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Abstract

This thesis sets out to examine four taxa of birds in the Quatemary that exhibited interesting
morphological anomalies in order to address whether these were the result of inter- or intraspecific
processes. Modern skeletal material of these taxa from a wide geographical area was examined so as to
make a more realistic assessment of the fossils than had previously been achieved. Similarly, fossils were
studied from a wider geographical and temporal range than before. The study of the four chosen taxa was
carried out with an acknowledgement of a variety of theoretical issues in biology, which affect the
interpretation of such fossils.

Both members of the genus Lagopus (Red/willow grouse Lagopus lagopus and ptarmigan L.
mutus) were found to change in the robusticity of certain osteological elements through time. This change
may have occurred at the Pleistocene / Holocene boundary, and has been interpreted as indicating a
reduction in mean size, possibly due to the environmental transition taking placeat this time. The study of
cranes (Grus) revealed that the extinct species G. primigenia, which was named in the last century, should
be synonymised with the common crane G. grus. This study found that there were few birds prior to the
Roman period which corresponded in size to modern females of G. grus. As cranes are distinctly sexually
dimorphic, it would seem that the large fossil bones which were described as a larger extinct species
represent the males, and the fossils which were the size of modern males were probably the females.
Ravens were also studied here and were found to be highly variable in size and shape across their range in
Europe. They appear to follow both Bergmann’s and Allen’s rules. A more thorough study of Corvus
antecorax, the extinct middle Pleistocene raven, confirmed its size and metric-shape differences from all
modern populations and subspecies available. However, the validity of the species’ status is questionable
because of the variability within the species today. Finally, the work on Quaternary fossil starlings
(Sturnus), showed that a population of large starlings, probably with different wing bone length ratios, had
existed in south-west Britain about 100,000 years ago. Furthermore, based on ecomorphological criteria,
the fossil population of starlings may have been more sedentary than modern British starlings. Today, there
are similarly large sedentary starlings in the south-west and west of Europe, some of which are distinct
subspecies and one of which is a separate species. This led to the suggestion that the genus Sturnus has
more than once given rise to large sedentary populations of starlings along its western and south-western
limits. This is likely to be a climatically driven system, which may be a novel speciation mechanism for
birds - the degree of migratory versus sedentary lifestyles of the various populations being the mechanism
for isolation that enabled genetic differentiation.

The study has shown that it is necessary to examine as much modern and fossil material as is
available before fossils can be interpreted realistically. This generally leads to a more conservative
assessment of morphologically anomalous fossils because variation occurs both above and below the level

of species. This in turn has lead to a greater emphasis on ecomorphology than on taxonomy.
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Section |

Aims and Background



The interpretation of Quaternary bird fossils has been the subject of much debate (Amadon,
1963; Jehl, 1966; Harrison, 1979a, 1988a; Janossy, 1987; Stewart, 1992 and others). On one level the
argument is centered around identification and the question of the taxonomic level to which fossil
material can be assigned. On another, there is the question whether macro-evolution (speciation), or only
microevolution has occurred during the Quaternary. The two problems differ, although they are strongly
linked through the subjects of size and metric-shape, as size and metric-shape differences are often the
justification for the identification of neospecies or the description of extinct species and subspecies in the
fossil record (Table 1.1).

The aim of the present thesis, therefore, is to identify the patterns of osteological size and shape
in the Quaternary fossil record, and to compare them with the differing patterns in modern populations of
the same and related species. The purpose of such an approach is to gain an insight into the processes
which may be acting on taxa today and during the past, causing them to vary through time. Correlations
between environmental parameters and the patterns of size and shape in the past, may be elucidated by a
knowledge of similar correlations today. The greatest complication underpinning this study, is the overlap
in such patterns, which often exist between similar taxa. Due to this, the taxa chosen are ones which
present few such problems and are thus genera which, today, are relatively species poor.

This first section lays out the background to the approach taken, and draws on the past with an
overview of previous research from an interpretative perspective (Chapter 1). The past work was also
important when taxa were chosen for study, as it became clear that interpretations were in need of
reinvestigation. Also dealt with in this section are the theoretical issues in biology which impact on such
studies (Chapter 2), for which most authors do not explicitly state their beliefs. This is important, because
these same authors have often interpreted the differences seen in fossils as indicative of various levels of
taxonomic significance. The levels of taxonomic rank attributed appear to be arbitrary, although it may be
that there are aspects guiding workers, such as the age of fossils, and whether the differences seen between
the fossils and modern counterparts are in metric-shape or merely size related.

Finally, Chapter 3 attempts to refine the general aims, using a combination of the historical and
theoretical perspectives, into a form which consists of questions or hypotheses, both general and specific.
With this in mind, the taxa to be targeted shall be detailed and explained in terms of their relevance to

these questions.



Table 1.1. Extinct Quaternary avian taxa described from the fossil record of France and Britain.

| Taxon | Author | Age | Diagnosis

Anseriformes

Somateria Harrison (1979a) Cromerian More robust

gravipes sensu stricto tarsometatarsi than S.
mollissima.

Accipitriformes

Aquila chrysaetos Mourer-Chauviré (1975a) | M. Pleist Slightly smaller than

bonifacti modern forms.

Buteo rufinus janossi Mourer-Chauviré (1975a) | M. Pleist Slightly smaller than
modern forms.

Accipiter gentilis Mourer-Chauviré (1975a) | M. Pleist Short toes and varyingly

brevidactyla different limb proportions
than modern forms.

Falconiformes

Falco antiquus Mourer-Chauviré (1975a) | M. Pleist Size between F.
rusticolus and F. cherrug.

Galliformes

Lagopus lagopus Mourer-Chauviré (1975a) | M. Pleist More robust

noaillensis tarsometatarsi than
modern forms.

Lagopus mutus Mourer-Chauviré (1975a) | M. Pleist More robust

correzensis tarsometatarsi than
modemn forms.

Lyrurus tetrix longipes Mourer-Chauviré (1975a) | M. Pleist Females with longer
tibiotarsi and
tarsometatarsi.

Gallus europaeus Harrison (1978b) M. Pleist Coracoid
morphologically different
to all modern species.

Alectoris sutcliffei Harrison (1980) M. Pleist Alectoris species smaller
than modemn species.

Alectoris graeca Mourer-Chauviré (1975a) | M. Pleist Tarsometatarsi with very

mediterranea well developed crest.

Alectoris graeca Mourer-Chauviré (1975a) | M. Pleist Short robust

martelensis tarsometatarsi than
modem forms.

Perdix palaeoperdix Mourer-Chauviré (1975a) | M. Pleist Small grey partridge.

Gruiformes

Grus primigenia Milne-Edwards (1867 - Upper Distal tibiotarsus wider

71) Pleistocene and | mediolaterally than Grus
Holocene antigone.




Table 1.1. (Cont.) Extinct Quaternary avian taxa described from the fossil record of France and

Britain.

Charadriiformes

Cepphus storeri Harrison (1977b) Early Pleist. Carpometacarpus larger
than C. grylle and C.
colomba and smaller
than C. carbo.

Stercorarius pomarinus Mourer-Chauviré (1975a) | M. Pleist. Shorter and more robust

philippi tarsometatarsi and
longer carpometacarpi
than modern forms.

Columbiformes

Columba livia occitanica | Mourer-Chauviré (1975a) | M. Pleist Different metric shape
to Wiirmian birds*.

Columba livia minuta Mourer-Chauviré (1975a) | M. Pleist Smaller than Wiirmian
birds*.

Columba livia Mourer-Chauviré (1975a) | M. Pleist More gracile limb

lazarentensis

bones than Wiirmian
birds*.

* Fossils were compared with Wiirmian fossils because there are no truely wild modern skeleton of C.
livia due to interbreeding with feral birds (Mourer-Chauviré, 1975a).

Strigiformes

Nyctea scandiaca gallica |} Mourer-Chauviré (1975a) | M. - U. Pleist Males, as today while
females are larger than
modern forms.

Bubo bubo davidi Mourer-Chauviré (1975a) | M. Pleist Some bones larger than
modermn forms.

Athene noctua lunellensis | Mourer-Chauviré (1975a) | M. Pleist Larger than modern
forms.

Apodiformes

Apus apus palapus Mourer-Chauviré (1975a) | M. Pleist. Larger than modem
forms.

Passeriformes

Pyrrhocorax Milne-Edwards (1875) M. Pleist. Smaller than modern

pyrrhocorax primigenius forms.

Corvus pliocaenus Mourer-Chauviré (1975a) | M. Pleist. Corvus species between

janossyi raven and crow/rook
sizes.

Corvus antecorax Mourer-Chauviré (1975a) | M. Pleist. Corvus species between

C. praecorax and C.
corax.




Chapter One Historical Background

Historical Background

The first stage of any academic investigation is the review of past work to gain an insight into the
questions which have prevailed since the subject’s inception. It is only with such an historical perspective,

that pressing issues can be identified so that research can be designed accordingly.

The purpose of this chapter is therefore to review the past literature dealing with Quaternary bird
fossils, from the point of view of the interpretations made by previous authors. It is clear from the recent
proceedings of the ICAZ Bird remains Working Group, that different workers have different beliefs
regarding the level to which certain taxa can be identified (Serjeantson, 1997). This is also very apparent
when even the briefest survey of bird fossil site reports is undertaken. Taxa, such as the thrush species
within the genus Turdus, may be given full specific identifications, left at the level of genus, or identified
as a size category within the genus (Bramwell, 1984; Albarella and Davis, 1996; Wessie, 1988; Stewart,
1992). It is also apparent that certain authors are more willing than others to describe fossil bird bones
which differ from modern counterparts as new taxa. The level of the taxonomic affinities ascribed to these
fossils also varies; on some occasions new species are described, while at other times authors have
preferred the use of subspecific rank. Related to these different approaches are beliefs, such as whether or
not modermn bird species evolved during the Pleistocene or during the Pliocene, and whether there may be
intraspecific variation during the Quaternary over and above that seen in neospecies today. The different
climatic and environmental circumstances of the Quaternary imply that the latter may well be the case,
although the issue has largely been avoided because the existence of such additional variationwould
hamper identification and interpretation.

It is difficult to pinpoint the start of the discipline, and so the best known early event in the study
of Quaternary birds may be an appropriate beginning. In 1839, a portion of bone was sent to Richard

Owen from New Zealand. He, very perceptively, at once realized its avian affinities despite its enormous
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size. He named the bone Dinornis; it was the first flightless moa to be described (Owen, 1839). This
identification was based on morphological characters shared with other ratite birds. This was important as
the moas were at this point extinct, and the geographical range of other ratites at first made Owen
question the deducﬁog. This makes the rediscovery of moas (they had been known to the indigenous
population of New Zealand), slightly unusual from a European perspective, as enigmatic extinct birds are
far from the norm in our Quaternary record. This is in stark contrast to the fossil record of mammals of the
area and helps explain the comparative lack of research into the Quaternary birds.

There were earlier references to Quatemnary fossil birds, such as by Buckland (1822, 1823),
although these were without detailed discussion. The sites in Britain known to have produced Quaternary
bird fossils at that time were Lawford in Warwickshire, Berry Head and Kent's Hole in Devon, and
Kirkdale in Yorkshire. Owen (1846) later referred to Buckland’s work when describing the British fossil
bird fauna as a whole. This work involved the pre-Quaternary fossil record in the main, although he did
mention the remains of birds from “ the fen and turbary deposits”, which he said are “ more easily
referable to existing species”.

Milne-Edwards of France was the first to dedicate much work to Quaternary avian
palacontology with his book ‘Recherches Anatomiques et Paléontologiques pour servir a la Histoire
des Oiseaux Fossils de la France’ (1867-71). Among the many descriptions and observations, he
recognized that a large crane had formely existed in the Palaearctic, which he named Grus primigenia.
This crane has been the subject of controversy ever since, with suggestions that the remains represent the
modern Asiatic sarus crane Grus antigone, or simply a large common crane G. grus. This is the first and
most enduring of the controversies concerning the meaning of Quaternary avian fossils in Europe and
illustrates many of the problems inherent in the subject (see later parts of this chapter). Milne-Edwards
also commented on the size differences between the modemn Scandinavian and temperate European
nutcrackers Nucifraga caryocatactes and realized the implications this would have to the study of their
bones. This is possibly the first reference addressing the importance of geographical size variation in
birds and its relevance to their fossils. Ironically, it also implied, unwittingly, that his interpretation of the
large extinct crane might have to be questioned.

E.T. Newton's paper on a red-throated diver from the Mundesley River Bed (Newton, 1883), a
once exposed river channel deposit in Norfolk, used morphology of the fossil bones to allocate them to
the genus Colymbus (now Gavia), as well as metrical comparisons with recent divers in the Palaearctic to
indicate the species. This is the first work to imply that individual species within a genus may not differ in
morphological detail, necessitating the use of metrical criteria.

Another interesting paper is that on the avian fauna of Merlin's Cave in Hertfordshire (Newton,
1924a), which details a large series of “Ptarmigan” Lagopus bones. Amongst these, it was apparently
clear that three “ptarmigans” were present, a large one which he referred to the red grouse Lagopus
scoticus ( now L. lagopus scoticus), a smaller one which agreed with the ptarmigan L. mutus, and a
smaller one still which he referred to as “small ptarmigan L. mutus - small variety” . This was all deduced
from the *“ metacarpals and metatarsals”, although the “ upper and lower beaks” appeared too broad and

robust for any present members of the Lagopus genus, let alone the smaller extinct “ ptarmigan”, unless
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there were considerable differences in skull to limb proportions.

Also present in Merlin's Cave, were a large series of “ upper and lower beaks” of a large finch,
which he assigned to the greenfinch Chloris chloris. He did, however, mention that they were large and
robust in comparison with his recent greenfinch skeleton, and that he did not have access to a pine
grossbeak Pinicola enucleator skeleton which needed to be eliminated. He attempted a comparison using
a stuffed specimen, but this is wholly inadequate as considerable differences can exist between external
bill shape and the underlying bones. This issue emphasizes another reccurring problem through the study
of Quaternary birds: a lack of comprehensive comparative collections. This has hampered many workers
since Newton's time and is still a problem since some species are either absent or represented by single
individuals at major collections. The interesting assemblage of Merlin's Cave was thought to have been
completely destroyed by bombing in W.W.IIL. (Harrison, 1987a). However, part of the collection has
recently reappeared and is again available for study (Chapter 10). Never-the-less, the original work by
Newton provides an interesting insight into possible evolutionary changes within the Quaternary and the
presence of red grouse, if correct, would contradict Voous (1960) and others who considered the bird to
have evolved in the Holocene from a relict population.

