of Los Angeles County, Science Series No. 36 (K. E. Campbell, Jr., Ed.). Natural History
Museum of Los Angeles County, Los Angeles, CA.



Biology of Marine Birds

BG861 UOSIO| 9 eruLyog adomg ‘yur S1SU221U] 0P| .Gsi
8661 Uassnusey S aremepq MUBRY "M -ds SjeUIULISIopUL snuag|
BGRG] UOS[O 14 uoga1p oyoed "N 9| snu1jsiad| SNADT]
B8G861 UOS[Q) € wmiSjag onueny ‘N 9 snjuifap| stui0jadny|
L661 Msudyoog| ¢ Aueuwan adomyg ‘yur s1sua1sdiy| D101ADD)
7861 ANBY)-ISMOA| douely sAyjeyereg “ds SjeuTULISpUT Snuas|
JepLIe
961 pIEMO| uo3a1Q oy1oed ‘N 9 upjafnys| SN1ID.102.42]S]|
$661 1swy]| epuo[ MUY M -ds SN1ID40242]S]|
1007 USSSNWSEY 29 UOS]Q)| eurore) N JNUB)Y ‘M snpnvo13uo] “JJe| SN14D.402.42]8]|
100 Uassnwsey 2y uoso) ruIpoIR) "N| ONUENIY M| snouyisvivd Jye SN1ID400.42]g)
1007 usssnwsey 7 Uos|Q| BUI[OIR) “N| onuUERY "M snutiowod “Je| SN14D400.42]g]|
1007 uassnuisey2p Uos[Q| 'urore) ‘N MuUENY ‘M -ds DIODIDYIDD)|
BG86T UOS|Q)| PpuejAIep| oMUY ‘M, S1q ds SN1IDA0D.42]S]
BERG [ UOS[Q) vzﬂb@z ONUENY "M [[ews -ds SN14D403.42}8]|
JBPILIBIOIIINS
100 uassnusey 2 Uos[Q) euIjOIR)) "N oMUY ‘M sn32[.4150 “JJe| sndojpwany]|
100 uassnwisey 2 uosiQ| ruIpoIR) ‘N JQuERy ‘M snypiyiod Jye sndojpwavpy|
6L61 UBWIPE3)S %9 UOS[O)| BpLIOL]| NUBNY ‘M| snpojns| sndojpwanpy]
aepopodojewdaeyy
sduLIoJILIpRIRY D
2 SV LIRS
5 uone) m 3 Anpeso 3 uoiday £ = o z ° wu 3|0 saadg 51q UOXE} Ioy3y 10
3 ony100dg omdeSosn  |5| & g g & g |58 snuan
H e ° g

36

»+p+¢ ‘SITEISP 10 S[qE) JO WIOOQ J& SI}0U PUE X3} 39§

SPAIqEas [ISS0J JO ISI'T

1'¢ XION3ddV



37

©G861 UOS|O eunuasIy onUERY 'S "M vuvadwnd DUIISOPNas |
©5861 UOS|O eunuady oMUENY 'S "M 42u23ap)| DUL2ISOPNas|
1961 gIo3poig]| uo3a1Q oyIoed ‘N snuo3a.0 snpT|
L961 qioxpoig| uo3a1Q onIoed ‘N 9 snisnqod| snupT|
S661 21surg pLIoL oQuUERY ‘M snoyy| snavT|
$661 d1suy| eurjoIe) ‘N MUBNY "M snnjadaad| snap7|
BO661 Io[puByD) e oy1Rg ‘N 9 -ds| DU}
©0661 I9[pURy)) Jed oy1ed "N 9 152152 pss1y|
©0661 JO[PUTYD J[eD) oymed "N 9 ds| snavT|
100 uessnuwisey 2 U0s|Q euTjOIRD) ‘N AMUENY M| po1O1U “IFE U]
100 usssnusey 2 Uos|Q eurjore) ‘N AMUEBPY M| DusxOUL “Ie) DU421S IO
100 uassnuIsey 79 Uos|Q)| eutjoIR)) ‘N onUERY ‘M -ds snpT|
100 UassSNUISEY 79 UOS[Q)| euT[oIR) ‘N SQUERY ‘M snpnuiw Jye snup|
100 USSSNUISEY % UOSO)| BUI[OIRD) "N onuepy ‘m snpunp1q1. “uSeu| snvT|
100 USSSNUISEY 29 UOS|Q)| euIjoIR)) "N opuepy ‘M Djj12143D “JJE| snavT|
100 uassnuIsey 7 Uos|Q)| eurjore) ‘N anuepy ‘M SISU2IDMD]P “IJ¥| s
100 USSSNUISEY 29 UOS[Q)| eurjore)) ‘N onuepy ‘M snipjuadap “jye| snunT|
26861 UOS|O wpUOL] oRUERY ‘M 1240u]3) snavT]|
LL6139]s593[% ndsa1oSuD)| eITRWOY sAyjerereq -ds| sn.aor|
0661 1314 BUOZIY|  BOLAUIY N I ds snpT 30
1761 £31QIS RIS eYseIqoN|  Eououry N v4v4qo1U 101D
85861 UOS[O) souely syojereq sapioun;oj| SnupT|
®6g61 UOSIO[ 8 oueLy sAyyorereq sun3a]2| snaoT|
BGRGI UOSIO| L JoueLy sAypojered 15.4240usap| s
SABERERRHBEEEEE
ﬂOJ m < < m < < w < a
g uonend m ; Aypeoo] s uoiSoy i v o g o zlo sor0adg q UOXe} JoySy 10
= syadg omgderdosn (& z ] g g g|g snuon
= g 8 > s ° 818
o g |8

The Seabird Fossil Record and the Role of Paleontology

ape ‘S[rejsp I0J 3[qe} JO W0)10q Je SA)0U pue 1X3) 99§

SPAIqEas [1S50J JO ISI'T
(penupuoD) 1z XIANIddY



Biology of Marine Birds

38

1L61 PIemoH| 41 0OIXaA] oyroed 9 ds| snydup.ioqipy1uds|
Z661 YIB| OJIX3]| 1615 gt SISUI0.4pad D]IDOUDHY]
1L61 pIemoy 0OIXOI] ayed "2 doutu DOUIYL042)
7661 NoYIEM| TR oy1oed "N 9 sriadsayoa)vd| L)
2661 NoYIRA| JeD)| oy1oed "N 9 12.40W1M JO| DjIPIUDWIDA]]
2661 NoyIRA| JeD)| oy1oed "N 9 S1SU220.4pID O pjvoUDH]
7661 MBYIRA| e oyed "N 9 snomuL0fipo| D]IDOUDH|
2661 MoYIBA Fiile] oy1oeg "N 9 10s]0 snyddaD)
7661 oylepm| Jed dyroed ‘N 2 ds (&) prypay)
8L61 premoy e dYI1oed "N "9 ds (&) v
1861 premoy JeD dyroed ‘N 2 1g40ypo-q| L)
661 MoYIBM ned oyoed "N 9 12.40UIM| DIDOUDWIDA ]|
9961 pIemoy JED)| oyIoed ‘N 2 sisuaun3o| DjIPIUDWIDA]]
8L61 plemoy JeD oyed "N 9 ds TuTnoIaeL ]|
T661 1oUIE M JeD dyroed ‘N 9 vignp| DOUYL043D)
T661 MoyIep| Eiive] RIHELY B ) ds (¢) snydda))
7661 14IEM| Jed OYroed N 3| snynuin sapodyy|
8961 PIeMOH Jed oyIoed ‘N 9 ds DoIY|
8961 PIeMOL]] piile) oyIoed ‘N 2 1100USS0. v1y19Y]
ep861 UOS[O) puejArepy| JNUERY ‘M “ds mou| snyddasorpy|
eGR61 UOS|O| €1 puejArepy| OUUEY "M 13unpooul snyddasoipy|
L861 soureq 79 pIEMOH] JUeD)| oyloed ‘N "9 snpnuin 'y ‘jje Sapooy
861 'T& 19 auwa(| JieD efeg sy1oeg 9| “ds 9)eUTULISNOPUT SnudS|
L3861 1eAOY 2MSAONHIN BLISNY| sAyjorereg DODLYSAD)| DOIDAIA |
86861 UosS|O|  TI uoga1Q o19ed N 9 . snu032.40| s1u10y142104pAH|
epny
EBIg|EI8|E|B|8|E|8(E|E |8 |2\
- slE(Z|5|2|7|EIE|5 |25 |E|2|7 |2
o o o o
g uoneny m ; Ayeoo] p uoidoy T - o z ° @ 3o soroadg o1q UOXE} 19y31y 10
=1 oyroadg omdeSoon |g| % g m & g g8 snuen
o g8 [F 8 | & ° |g
o n.hw o I3 m
o ‘SITEIOP I0J [qE] JO WI010q J& SIJOU PUE JX3) 20§

SPIIqEs [1SSO0 JO ISI']
(penupuo)) 1"z XIANIddVY




39

The Seabird Fossil Record and the Role of Paleontology

esg1 uosio] 1z | eruvwoy] skyporered wysutpagol] »321503]
SIPas 9B}IdUI
SOULIOJIUBIIRJ
1007 uassnwisey % uos|0| 07 surey JNUERY ‘N "M stufJp| L)
L661 Bisusyoog| 61 sdomyg onuepy ‘N 2 stuuaduy] snumnuig]|
BO661 Io[pueyd) Jed dyroed ‘N “ds| SJBUIILIB)OpUI SNUSF|
BO661 Jo[PUBYD J1ed oy1ed ‘N2 1oury snydun10qiy1uds
T661 MoyIep| J1ed dyed "N "9 § inuay| snydup.10yodig|
T661 Moy M| JeD oyroed ‘N @ 18uojuo DjIDIUvH|
B0661 IR[PURYD) J1ed dYIoed'N 9 -ds DOUIYL042)
0661 19[puryD) e oyrEd "N 9 24 DoUIY1040))
T661 NoYIBM | ey oyioed "N 2 snuaoond| snydu.dyov.g]
20661 I2[pURYD JeD, oy1oed N 9| 12yunp| snydup.idyop.g]|
1007 uassnuwisey 2 Uos[Q) 'UIOIR) ‘N SnUENY ‘M 1uUoIMaUp2.4fD| snun3uiy|
1002 uassnwisey 7 uos[Q| BUIjOIR) "N JNUENY "M DIDY.L41D T DIN2.4210.4]
100 uassnwsey 2% Uos|Q euIoIR) "N SUUENY M| DO1124D "JJB DINo42104,]|
100Z uassnwsey 2 Uos[Q| eurjore)) ‘N ONUEPY "M 2]1v ‘J¥) 2]1¥]
1007 uassnuwisey 2 uos|0Q| 81 'UIOIRD) "N SNUBPY ‘M -ds maul Doy
100Z uassnuisey 7 Uos[Q| rutjore) "N OUENY "M vp.10] "JJe] Doy
1007 usssnwisey 2 uos|0| LI euIjOIRD) ‘N ONUENY M| pnbijup)| Doy
1007 udssnwisey 2 uosjo| 91 eUI[OIR) "N oNUBRY M, -ds QRUIIIOY|
1007 uassnwisey % uos|0| S ‘1 eurjore) ‘N ‘A[ei| v "m 2 sypajereq piuosny) [ 51%
7661 1oyIEM JED oY108d "N 9| a1 DjpouDpy|
7661 BaYIEM JHUeD RIHELE SN sisuaap| Djpounjy|

