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The bird’s skeleton (1) may appear ungainly, but it is
made streamlined by the body’'s covering of feathers.
The all important forelimb supports the wing feathers
which provide a large flight surface. To achieve
strength and lightness (2), solid bone is replaced by
structures composed of struts similar to those
employed by engineers,
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connected 1o the brainstemn nuciel
RAm, which controls the muscies
responsitve for exhalation, and Am,
which regufates muscles of the
tarynx. Fleld L Is an awditory reglon

Figure 4, (a) A cross-section of a

syrinx, showing major components
beleved to play a role in

Rt e
s a
relatively simple one of a
suboscine (Chestnul-belted

Gnateater Conopophaga aurita),
showing the single pair of extrinsic
muscles, the sternotrachealis; snd
@ more complex synnx from a
songbird (Little Spiderhunter
Arachnothera longirosira), showing
the stemotrachealis and six pairs
of internal muscles (after GV
1995). The songbird's exquisite
control of this more complax syrinx
is perfected after repeated practice
of memorized songs, untd the
sequence of newal signals and
muscle contractions gels it nght, so
that the bird can routinely produce
each song in its repertoire, over
and over, with unermring ski.

[Figure by Francesc Julglar]
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Figure 7. Amid the great diversity
of song types used by Chipping
Sparrows, micro-dialects are
created when a young male, after
dispersal, rejects whatever he had
learned from his father and learns
the song of one particular male at
his future breeding location.
iustrated here are partial
sonagrams of the songs of 26
males on their 1997 breeding
territories at the Quabbin Cemetery
in western Massachusetts, USA.
Male 16 was the father of male 13,
who learned his song from male
12. Male 8 was the father of male
25, who learned his song from
male 26. Both male 12 and male 26
were also present in 1996, so the
juvenile could have learned his
song during either his hatching
year or the following spring. These
micro-dialects are disrupted when
adults disperse to other territories

in subsequent years: e.g. males 17
and 24 were neighbors in 1996, the
previous year (from Liu 2001).
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Time chan.showing the major Eon

Era

Period

Epoch

Age (Mya)

eons, eras, periods and epochs,
with ages (after the UNESCO
International Stratigraphic Chan).
Added information includes the

timespan of birds.
H.B.W.

Phanerozoic

Cenozoic

Quaternary

Neogene

Paleogene

Holocene
Pleistocene

Pliocene
Miccene
Oligocene

Eocene
Paleocene

000-01-000-00
001-64-000-01
005-20-001-64
023-50-005-20
035-50-023-50
056-50-035-50
065-00-056-50

Cretaceous

Jurassic

Triassic

Late
Early
Late
Middle
Early

097-00-065-00
146.00-097-00
157.00-146.00
178-00-157-00
208-00-178-00

245-00-208-00

Permian
Carboniferous
Devonian
Silurian
Ordovician
Cambrian

295.00-245.00
355-00-295-00
410-00-355-00
435-00-410-00
500-00-435-00
540-00-500-00

2500-00-540-00
3800-00-2500-00

Ja15RDBEDOHICHE

e

Theropoda
/ BE = ROWMT RHH
A Feduccia (1999) The Origin and Evolution of Birds, p.68.
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Figure 3 | The platypus chemosensory receptor gene repertoire. a, b, The
platypus genome contains only few olfactory receptor genes from olfactory
receptor families that are greatly expanded among therians (three other
mammals and a reptile shown), but many genes in olfactory receptor family 14
(a), and relatively numerous vomeronasal type 1 (V1R) receptors (b). These
schematic phylogenetic trees show relative family sizes and pseudogene
contents of different gene families (enumerated beside internal branches) and
the V1R repertoire in platypus. Pie charts illustrate the proportions of intact
genes (heavily shaded) versus disrupted pseudogenes (lightly shaded).
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gure 10 - The ammival of genetic studies in systematic ornithology produced a major upheaval. The pioneering work of C. Sibley and colleagues in