Other publications by Newton (Newton, 1894, 1916-17, 1922a, 1922b, 1922, 1924b) are mostly
lists (some of which are illustrated) of species present in various deposits. The only mention of
identification is when he regularly questions the reliability of his passeriform identifications due to their
small size. Newton dominated the field of Quaternary birds at the turn of the century, studying in addition
to British fossils, material from the Mediterranean Islands (Newton, 1922b) and Spain (unpublished notes
in the Museo Nacional de Ciencias Naturales, Madrid). Unfortunately, many of his identifications were
either never published, such as the Spanish example and his work on Pin Hole Cave in Derbyshire; or
were published by others (Bell, 1915, 1922) and thus give no further insight into his methodology, or
indeed the beliefs he had concemning these fossils.

A short publication by Barret-Hamilton (1889) merits mention, as he emphasized the difficulties in
identifying fragmentary bird fossils. In this one page note, he discussed the endeavours by E.T. Newton,
W.P.Pycraft (curator at the BM(NH)) and himself to identify a fragmentary mandible from Ballynamintra
Cave, Co. Waterford. The specimen at first appeared to be that of a galliforme but eventually proved to be
that of a kestrel Falco tinnunculus.

In 1891 Richard Lydekker (1891a) published his 'Catalogue of Fossil Birds in the British
Museum (Natural History)'. Lydekker's book was not merely a list, as there are descriptions of the
osteological characters of the taxa. Examples include some differences between the corvid genera Corvus
and Pyrrhocorax, and certain crane genera (Grus, Anthropoides, Tertrapteryx and Balaearica) were
considered “ inseparable in palaeontology” . There are, however, comments about size-related diagnostic
criteria, such as the unsubstantiated statement that carrion crow Corvus corone tibiotarsi are larger than
those of rooks C. frugilegus.

In the same year Lydekker (1891b) also published a review of British fossil birds. In this, he
commented on the problems caused by the lack of reference material and was aware of the need to have

“all the larger birds, not only of the British Isles; but also of the greater part of the Palaearctic region”.
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This implies a realisation that distributions are likely to have changed and that all Palaearctic avian
species should be considered when identifying Pleistocene fossils from Britain. He also says that “ when
we bear in mind the slight differences between the bones of many of the extinct species of birds, and also
recollect that many of the mammals of Pleistocene period are extinct, the suggestion arises that if these
fossil birds were before us in their flesh and feathers some of them would present differences from their
living representatives which might entitle them to rank as distinct species. Still, however probable this
idea may be, our only course is to take evidence as it is presented to us; and if this is to the effect that no
differences of specific value can be detected between the bones of the British Pleistocene birds and those
of the present day.” This leaves no doubt that he saw the fossil record as potentially inadequate for the
enlightenment of the past history of birds. The quote includes both a reference to the general conservative
nature of avian post-cranial bones and its implications for identification, as well as the fact that bird
species differ most from each other in aspects which will not enter the fossil record.

The next main British worker was D.M.A. Bate, who published on the faunas of La Cotte de St.
Brelade in Jersey; Devil's Tower in Gibraltar; Camulodunum (Roman Colchester); and Har Dalam in
Malta (Bate, 1916, 1915-16, 1928, 1947). Bate does not, however, discuss her means of species
determination.

Lambrecht (1,933) published the 'Handbuch der Palaecornithologie' in which he gathered all the
information available on a worldwide scale. Lambrecht also published a taxonomic study of birds based
on postcranial osteology (Lambrecht, 1914). He investigated the differences between the carpometacarpi
of bird taxa, and although this was not a palaeontological work, it has clear value for the study of fossil
birds. Later in the century Bock (1962) and then Harrison (1969, 1976) used other skeletal elements for a
similar taxonomic purpose. The work by Bock on passerine humeri was heavily influential on Janossy,
who published a key to the humeri of passerines in Central Europe (Janossy, 1983).

During the 1930's and 1940's, the next centre for research into Quaternary birds arose in the
United States, with authors such as H. Howard, A .H. Miller, A. Wetmore and P. Brodkorb. With them
came a greater tendency to publish, and due to the number of individuals, debate and disagreement
naturally followed. A subject which was prominent, was that of the age of living species. Wetmore (1951)
expressed “a firm belief that our living kinds had their evolution both as genera and as species in the
Miocene and Pliocene' periods” . He believed that most evolution in the Quaternary, in birds, was at a
subspecific level (Wetmore, 1959). Brodkorb (1960) on the other hand, believed that most species had
developed during the Pleistocene and notes that “ almost no avian species are known to cross epochal
lines” . This last statement is notable for its disregard for the fact that “ epochal lines” are artificial and
themselves based largely on biostratigraphic divisions. This is further complicated because Wetmore did
believe that extinctions of taxa occured (Wetmore, 1959), although the Pleistocene was clearly not seen as
the significant period that Brodkorb believed.

It is likely that such beliefs influenced the various workers' interpretations of the fossils that they
were studying, with Brodkorb being more prone to naming extinct species or referring specimens to
extinct species named by others (Brodkorb, 1959; Wetmore, 1931). An example of this difference, is the
species of pied-billed grebe Podilymbus magnus which Brodkorb revived after Wetmore had
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synonymised it with the modern P. podiceps. The extinct species was based on size, being consistently
larger when compared with 8 modern specimens of P. podiceps.

Wetmore (1931), conversely, recognised the presence of two subspecies of gray crane (Grus
canadensis) from Florida: a large one, which he believed could be either Grus canadensis pratensis or G.
c. tabida, and a smaller one which was either G. ¢. canadensis or G. c. nesiotes. The two subspecies in
each size group are apparently inseparable osteologically, and although Wetmore mentioned that G. c.
pratensis is a resident in Florida today, he did not allow this to influence him into believing that the large
bones were representative of that subspecies. This is despite the fact that the other large subspecies G. c.
tabida is today confined to a more northerly and westerly range. He concluded that two races existed in
the Pleistocene of Florida in an analagous situation to the present United States, where two subspecies are
sympatric during migration, although it is not possible to say exactly what they were. This conclusion is
to be praised because it acknowledges that bird distributions may change and that such criteria should not
be used to influence the identification of fossils where no distinct morphological characters exist.

In eastern Europe, Janossy started work on bird faunas from a variety of countries including
Hungary, Poland , Spain and Austria (Janossy 1972, 1974a, 1974 b, 1976a, 1976b, 1977, 1979a, 1979b,
1980, 1981, 1992). Janossy is distinguished by being the author on European Quaternary birds who has
recognised the greatest number of extinct species. An example of how new species diagnoses were
achieved, is the case of Mergus connectens (Janossy, 1972). Here, on the basis of measurements on
hundreds of bones of various elements, he deduced that a smaller species of Mergus was present at the
Middle Pleistocene site of Stranska Skala, in Slovakia. The most interesting feature of this species is that,
unlike modern species of the genus Mergus, the fossil form is not sexually dimorphic. This difference
does not necessarily signify that the fossils were wrongly assigned to that genus, although it does merit an
explanation or at least a mention, neither of which were supplied by Janossy. More recently (Mlikovsky,
1982a, 1982b and Sanchez Marco, 1990), this species as well as others, e.g. Buccephala angustipes, Anas
percrecca, Anas submajor, Anser subanser of Janossy and Somateria gravipes of Harrison (1979a), have
been questioned due a preconception that they should be considered conspecific with modern forms.
Janossy (1992) considers this * very dangerous for understanding of the evolution of palacomithological
research of our continent”. A great deal of the argument has been of a personal nature, with authors
accusing each other of “ pseudoscientific” methods (Mlikowsky, 1982a, 1982b; Janossy, 1987 and 1992).
However, Janossy commented that “ the osteological differences are in such cases often very slight and
hidden in several recent "sibling species", ecologically - etologically [sic] absolutely isolated”. He also
says that such closely resembling and related species indicate that “ small differences also in fossil species
indicate taxonomically - biologically quite different forms”. He therefore feels justified in naming new
species, some of which he describes as ancestors to modern species. It should be mentioned, however,
that neither Janossy nor his critics have considered the third alternative interpretation of the fossil
specimens. That is, that due to the morphological similarities between certain modern species, it may not
be possible to know whether specimens belong to modem or extinct species. The overlap in size between
modern species can hinder Holocene fossil determination, let alone Pleistocene fossils which may have an

even greater chance of demonstrating intraspecific variation (Stewart, 1992). Indeed, as shall be seen
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Chapter 2, there is a growing body of literature on rapid morphological change in modem birds which
would put into question Janossy’s reasoning. It seems that Janossy was using false logic i.e. “ All A are
B” does not necessarily mean that “ All B are A”. He acknowledges the osteological similarity between
closely related taxa and argues from this that small deviations from modern norms are taxonomically
significant at the species level.

Already mentioned is Janossy's key to humeri of Central European passerines (Janossy, 1983). This
uses a combination of morphological and metrical work to separate the various species, measurements
being of importance to diagnose closely related species. However, the small number of specimens used
in this endeavour, limits the use of his data.

The next British proponent in fhe field was Bramwell, who concentrated on faunas in
Derbyshire, Staffordshire and Somerset caves (Bramwell, 1957, 1960a, 1960b, 1976, 1978, 1984;
Bramwell and Yalden, 1988, Bramwell, et al., 1987, 1990), as well as archaeological sites in Scotland and
elsewhere (e.g. Bramwell, 1977). In his paper on bird distribution during the Late Glacial and Post
Glacial of Britain (Bramwell, 1960a), he mentions the inherent difficulties in identifying bones * due to
the very slight variation between members of the same genus, particularly with small waders, ducks,
thrushes, finches and warblers, but the larger birds can usually be identified with some confidence”. This
is very enlightened, although the problem may be even more extensive than he suggested. Indeed, in his
publication on Soldier’s Hole (Bramwell, 1960b), he adds crows and small passerines in general to the list
of problematic taxa.

Bramwell' s (1984) publication on Creswell Crags, which produced the largest fossil bird fauna
in Britain in terms of both bone numbers and species, was an important contribution. Too many species
may have been identified in certain taxa, such as the genus Turdus, so some may have to be abandoned
(Stewart, 1992). What particularly concerned him was the timing of appearance of woodland birds in
relation to the Pleistocene / Holocene boundary. He was aware (Bramwell, 1976) of the work on beetles
by Coope, who showed that thermophilous insects were present in the last glacial stage during warmer
interstadials. This may have influenced his suggestion that temperate birds, another mobile group of
animals, may also have arrived in Britain during the Late Glacial (Bramwell, 1984).

His publication with Yalden in 1988 on Demen's Dale in Derbyshire, is notable in being the
first British publication which made use of the Munich dissertations on the identification of bird bones
(see below). It is notable that this was twenty one years after the first dissertation was published. This
illustrates a general problem in this field where important publications may be poorly known and difficult
to obtain. This inspired Stewart and Hernandez Carrasquilla (1997) to publish a review of literature in
which the means of bird identification were described.

It was in the late 1960's, that the Munich School under Boessneck and von den Driesch
initiated the first of several studies of various modemn taxa in the form of dissertations prepared by a
succession of students (Woelfle, 1967; Bacher, 1967; Erbersdobler,1968; Kraft, 1972; Fick, 1974;
Langer, 1980; Otto, 1981; Schmidt-Burger, 1982; Kelner, 1986; Gruber, 1990; Lorch, 1992). These were
morphological and metrical comparative studies of modern species to enable archaeologists to identify

bird remains. Kraft (1972), who deals with the smaller Central European Galliformes, is the only author
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in the series to have applied the criteria to fossils, albeit to measurements given in the literature. She does
not, however, make any further conclusions regarding the fossils.

Harrison was the next British worker to publish a great deal about Quaternary birds and
over the 1970's and 1980's worked his way through most of the old, and a great deal of the more recent
collections (Harrison, 1977a, 1977b, 1978a, 1978b, 1979a, 1979b, 1980a, 1980b, 1980c, 1985, 1986,
1987a, 1987b, 1988b, 1989a, 1989b; Harrison and Walker, 1977; Harrison and Cowles, 1977). The
volume of work done by Harrison does not, unfortunately, include a great deal of comparative description
_ of specimens in relation to their identification. Certain publications, such as that on the Quaternary birds
of south-western England (Harrison, 1987a) deal briefly with the difficulties of separating carrion crow
Corvus corone and rook C. frugilegus. He says that, excepting the skull, they cannot be separated, and
that criteria formerly used may be invalid. In addition, he finds that blackbird Turdus merula and ring
ousel T. torquatus; brambling Fringilla montifringilla and chaffinch F. coelebs; and stonechat Saxicola
torquata and whinchat S. rubetra, cannot be split on osteological grounds. This is despite having earlier
managed to separate T. merula and T. torquatus (Harrison, 1980a). Another apparent inconsistency, is the
referral of a humerus and a distal coracoid from the Cromer Forest beds to a 7. merula / T. boulboul
(blackbird / grey-winged blackbird) superspecies in 1979, while later he only mentions the blackbird in
relation to these deposits (Harrison, 1979a and 1985). The same is true of his use of a Sturnus vulgaris / S.
unicolor (common starling / spotless starling) superspecies for starling bones from the same deposit. The
impression given by the 1979 paper was that considerable problems existed in assigning some Quaternary
bird fossils to modern species, as speciation may have taken place in the Pleistocene. Similarities in
plumage and osteology, as well as the patterns of present distribution, imply a recent separation of species
from a common ancestor. Harrison concluded that “ in view of uncertainties about the status of the
Cromer Forest Bed Series forms, and the lack of more certain views of the probably [sic] period of
speciation in these genera, I prefer to use a modified superspecies concept rather than propose new names
for putative ancestral forms” . This realistic approach, which he did not pursue in further publications,
may have been influenced by the great age for the Cromer Forest bed Formation material, as none of the
later faunas he published were as old. However, the fact that he did not continue the use of superspecies
in the paper summarising the birds from South-Eastern England, which included those from the Cromer
Forest Beds (Harrison, 1985), implies that he abandoned this view for an unspecified reason. In naming a
new species of eider Somateria gravipes (Harrison, 1979a), Harisson, like Janossy, eventually came under
criticism. In this case, the claim was that the thick-legged eider is in fact a pathologically deformed
specimen and not taxonomically different from the present form (Mlikowski, 1982a and b).

