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Cretaceous Birds -  a short review of the first half of avian history

By Tom m y T y rbe rg  

1. In troduction

The oldest known bird Archaeopteryx lithographica lived during the Tithonian 
stage of the Jurassic some 150 Ma (Megannum = million years) ago.

The Cretaceous period which lasted from ca 144 Ma to 65 Ma therefore constitutes 
approximately one half of known avian history (table 1). During these 80 Ma birds 
evolved from the primitive Archaeopteryx — in many ways interm ediate between birds 
and reptiles -  to essentially modern forms which in some cases are recognizable as 
members of extant avian orders. Unfortunately this process is very poorly documented 
by fossils. Fossil birds as a general rule are not common. The lifestyle of birds and their 
fragile, often pneumatized, bones are not conducive to successful fossilization, and 
even when preserved avian bones are probably often overlooked or misidentified. Col- 
lectors investigating Mesozoic Continental deposits are likely to have their “search 
image” centered on either dinosaurs or mammals. It is symptomatic that of the five 
known specimens of Archaeopteryx two were originally misidentified, one as a ptero- 
saur and the other as a small dinosaur Compsognathus.

Even when a fossil has been collected and identified as avian, problems are far from 
over. Avian skeletal elements are frequently badly preserved and rather undiagnostic, 
moreover birds (usually) lack teeth. This is a serious handicap since teeth are durable 
and frequently yield a rem arkable amount of information about the lifestyle and taxo- 
nomic position of the former owners.

Last bu t not least paleornithology, whether it is considered as a branch of ornitho
logy or of paleontology, is one of the most neglected branches of either science. All 
these factors combined means th a t only a handful of Cretaceous birds are known out of 
the m ultitude of species which m ust have evolved and gone extinct during 80 Ma (ab
out 17,000 species according to an estimate by B r o d k o r b  [1971]).

No Mesozoic birds are known from Africa or Antarctica, and from Asia and Austra- 
lia there are only a few feather impressions (fig 1-2). Furtherm ore most known Creta
ceous birds are marine forms while the terrestrial avifauna is virtually unknown. The 
distribution of the finds in time is also very uneven, with a strong concentration in the 
Upper Cretaceous, especially in the final, M aastrichtian, stage (table 1). Under these 
circumstances a review of Cretaceous birds m ust necessarily be rather speculative.

2. In  the b eg in n in g

Archaeopteryx is still, more than a Century after the first finds, the only well known 
Jurassic bird. In addition to the five Archaeopteryx specimens, all from the Eichstätt
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area of Bavaria, Jurassic avian remains have only been reported from two localities. 
These are both late Jurassic of age. One is Montsech in Spain where a feather impres- 
sion was found thirty years ago ( C o n d a l  1 9 5 5 ) .  The other find locality is K aratau in  Ka- 
zakhstan, a locality better known for its rieh Jurassic insect fauna. The K aratau find 
consists of a single (slightly questionable) feather which, in w hat must be one of the 
more rem arkable cases of taxonomic exuberance on record, has been used as the holo- 
type both of a new species (Praeornis sharovi), genus (Praeornis), family (Praeornithi- 
dae), order (Praeornithiformes) and subclass (Praeornithes) ( R a u t i a n  1 9 7 8 ) .

The most interesting Mesozoic feather impressions are those from Koonwarra in Vic
toria, Australia. There four impressions have been found in fresh w ater sediments from 
the Lower Cretaceous (Valanginian-Aptian) ( T a l e n t  et al 1 9 6 6 ,  W a l d  m a n  1 9 7 0 ,  R ic h  
1 9 7 6 ) .

The im portance of the Koonwarra feathers lies in the fact that they prove, in con- 
junction w ith the finds from Europe and Central Asia, that birds already had a world- 
wide distribution in the Lower Cretaceous.

3. The setting

The Late Jurassic world, where the first birds evolved, was very different from today. 
Geographically, the breakup of Pangaea, the “W orld-continent”, which had begun 
some 50 Ma earlier had not yet proceeded very far. All continents still either had land- 
connections or were separated only by narrow seas (fig 1), a circumstance which must 
have facilitated the dispersal of the ancestral birds.

The climate was apparently much milder and more equable than at present, w ith re- 
latively small contrasts between low and high latitudes. Temperate conditions extend- 
ed to the Arctics and probably no perm anently snow-covered areas existed.

In the biosphere the contrast to present conditions was equally marked. On land, di- 
nosaurs and other reptiles dominated. Mammals had already existed for a long time 
(since the Late Triassic), but they were small and primitive, perhaps still oviparous like 
the extant Monotremes.

The seas were populated by a variety of marine reptiles, while among the fishes the 
Holosteans were dominant.

The only flying animals were pterosaurs and insects. The latter were already a very 
old group, but many im portant groups e g the butterflies (Lepidoptera) did not yet 
exist. The Jurassic flora also differed greatly from the present one. The forests were 
constituted by primitive conifers, ginkgophytes and cycads sensu lato while the ground 
cover consisted largely of fems and mosses. There were probably as yet no angiosperms 
and the whole flora was of a very low diversity compared to present conditions. 
According to an estimate by H u g h e s  (1976) the to tal num ber of vascular plant species 
was only some 3,000 in the Early Cretaceous compared to some 300,000 today.

Under these circumstances the ränge of ecological niches available to the ancestral 
birds was quite restricted. The opportunities m ust have been very limited for frugivo- 
res and granivores, and for nectar-eaters they were of course non-existant. Conditions 
were certainly more favourable for insectivores, but even here the ränge of prey must 
have been appreciably smaller than today. On the other hand conditions for sea-birds 
and waders were probably as favourable then as now, and the same is probably true for
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carrion-eaters and nocturnal hunters of small mammals (e g owls). Raptors, whether 
diurnal or nocturnal, however require highly developed senses and flying skills of a 
high order, which the ancestral birds probably lacked.

Another influence on early avian evolution, which is difficult to evaluate, is the pos
sible competition from the pterosaurs.

These had been present since at least the late Triassic, and several species are known 
from the Jurassic, most of them fairly small. Not much is known about their way of life 
but many were probably piscivores.

During the Cretaceous pterosaurs tended to increase in size while the diversity of the 
order decreased. The number of known genera decreased from 11 or 12 in the Early 
Cretaceous to 6 in the Late Cretaceous (M o ln ar  &  T h ulborn  1980). The trend towards 
gigantism culminated in the huge Pteranodon and Quetzalcoatlus from the Latest 
Cretaceous with wing-spans of 8 and 12-15 meters respectively.

Pteranodon was a m arine form which probably caught fairly small surface-living 
prey (probably fish and crayfish) while Quetzalcoatlus was probably a scavenger on 
the plains of western North America, where dinosaur carrion was presumably plenti- 
ful.