EI2(8lE|g|E(E|8|E 8|8 |ElE

TEIS|T )= BRI |87 |8

Q & & &
5 UOLEND m ; AyesorT J uoIdoy £ ~ = = o @ Flo soroadg 0+q 0B 10431y 10
=3 oyroads omyderoan g z g g 3 8 g|E snuon
= g S 3 a 8 ® g8
g a &g

»p e SITEIAP 10J [qE)} JO WOY0Q J& SAJOU PUE IX3) 33
SpIIqeds [Issoj Jo 3si

(penupuoy) 1z XIANIddV



Biology of Marine Birds

40

1861 SO0 UBA @ Yory| 6T eI[ensny)| SYIoR] 'S M| 2vIpupPaZOVAOY snupoja |
1861 SR UBA 29 Yory eI[enSnY)| olIoRd 'S M DyanuipD))| snuvoja |
996TIS[IN| 8T eIensny| oyIoRd 'S M I SISUDAD.A1)| snupaja |
€961 gIo3poIg| eIfenSNY)| oydRd 'S "M snavo.d| snupoja |
€961 qioypoig] eIROSNY JY10Bd S M| s dao1pup.3| snupopa ]
1861 1o%oag| 1 uo3a10 syIoed ‘N o soyoudy.10.4y142 snupapa g
©G861 UOS[O)| oyepy. BOLBUIY "N “JUI snaijoy| snuvajag|
vs861 UOSIO| LT eIpUy eIpuy s1suappals| snupaja |
G861 UOS[Q) eIpUy eIpu] 1dapnv) snupaja |
G861 UOS|Q sureny)| sAyjorereq snupssapo snupaja |
6661 UOS|0 amore) ‘N ouey M| 142q12.44s]| snuvaa |
®©G861 UOS[O Aueuuan)| adomyg jur 15004 snup2ja |
+861 [easusyd| 97 Auewiron adomy “jur snipauiaul snupoaajadoipy|
861 [eAduay)| ST 9oue1g sAyaereq 51710043 snuvoajadoipy
JeprueddpPJ
LL6T _.Sw_O_ SuroA g BOLIOUIY N "JUT, U0U42150342)| Ea.wwg\e:::u_
eppesdaig
L661 ASAOHIN emsny| sAyjaered| sno1pAy121p.4vd| s1u10po1jaH|
PS861 UOS[O) wnid[og ‘puejAIe snuepy| 14qys| stuiopo1aH|
9L61 1o3[eM 29 UOSLLIRH| $T puejSug anueny ‘N 2 . 12]05gN.1Y S| uoyanydo.|
sajuoyyaeyqd
®G861 UOS|D| €T ouelj onueny N 0 11421410 snupo112do1o. |
e6861 UOS|O| 7T eunuadry oNUERY 'S ‘M . SNu42152Y| s1u401dry|
glels|ElelE|ele|z|e|zlzle|ElE
O w 'Nl o r.AI. o W .Ml o ...Al o w ...Al o m
o o «© o
g uonen) m ; Ayeoo] s uorday i - < 2 ° . 3o sar0adg 0+q 10X} 10yS1y 10
=1 ogroadg omydesgosn |5 & m mA 1= m & snuon
= e 2 3 2 8 a 818
I : 7|2

»p e ‘SIFEIOP 10J S[qE} JO WONOq JE SII0U PUE 1X3) 52§
SpAIqeas [ISso) Jo IsI']

(penunuoy) 12 XIAN3ddV



41

The Seabird Fossil Record and the Role of Paleontology

ep ‘qndun ‘uos|O @ 1RYRM|  OF puejArey oUUENY M| g-ds seprprwose|ag|
eep ‘qndun ‘uos| % yoyreM|  OF puelAEjy] oPUERY M| v ds sepryynwogejad]
6961 1oueM % PIeMOH| 6€ pue[esZ MON]| olIoRg 'S ‘M o141 stu4i01u0pOPnasJ|
8661 'Te 10 eyonsiely| 8¢ ueder oyIoRd N ‘M| -ds S1UL0]UOPO}ISQ)|
6861 DeZR O ueder oyIoRd ‘N ‘M -ds 9JRUIULIIGPUI SNUA3]
8661 uassnusey| aremepq ONUBRY “M| -ds SjeuTuLIS)opUl SnULS|
BG861 UOSIO)| BIQUIN|O)) Ysiug oyroed N @ snuSow stusoydq))|
BG861 UOSIO|  LE euloIe) S onuEpy "M 12, dud]
eep ‘qndun ‘uos|Q % WAYrEp| 9¢ euIjoIR) 'S ONUEY "M 98re “ds| sepruoSe[a |
eep ‘qndun ‘uos|Q % WOYTEA | 9€ euljore) 'S onUERY ‘M umipau “ds| seprypwIode|ag]
eep ‘qndun ‘uos|O % YA 9€ emore) g OIUERY "M [jews “ds| sepryprwosejod|
86861 UOS[Q euIjoIR) 'S ONUEPY M| snupad01u sap1ouay20av]v |
T661 MOYIEA ‘2686 UOSIQ| D) oyed N 9 14.40| S114101U0P02ISO)
G861 UOS[O| ] InowAsg| B[NSUTUSg dNoIRIUY -ds seprpruodejo |
86861 UOS|O euaSIN nuepy ‘9! 12u05313D3) s1u103up31n
6861 HIPIOD) uojFurysep oy1oed ‘N 9 “ds| SjeUTULIS)OpUT SNUST
6861 13p30D)| uojBuryse oyIded "N '3 ds| (¢) stusoqp18.4y]
9L61 19Y[ep % uosLUBH| G¢ puefduy| onuepy "N 9| viv1uap13uOy| stuio1uopopnas |
9L61 19N[EM % UOSLUEH| pE-TE pueSug onuERY N 9 stuuadiSuoj stuio][13.4y]
9L61 14[EM 7 UOSLLIBH| €~ puersug onuepy ‘N ') snunua) stuio]j18.4y|
9L61 1o)[eM % UOSLITEH| €€ ‘7€ pue[Sug onuepy N '3 sisuaupuoj stusosoq
9L61 1D[[ep % UOSLUBH| [¢€ puej3ug onuepy ‘N 9 1UBMO)| xAuzrdojuopo.roopy|
9,61 I [EA 2 UOSLLIEH] puejSug onuepy N 9| po1doijo) xdu21dojuop()
$861 UOSILIBH| S€ ‘0€ pueSug onuepy N 2 $14150.41nU3}| Stui0uopopnas |
seprpruroded

wm.mml.mMWmml'mmlm.mmm

gl |=[ &I |=|" &= |2

@ & & &
g uonei) m ; Aypeso] ; uoidoy z v = 2 o m v|o saadg 21q UOXE} 10431y 10
=1 syadg odesgoen  |& g 2 g g g g m snuon
- gl 8 8 8 g ® |88
H e °G

»pe ‘SITEISP 10J S[qE) JO WOYOQ J& SIJOU PUE X3} 39F
SpAIqEas [ISSOJ JO ISI'|

(penupuo)) 1z XIANIddV



Biology of Marine Birds

®BG861 UOS|O| €S oURIL] onueny ‘N 9| vavw3Ad| snaopy|
#ep ‘qudun ‘uos[Q @ IRYIRM| TS puejArey onuEny M| ds| jng|
1007 uossnwsey 2 uos|o S BUI[OIRD) "N SHUENY ‘M SnoUDID| sniop|
100Z usssnwisey % Uos[Q| 0S puejAIe JNUBPY M| Ssnj1av| Sn4op|
ep ‘qudun ‘Joyrepy| 64 JHed RIUELE B N g-ds sniop|
eiep ‘qndun Joyrep| 8y Jed dytoed ‘N 2 v ds Sniop|
T661 1oyl Jed) dyloed "N 2 snpunqo3oa| SnA0p|
100z uossnuisey % UOS|Q| L puejArepy SNUENY M snjdzsoxoj Sniop
€961 gloypoig| 9t EpLIOL{ onuepy M SHpiIsL2a1Un pjng|
BG861 UOS|O| St QouelL| sAyjerered S1SUUAIA4D)| pynsatoydury]
ejep ‘qndun ‘uos|Q % oyrEM| b BUIJOIED) 'S SUUENY ‘M 7 ds| djeuTuLIa)OpUl SNUd3|
ejep "qndun ‘Uos|Q % WOyreM| b BUIOIED) 'S oNUENY "M 1-ds S)eUTULIS)PUT mzcm_
26861 UOSIO aouerg skyjerereq 1ozuod| E:.n_
aeping
9L61 I9N[ep % UOSLLEBH| ¢ umowyun umouyun s14150.418u0| s1U10]u0pOPNaISs |
S86IMON| 1 PUE[EaZ MON]| oYIoR] 'S "M «ds| sepryjruioSe[ad
®BG861 UOSIO|  Th snseane)) sAypajereq snouvisdqoy| s1ui01uopordsv)
€661 [2ASUSYD) nog oyroeq 'S 3 -ds s1u403D]2 |
100T uassnuwisey % Uos[O| [ eurjore) "N| dnuepy ‘M zds S1u403v]2 ]|
100Z udssnwsey 2 uos[o| I eurjore) ‘N ONUENY M I ds s1u108v]a4]
TL61 najIedg) PUE[EZ MON dYIdBd 'S M| ds SeprpIuIoge|dg|
6861 DlezeyQ)| ueder oyIoed "N "M, ds seprpuwIose|ay|
6861 OUQ| ueder dyroed ‘N ‘M “ds| S1UL0]UOPO]ISO)
1661 0l0UWENES % 0UQ ueder OLIoRg ‘N M| +ds| S1U10]U0POIISO)|
©G86[ UOS[Q) QoueRIj onuepy ‘N 9| s 1anso1ul S1108D]2 ]
g2 |8(E(8|E|2|8|2|8 |58 |8 |E]lE
a HESNERESE SR
o 1 o o
g uone) m 3 Aypeso 5 uordoy z % o z ° @ slo saroadg q UoXe) 10431y 10
=1 oyroadg omdeidoan || & 2 g L= g g\ g snusn)
a e g