Harrison’s approach is best summed up by the quote: “in birds, size is usually
consistent among individuals of the same species” (Harrison, 1988a). Here he implies very strongly that
size can, in most instances, be reliably used to identify closely related species. In an earlier publication,
Harrison (1980a) dismissed the importance of Bergmann’s Rule in birds during the Pleistocene because
he had found no evidence for larger birds in the past. It should be noted that rarely did Harrison make use
of calipers when he compared specimens. Despite the fact that he reasserted this belief in 1988, there

were a number of instances in his publications where he mentions size differences in birds. They include
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the eagle owl Bubo bubo from the Cromer Forest Beds (Harrison, 1985), and the ptarmigan Lagopus
mutus and starlings Sturnus vulgaris at Tornewton Cave (Harrison, 1980b). However, none of these were
considered to be taxonomically different from extant species.

Mourer-Chauviré, in publishing her Ph.D. thesis on the Middle and Late Pleistocene birds of
France (Mourer-Chauviré, 1975a), provided a detailed analysis of a large number of species through time.
Some taxa were found to include a series of specimens differently sized and proportioned from the
modern forms, which were diagnosed as either extinct subspecies or species. She named a total of three
new species and sixteen new subspecies. Using diagrams showing the relative lengths of certain skeletal
elements of a variety of modern and fossil populations, Mourer-Chauviré (1975a) demonstrated metric-
shape and size differences. She also made use of scatter plot diagrams to show absolute differences
between modern and new species. These differences, while very apparent, are of debatable taxonomic
significance. It is possible that the age of certain fossils influenced her taxonomic decisions; for instance
the fossil raven C. antecorax is Middle Pleistocene, while the differences seen in various Late Pleistocene
birds only receive subspecific status. However, she also names new subspecies such as Lagopus lagopus
noiallensis and L. mutus correzensis from the same site where C. antecorax was recovered.

Mourer-Chauviré has not suffered the same kind of public criticism as has Janossy for naming
new taxa based on size and robusticity differences (Table 1.1). Her tendency to name subspecies rather
than species is perhaps a more conservative reaction to the discovery of differently sized and
proportioned specimens, although the criteria used to interpret one difference as subspecific, another at
species level, are unclear. Indeed in certain instances, e.g. with the dipper Cinclus cinclus, she describes
last glacial fossils as being larger than modern examples without attaching any taxonomic significance to
it at all (Mourer-Chauviré, 1975a).

Other publications of Mourer-Chauviré include site reports, taphonomic studies,
palaeoecological and palaeoclimatic studies, as well as general resumes (Mourer-Chauviré, 1975b, 1975c,
1979, 1983, 1993; Mourer-Chauviré and Antunes, 1991; Mourer-Chauviré et al., 1977, 1980; Clot et al.,
1976 and Philippe et al. 1980). She has also contributed to studies on certain taxa such as the Balearic
bam owl Tyto balaearica and most notably to the debate on the large Palaearctic crane species, as will
now be discussed (Mourer-Chauviré et al, 1975; Northcote and Mourer-Chauviré, 1985, 1988).

As already mentioned, Milne-Edwards (1867 - 71) had already identified an extinct large crane
Grus primigenia from French Pleistocene sites. This controversial topic has received constant attention
and illustrates many of the problems inherent in the interpretation of Quaternary bird fossils. Certain
authors, such as Lambrecht (1933) and Lydekker (1891c), viewed G. primigenia as conspecific with the
sarus crane Grus antigone, while Driesch and Boessneck (1969) believed it to be the same as the common
crane Grus grus. Driesch and Boessneck dismissed the species as they said that too little was known about
the intraspecific variation within common cranes. There is another extinct Palaearctic crane in the form of
Grus melitensis, which is claimed to be an island endemic restricted to Malta (Lydeker, 1890 and 189I¢).
This crane seems to be accepted by most authors, as morphological differences have been established
between it and both Grus grus and G. antigone (Harrison and Cowles, 1977; Northcote, 1982a). Grus

primigenia, meanwhile, having been identified in the Holocene of Germany and Britain as well as the
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Pleistocene of France and Britain, was thought to be a species living sympatrically with G. grus by
Harrison and Cowles (1977). Northcote and Mourer-Chauviré (1985, 1988) tried to put the subject to rest
by publishing morphological differences between the extinct crane and sarus crane, but did not eliminate
the common crane in so doing. It seems to have been assumed that the size difference between the extinct
form and the common crane was too great for them to be conspecific. This subject will be examined in
Chapter 9.

Zygmunt Bochenski has contributed much to the subject of Quaternary birds and particularly to
the application of measurements to the fossils. His publication on the Quaternary birds of Poland is
noteworthy because of its treatment of the genus Lagopus and the use of geographically widely spread
samples of the modern taxa to help expain the variation in the past samples (Bochenski, 1974). Other
publications by Bochenski and his son have dealt further with Lagopus evolution (Bochenski, 1984, 1985;
1991; Bochenski and Tomek, 1994), in addition to site reports (Bochenski, 1981, 1990) and a catalogue
of Polish fossil birds (Bochenski, 1993). An interesting methodological approach has also been developed
by Bochenski where sizes and proportions of skeletal elements, which were not part of the original type
material, are estimated for extinct taxa (Bochenski, 1989). Later, the same principles were used to make
use of the wealth of ornithological measurement data available to estimate bone dimensions of
unrepresented species in skeleton collections (Bochenski and Bochenski, 1992). Zbigniew, Zygmunt’s
son, has also started to work in this field and completed a Ph.D. on the skeletal morphology of grebes
throughout the world (Bochenski, 1994). Latterly, Zbigniew has concentrated on taphonomic studies and
patterns of fragmentation and corrosion as a result of the attention of various birds of prey (Bochenski et
al., 1993, 1997).

A number of other authors are relevant here, although they have had less impact. They include
Ballman, whose taxonomic work is very exacting, using a combination of morphological and metrical
tools to diagnose species (Ballman, 1973 and 1978), his identifications being usually accompanied by
Justifications. Weesie's (1988) publication on the Quaternary birds of Crete, similarly dealt with the
taxonomy of fossils in some detail. Eastham (1967), however, in describing the fauna of Gorham's Cave
in Gibraltar, did not venture beyond the publication of a faunal list accompanied by ecological
deductions.

Tyrberg has produced a number of review articles which have concentrated on Europe-wide
temporal and spatial distributions of certain taxa (Tyrberg, 1985, 1991a, 1991b, 1995 ). His publication
on the distribution through time and space, in relation to vegetation records, of the crossbills Loxia sp. is
interesting and puts forward two hypotheses (Tyrberg, 1991b), which are more sophisticated than those
originally proposed for the birds’ diversification. However, Tyrberg does not question the identification of
these fossils, which may well be erroneous and has a fundamental bearing on the use of such literature
sources. Another paper reviewed all work on extinct island birds and their demise (Milberg and Tyrberg,
1993).

Island faunas have been a focus for work since the very beginning of the discipline, if the
description of the moa is to be included (Owen, 1839). Later there was a significant amount of work on

various Carribean islands by Wetmore, particularly during the 1920°s and 1930’s (see Milberg and

13



Chapter One Historical Background

Tyrberg, 1993). More recently attention has been diverted to the Pacific and a large number of extinct
species have been discovered and named (see Milberg and Tyrberg, 1993). The extinctions, it seems, are
mostly due to human colonisation, through over hunting and the damage done to the environment by
introduced animals such as pigs, dogs, cats and rats.

A relatively new and healthy development, has been the growth in taxonomic studies of
individual species, where all forms of variation are considered, including sexual, geographic and temporal
(Northcote, 1979a, 1980b, 1981a, 1981b, 1982a, 1982b, 1982¢, 1983, 1984, 1988; Fraguglione, 1982;
Hufthammer, 1982; Ericson, 1986 and 1987a; Burness and Montevecchi, 1992; Ericson and Hernandez,
1997). Northcote published a number of papers on sources of intraspecific variation in mute swans
Cygnus olor and whooper swans C. cygnus. The most interesting were those on size decrease over time in
mute swans (Northcote 1981a and 1983). The reasons for this change in size are discussed and the
possibility that domestication or microevolution may have caused the phenomenon are considered.
Fraguglione (1982) revised the fossil record of the woodcock Scolopax rusticola and noted the
tremendous degree of variation which exists within the species. In the same year Hufthammer published
her Ph.D. on morphological variation in the great auk Pinguinis impennis in Scandinavia (Hufthammer,
1982). She found that the great auk decreased in size from south to north, contradicting the predicted
relationship between body size and latitude of Bergmann's rule . This work was later extensively used
when Burness and Montevecchi (1992) compared the northwestern and northeastern Atlantic great auk
populations. They discovered that great auks breeding in the northwest were larger than those in the
northeast. They discussed the cause of these variations and considered the following: “ 1) genotypically
based size differences.due to differing environmental pressures, e.g. sea surface temperatures; 2)
phenotypically related size differences driven by inter-colony differences in prey selection; 3) founder
effects generated by different sized establishers of different colonies” . Finally, Ericson's study of eider
(Ericson, 1986 and 1987a) used large samples from archaeological sites, as well as modern birds to assess
the degrees of sexual, geographical and temporal variation within the species. He found a small amount of
sexual dimorphism, which he tentatively suggests may be due to food competition, while geographic
variation was similar to that in great auks, being larger in the south than in the north. Finally, the evidence
for size change over time was assessed and he found that the eider has been decreasing in size since the
medieval period. His conclusion was that food competition with other duck species had decreased over
time, which has been shown to affect the mean size of eider populations, due to a decrease in selection
against smaller body size. An important innovative aspect to Ericson’s approach, is the emphasis he has
placed on the omithological literature dealing with recent morphological change (see chapter 2). This had
received little or no attention until then. Together with Hernandez Carrasquilla, Ericson (Ericson and
Hernandez Carrasquilla, 1997) took a similar holistic approach to a study of Holocene cormorants fom
the Baltic. The conclusion drawn from this study was that the cormorant subspecies, Phalacrocorax carbo
sinensis, which breeds there today, probably replaced the nominate subspecies P. c¢. carbo sometime after
the mediaeval period.

Various strands of research into Quaternary birds have been undertaken during the 1980’s and

1990’s. While site reports still dominate the publications, there are new trends which are helpful to a
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better understanding of birds in the Quaternary. The taphonomic work by Zbigniew Bochenski and others
is helping to lay down some of the fundamentals concerning what avian predators do to bird bones, and
may hopefully better explain the damage found amongst fossils. There have also been a number of papers
by Tyrberg, based on broad literature reviews, which are pointing to interesting patterns in past
geographic distributions of birds, which are useful despite an unquestioning approach to fossil
identifications. Meanwhile, there continues to be interest in island bird faunas, although islands are
special situations with unusual faunas, which tell us little about what happened to birds during the
Quaternary on the continents. Work on Quaternary fossil birds from continental areas other than Europe
is still sparse. In North America there are few workers dealing with the subject and Emslie dominates the
study of continental birds. Studies by him have included site reports (Emslie and Heaton, 1987; Emslie,
1985, 1986), and most importantly, considerations of the age of modern species (Emslie, 1992). In
addition to this, there has been a description of a fossil scrub-jay from the Pliocene of Florida belonging
to the neospecies Aphelocoma coerulescens (Emslie, 1996). The latter paper uses the morphology of
fossil maxillae and mandibulae to indicate that a modern species was represented. Emslie believes that
among Passeriformes, the bones of the bill are species-specific and hence can be reliably used to diagnose
species. This belief appears to neglect the fact that the bill is highly influenced by natural selection
(Grant, 1986), and that presumably the same shape could occur more than once, given similar
environmemtal conditions. This is particularly the case with relatively simple shapes, such as those of the
bones of the bill. Nevertheless, this example leads Emslie to believe that some species originate as far
back as the Pliocene.

When viewed historically, the subject of Quaternary birds can clearly be seen to have undergone
changes, while at the same time certain themes have continually been dominant. Those themes are centered
around the questions of what, taxonomically, the fossils in the Quaternary represent. The emphasis is
moving slightly, with taxonomic studies on single species or small groups of species becoming more
prevalent. However, the geographic extent over which taxa are studied are still rather limited. This has
clear consequences, if such mobile and potentially adaptable species are to be considered evolutionarily.
The trend is, however, in the right direction, as it is only once individual taxa are studied in great detail
over large geographic areas, that the significance of fossil birds and eventually their evolution may be
ascertained. An ironic aspect to the history of the study of Quaterary birds, is that many enlightened
views concerning the fossils were held very early on and were subsequently all but abandoned. Problems
such as the implications of geographic variation and the need to consider species from the whole of the
Palaearctic were expressed in the last century (Milne-Edwards, 1867 - 71; Lydekker, 1891b) and only
recently are they coming to prominence. This has very much guided the approach taken during the present

study and particularly the geographic and taxonomic scope of the project.
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Theoretical Background

2.1. Introduction

In the last chapter I demonstrated that different attitudes, usually unexpressed, have existed with
respect to the significance of Quaternary bird bones and their variation from each other, and from their
modern counterparts. In this chapter I will therefore explore the areas of biology and palaeontology which
may have an impact on the interpretation of the taxonomy and evolution of Quaternary birds through their
fossil remains. To this end all potential sources of osteological variation which may affect a modemn or
fossil sample shall be examined, including interspecific variation, the morphological overlap/separation
between species, and intraspecific variation (sexual, geographic, temporal, pathological). In addition to
these, I shall consider the implications of different species concepts and theories on modes and rates of
species evolution, as well as the issues of species evolution versus immigration.

Many of the theoretical issues that need to be considered are linked, for example it may be
difficult to consider a species concept without a speciation mode or a methodology for species
identification. This makes it difficult to untangle the web of theory and to consider the interpretation of
fossils in the light of individual theoretical concepts. It is important to do so, however, as theory always
influences the conclusions arrived at during any analysis of data {(Popper, 1968)], as was certainly
apparent in the overview of the literature on Quaternary birds. This has led to a proliferation of titles and
subsections in this chapter, which in part serves as a glossary. Defining the terms could help confine the
ambiguity which may befall these concepts when used later in the thesis. After the definition and
discussion of each aspect of theory, an attempt is made to explain how it affects the interpretation of

Quaternary fossil birds.
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2.2. Interspecific Variation and the Fossil species

Interspecific variation refers to the variety of morphologies among species and more inclusive
taxa, and the degree to which they overlap or diverge. The nature of interspecific skeletal variation is
important because it affects the identification and interpretation of bones of unknown taxonomic affinity,
e.g. fossil birds. The taxa which warrant attention here are usually those which are most closely related,
although phenomena such as morphological convergence can cause quite distantly-related taxa to overlap
in morphology. A remarkable example of skeletal convergence, which can cause problems in
identification, is the humerus of the Falconiformes (falcons) and the Cuculiformes (cuckoos). Despite
quite different taxonomic affinities the humeri of these two groups of birds are suprisingly similar. This
serves as a cautionary tale because when identification of fossil bones is attempted, taxonomy is
inevitably invoked when possible affinities are first considered. The assumption is that phyletic distance
is equivalent to morphological distance. The problem is made all the worse when damaged or
fragmentary fossils are to be identified and in such instances greater care should be taken.