The parallel w ith albatrosses and vultures is striking. For both these groups a large 
wing-span and excellent gliding abilities is apparently of param ount importance. The- 
refore it is probably significant that, while the Pterosaur “bat-w ings” must in general 
be considered much inferior to the avian wing, they apparently allowed larger wing- 
spans than is possible for birds.

There is thus some reason to think that the evolution of birds during the Cretaceous 
successively restricted pterosaurs to the “vulture” and “albatross” niches. If this was 
the case, pterosaurs were competitively restricted by birds rather than the other way 
around.

During the Cretaceous several im portant changes in the biosphere must have exerted 
a profound influence on avian evolution.

Geographically the breakup of Pangaea continued (fig 1-2), a process which led to 
an increasing isolation of the Continental fragments. This in tu rn  must have promoted 
speciation through vicariance. The fragmentation of the Cretaceous landmasses was 
further accentuated by a general tendency towards rising sea-levels during most of the 
period. This trend culm inated in the Campanian. At this time the sea-level was proba
bly some 350 meters higher than currently and land only accounted for some 18% of 
the Earths surface compared to 28% at present (H ow arth  1981, V a il  et al 1977). The 
area covered by shallow epicontinental seas of course increased in proportion. In these 
warm, clear and relatively shallow seas, huge deposits of exceptionally pure and fine- 
grained limestones accumulated, the chalk (German: Kreide) which has givennam e to 
the Cretaceous. The final, M aastrichtian, stage of the Cretaceous was, in contrast, a 
time of falling sea-levels (regression).

Climate, on the other hand, seems to have remained fairly constant throughout the 
Cretaceous, though there is some evidence of lower tem peratures near the end of the 
period (e g F rakes  1979)'.

The change w ith the greatest long-term effect on avian evolution was probably the 
complete transform ation of terrestrial Vegetation during the Cretaceous. The first in- 
disputable angiosperms seems to be of Barrem ian age (120 Ma) (H ughes 1976), where- 
upon the flowering plants rapidly became dom inant in the land flora (for details see e g
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Figure 1:
Jurassic and Early Cretaceous avian remains. =  Jurassic avian fossils, □ = Jurassic feather im- 
pressions, •  =  Early Cretaceous avian fossils, O = Early Cretaceous feather im pressions, ▼ =  
Early Cretaceous avian footprints, 1 = Archaeopteryx, 2 = Montsech, 3 = Karatau, 4 = Koonwar- 

ra, 5 = Gallornis, 6 = Enaliornis, 7 =  Peace River.
The map is a reconstruction o f geographical conditions during the H auterivian  (ca 130 M a) and is 

based m ainly on H ow arth  (1981) and Sm ith , H u rley  and B riden  (1981) w ith  several m od ifica- 

tions. Cylindrica l equidistant projection. B o ld  lines mark H auterivian  coastlines, thin lines the 
H auteriv ian  edges o f Continental shelves. D otted  lines indicate modern coastlines. This, lik e  the 
other maps, is in part high ly conjectural, i. a. in the M editerranean, Caribbean and Bering Sound

areas.
Funde von Vögeln aus dem Jura und der frühen Kreidezeit (Untere Kreide). <*■ = Jura-Fossilien; □ 
= Jura-Federabdrücke; •  =  Untere Kreide-Fossilien; O = Untere Kreide -  Feder ab drücke; =  
U ntere Kreide -  Fußspuren von Vögeln, 1 =  Archaeopteryx, 2 = Montsech, 3 = Karatau, 4 =  

Koonwarra, 5 = Gallornis, 6 = Enaliornis, 7 = Peace River.
D ie Karte stellt eine Rekonstruktion der geographischen Verhältnisse vor 130 M illionen Jahren 
dar. D ie kräftigen Linien bezeichnen den K üstenverlauf, die dünneren den K ontinentalschelf 
(Punktiert = heutige Küstenlinien). Der K artenentwurf kann vorläufig nur eine ungefähre Vor
stellung verm itteln, da D etails, etwa im M ittelmeerraum, in der Karibik oder im Bereich der Be

ringstraße, noch weitgehend unbekannt sind. D as g ilt analog für die anderen Karten.
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Figure 2:
Late Cretaceous avian remains. 1 = Parascaniornis, 2 = Elopteryx, 3 = Neogaeornis, 4 = Enan- 
tiornis, 5 = W aimakariri gorge. For details of North American finds see Fig. 3. Map based on con

ditions in the Campanian (ca 75 Ma), other details as in  Fig 1.
Vogelfunde aus der späten K reidezeit (Obere Kreide). D etails zu den Funden in Nordamerika vgl. 
Abb. 3. Kartendarstellung der geographischen Verhältnisse vor etwa 75 M illionen Jahren. Anga

ben sonst w ie Abb. 1.
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D o yle  &  H ickey  1976, H ughes 1976). This expansion of the flowering plants must have 
been matched by a corresponding proliferation of pollinating and seed-eating animals, 
i. e. mainly insects and birds. Frugivorous birds in particular, currently found mainly 
in tropical lowland forests, often form closely interdependent relationships w ith parti
cular fruit-producing tree species which must have developed through co-evolution 
(for details see S now  1976, 1981). Among the insects the evolution of the Lepidoptera 
(butterflies) in particular was probably closely linked to the expansion of the angio- 
sperms.

There was however one very im portant group still missing in the Late Cretaceous flo- 
ra, the grasses (Graminae), which either did not yet exist, or only played a very minor 
role.

Among the vertebrates changes during the Cretaceous were less dramatic. Dinosaurs 
and m arine reptiles still dominated land and sea at the end of the Cretaceous. The 
mammals had differentiated into placentals (Eutheria) and marsupials (Metatheria) in 
addition to archaic groups like the M ultituberculata. But on the whole mammals still 
played a minor role in the terrestrial fauna. Among the fishes there had been larger 
changes, the Holostei having been largely supplanted by the modern bony fishes (Te- 
leostei).

In aggregate, at the end of the Cretaceous period most of the ecological niches used 
by modern birds existed at least in potentiality. The most im portant remaining differ- 
ences from modern conditions were probably the absence of arctic and grassland bio- 
mes and the absolutely and relatively much larger areas covered by tropical and sub- 
tropical lowland forest.

4. The toothed b irds

The best known Cretaceous birds belong to the extinct Orders Hesperomithiformes 
and Ichthyornithiformes. These, together w ith Archaeopteryx, are the only known 
birds w ith teeth. The two orders are therefore traditionally grouped in a separate sub- 
class “Odontornithes” or “Odontognathae“ (other names have also been proposed). 
There is however little th a t suggests any special relationship between the orders except 
the presence of teeth in both.