42

»+pe ‘SITEISP 10J 3[qE} JO WONOQ I8 SAJOU PUE 1X3) 395
SpIIqeas [Issoj Jo IsI]

(panunuoy) 1°Z XIANIddV



43

The Seabird Fossil Record and the Role of Paleontology

€961 gIoxpoig| JeD oyIoRd "N 2 . snupda snLop
BO661 Io[pUBYD) Jed) dyloed ‘N 3 ds yng]
BO661 Io[puEyD) JUED dYIoEd ‘N "3 o)) ojng)
BO661 Io[PUBYD| 9 Jed dytoed ‘N 9 4011U2224] SnAOp|
BO661 Io[puByD| €9 J1ed dyIoed "N "3 Stypsouiny| Sniop|
96861 UOS[O| BOLYY 'S dnuepy °s 2 ds oyng)
€661 [BASUSYD 79 niag oyed 'S 9 D "ds mou] jng|
€661 [eAdUYD 79 niRg| oyloed ‘s 9 g "ds moul ong|
€661 [eASUYD 79 3| RUSED B v “ds maul jng]
100 uassnuwisey % uos[Q)| eurjore) ‘N SQUENY "M 7 "ds mau| sn.iop|
100 uassnwisey % uosjQ) BUI[OIBD) "N JNUERY "M 1 “ds mou sniop|
100 usssnuisey % Uos|Q)| epLIO[{ SNUERY M supnsuiuad| sniop|
sut ‘qndun ‘10300 % Noyrep| 19 BpLIO[] SnuERY ‘M| “ds mon| oyng|
SS61 qiopoid| 09 epLIof] onuepy M ppydsoyd) ojng
§S61 qloyporgl 09 EpUO[] onuepy M oupn3) pjng|
1L61 premoy| 00IXaN] oyIoed ‘2 ds| sn.iop|
T661 1Ylep | 65 JeD dyIoed ‘N 2 vipaul] Sniop|
7661 NoyIep| JeD syIoed "N 2 snuSvu| sn..op|
2661 1oyIepm| Riile) syIoed "N @ snuvsoduo] sn.iop|
7661 MYIEM|  8C JUED| dytoed ‘N "3 1opy201s| Sniop|
T661 VoYIEM | LS Jed dyloed ‘N 2 1yod Ly
T661 M2Ylep | 9G Jed dy1oed "N 2 s Sniop|
1661 ojouwreyeg 2 ouQ|  S¢ ueder dyded ‘N ‘M ds ojng|
€861 0UO|  PS uedep oy1oRg "N "M ds ojng
LL6T I9[SST 29 Nosa10TLID) BIURWOY sAyjejereg s1su230.4qop| pnsouLIvg|
8861 19[S 2 N0sa103UD) BIURWIOY sAyjarereg 110s]0| sn.iop|
slelg|z|g|z|zle|ele|El|e |5l
TIEIF|C = BIZ| I B2
Qo 5 & &
5 uoneN) m 4 Koo 5 uorsay B = g o EE saroadg o 1q UOXE} 1931y 10
= syads omyderSoon |5 Iy 2 g & 8 g|g snuan
o 808 || & [5| 8 |8l
s ¢ ° ° 8 5|2
& &

»+p¢ SITEIAP 10J 3[qE} JO WONOQ JE SAOU PUE 1X3) 339G
SPJAIQEIS [ISSOJ JO ISI'T

(penupuo)) 1'g XIANIddV



Biology of Marine Birds

44

7661 1oyIep| JED dY1oed ‘N "9 1jj2uuay| XD402040D]DY |
€961 qIoxpoIg] oyepp BOLIDUIY *N “JUI 4200 XD402049D[DY ]|
96861 UOSIOf 0L 'OV 'S Onuepy 'S 9 ds| (0q4v20.0044) 30 DIPYd]|
96861 UOS[O LYY 'S onuepy 'S 3 wnipaus “ds| XD4020.40D]DY 4]
€661 TeAsuay)) g olyEq 'S 2 -ds| XD.1020.45D]DY |
BG861 UOSIO| 69 sutenyn)| sAyyojereq sadi8uoj 0qup201]
1007 uassnuwusey 2 uos|o| 89 eurjore) ‘N JNUENY M 281e] “ds XD.402042D]DY ]
G961 PIeMOH] 091X JyRd "9 s15u212]08] X0.1020.400]DY |
1661 Disuayoog] euesng]| sAyjorereq S1SUDOIP.43S) XD.1020.40D]DY ]|
BG861 UOS[O BIAEPOA sAipojered snnpj| XD.4000.40D[DY 4
686 UOS[O) uredg’ JMUERY 9 wnoriaql| X0.4020.400]DY ]|
€961 gIoxpoig]| souelj anuepy ‘N 9 snipawiaiul] XD.4020.400]DY ]|
eg861 uos|of L9 areAeg adomyg “jur 14aqnyunq| XD102049D]DY ]
€961 gIoxpoIg]| oyep] ‘epuof] eduBUIY “N| sisuayopi| XD.1020.42D]DY ]
1007 usssnwsey 79 UoS|O epuo[f SHUENY ‘M| 1240W320 XD.1020.400]DY ]|
6Z61 1[I JeD dy1oed ‘N "9 SiypLoua)f XD402049D]0Y ]|
€961 qioypoig] uoga10 oyed "N 0 sndo1da| XD402040D]DY ]|
26861 UOS[O)| Asym], shypojered| snopjo1pup)| XD.1020.40D]DY 4]
861 [eaduay)| 99 douery sAyiojered| snuavoo1u| s1u10103\|
€961 qioypoIg| souelg| g Jur ‘skyiojered stypaoin1] XD.4020.40D]DY ]|
S161 PIRINYS| uoga1p oyoRd N "2 s1aputapwl XD.102040D]DY |
L861 T2 =omm=Emmm_ 1dASg sAyyorereq -ds| 9JBUTULIS)OPUT SNUSJ|
861 mu_>=20¢232_ souel] sAypojereq -ds| SjeUTULIS)OPUT w::om_
agpneIodoIe[BYJ
8861 T8 RSIL =m>_ s9 TAI0HON]| dyred's .3. .EES.S_ S:M_
. FIREIE|RIEFIRIEIFIEIFIRIE)5|E
o J o o
g uoneN) m 5 Ayeoo] P uoidoy = . - z o ol a sar0adg 2+q 0% 10431y 10
g oyroadg omdeiSosn (5| & g g g |&|8 snusnH
= 8 2 2 4 a 218
o g ® K]
a &

»p e ‘STIEI3P 10J 9]qE} JO WOYOq J& SI)0U PUE 1X3} 39§
SpaIqeas [Issoj Jo IsI']

(panunuo)) 1°2 XIANIddV



45

The Seabird Fossil Record and the Role of Paleontology

6861 emedasey] 2 U0S[Q ueder oYIORd ‘N "M -ds| E:.:&&ES&._
8661 [eIndes % emuiry| 9/ ueder IR "N "M -ds| 9)eUTULIS)OPUT m_.:_um_
9661 emedasel 2 uos[0| SL ueder JYIBJ N M. -dds QJRUTULIS)APUT SNUST]
9661 emedasey] 2 Uos|O] L ueder oyIoRd ‘N ‘M upj1y| xduzrdado))
9661 emedasey % Uos[O| uedep YR ‘N "M Stiax2Yy xd421dado))
0861 UOS[O| uojSurysep ayoed ‘N | avnpav3apjy vjpSsuoj
6961 PIEMOH]| JED! oyIoed "N 9 sisuauinbool wn1421doo} |
9661 emedoser] 2 UOS|O| €L ueder SR N ‘M -dds S)eUTULIS}OPUT SNUSF]
8861 13pa0D) uojSurysepm ayoed "N ‘3| snuLw| &;PQSM_
sepLdydoyolg
LL6T Zomy| 7L 001X oo 9 s1suappdoyd) XD.102040D]DY g
BG86I UOS[O| T eroSuop BISY “Jul snnb1ja4| XD.402049D]DY ]|
BGR6T UOS[O| | BI[OSUOIA] BISY JUI sisuatjoSuoul XD.1020.40D]DY ]|
€961 qIoxpoIg] 1 Apey| sAyiorered| 1unfa153p)| XD.4020.40D]DY
L861 1Yoog| | oyep] ‘epuoj{ eoLRWY N snjranp XD.402049D]DY ]|
€961 gloxpoig| eIRnsny)| PEJ'S "M snisnjaa| XD.402040DDY ]|
€961 qroxpoIg| eIEnsny| JYEJ'S "M 11408248 XD4020.49DDY ]
€961 qioypoig| eunuady MUERY 'S "M snuvadwod, XD.4020.45D]DY |
€961 qIo3poIg| uogaiQ syIoed ‘N ‘2 sndo.sovu XD.1020.40D]DY 4
€961 qioypoig JIeD)| oy1oed "N 9 1542804 XD4020.45D]DY 4]
$661 rsurg]| epuo[] ueny "M 1mod]] XD4020.40D]DY 4]
2661 21swy] epLIOL] mueRy "M -ds XD402040D]DY ]
BO661 Jo[puRyD| 1L JED ayoed "N 2 -dds SjeuTULIB}OpUT SNUST]
20661 I9[puey)) JeD oyy1oed “N °9| Aovdowny| 0q4D20121y,
Flzlelslelsieie|e|e (5|2 |e]5]5
AOJ W < < .nDﬂ. < < W < a
g uoneyny m P Ayeso1 ; uoidoy T aM o g ° i s|o saroadg 51q UOXE} 10yS1y 10
wu. snadg oydeiSoan m 3 m m am m wﬂ m snuan
] m 8 a g g m