Bochenski (1989) stated that the relative proportions of bone dimensions of birds remain
constant within given systematic groups, which may imply that such characteristics can confidently be
used to diagnose species. He mentions that the example of the bills of the “highly specialised Darwin’s
Finches” is an exception and that most species differ only in size. This is a dangerous stance, and while
the skeletal proportions within groups are often similar, it is a matter of degree, and metric-shape changes
can be superimposed onto a general constancy of form within a higher taxon. It is the more subtle metric-
shape differences between or within species that can cause problems of identification. The degree of
difference within species can even exceed that between species of the same genus (see later in this
chapter). Clearly such phenomena will create problems both for the identification of neospecies (modern
species) in the fossil record, and the recognition of extinct undescribed taxa. Metric-shape differences are
often seen as more significant than mere size differences in this respect, but clearly are as potentially
misleading as size.

There are three categories of species in the fossil record: the neospecies in the past, the ‘ancestral
species’ and the truly extinct species. Neospecies are distinct from the last two categories since we
possess knowledge about the biology and modem variation within such species in relation to other
neospecies. This allows the uniformitarian principle to be used when they are identified in the fossil
record. The ‘ancestral species’ is a concept out of favour in cladistics where the closest allowed
possibility is the ‘sister-group’. However, in the Quaternary, with finer stratigraphic coverage, it is
possible to find forms-at least very close to ancestors (Lister, 1992), and this approach will be followed in
this thesis. Such a species could be either a ‘common ancestor’ to two or more modern species, or may
have only given rise to a single modem species. The latter are often called chronospecies and are not
considered valid by some biologists and palaeontologists because no true speciation or cladogenetic event
has occured. The true extinct species on the other hand are evolutionary dead ends, phyletic branches

which have no modem descendents. Which of these three categories a Quaternary bird fossil falls into,
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determines the evolutionary interpretations of the group to which it belongs. Therefore, identification of
an avian fossil is the single most important stage in the analysis of such material.

Another subject of concem in the identification of species concerns the perceptions carried by
different workers that there may be theoretical grounds for expecting, a priori, a species to be
morphologically distinct in certain ways. This has already been dealt with to some extent in Chapter 1.
The significance of this is that the unexpressed beliefs of workers, regarding the processes and results of
differentiation between species, influence their conclusions more than the practical comparative work

they undertake.

2. 3. Species Concepts, Modes of Species Evolution and Rates of Species Evolution

The meaning of species has been discussed at length by a great number of authors, from before
the time of Darwin through to the present day (e.g. Zink, 1997). Many of the arguments are about subtle
differences of meaning, and consequently there is much discussion of semantics (Ereshefsky, 1992).
However, what is important here are the main arguments and the degree to which they affect both our
interpretation of avian fossils, and as our perception of the macro-evolution of birds during the
Quaternary. Some species concepts are described as ‘process-related’, and are linked to speciation
mechanisms, whereas ‘pattern-related’ concepts are those which define species according to their
morphology. It is, therefore, difficult to deal with the implications of these species concepts without
considering their corresponding mechanism of species origination; so both will be dealt with in this

section. The rates with which lineages evolve are also relevant, and will be dealt with here.

2.3.1. Species Concepts

Species concepts can be broadly divided into process-related and pattern-related concepts.
Process-related species concepts are ones where the ways in which species are believed to arise are part of
the definition of those species; while pattern-based concepts are those which rely more heavily on
morphology. The former include the Biological Species Concept, the Recognition Species Concept, the
Evolutionary Species Concept and the Ecological Species Concept. The pattern-based concepts include
the Phylogenetic Species Concept, the Phenetic Species Concept and the Typological Species Concept.

Species concepts are fundamentally important in determining what is considered a species, and
hence when a fossil should be considered as a distinct species, whether previously unrecognised,
conspecific with a neospecies or a previously described extinct form. However, they are rarely discussed
in taxonomic or other palaeontological works. Indeed, to my knowledge no publication dealing with
avian fossils exists where the author states what species concept he or she favours. Until relatively
recently this has not been a cause for concern as the vast majority of biologists and palaeontologists have

accepted the ‘Biological Species Concept’ (BSC) of Theodosius Dobzhansky and Emst Mayr
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of species cannot be defined operationally and that circularity will always creep into such arguments

(Wiley, 1978).

Process-related Concepts

The Biological Species Concept
“Species are groups of actually or potentially interbreeding natural populations, which are

reproductively isolated from other such groups” (Mayr, 1942).

“Species are groups of interbreeding natural populations that are reproductively isolated from

other such groups” (Mayr, 1963).

“A species is a reproductive community of populations reproductively isolated from others that

occupies a specific niche in nature” (Mayr, 1982).

The preceeding three quotes by Mayr are spread over 40 years and are essentially the same in
their content in summing up the ‘Biological Species Concept’(BSC), with the exception of the latest
where ecology receives consideration. (Incidentally the quotes also serve to emphasize the semantic
nature of certain arguments within the subject, as subtle differences in their wording can be taken to
imply differences of emphasis.) The implications of this concept, in terms of emphasis on continual
recombination of genotype, are that it is difficult to envisage a speciation event which does not involve a
degree of allopatry. That is, for speciation to occur there must be geographical separation of part of a
species’ range. This mechanism has its roots in the modern synthesis of evolutionary biology. The
modern synthesis was an attempt to bring together Darwinian evolution and Mendelian genetics.
Therefore, the emphasis was on the potential interbreeding of populations rather than on the
morphological characters of such organisms.

Although it is usually never stated, most avian palaeontologists, until recently, probably adhered
to this concept of species with its associated speciation mode. This has probably contributed to certain
aspects of their interpretation of the fossil record. Those palaeontologists working on island faunas,
because of the allopatric situation, may have been more likely to name new species with the additional
weight given by the BSC. Continental faunas are more complex as areas of endemism are more difficult
to perceive. Rand (1948) proposed a mechanism where floristic refugia during glacial episodes
constituted such areas of endemism. This mechanism and similar ones to account for speciation at tropical
latitudes (Mayr, 1969; Diamond and Hamond, 1980) have been used to examine the relative timing of
various phylogenetic events (Selander, 1965).

The existence of a mechanism, involving Pleistocene climatic change, that could explain when
and how the presently more closely-related taxa became isolated and subsequently split, allows for the

possibility of other, unseen speciation events and so for further extinct taxa to have been present. (The
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extreme alternative is that most modern species arose before the Pleistocene.) If one accepts the possible
existence of extinct species during the Quaternary, whether they be ancestral to modern species or truly
extinct, one might be more inclined to give species-level taxonomic status to certain fossils. If for
example, a differently sized bird of a particular genus appears to have existed in the Pleistocene, the fact
that a worker believes that extinct species were present may influence him or her into naming a distinct
taxon. This certainly appears to have been the case with the two American avian palaeontologists
Alexander Wetmore and Pierce Brodkorb, whose opposing beliefs regarding timing of the appearance of
modem species may have influenced their descisions when describing fossils from the Pleistocene (see
Chapter 1). On the other hand, because the BSC allows for variation within species, it may influence one
in the opposite way into considering the fossils as a subspecies or merely as differently-sized population

of a modern species.

The Evolutionary Species Concept
“A species is an ancestral-descendant sequence of populations evolving separately from others

and with its own evolutionary role and tendencies.” (Simpson, 1961).

The Evolutionary Species Concept (ESC) was devised by the palaeontologist G.G. Simpson in
an attempt to bring into the BSC an element of time and so make it more relvant to the study of fossil
species. The ESC therefore incorporates the breeding elements of the BSC. The idea was problematic,
however, because without access to information regarding whether the fossil populations, formed
breeding populations the method behind the concept relied on morphological similarity as proof of
breeding (Smith, 1994).

This concept raises no more theoretical implications to the understanding of bird fossils than are
already put forward by the BSC. However, because the reliance on morphology means that in practice
this concept becomes a pattern-based concept, the problems inherent in those concepts are likely to be

encountered (see below).

The Ecological Species Concept
“A species is a lineage (or a closely related set of lineages) which occupies an adaptive zone
minimally different from any other lineage in its range and which evolves separately from all lineages

outside its range”. (van Valen, 1976).

The Ecological Species Concept sees the species as a set of organisms exploiting a single niche.
The idea is that Nature is divided up into adaptive zones with non-adaptive gaps between them, and
individual species are adapted to these zones in which gene combination can take place. The gaps in

between the optimal ecological adaptive spaces cannot be adequately occupied by organisms, as natural
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selection will tend to eliminate such organisms. Hybrids in this concept will be selected against because
they will tend to have characters which preadapt them to the gaps.

An important proponent of a precursor to this concept amongst ornithologists was David Lack
who wrote much about the role of ecological isolation in species formation in birds (Lack, 1944, 1971).
While Lack’s ideas are clearly very similar to the more recently defined Ecological Species Concept his
work predates the term. Lack (Lack, 1944) stated: “If the above mentioned species-formation
[geographical isolation of Mayr (1942)] is the normal one, it seems puzzling that closely related species
so often occupy separate but adjacent habitats, and with the significance of closely related but adjacent
species which differ markedly in size”. This interesting quote highlights the similarity between the
ecological species concept and the concept of character displacement. Character displacement, while not
usually associated with species concepts, has clear relevance to the ecological species concept. Character
displacement was first discussed by Brown and Wilson (1956). It describes the ecological interaction
between organisms, usually closely related, although not always (Schluter, 1986, 1988). This interaction
may, however, lead either to character divergence, or convergence (Grant, 1972). The difference between
the Ecological Species Concept and character divergence is that the former is more rigid and cannot
accommodate change or variation. Therefore, the ecological species concept is similar to the phylogenetic
species concept in being monotypic in empbhasis, i.e. it does not allow for a great deal of variation within
species. Character divergence also differs from the Ecological Species Concept in that it deals with two
species in similar ecological niches exloiting the same resources, while Lack talks of adjacent habitats and
therefore a degree of parapatry. Character divergence will be further discussed later in this chapter under
the heading of intraspecific variation.

The implications of the Ecological Species Concept (particularly as expressed by Lack 1944,
1971) to the interpretation of Quaternary avian fossils is that size may be perceived as a reliable criterion
for species identification. The concept implies further that adaptive characters in general are useful for
species diagnosis. This would suggest that greater taxonomic significance could be given to temporal
variation in osteological proportions than would be the case from the perspective of concepts such as the
BSC.

It may be that this concept lay behind certain statements by Harrison (1988), who comes very
close to expressing a belief in the ecological species concept when he states that “in birds, size is usually
consistent among individuals of the same species” and further that because of this, bone size is a useful
criterion for species identification. He acknowledges only a few instances where species might overlap
considerably, such as the blackbird / ring ouzel Turdus merula / T. torquatus and crow / rook Corvus
corone / C. frugilegus-amongst others. This seems to imply that he believes that birds are generally
divided up ecologically according to size. Such a belief certainly simplifies the identification of bird
fossils, although the problem of overlap in size and shape undoubtedly exceeds Harrison’s expectations

(Stewart, 1992).
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The Recognition Species Concept
“We can, therefore, regard as a species that most inclusive population of individual biparental

organisms which share a common fertilization system”. (Patterson, 1985).

The recognition concept of the species (RC) is a modification of the BSC which stresses the
inclusivity of individuals of the same species rather than the exclusivity of individuals from other species.
The concept also specifically identifies types of characters by which individuals of a species recognise
each other as conspecific for the purpose of mating. The RC is similar to the BSC because it also relies on
allopatry to produce changes in the Specific-Mate Recognition System (SMRS) of an organism leading to
speciation.

Species-significant mate recognition characters are described by Paterson as making up an
organism’s Specific-Mate Recognition System (SMRS). A species’ SMRS includes behavioural and
physical traits, including plumage, song and courtship behaviour in birds, and in mammals such as
cervids and bovids head ornamentation (antlers and horns). These characters promote recognition by
individuals of the same species, leading them to select each other as potential mates. The SMRS’s of birds
are unlikely to enter the fossil record, while aspects of some mammal species will do. The recognition
concept has therefore attracted much attention from palaeontologists studying mammalian fossils because
the SMRS of certain groups may provide the potential for the unambiguous identification of discrete
species, particularly extinct ones (e.g. Vbra, 1983; Turner and Chamberlain, 1989). This in turn may
allow for more objective studies of speciation of these animals.

The implications of the recognition concept for work on birds, on the other hand, are more
negative. Features of birds such as song and courtship display will never become part of the fossil record
and plumage will only be of use in exceptional circumstances. Possible SMRS features in birds which
may be preserved as fossils are Galliforme leg spurs, and wing spurs in the spur-winged goose
Plectropterus gambensis, jacanas (Jacanidae), the spur-winged plover Vanellus novaehollandiae and
sheathbills (Chionididae) (Davison, 1985). An example where spur shape has been used to diagnose a
taxon is in Alectoris graeca mediterranea (Mourer-Chauviré, 1975a). In this case the spur ran into a
prominent crest which led to the proximal end. This feature is, however, of debatable significance to the
species’ SMRS and illustrates the difficulties of identifying such species recognition features in bird
fossils.

The concept may therefore suggest, conversely, that similar species need not or are unlikely to
differ in aspects which do not relate to their SMRS. This in turn may explain the perception that certain
closely related bird species, such as those within passerine families and genera, are difficult to distinguish
osteologically ( e.g. Lydekker, 1891b; Stewart, 1992). For example, it may be impossible to confidently
identify Palaearctic members of the genus Turdus or their ‘ancestors’. If members of these or other
species do differ in their skeletons it would be because of adaptive differences between them which
according to the recognition concept are of no actual significance to their species identity. Indeed, as
pointed out by Vbra (1980) (reported by Masters and Rayner (1996)), and Mayr (1963) before her,

signalling systems are often very similar amongst such closely related organisms. This does not mean that
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in all instances closely-related taxa cannot be identified because similar species do not readily exist in
sympatry without being ecologically separated. This ecological separation often imparts differences to
birds osteologies. Most commonly this is achieved by means of the species being differently sized (Lack,
1944) (see section on character displacement). Ratcliffe and Grant (1983) have shown, however, that
adaptive characters may also be part of a bird’s SMRS. In this instance they demonstrated experimentally
that ground finches in the Galapagos use bill morphology and overall body size as recognition characters,
although song was more important. This example, based on experimental field work, demonstrates that
the components of an organism’s SMRS should be tested rather than assumed to be known from a
theoretical point of view.