4.1 H e s p e ro rn i th i f o r m s
The order Hesperomithiformes comprises a num ber of medium-sized to very large 

non-volant seabirds. The two species of Enaliornis, E. barretti and E. sedgwicki from 
the Albian of Cambridgeshire ( F isher 1967, W a lk e r  1978), assigned to the family Ena- 
liornithidae, are frequently regarded as the oldest known representatives of the order. 
The fossil m aterial of Enaliornis is however fragmentary and it is not certain whether 
it belongs to Hesperomithiformes. If it does, Enaliornis m ight quite possibly have been 
the ancestor of the later hesperornithiforms. It would also be the only member of the 
order to be found in the Old World (at the time the British Isles were however situated 
quite close to northeastern North America [fig 3]). In contrast to other hesperornithi
forms Enaliornis were fairly small birds, approximately pigeon sized (W a lk e r  1978).
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Figure 3:
Cretaceous avian remains in North America. A = Apatornis, B = Baptornis, C = Coniornis, E = 
Enaliornis, H = Hesperornis, I = Ichthyornis, 1 = Alexornis, 2 =  Cimolopteryx, Ceramornis, Pa- 
lintropus, Torotix, Lonchodytes and Apatornis, 3 = Graculavus, Telmatornis, Paleotringa and 

Laornis, =  avian footprints. Map based on conditions in the Campanian (ca. 75 Ma). 
Kreidezeitliche Vogelfunde aus Nordamerika. (Schwarzes D reieck = Fußabdrücke von Vögeln). 

Geographische Verhältnisse etwa vor 75 M illionen Jahren. Vgl. Abb. 1

The other two families in Hesperornithiformes, Hesperornithidae and Baptornithi- 
dae occur in the upper Cretaceous of North and South America (fig 2-3).

Hesperornithidae comprises at least two genera Hesperornis (“Dawn b ird”) and 
Coniornis, but other as yet undescribed genera are represented in the fossil m aterial 
(M ar tin  1980). All Hesperornithids were large foot-propelled diving birds w ith greatly 
reduced wings. At least Hesperornis sensu strictu (whose cranial morphology is best
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known) had sharp, slightly backward pointing .teeth in the lower jaw and the middle 
part of the upper jaw. The hesperornithids were presumably piscivores.

In appearance the hesperornithids were large, somewhat diverlike birds w ith a 
streamlined body, fairly short neck and a long powerful beak (fig 4). The largest (and 
best known) species Hesperornis regalis was almost two meters long, three times the 
size of the great northern diver Gavia immer. As already mentioned, the beak was po
werful, bu t not pointed. Apparently Hesperornis did not spear its prey bu t used its 
sharp teeth to seize it. The teeth were rooted in grooves on either side of the m axilla and 
were apparently shed alternately, like in many reptiles (M a r tin  &  S tu ar t  1977).

That Hesperornis had retained the teeth of its Archosaurian ancestors was probably 
a direct consequence of its feeding strategy. For a piscivorous bird teeth m ust be very 
useful for holding on to wriggling and slippery prey. This view is supported by the fact 
that ‘pseudo-teeth’ has developed independently at least twice in other groups of fish- 
eating birds (the extinct Odonopterygiiforms and the mergansers Mergus).

The legs and feet of the hesperornithiforms were well adapted for swimming, proba
bly w ith lobed toes like in grebes or coots. The Hesperornithiforms were undoubtedly 
powerful swimmers and divers, but on the other hand they must have been very clumsy 
on land since the legs were set far back on the trunk and poorly adapted for walking. 
The skeleton was heavy and little pneumatized and it is conceivable that they swum 
with the body largely underw ater like anhingas. The small wings can hardly have been 
of much use for propulsion but may have been used for steering like the pectoral fins of 
fishes.

A closer study of the hesperornithiform  skeleton reveals some primitive features in 
addition to the retention of teeth such as an unfused carpom etacarpus (at least in Bap- 
tornis) and unfused clavicles. The la tter may however be a secondary character since a 
furcula is present in Archaeopteryx. In Enaliornis the tarsom etatarsus may also have 
been unfused (M a r tin  1980) but the only known proximal end of a Enaliornis tarsome
tatarsus may possibly belong to a young bird.

It is however quite clear th a t the hesperornithiforms had evolved from volant ance
stors which were morphologically closer to modern birds than Archaeopteryx. One in- 
teresting recent finding is the presence of an apparently paleognathous palate in He
sperornis (G ingerich  1976). This gives strong support to the view th a t the paleogna
thous condition is primitive in birds.

The affinities of the hesperornithiforms have been the subject of much debate. It has 
frequently been argued, most recently by C racraft  (1983), th a t they are related to the 
divers and grebes. However, it seems more likely that the similarities between these 
three groups are a result of convergence and not relationship and th a t the hesperorni
thiforms are not closely related to any extant birds. Against the specific phylogenetic 
theory of C racraft  (1983) speaks the fact that it either requires th a t the hesperornithi
form lineage once having lost its teeth somehow regained them, or th a t teeth have been 
lost independently a minimum of four times among the ancestors of modern birds. Both 
hypotheses seem unlikely.

Fig 4:
A  reconstruction of a Hesperornis regalis rookery. Painting by Gunnar Bjö rkm an . 

Rekonstruktion eines Brutplatzes von Hesperornis regalis (Gemälde von Gunnar Björkm an ).
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The systematics of the North American hesperornithiforms is currently under re
view, and according to M ar tin  (1980) at least two undescribed genera and six species 
exist. One of these species, from the Campanian, is only grebe-sized and the Late Cre
taceous hesperornithiforms were apparently of considerable diversity, presumably 
adapted to a variety of ecological niches.

Hesperornis is known from several North American localities ranging in age from 
the Coniacian to the Campanian (90-70 Ma). During this interval a shallow epeiric sea 
stretched far north from the Mexican Gulf across the present Great Plains of USA and 
Canada. For long periods this sea reached all the way to the Arctic Ocean and divided 
North America in two. It is in the sediments left by this sea, from Kansas in the south to 
the North West Territories in the north that Hesperornis has been found. Recently he- 
sperornithiform  remains belonging to a new subfamily have also been recovered from 
M aastrichtian freshwater deposits in North Dakota (M a r tin  1980). The find localities 
(marked in fig 3) seems to indicate a predom inantly northern distribution.

This is supported by the variable abundance of the fossils. At the “classical” locali
ties in W estern Kansas Hesperornis constitutes less than 1 % of vertebrate remains, 
“am ongthe rarest of fossils” according to M arsh  (1880). In M anitoba the corresponding 
figure is about 10 % (B ard ack  1968) and at Andersson river near the Arctic coast it rea- 
ches 35% (R u sse ll  1967).

The Southern finds in Kansas are from the Niobrara chalk, which were probably de- 
posited a fairly long distance from the nearest coast. The finds from this area are all 
from adult birds (unless the smaller Hesperornis gracilis are indeed juveniles of H. re- 
galis as implied by M artin  [1980]). It therefore seems likely th a t Hesperornis led a more 
or less pelagic life outside the breeding season.