2 p ¢ ‘SITEIOP 10J S[qE} JO WOJI0q JE S3)OU PUE X3} 99§
SpAIqeds [ISS0j JO ISI]

(ponunuo)) 'z XIANIddV



(%)
e 9861 UOS[O)| BOLYY 'S SNUENY 'S 9| ds papauol(]|
@ 1007 usssnwisey 79 U0S|0| €8 | [Bud “[0XeD "N “JIED| dY10Ed N 2 % PV oy 3u| DLi1SDq20Y |
m 100 uessnwsey 2 uos|0| 78 'uljoIe) ‘N AMUENY M wnipynsxad| D Li15Dq20Y |
< 100 udssnuwisey % uos|Q)| BUIjOIR) "N nuepy ‘M| sij1qInuu 33| D1415Dq20Y 4]
tMl 1007 uassnuwsey 7 uos[Q) euIjoIR) “N| AdMuUBPY "M sad1i31u Jye| D1415Dq20Y |
o 1007 usssnuisey 2 uosiQ| I8 Ji{eD ‘eutjore)) ‘N| oYed 2 %® PV M snapqpp jye| D 1115Dq20Y 4
Mvuvm qp861 UOS[O| eumuasIy SHUENY 'S ‘M ds| vipawoi(]]
° 6961 UOSIIA Elensny oyloed 's'm DIpLIAY) pipauol(|
@ T661 WqIEM JED) oy1ed "N 9 ds papauol(]]
T66T MoYIEM| Jed| OYIoEd ‘N 3 ds papauio1(|
8861 19[SO 2 NOS2I0LID) BIURWOY shyjorereq pupun vapauol(
BG861 UOS|O| 08 2ouer] nuepy 'N 2 1.43.40fjap)| 51140101
7661 1oyIem| JeD RUS Mo papauiol(|
T661 1oYIEMm Jed) oyroed ‘N 2 DO1ULOfiDO) papawol(|
+861 [easuayD| 6L Qouel]| skyiorereg SISUIULPALD)| 51140301
BG861 UOS[O| Burjore) S OHUEBRY ‘M| ds (¢) sus0101
JeprpawoIq
L661 _xmnosoom__ w Auewon adomg ‘yur, snwtuzu) n%..emnmsﬂﬂ_
JBPIPIodPIWOI
LL61 19%[BM 29 UOSLLIBH| 8/ pue[Sug snuepy ‘N 2 514150.413u0]| Ss1apuLippy|
1861 SuIed 2 U0S[O|  LL Kos1af maN| JNUENY ‘M| snoiuoony)3) xAuosoyndy
SIPas JeIUl
SOULIOJILIR[[3201d
mu W < < mﬂ < < W < a
g uonen) M ; Aynpeoo] ; uordoy I = = z ° o 5[0 sa10ads uoxe} 10y3ry 1o
=3 oy19adg smyderSoan g @ 8 2 % g g8 snuan
- 8 g S S b a 818
s|g [T % |8 8|8
& &

46

» e ‘SITEISP 10J S[qE} JO WOYOQ J& SIJOU PUE X3} 93§
SPI1qeas [Issoj JO )SI']

(penunuo)) L'z XIAN3IddV



47

The Seabird Fossil Record and the Role of Paleontology

100 usssnwisey % UOS|O| 68 eurjore) ‘N onuepy "M s1a0.43 "}Jel snuiffn,

100 uessnuisey 2 Uos|0| 68 eurjore) ‘N JNUERY M| “ds| (vuuapay)snuiffng]
100g usssnwisey 2 UoS[Of 68 eurjoIe) ‘N OPUENY M -ds| (vwoapojjady )snutfind
100 usssnuisey % UosiQ| 68 eurjore) ‘N SQUBRY ‘M -ds (pramingl
€961 g103po1g| 2oueI] anuepy ‘N 9| snnbijup) snuiffnd|

€961 qioypolg soue1y onuepy ‘N 9 snowupynby snutffnd|

vGg6] UOS|O| 88 | BOLFV 'S % PUBATEN onuepy “dds snuyffnd

BG861 UOS[O)| puejAre]y JUEPY ‘M 1pD.4U0))| snuiffng|

7661 MY M| JIED) sy1oed N 9| ds| snuyffnd|

7661 NoUIeA| piiie] ayoed N 9 snostd| snuiffng]

T661 NYIEM| Jed dYIoeq N "9 n1ayonw snuyffnd]

T661 MYIEM| JUeD dYIEd "N 9 401daouy snuffnd|

$861 pIemoy| piilde] oyoed N 9 snuanooul| snapujn, ]|

€861 UOS[O) epLIO[] SUUBY M XD snuiffn |

®G861 UOSIO| LS eunuadIy ONUENY 'S M| SnsapjoLo1ul 521dApo.d3.4y|

v6861 UoS|O| 98 eutjoIR) 'S SNUERY ‘M 7 ds] djeuTuLISIpUT SNUS3)

©G6861 UOS[O)| BUI[OIED) 'S nuepy ‘M 1 ds| SjeuruLIa}apul snua3)

0007 Tuepawey 7% sisjed| ©BSY uery| sAyiorered| s1suativpdayoqgoq| suofop13ii,|
G661 TRASUSYD) Aueuwran adomyg ‘yu 1q403po4q suofop131,|

26861 UOS[O| umidjeg opuepy "N 9 1youopwan snuffng|

£661 UOSIOYJON % B1ONpa]| S8 BUBISINO] dQUERY ‘M ds| SjeurULIS}opUI SNUS3|
LL6T 139eM 79 UOSLIEH| 18 pueSug dnuepy ‘N 9| ppup.aiul siapundoN|
LL61 1o¥ep) % uosLeH| 8 pue[ug onuepy ‘N 9 aour stapiundap|
JePILIB[[301d
j B0661 ..o:EEU_ Jed oy1Ed "N "3 g ds u&&ﬁa_&

Q & & &
g uoney) m ; Aypeso] ; uo1day . v = g o z lo sarvads 25 UOXE} 10431y 10
wu. oy10adg omydei3oan m W m m G 8 m m snuan
L T A HE
@ &
»pe ‘SITEIOP IO S[qE} JO WONOQ J& S3J0U PUE IX3} 335

SPAIqEas [ISS0J JO ISI']
(penupuoD) 1z XIANIddVY



Biology of Marine Birds

48

100Z uessnuisey 2 Uos|0 6 euljoIe) ‘N JPUEPY ‘M 1uosuryivd 3o D1D]]2004]
1007 uessnuisey] 2 Uos|Of L6 ‘b6 BUT[OIED) "N SHUEPY M -ds| piddyony]
100 usssnuisey % uos[jo| 96 ‘v6 BuTjoIE) N MUENY M vapawo1p ‘Jye S1122U0IDD)|
100T uassnwsey 7% UOS[O| $6 ‘¥6 eurjore) ‘N dQuERY ‘M S11p2.40q "J3¢| SLJO2U0ID)),
96861 UOSIQ| BILYY 'S ONUBRY 'S 9 D ds (snutffng) snuiffng|
9°q6861 U0S[O LY 'S dnueRy 'S 9| g ds (snugffng) snuiffng|
96861 U0S|Q 'Y 'S dRuEpy 'S 9| v ds (snurffng) snuffng
96861 UOS[O| BV 'S d[UBRY 'S 9 “ds DLID]12004]
2'q5861 U0SIO| €6 BV 'S OnUERy °§ ‘2 D ds| vjyddyon |
2'q6861 U0SIO|  T6 BV 'S dnUERy 'S 9| q-ds pj1ddyon |
9°q$861 UOS[O) BV 'S dnuepy °s 9 pegiy vjyddyong]
QG861 UOS|O| 16 VWY 'S dUUERY 'S "9 *ds| QJEUIULISIPUT SNUS3|
96861 UOSIQ)| BV 'S ONUERY S 9| -d| SjeurULILlOpUI Snudd|
96861 UOS[O| BV 'S dMUERY 'S 3 “ds SeuLIBWN ]|
96861 UOS[O)| BV 'S oQueny 'S ? -ds $14702U0]D))|
€661 [eAdUsy) nag JyIoRd 'S 9| -ds| snapupn,g
1007 udssnuisey % uosjoQ) 'urjore) ‘N “NpoN onueNy| sisuaoLIoUIU sap1owo.1poaay|
100 usssnwsey 2 Uos[O| eurjoIR) N oMuepyY M sap1021f1ovd “Ie| snuiffing
100Z uessnuisey 2 Uosi0| 06 'UI[OIED) "N anuepy ‘M| 1Z)un.1y S14322U01DD)
IL61 pIemoy| OOIXIA| JyoRd 9 1p10fpaj| snuiffng]
6761 plemoy JeD oytoed ‘N 2 1112} snutffnd|
T661 ayIem Jed dyed ‘N 9 no1 p snuffnd]
8961 PIemoH Jed dy1ed ‘N 1unoyvo| snutffng
7661 1oYIeM| JeD oy1oed ‘N 9 15u4pq| snutffng|
8961 pIemoH JED| dYloed ‘N 9 LwWDY| sn.apun,]
1661 olowexeg 22 ouQ uedeg dyIed ‘N M q-ds snuiffng]
1661 O10WENES 7 OUQ) edep oy1oed N "M v -ds snuiffng]
EIE(8|E(8(E|B|8|E(8|E|E|8|E|E
a TIEIZ|C 1= BI=]° =" |87 |8
o) o o ()
5 uoneN) m p Aynpeso f uoigoy > = = g ° Ma 3|0 sapadg 0+q 0¥} 10431y 10
2 aytoads omdeiSoan (& & | B g |s | &8 |g|8 snuon
g s &g

