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Abstract

Despite our intuition, birds are no smaller than mammals when the constraints of
a flying body plan are taken into account. Nevertheless, the largest mammals are
ten times the mass of the largest birds.

Allometric equations generated for anseriforms and ratites suggest mid-shaft
femur circumference is the best measure to use in estimating avian body mass.
The small sample size of extant ratites makes mass estimate extrapolation to
larger extinct species inaccurate. The division of ratites into cursorial and
graviportal groups is supported. Aepyornithids do not show atypical femoral shaft
asymmetry.

New and more accurate estimates of egg masses, and separate male and female
body masses for sexually-dimorphic ratites are generated. Egg mass scaling
exponents for individual bird orders differ from that Aves as a whole, probably
due to between-taxa effects. Ratite egg mass does not scale with the same
exponent as other avian orders, whether kiwi are included or excluded. Total
clutch mass in ratites, however, scales similarly to egg mass in other birds,
perhaps as a consequence of the extreme variation in ratite clutch size.

Kiwi and elephant bird eggs are consistent with the allometric trend for ratites
as a whole, taking clutch size into account. Thus kiwi egg mass is probably an
adaptation for a precocial life history, not a side effect of their being a dwarfed
descendant of a moa-sized ancestor.

Relatively small body size in ancestral kiwis is consistent with a trans-oceanic
dispersal to New Zealand in the Tertiary, as suggested by recent molecular trees.
This implies multiple loss of flight in Tertiary ratite lineages, which is supported
by biogeographic, molecular, paleontological, and osteological evidence, but
which is not the currently prevailing hypothesis.
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1.le R atite Birds

The Paleognathae are traditionally defined as the avian group comprising both
ratites and tinamous (Table 1.1). The ratites include all the Recent giant flightless
birds, living and extinct, with two exceptions: Gernyornisin the Dromornithidae,
now in the Anseriformes (Murray and Vickers-Rich, 2004), and Slviornisin the
Megapodidae (Poplin and Mourer-Chauviré, 1985), which, along with the
similarly-large Tertiary phorusrhacids (Alvarenga and Héfling, 2003), will not be
examined in detail here. Ratites share a flat, raft-like (L. ratis) sternum, though
this character is associated with flightlessness and not unique to the group. They
share with the chicken-sized flighted tinamous (Tinamidae) a paleognathous
configuration of the palate, in contrast to the neognathous palate of all other
modern birds (or neognaths), to which the paleognaths are the sister group, and
which together comprise the modern birds (Neornithes).

The relationships of the different paleognath families remains unclear.
Traditionally (Brodkorb, 1971) the Tinamidae have been considered the sister
group to all other extant paleognaths, though recent unpublished nuclear DNA
analyses suggest they are in fact nested inside the ratites (J. Harshman, pers.
comm.). The relationships of the ratites also remain controversial, with
morphological and molecular analyses disagreeing, and they will be discussed
further in Chapter 5. The most recent survey of this group considers the single
order Struthioniformes to contain both ratites and tinamous (Davies, 2002), and
thus it should strictly be considered the equivalent of the crown-group
Paleognathae. Various other taxonomic groupings (Dinornithiformes,
encompassing Dinornithidae and Anomalopterygidae, Casuariformes, and
Rheiformes) have been recognized as ratite orders by previous authors, but their
validity is questionable until agreement has been reached on the higher-level
relationships of the ratites; nevertheless, they are useful labels for various ratite
clades and will be used as such in the following text. For the purposes of this
study, a working phylogeny (Figure 1.1) has been compiled from the mtDNA trees
of Haddrath and Baker (2001), Cooper et al (2001), Burbidge et al (2003), and
Baker et al (2005). This may well change with the publication of further nuclear
DNA analysis.

The most distinctive feature of the ratites is their size, and many questions to
do with the ratites hinge on size and scaling. The Elephant Bird Aepyornis despite
being the largest bird known, is only one-twentieth the size of an actual elephant,
even though the mean body size of flightless birds is larger than that of non-flying
mammals (Chapter 2).

Because most ratite species are extinct, any study of scaling in this order
requires us to estimate their body mass from bone measurements, which often
involves extrapolating beyond the masses of living birds. Extinct ratites in
addition show a different morphology from most extant species, so allometric
changes in body proportions have to be distinguished from adaptations to
different locomotory modes (Chapter 3).

As well as exhibiting a variety of different body shapes, ratites vary enormously
in their clutch size. Kiwi (Apteryx) lay a single enormous egg, supposedly a relict
of their giant ancestor. To test the assumption that kiwi eggs are oversized, we
need to examine the scaling of ratite egg size and clutch mass (Chapter 4).
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If kiwi do not descend from a giant ancestor, they could have dispersed to New
Zealand in the Tertiary and later become flightless, as molecular phylogenies
suggest. This is not consistent with the traditional model of ratite evolution,
which relies on a Gondwanan radiation from a single flightless ancestor (Chapter
5).

All these questions rely on different ways of understanding body size, that most
obvious and most profound animal property without which nothing in
evolutionary biology makes sense.



Order Struthionifor mes sersu stricto
Family Tinamidae
I" sp ecies in # genera
Family Rheidae
Rhea americana
Pterocnema pemata
Family Dromaiid ae
Dromaius novaehdbndiae
Dromaius ater
Dromaius kaudinianus
Family Casuariid ae
Casuarius @suarius
Casuarius temetti
Casuarius ppuanus
Casuarius wnappendculatus
Family Anomalopterygidae
Megalapteryx didinus
Anomalopteryx didiformis
Emeus casas
Euryapteryx curtus
Euryapteryx geanoides
Pachyornis elephatopus
Pachyornis mappini
Pachyornis australis
Family Dinor nithidae
Dinornis novaeealandiae
Dinornisrobustus
Family Apterygidae
Apteryx mantelli
Apteryx australis
Apteryx oweti
Apteryx haastii
Apteryx rowii
Apteryx 9.
Family Struthionidae
Struthio camelus
Family Aepyornithidae
Mullerornis ailis
Aepyornis maximus
Aepyornis hldebrandti

Greater rhea
Lesser (Darwin®) thea

Emu
King Island enu
Kangaroo Island ermu

Southern cassowary
Bennett® (dwarf) casowary
Westerman® casowary
One-wattled cassowary

Upland moa

Little bush moa
Eastern moa
Coastal moa
Stout-legged moa
Heavy-footed moa
M appin® moa
Crested moa

North Island gant moa
South Island gant moa

North Island brown Kiwi
Tokoeka

Little spotted kiwi

Great spotted kiwi

Rowi

undescribed Eastemn kiwi

Ostrich
Elephant bird

Elephant bird
Elephant bird

Table ".": $e Re cent paleognaths. Extinct species denoted .

South America

South America
South America

Australia
Australia
Australia

Australia, New Guinea

New Guinea
New Guinea
New Guinea

New Zealand
New Zealand
New Zealand
New Zealand
New Zealand
New Zealand
New Zealand
New Zealand

New Zealand
New Zealand

New Zealand
New Zealand
New Zealand
New Zealand
New Zealand
New Zealand

Africa, Asia
M adagascar

M adagascar
M adagascar
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