In contrast to conditions in Kansas a considerable Variation in size is found in speci
mens from M anitoba (B ard ack  19 6 8) and a large proportions of the finds from the arctic 
part of Canada are of subadults or juveniles (R u sse ll  1967, S teel 1979).

It therefore seems a reasonable guess that Hesperornis, like many recent seabirds, 
m igrated to higher latitudes to breed. This is supported by the fact that all the Cana
dian finds seems to be of the same species (Hesperornis regalis) that predominates in 
the Niobrara chalk. Climate in the presumed breeding areas was however far from arc
tic at the time. Roughly contemporaneous plant remains from northern Alaska indica- 
tes tem perate conditions with forests of Redwood Sequoia, Torreya and Planetrees 
Platanus in the lowlands and Pine Pinus and Spruce Picea on the uplands (S m ile y  

1966). Seawater tem peratures at the present Arctic coast have been estimated at 22 
degrees Centigrade in summer and 14 in w inter during the Mid-Cretaceous ( L loyd  

1982).
This is roughly comparable to the tem perature regime in the present-day Aegean 

Sea. Temperatures during the Campanian, the age of the Hesperornis-bearing deposits 
may however have been somewhat lower.

Even though the climate must have been mild and equable it seems doubtful whether 
the dom inant Cretaceous predators, the Camosaurs, could have existed north of the 
Arctic circle except during the summer, since they were presum ably poikilothermic 
and could hardly have m aintained body tem perature during the w inter darkness (cf 
H a tto n  1980). Since the northernm ost Hesperornis localities are located well inside 
the Arctic circle and were probably at approximately the same distance from the Pole 
during the Cretaceous (M cE lhemny 1973) this might well mean that there were no large

© Ornithologische Gesellschaft Bayern, download unter www.biologiezentrum.at



T y r b e r g ,  T .: Cretaceous Birds 259

terrestrial predators present in the area, at least during the winters. This must have 
been im portant since Hesperornis, on account of its clumsiness on land, was probably 
restricted to breeding on flat ground close to the shore (fig 5). Perhaps Hesperornis 
even bred during the w inter darkness like the Emperor penguin Aptenodytes forsteri? 
The small mammals which could stay active during the w inter probably did not pose 
much of a th reat to such large birds.

4.2 T he B a p to r n i th id s
The other hesperornithiform family, the Baptornithidae, is mainly known from the 

species Baptornis advenus which has only been found in the Niobrara chalk of Kansas 
(fig 5). Baptornis was similar to Hesperornis, but it was a much smaller bird (overall 
length some 70-90 centimeters) and perhaps slightly less well adapted to an aquatic 
existence. The wings were somewhat larger and the legs and feet slightly less modified 
for swimming than in Hesperornis ( M a r t in  1980). A coprolith (fossilized excrement) 
which probably derives from Baptornis contains remains of a small species of the 
teleost genus Enchodus which was common in the Niobrara sea ( M a r t in  &  T a t e  1976) 
which supports the view th a t the hesperornithiforms were piscivorous.

Fig 5:
A reconstruction  of B aptornis advenus. D raw ing b y  G unnar B jö r k m a n .  

R ekonstruktion von Baptornis advenus (Zeichnung von G unnar B jö r k m a n ) .
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While juveniles of Hesperornis are missing from the Niobrara chalk several juveni
les are represented in the much smaller Baptornis m aterial (M a r tin  &  B onner  1977). 
This may indicate that Baptornis bred somewhere close to western Kansas. Since Bap
tornis must have been almost as ungainly on land as Hesperornis breeding on offshore 
islands is perhaps most likely. In addition to Baptornis advenus one of the undescribed 
hesperornithiform  genera mentioned above is a baptom ithid from the Niobrara chalk 
smaller than Baptornis advenus (M a r tin  1980).

One more species probably belonging to Baptornithidae is known. This is Neogaeor- 
nis wetzeli, recorded from two localities of Maastrichtian age in Chile (Lambrecht 1933, 
Brodhorb 1963, Martin & Tate 1976). These finds are of great interest since they are 
both the youngest known hesperornithiforms and the only ones from the southem he- 
misphere. If Neogaeornis is a baptornithid this indicates that the Baptornithidae are 
the only non-volant seabirds ever to have a bipolar distribution.

All other groups belonging to this category (Penguins, Spheniscidae, Lucas auks, 
Mancallinae, Great auks Penguinus and the Plotopteridae) have been restricted to one 
hemisphere. That the baptornithids managed to disperse across the equator means that 
they must have been well adapted to life in the warm  and relatively barren tropical 
seas.
4.3 I c h th y o rn is

The other order of toothed birds, Ichthyornithiformes, consisting of the two families 
Ichthyornithidae and Apatornithidae, is in most respects very different from the he
sperornithiforms.

Fig 6:
A reconstruction of Ichthyornis victor. D raw ing by Gunnar B jö rkm an . 

Rekonstruktion von Ichthyornis victor (Zeichnung Gunnar B h ö r k m an ).
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The ichthyornithiforms were tern-sized birds (overall length some 20 cm) with 
well-developed wings and flight muscles.

Like the hesperornithiforms they were apparently mainly marine birds. Most finds 
are of Ichthyornis the only known genus in Ichthyornithidae. The most important find 
locality is once again the Coniacian Niobrara chalk of western Kansas, but one species 
I. antecessor occurs in slightly younger (Santonian) layers in Alabama (O lso n  1975) 
and yet another, I. lentus has been found in Coniacian sediments in Texas (Gregory 
1952), though the assignment of the latter species to Ichthyornis has been questioned 
by Martin & Stewart (1982). Most reconstructions (including fig 6) are based on the 
best known Niobrara species, I. victor.

Ichthyornis seems to have had a more Southern distribution than Hesperornis (fig 3) 
and Kansas and M anitoba (M a r tin  &  S tew art  1982) are the only areas where they have 
been found together.

The skeleton of Ichthyornis is rather similar in general features and proportions to 
some of the smaller auks’, such as the rhinoceros auklet Cerorhinca monocerata or the 
tufted puffin Lunda cirrhata (B rodkorb 1971), and it seems likely th a t the ichthyorni
thiforms were more or less similar to gulls or auks in ecology and lifestyle.

Like the auks the ichthyornithiforms had a large head but the fairly long neck and 
the powerful beak with sharp teeth were quite different, and there seems to be few in- 
dications of affinities to any extant avian order, even though B rodkorb (1967, 1971) 
considered the ichthyornithiform s to be close to the charadriiforms.

Very little is known about the habits and ecology of the ichthyornithiforms. They 
were certainly good flyers and all finds of Ichthyornis to date have been from sedi
ments probably deposited a fairly long distance from the nearest shore.

It also seems very likely th a t the ichthyornithiforms were piscivores but nothing 
concrete is known about their feeding habits. No juveniles have been found and the 
breeding biology is quite unknown. The shores bordering the seas where Ichthyornis 
has been found were probably low-lying so cliff-nesting seems unlikely unless the 
birds migrated to the Pacific coast or the Caribbean area to breed.