»+p¢ ‘SITEISP 10§ S[qE) JO WOYOQ J& SI}0U PUE X3} 39§
SpIIqeas [Iss0j JO ISI']

(penunuoy) 1'z XIANIddV



49

The Seabird Fossil Record and the Role of Paleontology

8L61 PIemop| JED! JyIoed "N "2 -ds| DUO.IPOUDIIN
IS61 TN J1ED) oyroed "N '3 1qqny) puioipounasQ
LL61 I [eM %P UOSLLIEH| €01 puersug onuepy ‘N 2 1ouinoq puoipouirid)
aepnIue
q5861 :om_O_ BV 'S onuepy 'S 9 l sa12dd43010d)| quezeu&wk_
JepIpIoURIIJ
$661 UBRWIPEAS| ‘T 10158 olIoed °S "0 *ds mou SBPILIR[[30014]
661 Ayuopm 79 AemepoH| 701 Ppue[esz maN| oyRd 'S "M snapjads| snuiffnd]
100 uassnuwisey 2 Uos[Q| T Areue) onuepy ‘9| 1U0s]0| snupffng
1661 sawef % Uos[Q)| emep] sy1oRd *9| sij1qo8nl DUWO.4P0.2] ]|
0661 e 12 Iay[eM| 101 T Areue) onuepy ‘9| avajoy| snutffng]
SL61 uos|0| 001 ‘] BUS[3H 1S onuepy 'S 2 wnavurdni DULO.4PO42]1 ]
SL61 UOSIO| 66 ‘TBUSI3H 1S dpuepy 'S 9 xpfiq pLiaming|
SL6T UosIO| 66 ‘[ BUS[H 1S onuepy g 9 sap101f1o0d| snuiffnd]
100 uassnuisey 29 UosjQ ezIq] sAyojered| 140152 snuiffnd]
20661 Io[pUey)) JeD syroed ‘N 2 +ds| SjeUIULIS)OpUT SNUSS)
BO661 L2[PUEyD Eiite) oy1oeqd "N 9 ds snuyffnd]
7661 1ayIem Jed dyIoed ‘N "9 Yfoyvupy| snuyffnd]|
BO661 Io[pueyd) LS dYIoEd N 1o.40u)13) snuyffng]
1007 uessnwisey 2 UoS|0 6 eurjore) ‘N SNUERY ‘M rorutusay] "uSeu snuffng]
100 uassnuwisey 2 Uosio| 6 'uIjoIe) ‘N OUUENY M snuffnd 39| snuiffnd|
100 uassnuisey 2 Uos|Qf 6 ruI[OIR) ‘N onuepy ‘m| S1415041nU3] “J¥| snuiffng]
1007 uassnuisey 2 uos|o 6 eurjoIe) ‘N JRUERY "M 11u0ss3] ‘uSew DUWO4PO.L2] |
1007 uessnuisey 29 UosiO| 86 ‘¥6 'uIjoIE) ‘N SNUENY ‘M sypyoouinbav o DLiD]1200.4 4|
zlz|g|=lglzlz|elz|g|Ele|glElE
a Wﬂaﬂamﬂaﬂamﬂsm
]
4 uone) m ; Ayeso s uordoy i = 3 < o m zlo saroadg 5:q UOXE} 10431y 10
wu. oyadg oiyderSoan m z m m g m g m snuan)

»p+e ‘SITEISP 10J S[qE)} JO WOYOQ J& S3}0U PUE JX3} 995
SpIIqeas JIss0j JO ISI']

(penunuoy) 1°z XIAN3ddV



Biology of Marine Birds

5L61 uosduig PUB[RIZ MON oyIoR] 'S M| SN2112.4DIUD)| sayddpnaavp]
GL61 uosdung| 901 Ppue[eaZ MIN| JYIoBJ ‘S°M. *ds| sajddpnaavn |
SL61 uosdung| 9071 PUE[edZ MAN]| oYIdR] 'S "M sna.pd| s1ui0u00.un(g|
GL61 uosdunig| 901 Ppue[edZ MoN| oYIOBJ 'S "M 1712pdoy, snostuaydsoavyo.y|
SL61 =o&Emm_ 901 PUE[eaZ MON]| o[IoRg 'S M 120 snosiuaydsoavyo.y|
SL61 E&Ea_ 901 pue[ed7 MaN oyloed 'SM 1sa1davul sa1ddpd]dy|
5L61 uosdurg PpuE[eaZ MON| ogoed 'S°M ds| 9]BUTULIS}OPUI SNUST
5L61 uosdug ‘] INOWIADS | BNSUTUDJ ONOIBIUY S1SUPANOUADS| siuioupuLy
0661 'Te 19 BYoIAW] '] INOWASG| BINSUTUS ONOIBIUY 1ysmoyapy| sa1ddpnasvin |
G161 uosdung 1 .SoEzom_ B[NSUIIS] ONOIBIUY | Lipuung| sa1dApnaav)ng]
SL61 _._omﬁ_Emm_ T EoE\Aom_ B[OSUTUSJ ONOIRIUY | 1uasv|| stuiourydya|
SL6T _EME.Em_ T Eoﬁmom_ B[NSUTUSJ OTOIBIUY| nostuayds yo4Y]
SL6T _.Sm&:_m_ T Eo&om_ BOSUTUS O1OTEIIY s1pun.3| s1uiodoayiuy|
SL6T =0mmE_m_ *] INOWASG| BSUIUS] dWOIBIUY upjaofysuap.iouy suiodoayiuy]
SL6T aoae_m_ S0l puE[EsZ MON RIUELE GENY “ds| s21ddpnaavin ]
SL6T =0mnE_m_ PUe[eaZ maN| oyIoRd S M| 1s2)duvu sa1ddpnaaving]
561 uosduug| pue[esZ MoN]| oy1ed 'S M| snso.uapuod| sa1ddpdyony|
YL61 Supjuar| BI[enSny JYBg 'S M 1uosdus| sa1ddpdyon g
G161 uosdung eI[ensny| SR 'S "M “ds| sa1ddpnaavin |
epsiuaydg
saurrojsiudydg
BO661 Io[puByD) JeD) oyloed "N 2 “ds DUIOIPOUDII)
96861 U0s|O]  +01 BV 'S SNUEPRY 'S "2 ds| sa11uD22(0)
q5861 UOS|O BOLYY 'S onuepy ‘S 9 snuy14pos0]vz| $211UD220)|
Tlzlg|zlelzlz|e|zle|zzle s
a m %2 m |®1=|° w %2
o
g uoneir) m 3 Ayeoo] ; uoigoy i 9 o z ° m 3|0 saadg oq UOXE} 19y31y 10
=3 syadg oydergoon |3 z g 8 & g g m snuan
o gl &8 |8 8 |8 ° |g|8
1 s e 5|8

o<ps ‘SITEIOP 10J S[qE} JO WIOYOQ JE SIJOU PUE 1%} 33§
SPAIqeds [ISS0J JO ISITY

(penupuo?) 1°Z XIANIddV




51

The Seabird Fossil Record and the Role of Paleontology

SL6T _Ew&im_ pue[eaZ MaN| oyIoed 'S 'M 12244} $17225034 4]
SL61 :cmnE_m_ Ppue[esZ MaN| SR 'S ‘M av1pup]pazavaoy] siui0sa1duvpy
§L61 uosdurng Ppue[eaZ MON] oYIoRd 'S ‘M 1ua3p1Li| sajdpoud;dy]
96861 U0SIOf 911 BV 'S dnuepy s 2 snjijosui S1u.103]onN|
96861 U0S|O| LIT BV 'S onuepy 'S 9 snsowapa.d| 2ndu|
96861 UOSIO| 911 LY 'S oQuERY 'S "2 1hapuay| 235
96861 U0S|0| 911 BOLJY 'S onueny s 9| wniodajxny| snostuaydsoaviv gy,
€661 [eASUSYD) nIsg oyIoed 'S "2 “ds| S)eUILLISIOpUT SNUSF)
6L61 uosdung i i OYIoB] 'S "M| 120.000U| sajdpouaidopnas ]
G161 uosdurrg eI[ensny IR 'S M| 4out u sajdpouardopnas ;|
1861 IUUO], % JUOLD)| eunuadry SnUENY ‘S "M -ds 9RUTULIANOPUT SNUST
GL61 uosdurrg el[enSny OYIRd 'S M, /e sajddpodo.yiuy]
L61 :o&E_w_ SI1 BUNUAIY oMUEPY ‘S "M sngsnqo.| sadpouaidp.an |
TL61 _Emn—:._m_ b1l eunuasIy oQUERY 'S M| Sno124p1UD| sajdpouajdvin ]
L6l _saﬁ_m_ €11 BunuagIy| oUUENY S M ydsoano |
L6l :o&E_m_ TIl eUnUaSIV| SQUEPY 'S "M s11100.43] snostuaydsoaviv |
TL61 =omm=:m_ 111 eunuadry opuENy ‘S M 18429 snostuaydsoaviv |
TL6l 5&&5_ o1l BunUaSIY oMUERY 'S "M Sno1o31 ydsoav|p |
9861 :om_o_ 601 euRuogIY| OQUERY 'S ‘M 1uuoy, Snosta4]
L6l _Sme_m_ eURUASIV| onuepy 'S ‘M oo sajdApoingny)
L6l =8&Em_ 801 eunuadry oNUENY 'S ‘M S1pup.3| sa1dpoay1iy)
L61 =om&Em_ euUnUasIy| ONUEPY 'S ‘M 1g.403po.q| sa1dpouaidin gy
SL6T _SmnEmm_ PuB[e3Z MON] olIoRd 'S M. 1521UD)| s21dApAiv] 4]
SL6T :89:5_ PUB[EIZ MAN JYIoed 'S M 1424110| D400,

SL6I _Sw&-:m_ LOT eI[RNSY| oyIdR] 'S "M| -ds| 9JeUIULIS)OPUT SNUSS)
SL6T Eﬁm:.:m_ pue[esz maN| oYeg 'S'M, 2D1puUDPZaVAOU| m&&hbﬁn\_