A recent paper by Geist (1991) should be mentioned here. He was concerned with the
identification of modern caribou subspecies for environmental legislative purposes. He favoured provable
genetically determined characters such as pelage pattern, antler characteristics and glands to define
subspecies. These types of characters, which he also considers useful in the delimiting of species (Geist
1992) would be considered SMRS’s under the RC. Therefore, from the RC perspective, Geist is
proposing a similar definition for species and subspecies. This would mean that decisions regarding
specific and subspecific status would become arbitrary. While this may be realistic given the mutability of
species, it is not particularly helpful. Finally, this belief is again not compatible with the Paterson model,
for species should possess a stable mate recognition system, i.e. not varying sub-specifically (Masters and

Rayner, 1996).

Pattern - related Concepts

The Typological, Morphological or Essentialist Species Concept

This concept is perhaps the oldest concepts of species and has its origins in the philosophies of
Plato and Aristotle (Mayr, 1963). Early palaeontologists to a large extent followed this concept of the
species which was formalised by Linnaeus and remained dominant until the advent of the biological
species concept. The typological species concept defines species in relation to type specimens, and
individuals which do not conform to the types potentially represent separate species. Therefore,
morphological similarity is the criterion for allying individuals under one species. This concept was the
forerunner to all the more complex pattern-based concepts.

The implications of this concept to the study of Quaternary birds is of importance as it helps
explain the point of view of the palaeontologists who were naming fossil species before the biological
species concept. During this time, any variation or difference in the fossil record was potentially a new
species. It was predorninantl)} a time of splitters, and many dubious species of fossil animal and plant
were named (e.g. Quaternary rodent species by Hinton, 1926). Quaternary birds escaped this fate and
conservatism was generally observed, particularly when compared to other animal groups such as
mammals and beetles (Chaline, 1972; Sutcliffe and Kowalski, 1976; Lister, 1987 and Ellias, 1994). Table

1.1 gives the dates of authorship of some of the extinct European Quaternary birds and many can be seen
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to have been described since the 1970’s. This may partially be explained by the increased use of
measurements, but it may also signal the arrival of certain workers who appear to have a highly
typological approach such as Janossy who has named more Westefn Palaearctic species than anyone else.
Table 1.1 lists only those named from France and Britain, most of the former being named by Mourer-

Chauviré, who was greatly influenced by Janossy (Mourer-Chauviré, 1975a).

The Phylogenetic Species Concept
“The smallest diagnosable cluster of self perpetuating organisms that have unique sets of

characters” (Nelson and Platnick, 1981).

The phylogenetic species concept was proposed by cladists such as Eldredge and Cracraft
(Eldredge and Cracraft, 1980; Cracraft, 1983) and has gradually increased in acceptance among
neontologists since its first inception (Zinc, 1997). The concept has its origins in the cladistic treatment of
organisms in order to produce phylogenies. There are variants of this concept, but the one most
commonly followed was first put forward by the pattern cladist Rosen (1979), and is completely process-
free. Essentially, what is advocated is the treatment of species as groups of organisms sharing
characteristics which are not found in other similar organisms. These characters are shared derived traits
which are not present in their sister groups. Therefore, species formation occurs when a population
aquires a new set of such shared characters. The latter has led to criticism because the consequence of this
can be that any mutation which spreads through a population should be regarded as a speciation event
(Masters and Rayner, 1996). The other criticism leveled at the PSC is that it is not process-free as it
claims to be. This is because it still bases species delineations on interbreeding populations, otherwise
males and females would be separate species.

There are two major implications of the PSC to the study of Quaternary fossil birds. First,
elevating populations not hitherto so considered to full species will lead to more osteologically cryptic
species, whose identification in the fossil record will be impossible. There are problems already in the
identification of many closely related neospecies, so elevating subspecies to a species level will only
compound the problem. Furthermore, if there are problems identifying neospecies from their skeletal
remains, the recognition of the ancestral or sister-group species to a pair of such neospecies will prove
equally difficult. Also, if speciations cannot be recognised, then any attempt to study them in the fossil
record would be futile. These problems exist already, but adopting the PSC would only make things
worse.

In certain instances, however, studies of evolutionary timing would be improved. An example is
the case of the willow grouse / red grouse Lagopus lagopus lagopus / L. . scoticus. If these were to be
elevated to species, as they were once considered, we would have pinpointed a speciation in time and
space (Chapter 9). This is because it is generally accepted that their separation took place at the end of the
last Glaciation (ca. 10 000 yrs. BP) (Voous, 1960). The conditions required for the existence of Lagopus

lagopus, formerly occuring all over Europe, receded in a northwards direction leading to the isolation of
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the species on a western European peninsula which was to become the British Isles when sea level rose.
This in turn led to the differentiation of the population into the red grouse, which under the PSC could
very well be considered a separate species from those which survived on the Continent. This phylogenetic
event is distinct from attempts to gauge the timing of the separation of the red / willow grouse Lagopus
lagopus from the ptarmigan L. mutus, where there are no zoogeographic circumstances which clarify

events.

The Phenetic Species Concept

“We may regard as species (a) the smallest (most homogeneous) cluster that can be recognised
upon some given criterion as being distinct from other such cluster, or (b) a phenetic group of a diversity
somewhat below the subgenus category, whether or not it contains distinct subclusters.” Sneath and Sokal

(1973).

This concept sees a species as a group of organisms which share characters with each other and
not with other groups. The concept therefore concentrates on the an organism’s phenotype in relation to
other species, and defines a species statistically. In practical terms all variable characters among
specimens under study are recorded and placed into a taxon-character matrix. These characters are then
subjected to multivariate statistics to identify clusters of individuals which may be considered species. In
many ways this concept is a more sophisticated version of the typological species concept (Smith, 1994).
Sokal and Crovello (1970) proposed the phenetic species concept as an alternative to the BSC saying that
the BSC was “non operational” because “it fails to provide the procedures for identifying species”. In
other words, before interfertility is demonstrated or inferred, groups of individuals need to be identified as
potentially interfertile, and the BSC does not provide a means of doing so.

Opinions differ as to the usefulness and correctness of this method of identifying and defining
species. It has been suggested that once clusters of organisms have been identified by methods such as
principal component or canonical variate analysis there is no practical way of identifying new members of
the species without performing the statistical procedure (Smith, 1994). However, Cooper and Ni (1986)
state that once the species have been identified by this method it is easy to identify individuals which
belong to the species clusters by the use of particular dominant characters. The phenetic species concept,
however, suffers from lacking a philosophical basis. The concept ignores all ideas of process such as
breeding or ancestry which dominate other concepts. The concept is therefore more of a practical method
for distinguishing spec¢ies which does not take into account problems such as taxonomic rank (species
versus subspecies), or phylogenetic versus adaptive characters.

If Quaternary fossil birds are to be identified from the perspective of this concept there is the
danger that subséeciﬁc populations would be given greater taxonomic rank than they merit. The concept
therefore might promote splitting. There is also a danger that the techniques of multivariate statistics are
considered an end in themselves and that the clusters resulting from such an analysis must be different

species rather than groups of similar individuals which need to be further interpreted before taxonomic
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affinities are inferred. It is equally possible that the reverse could occur, species being considered
subspecies because the resultant clusters are not sufficiently different from each other. This is dangerous
because there is no quantitative morphological guide to the difference between species and subspecies.
With the growth of morphometrics (e.g. Rolf and Marcus, 1993), there is a danger that the phenetic

species concept, already dominant in palaeontology, will be given spurious credibility.

In conclusion it may be stated that there is a range of different species concepts, and that a belief
in any one of them will determine the taxonomic approach of an avian palacontologist. Certain concepts
may promote a “splitting” approach (particularly the pattern-based concepts and the ESC), others a
“lumping” approach (particularly the BSC). The purpose of the above discussion of the various concepts is
to illustrate the ways in which such concepts may influence workers. This thesis shall endevour to consider
the taxa chosen for study in the light of the different concepts, rather than to specifically adhere to any one
of them.

2.3.2. Modes of Species Evolution

A central argument concerning the mode of species evolution is the degree to which it occurs in
allopatry, or in sympatry. However, as Grant and Grant (1989) have stated, the allopatric speciation mode
is the one accepted by most biologists, although the number of species within certain groups would
appear to invoke an implausible number of range splittings and rejoinings. This has led to a variety of
authors such as Bush (1994), Grant and Grant (1989) to consider other alternatives such as sympatric or
parapatric speciation.

Studies on species formation started in the nineteenth century with Darwin and Wallace, who
considered islands. The preoccupation with island bird species formation and the Galapagos Islands in
particular has persisted until the present (e.g. Lack, 1947; Grant, 1986). This has also led to an interest in
fossil island faunas due to the abundance of apparently extinct taxa (e.g. Olson and James, 1982;
Steadman, 1981, 1985). Islands, however, provide unusual circumstances for speciation, particularly in
the case of newly erupted volcanic islands, such as the Galapagos Islands and the Hawaiian Islands,
where isolation is guaranteed and a great number of niches are likely to have arisen enabling speciation to
take place. Allopatry is easily perceived in islands and this may have encouraged palaeontologists to
name new species when differently-sized fossils have been found. Continents, on the other hand, are the
power houses of bird diversification but it was not until such authors as Rand (1948) that a coherent
model for speciation was developed for continental birds. Rand used the refined understanding of the
complexity of the Quaternary, with its climatic cycles, and applied this to the problem.

The difficulties inherent in perceiving continental birds from the point of view of allopatry are
that birds are very mobile organisms, and physical barriers are more difficult to conceive. This led Lack
(1944,1971) to suggest that birds had undergone ecological differentiation, this being a mechanism for
sympatric speciation. However, this mechanism was not thought to be credible until Maynard-Smith

(1966) provided a more detailed genetically-based explanantion of the mechanism.
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Chapter Two Theoretical Background

A recent exception to this rule is Emslie (1992), who has identified many neospecies in the Late
Pliocene of Florida. This, he says, clearly shows that Brodkorb was wrong in his belief that all our
modern species arose during the Pleistocene. However, the final comment by Emslie gives cause for
concern. He states that “the fossil populations often differed in size and relative limb proportions from
Recent populations of the same species” (Emslie, 1992). This implies that species can be reliably
identified in the fossil record and that size and metric shape are not worthy identification criteria.
Furthermore, it implies that there are characters over and above size and metric-shape which allow
species to be identified, even in species-rich genera such as Anas, the dabbling ducks.

The difficulties inherent in the identification of closely related species have not been expressed
in relation to Quaternary bird evolutionary rates, although the subject is of fundamental importance
(Gould and Eldredge, 1993). There are considerable problems in separating congeneric avian neospecies
on the basis of their osteology. Often, there can be as much, or even more, morphological variation within
species as between them (personal observations). In other words there is much overlap in the osteology of
closely related bird species. This implies that the recognition of their phylogenetic ancestor will prove
equally difficult. So a study of a certain bird taxon might produce a pattern of morphological evolution
which is interpreted as a series of chronospecies, but which are merely adaptations equivalent to the
intraspecific variation seen today. Equally, a speciation event might be completely invisible to the
palaeontologist, particularly if entailed new attributes of sexual recognition such as plumage or song. Of
relevance here is the example, quoted by Emsly (1996), of the scrub jay species which was recognised in
the fossil record on the basis of its bill, clearly an adaptive character and one which could change very
quickly (Grant, 1986). Therefore, the similarity between the bills now and those in the late Pliocene is not

evidence for stasis in a single lineage, because independent acquisition of such a feature is very possible.

2.3.4. Immigration versus speciation

The fossil record cannot always be taken at face value because apparent changes which are seen
in the record at one place may be the result of immigration rather than evolution in situ (Lister, 1992 and
1993). It may be difficult to distinguish in the fossil record rapid punctuated evolutionary processes from
immigrations of different forms. No examples of either are known to have been documented for
Quaternary birds. A well known Quaternary mammal example is that of the water vole Arvicola terrestris,
whose molar morphology in northern Europe appears to undergo a reversal between the Saalian and the
Eemian (Réttger, 1987; van Kolfschoten, 1990). This has been interpreted as possibly being due to a
replacement of populations by more southern forms as the climate warmed. While this example is one
where a subspecific change occurs, it illustrates the possible process well and could complicate any

interpretation of speciation in the fossil record.
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2.3.5. Character displacement

Character displacement as proposed by Brown and Wilson (1956) describes situations where two
species, with partly overlapping distributions, are more different from each other in the area of overlap.
Examples usually involve closely related species, often in the same genera (Malmquist, 1985; Fenchel,
1975; Schluter, 1988). However, an example is known where the presence or absence of a very different
organism determines the nature of another. The presence or absence of the carpenter bee Xylocopa
darwini on Galapagos islands determines the beak shape of Darwin’s finches because it can outcompete
them when it comes to nectar feeding (Schluter, 1986). A further complication to the concept of character
displacement is that it'may cause either convergence or divergence (Grant, 1972).

The significance of the concept of character displacement to avian palaeontology is that it can be
an explanation for differences in morphology. This point was made by Dayan et al. (1991), who pointed
out that character displacement should first be eliminated before any interpretation of size change due to
temperature regulation is deduced from the fossil record (see section 2.4.2.). The implications are even
deeper than the interpretation of mere size, as other morphological traits can be affected, such as bill
shape. The importance of this is that some consider bill morphology to be reliable in determining species
(Emslie, 1996). However, it will not always be possible to identify character divergence, as this would at
the very least require that the taxon causing the divergence be present in the fossil assemblage, and this

cannot be relied upon.

2.3.6. Summary
It is clear from the above discussion of the various theoretical issues pertinent to the species-level,

that such ideas will and have influenced workers beyond the scope of the data that they may be analysisng.

2.4. Intraspecific Variation

It is the intention here to discuss all sources of variation which occur below the level of the
species. These are manifested across both time (temporal variation) and space (geographic variation). In
certain respects time and geography are interchangeable with the important practical difference that
temporal variation is less accessible to research, particularly if long durations are involved. Therefore
temporal variation is perhaps best divided into macrotemporal and microtemporal durations. The former
represents changes over periods which are outside the scope of human observation and require the use of
fossils, while the second is usually within the limits of a human lifetime. The latter has resulted in a vast
neontological literature treating a great many bird taxa, the most notable work being by Grant (1986).
This details a long-term study of a whole population of Daﬁm’s finches tracked through various
environmental changes. The studies in palaeontology dealing with temporal change are more scarce
although important exceptions are those by Northcote (19792, 1980b, 1981a, 1981b, 1983) on mute
swans Cygnus olor and Ericson (1986, 1987a) on eider duck Somateria mollissima.