Apatornis, the only genus in Apatornithidae is found together w ith Ichthyornis in 
the Niobrara chalk (A. celer), but another species A. retusus has been recorded from 
the M aestrichtian Lance form ation in Wyoming (B rodkorb  1963 a). The latter record is 
of considerable interest since the Lance formation is a freshw ater deposit. Apatornis 
was of approximately the same size as Ichthyornis though it was perhaps a less capable 
flier than the latter. The remains of Apatornis are however so fragm entary the few de
finite conclusions can be drawn.

5. The extinction  o f the toothed b ird s

Both hesperornithiforms and ichthyornithiforms have been found up to the last Cre
taceous stage, the M aastrichtian, but no trace of either group, nor of any other toothed 
birds, has ever been recorded from Cenozoic deposits. It therefore seems very likely 
that both orders became extinct at the Cretaceous-Tertiary boundary like many other 
taxa.

This crisis in the history of life is best known for the extinction of the dinosaurs, but 
the contemporaneous changes in the marine biosphere were even more drastic. Accord-
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ing to some estimates as much as 75% of all species became extinct at the Creta- 
ceous-Tertiary boundary.

In the marine realm all large reptiles except turtles became extinct together w ith the 
marine pterosaurs, several cephalopod Orders, the rudist bivalves and several other 
im portant groups. The extinctions apparently took place w ithin a quite short period of 
time. The immediate cause of the marine extinctions was probably the almost complete 
disappearance of plankton (e g Hsü et al 1982). Such a reduction of prim ary production 
must have spread upwards in the food-webs with disastrous effects at higher trophic 
levels, e g marine birds like the hesperornithiforms and ichthyornithiforms.

The ultim ate cause of the drastic decimation of both the terrestrial and the marine 
biosphere at the end of the Cretaceous is still doubtful bu t geochemical investigations 
in recent years has given strong support to the view that the extinctions were caused by 
the impact of a large (radius —10 km) asteroid as originally proposed by A l v a r e z  et al 
(1980). If the extinctions were of a “catastrophic” character the disappearance of ma- 
jor groups like the toothed marine birds must have left many niches vacant for a time 
until they were filled through adaptive radiation of surviving species. Among the 
mammals this process is relatively well documented. The small and unspecialized late 
Cretaceous mammals had, by the early Eocene (some 10 Ma later), differentiated into 
rieh and balanced faunas on all major continents (mammalian fossils of this age are 
however still unknown or very sparse from Australia, Antarctica, Madagascar and In- 
dia).

Inform ation about avian evolution in the early Tertiary is very fragmentary, but it 
seems possible th a t freshwater forms adapted to marine habitats and replaced the Cre
taceous seabirds, since freshwater biomes seems, on the whole, to have been much less 
affected by the extinctions than the m arine realm. It is suggestive th a t the oldest 
known representatives of such currently strictly marine families as frigatebirds (Fre- 
gatidae) and auks (Alcidae) has been found in freshw ater deposits ( F i s h e r  1967, O l s o n  
1977) and th a t gulls probably developed from pratincole-like ancestors in the earliest 
Tertiary ( F j e l d s ä  1976).

6. The  ancestral w ad ers

The only avian order, in addition to hesperornithiforms and ichthyornithiforms, 
with a reasonable Cretaceous fossil record is the waders. The Cretaceous waders are of 
particular interest since taxonomic studies in recent years seem to indicate that several 
avian O r d e r s  may be derived from charadriiform  ancestors. Among these are the doves 
(Columbiformes), the sandgrouse (Pteroclediformes) ( F j e l d s ä  1976, S t e g m a n n  1978), 
the plains-w anderer Pedionomus ( O l s o n  &  S t e a d m a n  1981), and possibly even the 
ducks (Anseriformes) and the flamingos (Phoenicopteriformes) ( O l s o n  &  F e d u c c i a  
1980 a, b). If these views are correct, the early waders played a crucial role in avian evo
lution.

The Cretaceous charadriiform  remains have all been found in two restricted areas in 
North America. One of these is the area around Hornerstown in New Jersey. Here fos
sils of several species of birds were found at the tu rn  of the Century in m arine deposits 
of middle or late M aastrichtian age ( B a i r d  1967).
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Among the fossils assigned to Charadriiformes are three species of the genus Paleo- 
tringa, which are, however, to fragmentary to allow determ ination below ordinal level 
(C racraft  1972, F jeldsä  1976, B rodkorb 1967,1978). The other Hornerstown waders are 
three species of Telmatornis which were earlier thought to be related to the rails but 
have now been placed in a family of their own, Telmatornithidae, close to the thick- 
knees (Burhinidae) (C racraft  1972).

The remaining Cretaceous waders are also of M aastrichtian age but from the Lance 
formation of Wyoming. They comprise four species belonging to an extinct family Ci- 
molopterygidae, close to the avocets and stilts (Recurvirostridae) (B rodkorb 1963 a). 
There are also several other species of more or less definite charadriiform  affinities 
(Palintropus, Lonchodytes, Torotix) (B rodkorb 1963 a, O lso n  &  F educcia  1980 a).

In spite of the fragmentary nature of the evidence it seems clear that by the end of the 
Cretaceous the waders were already a fairly diverse group which had begun to differ- 
entiate towards present-day families and were represented in both freshwater and m a
rine habitats.

The “ancestral w ader” must have lived fairly far back in the Cretaceous. Since there 
seems to be fairly general agreement that the plovers (Charadriidae) is the most prim i
tive group within the charadriiform s it seems likely that the first waders were plover- 
like. They may also have had some similarities to the thick-knees and coursers Curso- 
rius, which also seem to have retained some primitive characters. Some homologies 
apparently exist in both adult and juvenile plumages of plovers, sandgrouse, pratinco- 
les and perhaps doves. This applies to i. a. the pectoral bands that many species in these

Fig 7:
A conjectural reconstruction of an ancestral wader. D raw ing by Gunnar B j ö r k m a n . 

Versuch einer Rekonstruktion eines kreidezeitlichen Vorläufers der K iebitze (Charadriiformes)
(Zeichnung Gunnar B j ö r k m a n ).
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groups possess and to many details in the cryptic plumage of the young (for details see 
F jeld sä  1976). This, in concert with the supposed primitiveness of the plovers makes it 
possible to make a (very speculative!) reconstruction of w hat the “ancestral w ader“ 
may have looked like sometime in the M iddle/Late Cretaceous (fig 7).

7. O ther C retaceous b ird s

The remaining Cretaceous avian fossils are quickly enumerated.
Gallornis straeleni has been found in “Neocomian” (Valanginian?) deposits in Aux- 

erre, France. It has been regarded as an anseriform ( L am brecht 1933) or a phoenico- 
pteriform  (B rodkorb 1963 b), but considering its fragm entary state (the proximal part 
of a femur and a fragment of the humerus) and great age it can probably not be deter- 
mined even at ordinal level.