SEHHHEEEHEAREE

g uonen) m ; Ayeoo] 3 uoiday = = s z o m slo sapadg o7q UOX® 10431y 10
=1 oygroadg oqderSoon | & g ] g G 8 g m snuan
o gl g | 8] 8 ° g8
3 °1&

»p+e ‘SITEISP 10 S[qE)} JO WOYOQ J& SI)OU PUE JX3} 93F
SpAIqeas [Issoj Jo )s1]

(panunuo)) 1z XIANIddV



Biology of Marine Birds

52

*SIpaS ap1420u] SaAY ut paoeld aq pnoys ‘7z

‘uuojiuessfad e A[qissog 17

"DIAWO] 1) 10 23)pD °q] St usuNoads sdeyiad ‘vuv pIAwO] DL SE 9Z1S SUIES 07

*(L961 qI0YPOIg]) SHUL[}Y UIA)SIM PUE UI3JSEd YJ0q UI SIS oL103sTya1d SUSIO[O I8 punoj os|y ‘61
‘onbijup vapy uey) 108107 ‘g

DO Y SNOWAUOULS SI DIJDYSNY ‘SIpup.8 pojp.4sSny SSPNIUI OS]V L]
“Snyoudy.4407247 oy reqrus A3ojoydrour yim suswny ‘9|

"DL4) S© PaqUOS3p A[feuiBuQ G|

‘DanyoKuopug |, se paquosap AfeuBuQ “p1

‘snydda) 0} 10U pue voJ 0} paje[al A[aso|d snyddaoopy ‘€1

"pIofe ue aq J0u Aepy ‘7|

‘uoxe) 1ounxs jussaidar 0y AjeyIun 11

"BUOZLIY JO 3UJ0I[J A[1B3-3USDOIJA] S18] WO S74p7T O 0} Ie[Iun§ "0
1081e] APYB1Is Inq ‘7240W)5 SnapT 0) TepUS g

‘sn.p ul j0u Inq s|ing 3q 03 s319ads 3s3Y) PAISPISUOD (9.6 ) UUBW([RY ‘g
“9epLIET S PIISI[ (S661) INANBYD-ISINON ‘Sn1p1024215 K|qeqold “L

9

S

1D S2 $2109ds PaIspIsu0d (z661) ASAONI <[InS smw7 10u A|qeqolq *
“[In3 jo sa1oads [[ews € A[ONI] 1SOUI SeAs 1 Jey} PaJeIs Inq ‘A[UO SIULIOJILIPRIEYD) U 0} USWIOAAS SIY} PIJIUSPT USSSIUSEY "
‘ng e j0u Ajqeqoid - sanuLye djeUIULIIGPU] “{
*PAULIUOD 10U SANIUIPY °¢
*3u22081](Q st paquosap a8y 7
*U3001d S paquosap 33y |

P

“JUSWUWOD 3Y uf A[JOSIIP PIIOU SSI[UN “UOXE} 1EY) Y)IM PAJEIOOSSE UONIENLD O} Ul PapIA0Id UOHEULIOUI UO Paseq ST JUSWIMWIOD Yory "SJUSUILIOD JO ST] 9y} 318 SuImo[[of oYL u

'$310ds 21} 10§ 20U219§01 [EUIBLIO 31} SWIPN]OUT ‘SUONEILD [RUORIPPE [2I9A3S 0} 19peal oy} Juiod [[1m I0 “5[qe} SIy ut ap1aoid | Yorgm
18y} puoAaq ‘sa102ds Yoes 10§ UOHEULIOJUL [BUOLIPPE 3P1A0Id [[14 UOHEIO JeY) PRISI| UOXE] Yord 10J UOHED JBUIS & Pajerdosse ey | ‘ped jsowr ay) 10 'saroads ayy 10§ )Ja1 [eurdLo oy) AJL 10U st 2197 papraoxd uonEID YoRg 4

“(seag ueldse) pue jor|q ‘UeSUBLIANPIN) SRS SAYIAL, PUE SAYIaTeTE ] JOI[AI UI SEATE 350U} SOjeotpul sAyjelereq ‘uonippe uf “(‘T) puejst pue (‘jo1e)) ‘N) eurjore))
YUON ‘(JI[eD) erwojie) (HpI) uesueLps ‘(Ing) adomy ‘([Sug) puejSug ‘(‘py) onueny (o) jenuad ‘(‘yur) Joudyut ("M) 159M “(*3) 1582 (°S) YINOS ‘(W) YHOU :SMOJ[O] SE JIE 213y Pasn SUONBIASIGQE Y] "PRI9A0I31 219M S[ISSOJ Y}
YoIgM woy A3[eoo] dyyioads a10w oy Jo sjdurexa ue popiaoid OS[e | J9AIMOH “AN[e00] [1SS0J oly1oads J1oyy uey) peardsapim sour suoiSar omde1S0a3 ur paunooo spiq asay) 18y} JUSPIAS dyEW 0} UOXE} YB3 10§ AJijeso] [e1ousd e papiaoid | 3

(1'7 2181 ‘5661 'Te 19 uarddiog) A3ojouoiyo0sd
910ZOUS)) JUS0A1 JSOU Ay UO Paseq [1s50f 3eyy 10§ yoody arendoidde ayy paysiqesss | ‘paptaod sem [1ssof e Jo (17 081 235) 38V 3Ys JI “IGASMOH "3[OTIE MIIARI B UI PISSNISIP SeA IO PAGLIOSIP Ajreuiduo sem 31 aouts [Issoj renonred
Aue o a8e In[0Sqe 10 dAE[aX 2y} UT 9FUEYD © UGA] SEY IS} JT AUTULIANIP 0} AINJeIa] [e3130]005 oY) Ma1AaI 0 210y 1duaye OU apew | “sasAeur ommawolpes 1o srydesdiens pasoidun uo P3seq PasiASI st [15S0f  Jo a5e ayy A[[euoisesdq

“(x0q payorey) paoeyd aq pnoys Aoty Yoodg YoIym 01 SB AJUIESUN Yyim 350Y) 10 (X0Q PI[OS) SYo0dE [BISASS SSOIOE IN00 12y} 350y} a1e Yoods Su0 uey} a10w
ur paoe]d 219M Jey) S[ISSO (661 MOUIBM “BS86T UOSIO ‘€961 qI03poig “3'9) o[o1Ie Maraal € 10 uonesriqnd [euISLIO ) YL Ul AN[eso] 115505 2y Jo uonduosap oY) Uo paseq (]°Z 21nd1y 0s) Yyoodq dyroads e out paoed sem [Issof yoeg P

"EXE) 953U} JO UOISIAI [BULIO} OU U33q Sy 313y} asneaaq “([1007] usssnwsey pue Uos|Q 398 vo1u0fiipo vapauol( “3-3) uoneuSisap oususs
Teur3uo 1oy AQ d[qes SIG) Ut PajsI] e DLISGa0lJ U paoe]d 3q MOU P[IOM JEY) $3103d [ISSOJ IOASMO] “D14ISDG20Y SnusS oy ut paoe[d mou are ‘o[durexa 10§ “OIoEd Y0 Y SUNIqeyUr APUSLING SSONEqIE oY) PUE ‘SisA[eue Iepnoajour
© U0 paseq ‘AWIOUOXE) SS01jEq[e PASIASI (9661) ‘[€ 9 UUNN "D2pawiol(y SNUSS 3y Ul PaqUOSIP d1am S[ISSOJ SSOXEQ[E SO 9[dUILXS J0,] "AWOUOXE} JUBLIND 105Ja1 10U KBTI SI] ST} Ul P3PIA01d S[ISSO SWIOS 10§ UOHEIYHUSP! OLSUST S L 5

*(42oDU X0402040D]DY g sdeyiad “3-3) s3109ds pue|ul/IoIEMYSSL] USaq 9ARY ABW 2197
PRISI] eXE) 3y} JO SWIOS ‘210§a10Y) ‘SHSOdIP SULIBW-UOU PUE SULIEW 1OS 0} pa3dwane J0u Ay | ‘@Iousyung “(L0Z:S861 ‘UOS[Q 398 ‘SnoySuv stuwionoy “8'3) pa1qess e J0u I UOXe) 3y} Jey) PIYSI[qEISI US2q SBY I Jnq ‘UIeHsoun a1e sonuyje
$31 J1 UOXE} € PIPR[OUL J0U OS[E dARY | 5USD0ISIA]J UEY) 10P[O JS0dap WO PaqLOsap St $a10ads wopow ay) Ji 10 (](07) UISSIWSEY Pue UOS[Q) Aq PaquIosap St ‘euney }0ax) 337 oy 10 1deoxa Isi] SIy) up soroads Wpowr papnjour jou ey [

"UOS|Q PUe 11ayIepm ol ejep paysijqndun pue SImieISN| SY) JO MIIASI © Y30q UO paseq aIe Sepl[ng pue epryiwoSe[ad YL (SL6T) uosdwIs pue (z661) 1oyrem (1007)
udssnwIsey pue Uos|O (80661) R[PUeYD (£961) G10NPOIL “(L661) DISUOYOOH SE [[om se (586 1) UOS]Q Te[nored UT “OInJeId)I] 3y} JO MAIASI B U0 A[oIud Paseq a1e d[qe) SIY} UI papnjdul EXE) ‘Sepling pue depryywioSe[sq ay; 10§ 3deoxy .