Storer (1992) discussed this subject in some depth using the example of fossil grebes in North

America. He suggested that size can only be used with confidence in the identification of Pleistocene and
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Pliocene grebes “when the amount of variation is understood within the same or related species”. Storer,
while he acknowledges that present-day variation must be known, does not mention any possibility that
the modern variation may not include all variation which has existed within modern species. He says that
cryptic species may have been present in the past but does not mention possible additional variation

within neospecies in their history.

2.4.1. Subspecies

A knowledge of present-day bird subspecies is important to the interpretation of Quaternary
birds. The importance lies less in the possible presence of extant subspecies in the past, than in gaining a
view of the range of morphological variation in neospecies to enable an assessment of variation in the
past. This uniformitarian perspective should not be applied too strictly, however, as similar variability
need not be expected a priori in the past. I also feel that it is wrong to pre-judge, as others have done (e.g.
Jehl, 1966) the possible occurrence of Recent subspecies in the Pleistocene. Jehl (1966) suggested that it
is incorrect to assign Pleistocene fossils to modemn subspecies because they are defined on charactersitics
which are assumed to be adaptive to local conditions. Jehl stated that if these conditions had existed in the
past the adaptions would be parallel ones and therefore if similar morphologies existed they would not
necessarily relate to modern subspecies. Jehl also states that breeding range is an essential part of the
definition of modern subspecies, rendering the use of modermn subspecies for fossils unwarranted. This
view is contradicted by Geist (1991), who dismisses the use of geographical range in the definition of
subspecies and stresses the importance of “social insignia” at breeding time. This view rekindles the
possible recognition of modern subspecies as fossils. (It has already been noted that Geist’s use of “social
insignia” in defining subspecies is completely at odds with the more commonly held belief that these
characters distinguish species. That belief is encapsulated in the Recognition Concept of the species of
Patterson (1981, 1985) and his followers (Masters and Rayner, 1996; Turner and Chamberlain, 1989;
Tumner, 1993).) Nevertheless, whether temporal subspecies units are used in Quaternary palaeornithology
is unaffected by this argument. Whichever view is taken, it will always be difficult to ascertain which are

species-significant characters and which ones characterise subspecies.

2.4.2. Sexual dimorphism

Sexual dimorphism within species can result from either sexual or natural selection. Most of the
more spectacular sexual dimorphisms, usually in breeding plumage of males, is a result of sexual
selection. Natural selection can apparently produce sexual dimorphism in a species if competition for
limited resources is high. Examples of the latter are hawks, where females are significantly larger than
males (Storer, 1966); and woodpeckers, where a similar situation exists (Selander, 1966).

Northcote (1979a, 1980b), Ericson (1987a), as well as various of the Munich School
dissertations (Woelfle, 1967; Bacher, 1967; Erbersdobler, 1968; Kraft, 1972; Fick, 1974, Langer, 1980;
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Chapter Two Theoretical Background

pathological. X-rays taken of the specimen by the present author to examine the possible degree of
secondary bone thickening caused by the claimed pathology, failed to find any proof of a pathological
condition. However, this is not to say that such potentially misleading pathological conditions never occur
in the fossil record. The possibility should be borne in mind when naming species, particularly from

single specimens.

2.4.4. Geographical Variation

Geographical variation within bird species has received much attention through the history of
ornithology, partly because of its importance to the understanding of their evolution (Zink and Remsen,
1986). The variation can be in the form of morphological (size, shape and colouration), behavioural
(migration, courtship behaviour or song) or biomolecular (proteins and DNA) differences between
populations of a species over their geographic range. Two controls of such variation have been identified.
The first is genetic (genophenotypic variation) while the second is non-genetic (ecophenotypic variation).
It is important to make the distinction between the two as the second form of control has less significance
to evolution. Few studies, however, have established the mechanism controlling geographical variation.
This is largely due to the practical problems of demonstrating the mechanism itself. The most prominent
exception is that by James (1983), where eggs of the North American red-winged blackbird Agelaius
phoeniceus were transplanted between nests in different parts of their geographic range, where
differently-sized and -shaped birds were present. There was a shift in the resulting adults toward the
phenotypes of the foster population, indicating that an environmental component existed to the variation
in this species. It is important to note that this experiment did not completely discount the role of a
genetic control but showed that it was not alone in establishing the phenotype.

Another study was by Boag (1983), where heritability of morphological characters was shown to
be strong among members of Darwin’s ground finch genus Geospiza. However, the fact that, unlike
James (1983), offspring were not displaced, prevented the study from answering the crucial problem to
hand: whether genes or environment are most important in directly affecting morphology.

Most other studies on geographic variation are less concerned with the exact mechanism
controlling the phenotypic state so much as the environmental conditions which are assumed to be
directing the phenotype through natural selection. Many such studies have taken place and have led to
various environmental factors being highlighted as causing the resultant morphologies. These studies are
sometimes called ecomorphological studies, which should not be confused with the concept of
ecophenotypic control of character states, as no mechanism is considered, although natural selection is
usually implicit. Additionally, some of the studies have led to the definition of ecogeographic rules such
as Bergmann's, Allen’s and Gloger’s Rules. These three rules are based on patterns observed among
various animals, most prominently birds, across their geographic ranges in terms of size, shape and
colouration respectively. In the present context Gloger’s Rule, which predicts that populations of a
species living further north will have darker plumage (or pelage in mammals) is not relevant as it will not

affect the interpretation of fossils. Thus only Bergmann’s and Allen’s Rules will be discussed here.
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Chapter Two Theoretical Background

temperature regulation, may be acting on a set of organisms to influence their body size. These phenomena
are environmental conditions such as vegetation productivity, humidity, seasonality, prey size and
competing species, in addition to variations of migratory behaviour and sexual dimorphism which
themselves correlate with size (Table 2.1). Any of these might vary with latitude and thus produce
“Bergmann’s Rule”, or vary in some other direction and thus might outweigh it.

Zink and Remsen (1986) recently reviewed the evidence for the “Rule” in North American bird
species, and concluded that there were problems because many studies used wing length as an index of
size. Wing length, although strongly correlated with body weight (James, 1970), also correlates with
migratory distance (Sdlomonson, 1955; Hamilton, 1961; Leisler and Winkler, 1985) and with the degree
of habitat openness (Temple, 1972; Aldrich, 1984). More northerly populations also tend to be more
migratory; and altitude, often left out of studies of geographical variation, further complicates the
problem. Another problem is that museum specimens rarely have weights recorded; on the other hand,
body weight as an index of body size is questionable because it varies with reproductive condition and
seasonal fat deposition.

The prediction that the “Rule” should be followed more often in sedentary than migratory birds
because they are tied to a local climate was demonstrated by Rensch (1936). Of the 25 species he tested,
60% of the migratory birds conformed to the “Rule”, while 76% of the sedentary birds did. Zink and
Remsen’s (1986) analysis on 92 North American species was more equivocal. They concluded that
despite the fact that a statistically significant number of birds conformed to the “Rule”, the degree to
which they did was only weak. They were also more negative regarding the difference between migratory
and sedentary birds.

Due to the climatic interpretation of Bergmann’s Rule, it has been seized upon by vertebrate
palaeontologists as an explanation for body size fluctuations in Quaternary mammals (Klein, 1986; Klein
and Scott, 1989; Davis, 1981; Stuart,1982). Bochenski (1974), Northcote (1981a and 1983) and Ericson
(1987a) have also given consideration of the possible application of the “Rule” to changes over time in
ptarmigan /willow grouse, mute swan and eider duck respectively. Bochenski found that there may well
be correspondence to the “Rule”, while Northcote preferred wetland drainage and human disturbance of
habitats, and Ericson favoured subsequent diminished competition for resources as explanations for size
changes.

Dayan et al. (1991), working with carnivorous mammals, suggested that there are two major
problems that should be overcome in applying Bergmann’s Rule in palaeontology. First, the choice of
proxy for body size, in their case tooth length which may be tenuous; and second, the effects of
competing species (character displacement) should be taken into account.

The first point, when applied to birds, is similar to that made by Zink and Remsen (1986) for
modern birds, where wing length is used as an index of size. In the case of fossil birds it is important that
the index used be one which is not highly subject to other selective pressures. In birds, distal wing
element measurements (e.g. carpometacarpi lengths) would not make a good index for body size, whereas
humeral length would be better. This is because the carpometacarpus is subject to selection related to

different migratory behaviour (Winkler and Leisler, 1992) (see below).
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Chapter Two Theoretical Background

bird populations were to change body weight, the leg bone breadths would be more helpful in elucidating
such a change than their lengths.

Allen’s Rule has been interpreted as a thermoregulatory rule like Bergmann'’s Rule. In cold
climates, birds will tend to have shorter extremities, which will reduce their surface areas and hence
reduce heat loss. There is a problem with testing this rule in neontology because, as mentioned, wing
length is often used as a proxy for body size and so the reasoning becomes circular. The difficulty also
lies in that an index of body size is required to standardise measurements so that metric-shape differences
can be discerned (Zink and Remsen, 1986). Zink and Remsen (1986) surveyed the evidence in birds and
found that, as for Bergmann’s Rule, the results were conflicting.

Genetical control of the different limb proportions is also important in this context. Cock (1969)
has shown experimentally that there may be incidental changes of characters. It was found that
elongation of the nasal region of the skull, the bill, led to an associated effect on the tarsus in domestic
fowl. Selection for long bills therefore might also produce long tarsi and vice versa. Such relationships,
which may be numerous, have to be borne in mind, because they imply that metric-shape changes may
purely be a consequence of selection for another unrelated trait.

The significance of the existence of metric-shape differences within species is that these
differences should be used with great caution to indicate taxonomic status. By the same token, metric-
shape differences which can occur between or within species can cause problems of identification. The
degree of difference within species can even exceed that between species of the same genus. Clearly such
phenomena will create problems for both the identification of neospecies in the fossil record and the
recognition of extinct undescribed taxa. Metric-shape differences are often seen as more significant than
mere size differences in this respect, but clearly are as potentially misleading as size.

Also important to the understanding of metric-shape variation within bird species is that such
variation is not constant and may change according to differing environmental parameters. A good
understanding of variation today is therefore paramount if that in the past is to be interpreted through the

principle of uniformitarianism.

2.4.5. Temporal Variation

For the purposes of this discussion two categories of temporal variation can be defined. The first,
macrotemporal variation, applies to changes over time which can only be directly detected by the use of
fossils, while microtemporal variation is defined as that which has been directly observed within
historical time or even the lifetime of a human observer. It is thought useful to distinguish between the
two because the observations made during microtemporal studies are potentially far more accurate and
allow an a priori predictive approach, compared to the a posteriori approach of studies with fossils.

Many factors influencing the variation in birds over time are the same as those operating across
space. The advantage of adding the dimension of time is that it allows for the processes producing the

variation to be observed.
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Microtemporal variation

The best known study of morphological variation over a short time span in birds is that by the
Grants on the Galapagos finches (Weiner, 1994). Many observations were made on the island of Daphne
Major which was visited over more than a decade. Metric-shape changes were seen in the bills of
Geospiza fortis, a species of ground finch, over a few seasons, due to strong selection for increased bill
size because of the differential survival of large-seeded plants after a drought (Grant, 1986; Boag and
Grant, 1981).

Another impénant study is on the introduced European house sparrow (Passer domesticus) in
North America (Johnston and Selander, 1964). This work showed that significant adaptive differences in
both plumage colouration and size had occured in a period possibly as short as 50 years. This
demonstrated that differences large enough to warrant polytypic classification in native North American
species can evolve faster than had previously been believed. The results indicated that after introduction
in 1852 from England and Germany, the house sparrow has adapted to the various areas in which it now
lives. A significant correlation between body size and climate was demonstrated, which appears to follow
Bergmann’s Rule. Similar agreement was found between colouration and geographical location of the
populations, conforming to Gloger’s Rule. A later study by one of the authors attempted to confirm
Allen’s Rule (Fleischer and Johnston, 1982). This yielded positive evidence for the relationship between
core-to-limb proportions and climate, and supported Allen’s Rule. Again these processes had occured
since introduction of the species into North America.

Introduced bﬁds provide ideal situations for the documentation of temporal change, because their
time of introduction is often known and so timing of the changes can be approximated. A similar scenario
is that of the rock dove (Columba livia), which was introduced into North America no earlier than 1600
AD as domestic doves. These birds escaped, as they had done earlier in Europe, forming colonies of feral
pigeons. A study by Johnston (1992) showed that the feral birds in North America were more closely
linked genetically to domesticates than are the feral birds in Europe. Despite this, the feral birds in North
America were closer in skeletal size and shape to the feral birds of Europe than to domesticates. This
showed that natural selection had produced similar morphologies in the feral birds of both Europe and
North America, highlighting the importance of environment on such traits.

The importance of these studies through recent time is to show that natural selection may act far
faster than previously believed. This implies that similar environmental tracking of species’ morphologies
could have occured in the more distant past and that the speed with which it took place may be effectively
invisible in the fossil record. This should be borne in mind when there appear to be two sympatric,
congeneric species in the fossil record. The time with which the deposit containing the fossils accumulated
becomes enormously significant, as the two apparently contemporary “species” may in fact be

chronologically separate parts of the same lineage.
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Chapter Three Scope and Aims of Thesis

Scope and Aims of
Thesis

3.1. Introduction

The review of past work on Quaternary birds (Chapter 1) and the theoretical issues (Chapter 2),
have helped to highlight topics in need of further investigation, and taxa which would best suit their
resolution. This chapter explains the geographical, temporal and taxonomic scope of the thesis, and

describes the specific aims of the investigation in terms of questions to be addressed.

3.2. Geographical sc(;pe

The geographic area covered by this thesis, the Western Palaearctic, was partly dictated by the
location of the institution where the analysis was carried out i.e. University College London in England.
British material dominated the fossil samples analysed during the present study. The work was, however,
not restricted to British material, either modern or fossil, because it was felt that this would give too a
narrow a perspective of the range of possible taxa and morphologies which could be present today and in
the past. In the light of the geographically based intraspecific variation discussed in Chapter 2, it was felt
that widely spread samples of modern skeletons should be included in the analysis. To this end a north-
south transect of European samples was analysed and institutions from Sweden to Spain were visited, via

Poland, Denmark, Britain, Belgium and France.