In spite of this Gallornis is of considerable interest since it indicates that avian evo
lution had proceeded quite far from the Archaeopteryx level already by the Early Cre
taceous. Alexornis antecedens from Campanian sediments in Baja California, Mexico, 
is of great in terest since it is the only indisputable Cretaceous landbird. Alexornis is 
apparently related to Coraciiformes and Piciformes and shows some particular simila- 
rities to the motmots (Momotidae) and the puffbirds (Bucconidae) (B rodkorb  1976). 
This is not very rem arkable since it seems likely th a t the piciforms and the coraciiforms 
are fairly closely related. Furtherm ore both the fossil record and the current distribu
tion pa ttem  of piciforms and coraciiforms seems to indicate that Coraciiformes is pri- 
marily an Old World group while piciform differentiation has mainly taken place in the 
New World. Alexornis may well be a representative of an ancestral perching-bird 
group from which piciforms, coraciiforms and possibly passerines evolved through the 
increasing isolation of the Continents in the Late Cretaceous.

Parascaniornis stensioi, also of Campanian age and found in detrital limestone on 
Ivön, Sweden, has been regarded as a phoenicopteriform ( L ambrecht 1933). Since it is 
only represented by a single vertebra Parascaniornis is, however, probably indeterm i- 
nate.

Avian fossils of M aastrichtian age are some w hat more common (table 1).
From the Hornerstown area comes, in addition to the waders already mentioned, 

Laornis edvardianus and two Graculavus species.
Laornis has been assigned to a family of its own (Laornithidae) close to the rails by 

C racraft  (1973). This assignment has been questioned by B rodkorb  (1978) who regards 
Laornis as indeterm inate, but possibly pelecaniform. If Laornis was indeed a rail, it 
was a very large one, larger than the Takahe Notornis the largest living rail. It is also 
rather surprising to find a rail or near-rail in marine deposits.

Graculavus are usually considered to be early cormorants (e g B rodkorb  1963b) bu t 
this probably needs to be confirmed by re-study of the specimens.

Elopteryx nopcsai has been found in freshw ater deposits of latest Cretaceous age in 
Roumania. There has been some doubt whether Elopteryx  is of latest Cretaceous or 
earliest Tertiary age, but new finds has recently confirmed the assignment to the Cre
taceous (G rigorescu  &  K essler  1980). Elopteryx  is referred to the extinct family Elop- 
terygidae w ithin the Pelecaniformes. Elopterygids are so far only known from Europe 
(B rodkorb  1963b) and from the time span from M aastrichtian to Middle Eocene.
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Recently some very peculiar avian fossils have been reported from the M aastrichtian 
of Northwestern Argentina (W alk e r  1981). They have been assigned by W alk e r  (1981) 
to a new subclass Enantiornithes and several species seem to be represented. The re- 
mains show some rem arkably primitive features such as an only partially fused tarso- 
m etatarsus and the Enantiornithes are probably not closely related to any known 
birds. W alk e r  (1981) suggest that they may be the sister group of all birds except Ar- 
chaeopteryx.

Finding such an archaic group of birds in South America is not very surprising by it- 
self since that continent was largely isolated during most of the Cretaceous and the 
Tertiary and evolution there proceeded in isolation resulting in the preservation of ar
chaic forms of both animals and plants. As far as known, South America had no land 
connections to any other continent except possibly Antarctica from the Mid Creta
ceous to the Pliocene, a period of some lOOMa. This is still very evident in extant Neo- 
tropic biota w ith their rem arkably high incidence of endemism and relict forms.

PERIOD STAGE AGE AVIAN FOSSILS
(MA)

Enantiornis, Neogaeornis, Elopteryx 
Graculavus, Cimolopteryx, Ceramomis 
Palintropus, Telmatornis, Paleotringa
Lonchodytes, Torotix, Laornis_______
Coniornis____________________________
Parascaniornis_______________________
Alexornis

Baptornis
Ichthyornis
Apatornis
Hesperornis

Turonian

91

Cenomanian

CRETACEOUS 97,5

TERTIARY Paleocene
65

Maestrichtian
73

Campanian

UPPER 83

Santonian

87,5

Coniacian

Albian Enaliornis
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PERIOD STAGE AGE AVIAN FOSSILS
(MA)

113

Aptian

119

Barremian

125

Hauterivian (?Koonwarra)

LOWER 131

Valanginian ?Gallornis

138

Berriasian/Ryazanian

144

JURASSIC Archaeopteryx, (Montsech, Karatau)

Tab. 1. A synopsis of M esozoic birds. A question mark before a find denotes that the exact age is 
uncertain. For genera known from more than one stage the generic name marks the first 
appearance and a vertical line the Stratigraphie ränge of the genus. Tim escale from  
H a r la n d  et al. (1982). -  Synopsis der Mesozoischen Vögel. Ein ? vor dom Fund bedeutet, 
daß das genaue Alter unbekannt ist. Für Gattungen, die in mehr als einer Periode Vor
kommen, wird die Zeit des ersten Auftretens angegeben und durch die Senkrechte Linie 
die Spannweite des stratigraphischen Vorkommens aufgezeigt. Zeitskala nach H a r l a n d  
et al. (1982).

Finally a few unidentified avian remains are known from the Cretaceous. There is an 
unidentified tarsometatarsus, probably of Maastrichtian age, from Waimakariri gorge 
in New Zealand (Fleming 1979). Avian footprints have been recorded from the Ceno- 
manian of Colorado (Mehl 1931) and from the Aptian of Peace River, British Columbia 
(Currie 1981). These records are of limited importance except insofar as they attest the 
worldwide distribution of Cretaceous birds. Fragmentary avian fossils of Mesozoic age 
must however be treated with caution since on several occasions reptilian remains 
have been erroneously identified as avian. This is understandable considering the Ar- 
chosaurian origin of birds and the considerable osteological similarities that still re- 
main.

Such “birds” which are in fact reptiles or whose avian character is at least questio- 
nable include Laopteryx  (M arsh  1881), Caenagnathus (S ternberg  1940, C racraft
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1981), Bradycneme and Heptasteornis (H arrison  &  W a lk e r  1975), Wyleyia (H arrison  

&  W alk e r  1973) and Gobipteryx (E lza n o w sk i 1974, 1976, 1977, 1981).
The opposite error is of course also possible, Archaeopteryx specimens has repeat- 

edly been mistaken for pterosaurs or small dinosaurs and the toothed jaw of Ichthyor- 
nis was thought by G regory  (1952) to belong to the Mosasaur genus Clidastes!

8. The  late C retaceous av ifau n a

An interesting question is whether the fossil record is a representative sample of the 
Cretaceous avifauna. This seems unlikely for several reasons.