S3I0N

S3JON pu® IxaL,
1’2 XION3ddVY



53

The Seabird Fossil Record and the Role of Paleontology

*(0661) 19YIBA AQ STLIOJY O) PIAOW ‘D]NS02ID] St PaqUIsap AJ[euIBLO '8S

'saroads sty yaim oy1oadsuod aq jou Kew pue yyod g uey) 1a[jews APySiys are

suowoads asay ] (Z661) HoYTepm Aq sa10ads s1y) 03 PaLIgfal (] Bune,]) BILIOFI[ED) JO SUADOIA S[PPIW 3Y) WO vjAg Jo sudwroads axe a1oy [, “([2661] 11oYTeAy JO ] Bune, ) Susooljy dje| A[1es oy wolj (8661) PremoH Aq A[jeurSuo paquosaq “LS
"(0661) 119YIeM AQ SnL0jy 0) PaAOW Djng SB PaqUIOSAP A[euIBLQ 9§

‘uedef woy “ds pjng Yum dYy109dsuod 3qABIN (pjnsoo1y) vng Se paquosa(] SS

‘DJng se PIqUOSIP Inq ‘wajjim "y 3o 3z1s 3y A[jewnrxordde ‘yyod -g uey Sj[RWS

*(sso1d ul ‘usssnuisey pue UOS[Q) SMLOPY YIIM SNOWAUOUAS DJNSOLOI ‘DINSOLOIN USY) ‘DIng Se paqudsap A[euiduQ “¢§

PzZIs ul [lews Z$

“(e1ep "jqndun ‘uos[Q pue J1YIep ) snpungp3oa “py Jo 3zis ay) Ajerewnnxorddy “1g

“(eyep "[qndun ‘uos|Q pue JOYIBA ) B12]JIM Y ‘UeY) Ia[[ews APYSI]s 0 ‘Jo 3zis ot A[oreunxorddy 0§

“snuvoodwio] ‘py ‘uey) 1o[Tews ApYSI[s Io Jo azis ayy A[erewnxorddy “6p

“pjdisoxo] “py Jo azis oy Ajpreunxoiddy gy

“(erep ‘[qndun ‘UOS]Q PUE JISYIEA ) BIUIOJI[ED) SUSDOIJA A[pPIW woyj v “ds sniopy Jo azis oyy A[orewnrxoxddy /¢

*S1pag a0}420u] ‘9BPIING 3q 0} $3103ds STy} I9PISU0D (swr ‘Jqndun) Iaxoag pue JISYIEA "9f

‘Djng e paquosIp A[[euiZuQ ‘S

“BUI[0IR)) INOS JO SU300JI[Q S WOy SPINS JO sa10ads 0m] 1SEI J& 21k AL i

“BUI[OIRD) YINOS JO SUSV0SI[( 18] SY) WO S[QIPUBLE 13MO] € JO JuswSely € sa10ads S1y) 03 pawajar (961 ) uosdoy] “suad0IA aY3 wioyy se saroads oy paisi] A[oaneius) (£961) qioypoig ySnoyie

‘umowjun os[e a1e A)1[es0] pue a8 s} pue 3sO[ SI $310ads STy} 10§ USWIOAds 2dA) Sy, "$3103dS SIY) UO PIseq sTuULOJUOpOpNasy snuaT ay) paysi[qelss (06 1) WodIquie Xdia1dojuop( snuag oy ur paquosap Af[eurSuo sem uownoads sIyL "¢y
*(1'7 2314 995) 9U200J1Q S[PPIUI OU SI 313y} INq ‘2U0031|() S[PPIW S PaqLdSap 33V "7

vo:o& SIy) woy e1susd wiojuopopnasd 19430 [[B 1940 Ajoud [esrwouoxe) sey yorym ‘siulo8pjaq snuad ay) o3 syisodsp susfoaN pue susd031[() s1e] woly sarads oY) [[e SuLajal are ((7) USSSNWSEY Pue Uos|O

£ ?) W pop pastyuoo K104 & AJ1jdus 03 Moy ue uy -azis Aq pasouSerp ae sa10ads 3sAY) “BUI[OIED INOS WO SPIIq AUSO0SI[Q Y} YIIM SB PUB o210 237 WOIJ SUIOJUOPOPNasd Jo sarvads sa1yy A[qissod ‘om) o1e a10yL "4
'sa10ads pozZIs-WNIPaw 3y} 03 9ZIS Ul 19S0]0 INq ‘BUI0IBD) YINOS WOy $310ads pozis-oFIe pue -WNIPaw 2y} U3amI0q SJRIPSULIAIUL ST SA102ds 0M] 3y} JO J93Ie[ YY) PUE ‘BUI[OIE)) YINOS JO SUSOSI|() Y} WOIJ SPIIq PAZIS-WINIPIW

PUE -[[eUWS S} USIMIAQ SZIS UI SJEIPIULIAIUI JRYMIIIOS S SI[0ads 0M] 3y JO IS[[BWS Sy ‘PUBY UI [BLIAJEW Y} UO paseq "eale Aeg axyeadesay) ays Jo s)sodop auadoIpy PPl 3y} W0l stwIojuopopnasd Jo sa10ads 0M] ISea] I8 318 1YL "0
*(S861 933OIN) UL0I[J 18] UBY) I9P[O INq ‘QUIVOIIA A[1ed uey 195unoA st ) fureprssun st uswroads sty Jo a8e oy, “6¢

‘P1093y [89150[007 S} WOy USNe) 319M AJ1[RI0] pue ‘33e ‘UoneuSIssp OIWOUOXE) AY) 9OUSISJAI SIY) USSS JOU SABY | 'S¢

‘uzojuopopnasd € S UOXE) 91} Jey} UIBLISOUN OS[e Sem pue umouy A[Jea[o 10u st uswroads oY) Jo a5e ay) Jey) sajels uos[0 "L§

‘wiojuopopnasd e st sa10ads 1ey) Ji Jed]d A[2I1ud Jou s

31 y3noyy[e ‘sazorsauoundd] se 9zis aures ay) A[YSno1 SI pIIq 1SI[[ewS 3Y) ‘Sap10UdYy 194 03 3Z1s Ul d[qered: S1 pIIq ozt 1paul,, Y], "PISIAS1 3q 0 Spasu 38e pue K1[ed0] SIY} WOy suiojuopopnasd Jo AWOUOXe) Y[, 19§ ] IAA0 JO
uedsSurm pajewss yim piiq a81e| A[owanxs ue st saroads asay) Jo suo ‘eurjore) yinog jo sysodap EWEEU oYy ur Jussald ‘9zIs 9A1R[S1 UO Paseq ‘sa109ds 91y} IE 213y} 1By} PIUIULISIOP A[9ANRIUS) 9Aey (Bjep ‘[qndun) UOS|Q pue JISYIEA ‘9
‘PI[BA 3q J0U AW $3103dS SIY} ‘210§21Y)} PUE ‘SIULOSD( 10

xA21do1uopo.sovpy 194310 WOy USWIoads STy} pafenuSISPIp A[1es]0 10U 3ABY (9L6]) I9N[BAM PUE UOSLLIRY SIUL0SD(] PUE xA121d0juopo.ovpy Yim suostiedwod spew pue usuroads ay) Jo Jseo € paurwrexs (ejep ‘[qndun) uosjQ pue NOYIRA "G
‘(erep ‘Jqndun ‘UoS|Q pue J19YTeA ) O1oadsuod KoY JSow d1e stuuadiSuo] *y pue SnuImwd SIUIOIISLY HE

*SJUSWIS]D [19[SYS JUSISYIP WO} PIqUIOSIP 318 A3} 3snesaq paredwiod 3q JOUUED STULOSD( PUE S1uLo]j18.4y Jo susundads oy g€

“SISUdUIPUO] S1ULOSD(] SE 0} PILIRJAI 3 1M $3103ds Y3 ‘0s JI ‘pue oly10adsuoo aq Aew s1uL0j184y Jo sa109ds Om) YY) pUe SISUIUIPUO] SIUIOSD( S1UL0]184Y 19A0 KIoLd OIWIOUOXE) SBY SIULOSD(T 7§

“Xd423dojuop( st sa103ds s1yy 10§ snuoF 1021100 yeyy A[ON1] 1sow st 1] “(e1ep ‘|qndun ‘UOS[() PUE JISYIEAL) PIULIUOD 3q JOUUED JBY) SIOJORIRYD UO Paseq SNuaF SIy) PAYSI[qeIss 19)[eA\ PUE UOSLUBE] '[¢

‘SUL03D] YIIm SNOWAUOUAS aq

Kew stui01uopopnasg yeyy paysadans (egg61) UOS|Q ‘SNOWAUOUAS 9q ABUI BXE) OM] 3Y) JEY) pUB P13UO] STU. popnasq woly sa10ads SIy) S1BRUSISYIP 0) BIEP SAISN[OUOD OU 1B 213y} 1By} PSPN[ou0 (ejep ‘[qndun) uos[Q) pue JISYIeN "0f
“aD1puD|PaZaDAOU SNID]]11dSU0D SNUDIS]F SB PAqLISSAP A[[ewiSLQ 67

“3USD0IJ\ WOIJ S paquosap a8y ‘g7

“SnuvIajag KjpAneual LT

*S1710043 snupdajadorpy yyim snowKuouAs aq KBy ‘97

"SnuD22]34 Se paquasap A[ewSuQ ‘sz

‘sa10ads sty 10§ aepruoyiseydold pajeard (£/61) ISN[EA\ PUE UOSLLIRH T

‘ueotjad e jou A|qeqoid Inq ‘ULIOJIUBIS[Od ‘€T

S3JON pue® JXa,
1’2 XION3ddV



Biology of Marine Birds

54

*SMUIY1ADOSOIDZ $2]1UD2I() URY) PIZIS IS[[RUIS

“pamaIAal 2q 03 spaau uonisod dnEWRISAS SII pue (8686 UOS[O “S'3) SMIIASI IO SISI] WO} PIPIWO USYO ST S310ads SIy L
*SuBISOUATOg Y3 Aq MDY JO UOTIONPONUI 3Y) WoIJ pajjnsar A[qeqoid s310ads SIY) JO UOOUNXD YL,

“apajoy o 0} saroads sty jo Surpjads ayy pa1oaLIod ([661) ‘8 12 XNeydI 1270y snuyffng paweu Ajjeurduo sem sa10adg

*Z0S1 I9j& PIJBUTULIS)XS AJqeunsald '

$01

€01
(A
101

*aUA0ISIB[J SB PaqUDSIP 33y 66

‘pisodap [1sS0J 9y} UI AJLIBI S)1 pue sa10ads STy} JO UOHNQLYSIP JUSLIND 3y USAIS JueISeA e |qIssod ‘86

“D13dAyong 3o saroads WISpow pazl Ipoul Y} WOLJ J]qeysInFunsIpul dIe 319y 192dS ‘16

"021s Aq 5192404 $1425u0[p) WOY PAYSMBUNSIA '96

*soroadsqus e uey) 19yIel $9102ds [[nJ € 9q 0} UOXE] ST} ISPISUOO USSSNWISEY PUB UOS[O 'S6