3.3. Temporal scope

The temporai scope of the project was largely led by the availability of fossil material. The
oldest material examined during the project was Middle Pleistocene in age (Cromerian sensu stricto) from
West Runton in Norfolk. This is also the oldest deposit in Britain to yield a large number of bird fossils.
The upper end of the temporal scale is the present day. Modern samples formed the baseline, of known
taxonomic affinity, with which the fossils were compared. All available material was examined and the

geological age range varied for each taxon. Most of the crane (Grus sp.) material was Holocene, most of
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the ptarmigan and grouse (Lagopus sp.) samples were Late Pleistocene, the bulk of the starling (Sturnus
sp.) material was from oxygen isotope stage 5, while the raven (Corvus corax and ancestors) material was

more evenly spread through time.

3.4, Taxonomic scope

The major criteria which influenced the eventual decision over which taxa would be studied
were, first, that a taxon had to be relatively well represented in the fossil record; second, that sufficient
widely spaced modern comparative specimens were available; and third, that there appeared to be some
potential for meaningful results. The last criterion would be satisfied if previous work, in the literature,
had indicated that fossil material did not conform in morphology to modern taxa and that the difficulties
in identification of bones would not render such a study meaningless. For instance, while a variety of
anatid (duck) species have been named in the Pleistocene of Europe (e.g. Janossy, 1972), the relatively
uniform osteology of that group was thought likely to create difficulties in interpretation. Similar

problems existed in taxa such as the genus Turdus and the families Fringillidae and Charadriidae.

Grus: Grus was included in the present study because of the supposed former presence in western Europe
of a large extinct species Grus primigenia Milne-Edwards (1867-71). Many opinions have existed
regarding the identity of this species, although little consideration has been given to Grus grus (common
crane), whose intraspecific variation has been poorly known. A better understanding of the variation
within G. grus as well as G. antigone ( sarus crane) (regularly proposed as the identity of G. primigenia)

was needed before the identity of G. primigenia could be ascertained.

Lagopus: The genus Lagopus, with both its present day Western Palaearctic representatives Lagopus
lagopus (red grouse / willow grouse)and L. mutus (ptarmigan), was included because various authors had
recognised anomalously proportioned fossils in Quaternary deposits (Newton, 1924a; Mourer-Chauviré,
1975a; Janossy, 1974a; Bochenski, 1974, 1985, 1991; Harrison, 1980b; Potapova, 1986; Bochenski and
Tomek, 1994). In some cases these differently proportioned fossils were given separate taxonomic status,

while in others they were not.

Corvus corax: The species Corvus corax (raven) was included because of the extinct late Middle
Pleistocene ancestor C. antecorax named in France (Mourer-Chauviré, 1975a). C. corax has a wide
distribution today and is polytypic, with seven subspecies in the Western Palaearctic alone. This implies
that Corvus antecorax needed to be reconsidered and compared with a greater range of modem ravens

than had previously been achieved.
Sturnus: Large starlings were recognised as present in the deposits of Tornewton Cave in Devon

(Harrison, 1980b). However, no separate taxonomic status was attached to these fossils. First, it was felt

that they should be confirmed as Sturnus (starlings) and not Turdus (thrushes), which are similar in
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osteological morphology (Stewart, 1992). Second, comparison of the fossils was necessary with a range
of modern Sturnus samples, including the three extant European species.
3.5. Questions

A variety of specific questions regarding the taxa chosen for study arise, partly informed by the

first two chapters:

Grus:

e What is the pattern of size and shape in modern members of the genus Grus, including both G. grus
and G. antigone?

¢ How sexually dimorphic are the species within Grus (and why)?

e What is the pattern of size and shape in fossil Grus in Europe?

o Is Grus primigenia a genuine extinct species or is it conspecific with one of the modemn species?

. Are there any further conclusions to be made on the basis of the present study of Grus in the

Quaternary of Europe?
Lagopus:

e  What is the pattern of morphology in Lagopus lagopus and L. mutus today throughout their

geographical range and what is the explanation for that variation?

e What is the pattern of morphology in the fossil record of Lagopus lagopus and L. mutus throughout
their geographical range and what does it signify?

e Is there any evidence for the timing of divergence of Lagopus lagopus and L. mutus?

e Are the subspecies. of both L. lagopus and L. mutus, named by Mourer-Chauviré (1975a), valid when

compared to modern subspecies?

* Are there any further conclusions to be made on Lagopus in the Quaternary of Europe?
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Corvus corax:

What is the geographical variation in the osteology of modern Western Palaearctic ravens and what is

the explanation for this variation?

What variation can be seen in the fossil record and are there any temporal and geographical patterns in

that record which may be explained by the modern patterns?

Is Corvus antecorax a genuine species or should it be considered conspecific with Corvus corax as

claimed by Pierce Brodkorb (1978)?

Is there any evidence in the fossil record for the timing of the evolution of Corvus corax?

Is there any evidence in the fossil record for the timing of the evolution of the modern subspecies of

Corvus corax?

Are there any further conclusions to be made on Corvus corax in the Quaternary of Europe?

Sturnus:

What is the pattern of size and shape in modern members of the genus Sturnus?

What is the pattern of size and shape in fossil Sturnus?

Are the large starlings at Tornewton Cave (Harrison, 1980b) sufficiently different to warrant a distinct

taxon or are they representatives of a modern European species of Sturnus?

Are the large Sturnus fossils present in any other sites and are there any further mophological patterns

in the genus’ history?

Are there any further conclusions to be made on Sturnus in the Quaternary of Europe?

A number of general questions arise form the theoretical chapter (Chapter 2) with regard to

Quaternary birds as a whole which shall be addressed using the study of the four chosen taxa. They are as

follows:

How do the different species concepts affect the interpretation of the four taxa?

Can speciation modes be detected in the fossil record of the four taxa?
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e Can evolutionary rates be detected in the fossil record of the four taxa?

e Does a better understanding of intraspecific variation today help interpret the fossils of the four taxa?

e Are there any theoretical issues which help distinguish subspecific from specific differences in the

fossil record?
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Chapter Four Quaternary Chronological Framework

Quaternary
Chronological
Framework

4.1. Introduction

This thesis aims to examine the evolution of four bird taxa through the Quaternary in Europe. Due
to this temporal perspective, it is necessary to outline the current views of the relative ages of sites where
the taxa have been found, and to discuss the subdivisions of the Quaternary to which they belong. This
chapter is included to provide the background to those views and to give a correlation across Europe,
where different chronologies are, or have, been used. In Section 3, where the fossils are analysed, the
statigraphic context and correlations of the sites are discussed. However, a broader setting for these sites is
needed and follows here.

The Quaternary Era, including both the Pleistocene and Holocene epochs, started some 1.6
million years BP, and lasts until the present day. The boundary between the Pleistocene and Holocene is 10
000 radiocarbon years BP, and marks the end of the last glaciation. The period covered by this thesis
extended from the early Middle Pleistocene (ca. 600 K yr BP) up to and including the present day. Until
recently, this period in Britain was thought to consist of four interglacials (Cromerian, Hoxnian,
Ipswichian and Flandrian), separated by glacials (Anglian, Wolstonian and Devensian) (Mitchell et al.,
1973). The Mitchell et al. (1973) chronology was based on local and regional lithostratigraphic sequences
which were then correlated by methods including pollen analysis. The method of correlation using pollen
was based on the premise that the interglacials possessed distinctive vegetational sequences which would
be reflected in their fossil pollen records. Glacials were identified by their lithostratigraphic relationship to
interglacial deposits.

Interglacials, at their heights, were characterised by high sea-levels, temperate climates and
climax deciduous woodlands. Glacials, on the other hand, had low sea-levels, cold climates and landscapes
varying from ice sheet coverage to steppe-tundra or even boreal forests. In more detail, the interglacials are
made up of vegetational sub-stages recognised from pollen zones representing the gradual warming and

eventual cooling of the climate. The interglacial vegetational sequence has been thought to progress from a
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boreal type pine (Pinus) and birch (Betula) dominated chronozone (zone I) through mixed deciduous
woodland chronozones (zones II and III), back to a boreal chronozone (zone IV) (Turner and West, 1968).
Variations in these vegetational sequences were believed to distinguish the different interglacials from each
other; for instance the Ipswichian stage III was dominated by hornbeam Carpinus (Phillips, 1973), a
feature not thought to be found in other interglacial pollen sequences. However, it should be stated that
rarely were all the pollen zones represented at individual sites. This signifies that many of the interglacial
pollen sequences were composite sequences produced from a number of sites. The composite nature of
these interglacials led to problems of correlation and emphasised the lack of continuous terrestrial
sequences in the Brltlsh Quaternary.

A pubhcatlon which appeared the same year as Mitchell et al. (1973) was that by Shackleton and
Opdyke (1973). They produced the oxygen isotope curve, derived from deep ocean sediments, which
showed that the Mitchell et al. (1973) scheme is a simplification (Table 4.1). The oceanic record is thought
to be more reliable in chronicling the passage of time because breaks in the sequence of sedimentation are
less likely than in terrestrial sequences. The oxygen isotope curve is derived from cores through ocean
sediments from which foraminifera shells (forams) are extracted. Forams are then analysed to gauge the
chemical composition of their skeletons, proportions of the two isotopes of oxygen O'°and O'® are
calculated, and ratios of these isotopes through the core are used to construct a curve. The curve is believed
to represent climatic fluctuations because O'® evaporates from the oceans at a proportionately greater rate
than O'". As climates cool and more water is trapped in the ice caps the oceans become slightly enriched in
O'®. The oxygen isotope curve confirmed what was already suspected, that more interglacials had existed
than were allowed for in the Mitchell et al. (1973) chronology and hence that differently aged sites were
being lumped togethef in the same interglacials. It had mainly been mammalian palaeontologists. who had
previously questioned the pollen based scheme.

The following sections describe the period covered by this thesis starting with the oldest

interglacial.

4.2. British Middle Pleistocene
4.2.1. The ‘Cromerian’

The recent debate about the status of the Cromerian Interglacial was complex because it has
involved correlation between Britain and continental Europe, and in particular the Netherlands (Gibbard et
al., 1991 and Turner, 1996). The Dutch “Cromerian Complex”, has a series of 4 cycles of warm and cold,
while the British sequence initially had but one, represented by the Freshwater Bed at West Runton (West,
1980). Indications thaé sites representing more than one pre-Anglian interglacial had been referred to the
British Cromerian, came from three main sites. At Westbury-sub-Mendip, Somerset, a cave was found to
contain a fauna thought to post-date the Cromerian sensu stricto but pre-date the Anglian Glaciation
(Bishop, 1975, 1982). This caused a rethink over the age of a site long known in Ostend, Norfolk which is
now also believed to belong to this as yet unnamed interglacial (Currant, 1989). Ostend had the additional

advantage over Westbury that the deposits were stratified below the Anglian glacial till, further
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corroborating the age of this fauna (Stuart and West, 1976). Finally, the archaeological site of Boxgrove in
Sussex yielded yet another similar fauna (Roberts, 1986; 1993). The biostratigraphic evidence for this
interglacial is varied, but perhaps the most celebrated among them is the water vole Arvicola terrestris
cantiana, which succeeds its presumed ancestor Mimomys savini, found at West Runton. 4. t. cantiana
sets these sites apart from Cromerian sensu stricto sites, but does not necessarily place the period before
the Anglian, as the vole survived into the succeding warm stage and beyond. The presence of the rhino
Stephanorhinus hundsheimensis, Savin's shrew Sorex savini and, at Boxgrove, the giant deer Megaloceros
dawkinsi, all of which are not known after the Anglian, provide the upper limit on the age this period
(Currant, 1989; Roberts, 1993). Arguments over this biostratigraphic evidence have centred on whether 4.
t. cantiana could have evolved during a single interglacial and so sites with M. savini and 4. t. cantiana
represent periods earlier and later in the Cromerian s. s. (Stuart and West, 1976). Consensus is rapidly
falling in favour of two separate interglacials which had been lumped together under the name Cromerian.
A postscript to this is that Westbury-sub-Mendip may-i:i:'e evidence for more than one interglacial, or at
least warm stage, post-dating the Cromerian s. s., and predating the Anglian (Stringer et al., 1996). This,
together with work on molluscan assemblages (Meijer and Preece, 1996), could be the first evidence for an
equivalent complex to that seen in the Netherlands, and require that Table 4.1 would need further

amending.

4.2.2. The ‘Hoxnian’

Most recently, the Hoxnian has come under scrutiny. The original recognition of this interglacial
was also based on lithostratigraphy and pollen analysis (West, 1956). Indications that the sites placed in
this interglacial might'not be synchronous came from work on the Thames terrace sequence (Bridgland,
1988, 1994; 1995). There are four terraces which date from after the diversion of the Thames by Anglian
ice. The river once ran north-east through the Valley of St. Albans, but was diverted to its present course
by the Anglian Glaciation (Bridgland, 1988). If the number of terraces accurately records the number of
interglacial / glacial cycles which have taken place, there is an extra interglacial, as yet unaccounted for, in
the sequence (Table 4.1). River terraces are believed to form by the downcutting of a river during the
middle of each glacial and so each terrace represents a whole interglacial / glacial cycle (Bridgland and
Allen, 1996). The sites which appear to belong to this interglacial are Purfleet and Grays Thurrock. This
interglacial would appear to correspond to OIS 9; while Swanscombe, another Thames site which appears
to belong to the preceding warm stage, is in OIS 11, the Hoxnian sensu stricto (Roberts et al., 1995 and
Bridgland 1988, 1994; 1995). This view, it must be stressed, has its dissenters. Gibbard (1995) believes

that the correlations between Thames terraces and the oxygen isotope curve are premature.
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Table 4.1. Pleistocene Chronology: Early Middle Pleistocene to the Holocene (British terrestrial,
European terrestrial, Alpine and Oceanic chronologies). Modified from Roberts et al., 1995.