e early 1990s, mainly seeking to clarify the relationships between the higher groups of birds, had a marked influence. While some of their find-

gs are stll considered valid, others were later contradicted by more advanced research techniques, with much more comprehensive samples, and
recent years results have reached a level of reliability that is regarded as very high. Perhaps the most notable example is the work of S. Hackett
d collaborators, published in Science in 2008, after which there has been a high degree of consensus about the orders and families into which

e class Aves can be divided (Winkler et al. in prep.). ‘[I_AI‘E%O)/%O)}\ ‘/ P 7\\ > 7 BIJ-HH‘]_(ZO]A_) 75) ‘; -
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Figure 2 | Diversification across the avian tree. Diversification rate shifts

identified by MEDUSA and the species level diversification rate metric (DR) are
displayed on a representative avian tree, Nodes with shifts in diversification rate
identified in at least 25% of the tested trees are indicated by pie-charts (labelled
A-Y, see Table 1). Black and grey areas show the proportion of trees with a shift
at the focal node and with shifts that are nested within (more recent than) the

< 0.6 -
0.4 -
0.2 -
0.0 -,

0.01 0.05 024 1.056

Diversification rate
(species Myr™)

Supplementary Discussion Fig 6 for discussion). Branches are coloured
according to the mean diversification rate of descendant branches. We colour
branches for visualization purposes to highlight tree-wide variation in
diversification rate and do not analyse values for internal branches.

Diversification ifies the lead
s T e, Jet2 etal: 2012

——— —

) KSR

doi:10.1038/nature11631
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Time (Myr ago)
Figure 1 |‘Dl\%ﬂm¢!‘°ﬂ0{dbﬁr¢lﬂhmghume. a, b, Estimates of the JEtZ Et a.l 2012

SO BRIEDTS00 56 < 5 VRid & 2R

n
4

'y
'-




Figure 3 | Geographic variation in species-level lineage diversification rate
and the richness of high-diversification rate species. a-c, Mean assemblage
diversification rate (see Fig. 2), calculated as the geometric mean of all species in
a grid cell assemblage, weighted by the inverse of their range size. a, All species;
b, non-passerines; ¢, passerines. This visualization limits the overbearing

chness top 25% ‘)

(pseudo-replicating) effect wide-ranging species have on perceived spatial
patterns of assemblage summaries’. d-f, Relative (d) and absolute (e) richness
of top 25% diversification rate species (DR = 0.243 species Myr '); f shows the
richness of all 9,993 bird species for comparison. Grid cell size is 110 X 110 km
for all panels (Behrman projection).
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. al (2012)

atlas- cervical

hindlimb paddle
axis #26

Albertonectes vanderveldei

FIGURE 2. Photographs and line drawings of the right side of TMP 2007.011.0001. Gastroliths are highlighted in medium-gray beneath the dorsal
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Narita ¢t.al (2005)

Fig. 4. Skeletons of Mesozoic aquatic reptiles. (C) Skeleton of elasmosaurid
Cv  Hydrothecrosaurus. Redrawn from de Saint-Seine (’55). (D) Skeleton of Tanystropheus. Redrawn from Wild (*73). Note that the
number of cervical vertebrae increased with neck elongation in the first three species. In Tanystropheus, however, the length of

each cervical vertebra increased.
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‘ Fig. 1. Skeletons of giraffe and whales. (A) Skeleton of giraffe (Giraffa camelopardalis)
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[0 G.magnirostris

FREQUENCY

13

BILL DEPTH

SO

FREQUENCY
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=178 D [&] F fin D& {45 (1
BILL DEPTH DKRKEDEWNWDH B,

Figure 12.1 Frequency distributions of beak depths before and after the long dry perniod of

1984 and 1985; late 1983 above, and early 1986 below. The difference between

conirostris and magnirostris mean beak depths (adult males and females combined)

Cincreased as a result of directional selection in magnirosiris. The conirostris variance was
k| - . . -

reduced by 35 percent. but the mean did not change. The magnirostris vanance was

reduced by 64 percent.
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