According to an, adm ittedly hypothetic, estimate by B rodkorb  (1971) the world avi
fauna consisted of some 2,000 species in 40 families at the end of the Cretaceous. Of 
these rather less than 1 % has yet been found. Furtherm ore it seems clear th a t the fossil 
record is biased both geographically (in favour of North America) and ecologically 
(towards aquatic and m arine species). To some extent sampling errors can however be 
rectified through study of younger fossils and biogeographic data.

9. C retaceous b ird s  an d  the P a leogen e  av ian  record

Several avian orders are known from the Paleocene or Eocene. Some of these are 
rather specialized groups which must have had a fairly long previous history, presu- 
mably reaching back into the Upper Cretaceous. Among the more convincing cases are 
Penguins (Sphenisciformes), Parrots (Psittaciformes) and Owls (Strigiformes).

In addition to these there were undoubtedly other, now extinct, avian groups in exi- 
stence in the Late Cretaceous and Early Tertiary. An interesting example is afforded by 
the recent find of medium sized, fully volant, paleognathous birds in the Paleocene -  
Early Eocene of Wyoming (H oude &  O lso n  1981). These birds show no affinities to the 
ratites nor to the tinamoes, the only extant volant paleognaths. Presumably they were 
part of an early radiation of paleognath birds of which the surviving paleognaths are 
but “waifs and strays’" (H u x le y  1867). An interesting sidelight is shed on the difficulties 
of interpretation in avian palaeontology by the fact that, except for the palaeognathous 
palates, the skeletons of these birds are unremarkable, and skeletal elements found in 
isolation would very likely either have been left indeterm inate or assigned to living 
avian orders (H oude &  O lso n  1981).

10. B io geog raph ic  evidence

In addition to the groups mentioned above, where early fossil evidence is available, it 
is in some cases possible to postulate a Cretaceous origin for groups w ith no early fossil 
record on the basis of biogeographic evidence.

A classical case in point is the “superorder” Ratitae which consists of some eight fa
milies of flightless, mainly large, birds (see table 2).

The relationships of the ratites have been hotly debated for more than a Century. The 
main point of contention is whether the ratites are a monophyletic, primarily flightless
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Tab. 1. A synopsis of M esozoic birds. A question mark before a find denotes that the exact age is 
uncertain. For genera known from more than one stage the generic name marks the first 
appearance and a vertical line the Stratigraphie ränge of the genus. Tim escale from  
H a r la n d  et al. (1982). -  Synopsis der Mesozoischen Vögel. Ein ? vor dem Fund bedeutet, 
daß das genaue Alter unbekannt ist. Für Gattungen, die in mehr als einer Periode Vor
kommen, wird die Zeit des ersten Auftretens angegeben und durch die. senkrechte Linie 

die Spannweite des stratigraphischen Vorkommens aufgezeigt. Zeitskala nach H a r l a n d  
et al. (1982).

Finally a few unidentified avian remains are known from the Cretaceous. There is an 
unidentified tarsometatarsus, probably of Maastrichtian age, from Waimakariri gorge 
in New Zealand (Fleming 1979). Avian footprints have been recorded from the Ceno- 
manian of Colorado (Mehl 1931) and from the Aptian of Peace River, British Columbia 
(Currie 1981). These records are of limited importance except insofar as they attest the 
worldwide distribution of Cretaceous birds. Fragmentary avian fossils of Mesozoic age 
must however be treated with caution since on several occasions reptilian remains 
have been erroneously identified as avian. This is understandable considering the Ar- 
chosaurian origin of birds and the considerable osteological similarities that still re- 
main.

Such “birds” which are in fact reptiles or whose avian character is at least questio- 
nable include Laopteryx  (M arsh  1881), Caenagnathus (S ternberg  1940, C racraft
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1981), Bradycneme and Heptasteornis (H arrison  &  W a lk e r  1975), Wyleyia (H arrison  

&  W alk e r  1973) and Gobipteryx (E lza n o w sk i 1974, 1976, 1977, 1981).
The opposite error is of course also possible, Archaeopteryx  specimens has repeat- 

edly been mistaken for pterosaurs or small dinosaurs and the toothed jaw of Ichthyor- 
nis was thought by G regory (1952) to belong to the Mosasaur genus Clidastes!

8. The late C retaceous av ifau n a

An interesting question is whether the fossil record is a representative sample of the 
Cretaceous avifauna. This seems unlikely for several reasons.

According to an, adm ittedly hypothetic, estimate by B rodkorb  (1971) the world avi
fauna consisted of some 2,000 species in 40 families at the end of the Cretaceous. Of 
these rather less than 1 % has yet been found. Furtherm ore it seems clear that the fossil 
record is biased both geographically (in favour of North America) and ecologically 
(towards aquatic and marine species). To some extent sampling errors can however be 
rectified through study of younger fossils and biogeographic data.

9. C retaceous b ird s  and  the P a leogen e  av ian  record

Several avian orders are known from the Paleocene or Eocene. Some of these are 
rather specialized groups which must have had a fairly long previous history, presu
mably reaching back into the Upper Cretaceous. Among the more convincing cases are 
Penguins (Sphenisciformes), Parrots (Psittaciformes) and Owls (Strigiformes).

In addition to these there were undoubtedly other, now extinct, avian groups in exi- 
stence in the Late Cretaceous and Early Tertiary. An interesting example is afforded by 
the recent find of medium sized, fully volant, paleognathous birds in the Paleocene -  
Early Eocene of Wyoming (H oude &  O lso n  1981). These birds show no affinities to the 
ratites nor to the tinamoes, the only extant volant paleognaths. Presumably they were 
part of an early radiation of paleognath birds of which the surviving paleognaths are 
but “waifs and strays” (H u x le y  1867). An interesting sidelight is shed on the difficulties 
of in terpretation in avian palaeontology by the fact that, except for the palaeognathous 
palates, the skeletons of these birds are unremarkable, and skeletal elements found in 
isolation would very likely either have been left indeterm inate or assigned to living 
avian orders (H oude &  O lso n  1981).

10. B io geog rap h ic  evidence

In addition to the groups mentioned above, where early fossil evidence is available, it 
is in some cases possible to postulate a Cretaceous origin for groups w ith no early fossil 
record on the basi's of biogeographic evidence.

A classical case in point is the “superorder” Ratitae which consists of some eight fa
milies of flightless, mainly large, birds (see table 2).

The relationships of the ratites have been hotly debated for more than a Century. The 
main point of contention is whether the ratites are a monophyletic, primarily flightless
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Tab. 2: Geographie and Stratigraphie ränge of the ratites. The assignm ent of Stromeria and Eremopezus to Aepyornithidae is very doub'tful as is 
the status of the probable ratite Eleutherornis from the Eocene of Switzerland. -  Geographische und stratigraphische Verbreitung der 
Flachbrustvögel (Ratites). Die Zuordnung von Stromeria und Eremopezus zu den Aepyornithidae ist sehr zweifelhaft. Das gilt auch für den 

Status von Eleutherornis aus dem Eozän der Schweiz, einem möglichen Angehörigen der Ratiten.