Conventional | Modified British sites Dutch/European | Alpine sheme | OIS
British stages | scheme sequence
Flandrian 1
Devensian Devensian Four Ashes Weichselian Wiirm 5d-2
Ipswichian Ipswichian Bobbitshole, Eemian Riss - Wiirm Se
sensu stricto Trafalgar Square
Cold stage 6
These stages Temperate / Marsworth (part), 7
not recognised | Interglacial Iiford, Stanton Saalian complex
stage Harcourt
Cold stage Riss 8
Temperate / Purfleet, Grays 9
Interglacial Thurrock
stage
Wolstonian Cold stage 10
Hoxnian Temperate / Hoxne, Holsteinian Mindel-Riss 11
Interglacial Swanscombe,
stage Bamham, Clacton
Anglian Anglian Westbury-sub- Elsterian Mindel 12
Mendip (part)
Temperate / Boxgrove, 13
Interglacial Westbury-sub- “Cromerian
stage Mendip (part), complex”
Cromerian Ostend (includes 4
interglacials and 3
glacials).
Cold stage 14
Cromerian West Runton 15

sensu stricto

Type-localities of conventional British stages (Mitchell ez al., 1973) in bold.
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4.2.3. The ‘Ipswichian’

The first controversy in the correlation between the oceanic and terrestrial records concerned
various sites thought to be Ipswichian in age, in particular Trafalgar Square and Ilford in the Thames Basin
(West, 1976; Sutcliffe, 1976; Sutcliffe and Kowalski, 1976). These sites are very different in terms of their
mammalian faunas. Trafalgar Square has a fauna with Hippoppotamus and no horse while Ilford includes a
mixture of apparently temperate (Palaeoloxodon antiquus and Stephanorhinus hemitoechus) and boreal
(Mammuthus primigenius) animals and includes horse. The reason for this faunal difference, suggested by
palynologists and others, was that the faunas derived from different parts of the Ipswichian (Stuart, 1976).
Conversely, there were arguments from stratigraphy to support the case for distinct interglacials, the sites
of Trafalgar Square and Iiford being interpreted as within two different Thames terraces. The debate
concerning status of sites said to be Ipswichian lasted for some time and the consensus is now that two
interglacials are represented by these two sites, which correspond to oxygen isotope stages 7 and Se for
Iiford and Trafalgar Square respectively. An important site to give further weight to this argument has been
Marsworth in Buckinghamshire where the characteristic mammalian faunas of both interglacials were
found in superposition, separated by a cold climate deposit (Green ef al., 1984). This sequence of climatic
events is almost universally accepted today, although in a recent text the two alternative interpretations are

described (Jones and Keen, 1993).

4.2.4. The ‘Wolstonian’

To further complicate matters, there has been a reinterpretation of the deposits thought to be of
Anglian and Wolstonian age. In particular, it was demonstrated that sediments believed to be lateral
equivalents of the Baginton - Lillington Gravels, which are at the base of the Wolstonian type section, are
found beneath Anglian glacial till in East Anglia (Rose, 1987). The Wolstonian had previously been
thought to represent a glaciation between the Hoxnian and Ipswichian interglacials. There is now,

therefore, no good evidence for a severe glaciation between the Anglian and Devensian in Britain.

4.3. Continental chronologies

Table 4.1 shows the relationship between the different chronological schemes for the early Middle
Pleistocene until the present. It includes those discussed above as well as ones in use in mainland Europe:
both the Alpine and northern European chronologies. The Alpine system, while out of date, is still used by
some authors (e.g. Mourer-Chauviré, 1993) and so has been included. Correlation of the Alpine scheme
with those of northern Europe, Britain and the oxygen isotope curve is difficult because the Alpine and

north European schemes recognise fewer warm and cold stages.

4.4. The Late Pleistocene
Late Pleistocene sites (OIS 5 to 2) require further description, as more detail is known. As already
explained, the last interglacial (OIS Se), the Ipswichian / Eemian, has now been distinguished from

previous interglacials (OIS 7). However, the oxygen isotope curve reveals two further warm stages, OIS 5c
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and Sa, subsequent to stage Se. The existence of these additional stages in the deep sea core may be
causing problems of correlation between the OIS curve and the terrestrial sequence, although certain sites
have been implicated as recording parts of the detail of OIS § (Currant, 1996) (Table 4.2). Of greatest
interest here are the Gower Peninsula sites of Bacon Hole and Minchin Hole. Bacon Hole possesses a
sequence which probably runs from OIS 6 through to 5c or 5a (Chapter 12). The deposit considered to be
of OIS 6 age has a mammalian fauna which includes large northern vole Microtus oeconomus and small
horse Equus sp. Many sites are now known with this characteristic fauna and are believed to securely date
from OIS 6 or the transition between 7 and 6 (Parfitt and Owen in Bates et a/., in press). Next in the
sequence of Bacon Hole there is a series of deposits with a temperate mammalian fauna including wood
mouse Apodemus sylvaticus and bank vole Clethrionomys glareolus; as well as Cory’s shearwater
Calonectris diomeda, which today does not breed as far north as the Gower coast (Sutcliffe, ez al., 1987,
Harrison, 1977a). These deposits are correlated with the “Patella Beach” of nearby Minchin Hole which is
believed to represent a high sea level. This is thought to be the climatic optimum of OIS 5e, dated by
Uranium Series, in Minchin Hole, at between 107 and 127 Kyrs. This correlates well with the date derived
from the Hippoppotamus fauna at Victoria Cave in Yorkshire (Gascoyne et al., 1981). The Gower
sediments, correlated with Se, lack hippo but are thought to belong to the suite of Stage Se ‘Hippopotamus’
sites including Joint Mitnor in Devon, Barrington in Cambridgeshire and Trafalgar Square in London.
However, there are higher temperate deposits in Bacon Hole which are separated from the OIS Se deposits
by a unit which represents a cooler climate. These deposits are believed to represent one of the other warm
stages of OIS 5 and are no younger than 81 Kyrs. old (Stringer et al., 1986). In the strict sense, being post-
Ipswichian, these deposits are early Devensian, although Currant and Jacobi (1997) have recently confused
matters by suggesting that the Devensian should start after OIS 5. An alternative view is given by Stuart
(1991), based on Guiot et al. (1989) and Behre (1989), who correlate OIS Sc and 5a with the Brorup and
Ooderade interstadials respectively of the continental sequence. The latter is, however, completely at odds
with the possible ages, in years, of those interstadials given in Jones and Keen (1993). Interestingly,

Behre’s paper
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indicates that while apparently relatively warm, the Brorup and Ooderade interstadials do not possess the
vegetations of interglacials, i.e. mixed deciduous woodlands. This may be difficult to reconcile with
mammals thought to be living in such a warm stage on the Gower coast, such as the rhino Stephanorhinus
hemitoechus (Sutcliffe, et al., 1987).

The problem with correlating the climatic oscillations of the oxygen isotope curve with the
terrestrial sequence, and pollen based terrestrial sites with cave sites, is that there are no completely reliable
means of doing so. No absolute dates are available for the pollen sites at this period, and lithostratigraphy
is not applicable to c;orrelating between caves and open air sites. Finally, there are no open sites in OIS 5¢
or 5a with mammals, and no caves with meaningful pollen at this time.

According to the oxygen isotope curve (Table 4.2) the next stages of the Devensian (OIS 4 and 3)
are considerably colder albeit variable. Again there are problems in the correlation of sites with the various
oscilations in climate, and a number of interstadials and stadials have been named (Behre, 1989). The chief
problem is that the period is beyond the reasonable application of C'* dating. An attempt has been made by
Currant and Jacobi (1997) to establish a chronology based on mammalian assemblages from British cave
sites. However, without any independent absolute or relative dating this scheme remains completely
untested. In essence these sites, although Devensian, have not been dated more accurately.

Immediately after this was the Glacial Maximum, from 15000 - 20000 BP, from which time there
are no dated bird fossils in Britain. This is either because conditions were too harsh for birds to live in
significant numbers, or because of the lack of suitable deposits which would preserve avian material. The
last major phase of the Pleistocene, the Late Glacial, includes some of the best dated samples studied here.
This is largely because C'* dating is appropriate and has been widely used, so the Late Glacial is the best
understood part of the Pleistocene. The dates which follow are in uncalibrated radiocarbon years BP.

The Late Glacial itself begins at approximately 15000 BP and ends at 10000 BP (OIS 2). Overall
the period is one of deglaciation and warming in Britain and Europe; however, there was a period of
climatic reversal from ca. 11000 to 10000 BP. The period of reversal is known as the Younger Dryas, and
climatic deterioration most strongly affected areas nearest the Atlantic seaboard, being less marked further
east and south. The Younger Dryas means that the preceding period of warming can be regarded as a ‘false
start’ to the Holocene, and is known as the Late Glacial Interstadial. This interstadial comprises the Belling
ca. 13700 - 12200 BP, the Older Dryas ca. 12200 - 12000 BP and the Allered ca. 12000 - 11000 BP
(Table 4.3). The Older Dryas was probably drier rather than colder than either the Bolling or the Allerad
(Kolstrup, 1991).

Evidence from radiocarbon-dated beetles faunas in Britain has enabled reconstructions of
temperatures during the Late glacial (Atkinson et al., 1987). This work has shown that the initial warming
trend took place quickly, while the cooling was slower. Temperatures went from about —8°C at ca. 14000
BP to 8°C at ca. 13000 BP, then around 12500 BP temperatures declined, steepening at ca. 11000 BP, to
-7°C at ca. 10400 in the Younger Dryas. This model, while essentially correct, has however been shown to
be oversimplified, as minor climatic fluctuations are superimposed on these overall trends as seen in the

Greenland GRIP ice core record (Lowe et al., 1995).
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The vegetation during the Late Glacial has been studied using pollen diagrams which must,
however, be interpreted with caution. This is because they over-represent the pollen from wet areas and
hence will under-represent dry steppic grassland habitats (Kolstrup, 1991). Nevertheless, the general view
of vegetation during this period, over much of Europe, has been summarised by Huntley and Birks (1983).
At 13000 BP Fennoscandia was ice covered, while the rest of Europe was vegetated by tundra in the north
and steppe in the south. Trees were confined to southern Iberia (deciduous woodland) and western Russia
(boreal woodland). The Fennoscandian ice retreated from 13000 BP onwards, and a progressive invasion
by forests from the east took place, wedging between the shrinking northern tundra and southern steppe.
The tundra expanded again briefly during the Younger Dryas at ca. 10500 BP. At 10000 BP only the
extreme north-west and south-east of Europe remained unforested and deciduous trees moved north into

southern England, displacing the boreal type forests completely by about 9000 BP.

4.5. The Flandrian

The Flandrian, or Holocene, started some 10 000 radiocarbon years ago and is unlike previous
interglacials of the Pleistocene in not being based on a type site, which may not matter as correlation of
sites can easily be achieved by means of radiocarbdn dates (West, 1979). Pollen zones for the Flandrian
temperate stage have been established by Godwin (1940) and West (1980) for England and Wales, and
West (1977) for Scotland, and these differ significantly from one another (Table 4.4). As pointed out by
Turner and West (1968), it is the detailed knowledge of regional and local diversity that has produced
these contrasting zonation schemes. The most widely used scheme for the Holocene in continental Europe
is the Blytt - Sernander scheme (Blytt, 1876 and Sernander, 1908). This derived from studies of plant
macrofossils in Scandinavia (Table 4.4).

At the beginning of the Holocene, temperature rose by 1.7°C per century, and maximum summer
temperatures were attained between 9000 and 8000 BP (Kutzbach and Guetter, 1986). This is not
universally accepted and some consider the Climatic Optimum to have occurred later, at ca. 7000 BP
(Lamb, 1977). Osborne (1976) postulated, on the basis of fossil insects, that after the Climatic Optimum
major climatic trends towards warmer temperatures occurred at ca. 5000 BP and 3000 BP. Between 3000
and 2300 BP there was cooling of about 2°C average temperature in Britain, accompanied by an increase
in precipitation. Then from 2350 BP to 700 BP there was a warmer, drier phase which was eventually
succeeded by the period known as the Little Ice Age between ca. 500 BP and 300 BP. The Little Ice Age
saw temperatures colder than at any time since the end of the Devensian. After that time there has been an

overall amelioration in climate until the present day.

4.6. Conclusion

The above discussion emphasises the wealth of current work that is being carried out to further
elucidate the chronological sequence in Britain and Europe during the Quaternary. Further details of the
climatic and vegetational changes are also being constantly filled in, providing a rich and varied backdrop

to the study of avifaunal change studied here.
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Table 4.4. Detail of the chronology from the carly Flandrian through to present day. (Includes

arcaheological technologies and radiocarbon dates). Adapted from Jones and Keen (1993).
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Chapter Five Materials

Materials

5.1. Introduction

This chapter describes the modern and fossil samples used in the present study. The crane Grus
sp., ptarmigan / grouse Lagopus spp., raven Corvus corax and starling Sturnus spp. sample locations are
illustrated in Figure 5.1 to 5.4. Meanwhile Tables 1 and 2 show the relative ages of fossil samples. The
samples shall be described in greater detail in the chapters dealing specifically with the respective taxa
(Chapters 8 to 11). This section illustrates the general distribution of the samples in relation to the
geographic and temporal scopes described in Chapter 3.

Wherever possible skeletal material deadt used, whether modermn or fossil, was adult. This was
because the additional variation seen in juvenile or immature bird skeletons, both in terms of morphology
and measurement would complicate the analysis. Juvenile or immature individuals were identified by the
state of ossification seen in the bones. Incompletely ossified bones have a tendency to be grainy in texture

and the articular ends may in the youngest individuals appear to be incompletely formed and ill defined.

5.2. Modern Samples

The geographical provenance of the modern samples is illustrated in Figures 5.1 to 5.4. Also
noted on the maps are the sample number (N) for each geographical area. A few specimens were not
included on these maps because they consisted of single individuals and it was felt that to expand the area
covered by the maps would decrease their clarity. Other specimens were not included because they
originated as captive birds in zoos. This included all the rose-coloured starlings Sturnus roseus and the
sarus cranes Grus antigone.

Specimens from zoos were included in the analysis by necessity. Ideally these would be replaced

by wild individuals. This is because, theoretically, additional or different physical and physiological
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stresses may be imposed on captive animals. Such stresses are known to cause a variety of pathological
conditions which can affect bird bones (Brothwell, 1993). However, this was not possible due to a general

lack of comparative specimens in museum collections of certain rarer species.

5.3. Fossil Samples

The fossil material which receives attention in this thesis comprises samples of bird fossils from
different parts of the Quaternary, and the ages of these samples are known with varying degrees of
accuracy. Therefore, with the benefit of the chronology for the Quaternary as delineated in Chapter 4, the
samples of the four taxa are described in terms of their relative ages. Table 5.1 lists those which can be
most easily placed in the chronology while Table 5.2 gives the probable ages of those which remain

problematic. Also detailed in the two tables are the institutions in which the fossil samples are housed.
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