-uado1]q A[1es Aqeqoid ynq ‘ureissoun st a3y ‘p6

“DjydAYong YURIX3 1SI[[BWS I} 03 JZIS Ul IB[IWIS €6

“1U1A]DS " PUe DIDYIA D]dAYOD WO S[qRYSINSUNSIPUI ST [BLIJEW J[qe[IeAR OYL 76

‘uoxe) paquosapun Surpasaid oYy woly s1oPIp uowroads siy ‘(9°q586T) UOS|O Ul suonduosap Ay} U paseq ‘BOLYY YINOS JO U200l J A[1es Wwoy sa10ads seuLrewn, Jo 9z1s awes A[ySnoy ‘16
‘snuag smy ur saroads 3sa81eT 06

*3U300TA] J[ppIwt woy A[qeqoid Jnq ‘ureprooun st a3y 68

“BOLJY YINOS JO SUS00I[J A[Jed pUEe PUB|AIEJA JO SUSOOIA S[PPI WOy snuyffng jo susunoads paquosspun Auewl a1e 315y ], ‘88

‘um3uad e se paquosap AjeuisuQ /8

‘1uaming vLiaming o) K3ojoydiow pue 9zIs Ul Je[lwIg ‘98

‘1oded oy Jo oI S} WO USYE) SI9M II9Y PIJRIIPUl UOHERIO] pue 338 oY) 5JoI SIY) USSS 10U 9ABY | 'BSY

‘pwo4poald 01 A3ojoydiow ur 350[0 uAWIOAdS SIY) PAISPISUOD UOSIAYJOJ PUE BIOONPS] "G]

*BPILIE[[3001 91} UBY) SBPISPIWOL( Y} 0} 1350[0 s310ads asayy oeyd (erep ‘[qndun) uosjQ pue yoyep Aq sisA[eue Areurwijald ‘8

‘Do1LL0f1D2 (T St 9Teaul] Sures oY) Ul 5q Aew $3103ds SIY ], ‘sa10ads SIY) YIIM SNOWAUOUAS ST (B0661) I9[puey) woy Y ‘ds vapaworqg "¢8

's310ads s1y) yam snowkuouds aq Aeur (BQ661) I9[puey) wolj g ‘ds vap T 78

‘EPNULISG JO SUS00ISIA]J WOY UmOY os[e ‘s310ads SIy) pue (80661 JO[PUBYD) 20p40MmOYy vapauiol(J SROWAUOUAS Sl UISSNUWISEY pue uos|Q '[8

‘pUB[ATeJA] JO SUIDOIJ S[PPI 3y} Ul Juasald usaq aAey Aew sa1oads STy} Jey) PLJesIpul Uos|Q "08

*S1U40§0] 4 Ul $3109ds oY) paoe|d [BASUSY) ‘Pw04paud)d 0} IB[TUNIS 10X Sem $3103ds SIY) pres (G861) UOS[Q ‘Snuffng se paquosap A[euiSuQ 6L
“(sepracuLIely) AJrure] umo syt ut satoads sty padeld (£L61) 19Y[em PUE UOSLLIEH '8/

*SOULIOJILIE[[90014 9y} UI BU[N PIWIEUUN Ue pue siy) paoe]d A[9Ane)uS) SLIR] Pue UoS|Q “(SepyoAucisoynAL) Ajruuey mou € 1oy 2d4) sy3 st pue (sruswiny) usurtoads S[Suls € Uo paseq St UOXe) SIYL "L
'GL 910U 39S “(9661) emeSose pue uos|Q Aq PISSNOSIp [BLISYE Sy} Ul PIPN[OUI 3q OS[e ABul S[ISSOJ 3say) Aq pajuasardar uoxe) YL 9/

‘uedef jo susodap sue0081]Q 918 3y} Ul snus3 1oyjour Surpnjout $3195ds INOJ [EUONIPPE UE 1SBI] J& 9q ABUI 310Y) “XA421d2d0)) JO sa1vads oM} Yy O} UOTIPPE U G/
(0SL:9661 eMBISEH PUB UOS[Q) , * * * * PIISIXS IABY O} UMOWY 1943 M0s Aue Jo p1iq Sutalp jsadref oy Suraq ‘ozis ssuswrwi jo sopads e ** *, “p/

‘ueder Jo 9u2081]Q S1e] oY) WOy $310ds 3y Jo Aue ueyy Io[[ews s310ads & Surpnjour ‘saroads xis 1se9] Je ‘ousd0q aje| sdeyrad ‘Guad031Q A[res Aqeqold "€/
*3USV0ISI9J - SUIDOI|J S& PaquIosap a8y 7L

‘uoneuLIog 0301 ues 9y} ul Juasald Seys pue jueIOULIOD JO SA10adS [RUONIPPE 0M] ISES] I8 BIE 21U} JBy) PAJels IS[puey) [/

*SNJDU0L00 (0GUDIOIDII) XDA0204ODIDYJ JO dZURI ZIS UM 0L

“JURIOULIOD B 3q J0U KB "69

oAy xvi000.00[pYy g sdeyiad ‘saroads paquosap Afsnoiaaid e 0 o[qeIsja1 9q ABN 89

'$3100dS SIY} ()M SNOWAUOULS ST 0q.40220.4d XD.10204DIDYJ 19

*$3199ds SIy} 10§ SNUSS MIU SIY) PIYSI[QRISS [BASUSYD) ‘XDL0D0LIDIDYJ SB PAqUDSIP AJ[euiSuO 99

"88L1 Ul PUB[S] SMOH PIOT UO U33S USQ dALY KB $3193ds ‘)By UBISOUA[OJ YA UOLIBIOOSSE UI 319M PUB[S] [OJION UO punoj suswoads ‘69

*(80661) I9[puBy) Aq S740py 0} PIAOUI ‘Djnsoyy snua3 oy ul paquosap AJeuisuQ “p9

"(80661) 12[pUBYD AQ SML0pY 0) PaAOW ‘pjng SNUST BY) Ul Paquosap A[[ewiBLO €9

“(p41014300p *S') KQOOq JuE)XS 153510 BY) URY) 1051E] JO JZIS SUIES AU} ST YIIYM JO ISI[[BWIS dY) ‘DIng

‘pjng Jo saroads a81e
“(sw ‘[qndun ‘19%03g pue 113YIeA ) O103dsu0d a1e pivydsoyd ‘g pue ouvns pjng
*(0661) 11oyIeM AQ SPLIOJY O} PAAOW ‘D)nSOIH SE paqudsap AjjeuidLQ

J0 saroads pazis-aSie| 921y A[qeqoid 1sow aJe 2191} 1eY) PIUTULISIP (erep "[qndun) wos|Q pue N1aYIEM (7661 NOYTEA\ 395) SoLIoWOYdIOUI [EIF[SYS UO Paseq "UOLBULIO] 0SId Y} woy sa192ds 221y} 10 0M) SI9M JI9Y)} JBY) PIJE)S [BAIUIYD) 79

9
09
6

S3)ON puE IXJL
1’2 XIAN3ddVv



55

The Seabird Fossil Record and the Role of Paleontology

(S11) snssvao ;|

(ST11) pssvLo sa1dpnajal]

(r) snuvd g

(111) snuvjdaarur g

(111) snxoauod g

(111) Snavouod snosiuaydsopnasq

(ST1) snuno g

(801) 1smaupup sajlpouardving (211) snuvipaw g
(I1D) mppos g (O11) smdnauzmur

(€11) smsnqos g (011) smpauwiarur g

(11y) snuvyd (011) swyge snosiuaydsoaviod

(TI1) smasou g (S11) SNUNO s1uL0] ouvIap

(011) uarq2uous (Y11) 1p1ehysuapiou stuioudijos|
seprostuayds

sawniofosuayds

(€8) (20661) 1o1puEy) V "ds vapawoiq
(18) 2vpivmoy vapawoiq
aepropawol(q

sawLIof1LIR|[3301q

(L9) 094v22v4d XD10204ODIDYJ
9BpIORIOOOIOR[RY]
SauLIoJIuURI3a

(L1) s1puvi8 popysny

9epIY
sawojiipesey)

17 x1puaddy ur Jusuruo)) 2y} 0} sI9§a1 saroads Yoes apisaq Joquinu [eonsypuared oy, -z Xipuaddy ur sa10ads e yim snowkuouks mou Sre 1ey) sa10ads pIIqess Jo ISI]

sa12adg paiqeas Jo s
C'C XIAN31ddV

“snostuayds sdeyiod L1

‘pzn3uf 10 Snosuayds 911

"SNSSDAD ] ‘DSSDAD S2IAPNSJaL] ‘SNIAND S1ULO] W ‘Snpand SajAp dv.apg sapnjouy ‘G|
“1p10fySUapIOU SIUIOWALOS] SIPN[OU] P |

*Snisnqo4 snos1uaydsoaning sapnouy €11

‘Snuvipaut *J ‘snia.iau snosuaydsoan]vg sapupou] ‘711

“SNX2AU0D " ‘SNADIU0D " ‘snuvjdiapui g ‘snuvjd snosiuaydsopnasq ‘104 ‘snuvjd snosiuaydsoaning sspujou] 111
“stulffo - ‘smipausidru g ‘snydniidrui g ‘1421qzusu snosiuaydsoavog sapnjouy "1 [

“sa)iposopy se (1861) uosduiig Aq paquosap AJ[euiSLQ ‘601

“1SMa4pup $21Apouddn.ng sapnjou] 80|

*sa10ads 1oUnSIP 0M] 1SB3] JB 318 SIS “LO]

*(1'7 231 905) 2u20031]Q S[PPIUI OU SI 319Y) INq ‘U20SI[() SppIUI 0} A[Ted SB PaqLIdsap 3y 901
‘1s21dapw s21dApnaav)od 10N "S01

S3)ON pu® IXJJ,

1’2 XION3ddV



Galapagos Penguins and Flightless Cormorant



	Title Page
	Contents and Introduction
	2.2 Fossile Record of Seabirds
	Figure 2.1
	Figure 2.2

	2.3 Importance of Seabird Fossils
	Table 2.1
	Table 2.2

	2.4 Conclusions
	Figure 2.3

	Acknowledgments and Literature Cited
	Appendix 2.1
	Appendix 2.2