Fam ily Recent ränge Oldest record Age Fossil ränge extension Sources
Struthionidae
(Ostriches)

Africa, SW Asia Struthio cf. brachydactylus 
(Turkey)
Struthio sp. (Tunisia, Kenya)

Early-M iddle Miocene 

M iddle-Late M iocene

E Europe, Central Asia, 
N India,
Canaries?

Sauer 1979 
Rich 1974

Rheidae
(Rheas)

Southern S America Ophistodactylus patagonicus 

(Argentina)
Early Miocene - To n n i1980

t  Dromornithidae 
(Mihirungs)

Australia Dromornithidae sp. Early M iocene - Rich 1979, 1980

Casuariidae
(Cassowaries)

N  Australia, 
N ew  Guinea

Casuarius sp. Pliocene S Australia Rich 1976

Drom aiidae
(Emus)

Australia Drom aiidae sp. Middle Miocene - Rich 1976

t  D inornithidae 
(Moas)

N ew  Zealand Anomalopteryx antiquus 

Pachyornis mappini
Late M iocene- 
Early P liocene

- Brodkorb 1963b  
Fleming 1979

Apterygidae
(Kiwis)

N ew  Zealand Several species 
Footprints?

Pleistocene  
Late Miocene

- Brodkorb 1963b  
Fleming 1979

t  Aepyornithidae 
(Elephant birds)

Madagascar Stromeria fajumensis? 
(Egypt).
Eremopezus eocaenus? 
(Egypt)
Several species (Madagascar)

Early Oligocene

Late E ocene-  
Early Oligocene 
Pleistocene

Egypt? Brodkorb 1963b

268 
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group or not. No consensus has yet been reached (for two recent contrary views on the 
m atter see C racraft  1974 and F educcia  1980). Recent studies, however, seems mainly to 
support ratite monophyly.

If the ratites are a monophyletic, prim arily flightless, group their presence on all im 
portant fragments of old Gondwanaland (except India and Antarctica where fossils of 
the relevant age are largely unknown) and their virtual absence from the northern con- 
tinents assumes considerable significance. This is particularily true since the Creta
ceous and Tertiary faunas of the northern continents are by and large much better 
known than those of Gondwanaland. The only well attested northern ratites are Neo
gene and Pleistocene ostriches from Asia and Eastern Europe and these were presuma- 
bly immigrants from Africa. The same is probably true of the eocene Eleutherornis of 
Switzerland if this species is really a ratite.

The widespread occurrence of ratites in old Gondwanaland on the other hand stron- 
gly suggest that the ancestral ratites dispersed while there was still land connection 
between the present-day fragments of the Southern Supercontinent (for a detailed re- 
view of this hypothesis see Cracraft (1973 b). A difficulty for this view of ratite evolu- 
tion has been the presence of the ostriches in Africa since there is strong evidence that 
the ostriches and the South American rheas are sister-groups and that the split of the 
ostrich-rhea lineage must fall fairly late in ratite phylogeny. Since there is good evi
dence that the opening of the South Atlantic had broken land connection between 
Africa and the rest of Gondwanaland by the Albian, or the Turonian by the latest (Rey- 
m ent  1968) this would imply that several of the ratite lineages were already in existance 
by the Mid Cretaceous which seems improbably early. In recent years there has howe
ver been several very surprising finds of animals with otherwise strictly South Ameri
can distribution in the Paleogene of Western Europe and North Africa. These include 
ziphodont mesosuchian crocodiles (Buffetaut 1980, 1982), phorusrhacid birds (Mou- 
rer-Chauvire 1981) and even an anteater (Eurotamandua joresi) (Storch 1981).

These finds prove th a t some sort of connection between South America and the Old 
World must have existed in the early Tertiary. This might have been by way of North 
America and the w ell-attested Paleocene-Eocene North A tlantic land bridge between 
North America and Western Europe as suggested by H och (1983). Several mammalian 
groups (condylarths, didelphid marsupials and notoungulates) certainly managed to 
make the Crossing between North and South America in the Late Cretaceous or Paleo
cene. However, no trace of either ratites nor of any of the Neotropic groups found in 
Europe have been recorded in the rieh and well-researched North American Tertiary 
faunas.

It therefore seems that some dispersal across the South Atlantic must have been pos
sible early in the Tertiary. This may have taken the form of an sweepstake route across 
a partially emergent Walvis ridge-Rio Grande Rise (Buffetaut 1982) or by way of now 
submerged islands in the still relatively narrow strait between Liberia and Northeast 
Brazil (A xelro d  & Raven 1978). No direct evidence for such a route has been found in 
Africa except for a ziphodont crocodile from the Eocene of Algeria (Buffetaut 1982) 
but this lack of evidence is not surprising considering the paucity of African Paleogene 
land vertebrate faunas.

If such a route allowed dispersal of the ostrich-rhea lineage from South America to 
Africa (and from there across the closing Tethys into Eurasia), the timetable for the 
evolution and isolation of the ratite lineages becomes much more reasonable. The first
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part of Gondwana to become isolated was then probably New Zealand which was split 
off from Australia-Antarctica by the Maastrichtian orearlier (Fleming 1979). India and 
Madagascar probably also had parted from each other and Antarctica before the end of 
the Cretaceous, but probably not much earlier given the similarities of the Late Creta
ceous dinosaur faunas of South America, Madagascar and India. Finally Australia se- 
parated from Antarctica in the early Eocene while the find of an polydolopid marsupial 
of South American affinities in the Late Eocene of West Antarctica (Woodburn & Zins
meister 1982) shows that some dispersal across the Drake passage was still possible in 
the Early Tertiary.

This sequence of events means th a t the ratite  lineages in the various Gondwanaland 
fragments would have become isolated from each other over a period ranging perhaps 
from the Campanian to the Early Eocene (80-50 Ma) with the New Zealand and M ada
gascar forms being isolated first. This fits fairly well w ith current views of ratite rela- 
tionships (e g C r ac raft  1973, R ich 1980).

The biogeographic arguments for the antiquity of ratites can be extended to some ot
her avian groups w ith similar Transantarctic, “Gondwanan” relationships. The most 
persuasive cases are the Caprimulgiforms, the suboscine passerines (F educcia &  O lso n  

1982, S ebley, W il l ia m s  &  A h lq u ist  1982) and some Gruiform and Charadriiform  fami- 
lies (C racraft 1973 b, 1982 a, O lso n  &  S te ad m an  1982). A “Gondwanan” origin and dis
persal has been argued for several other groups including doves, parrots and cuckoos 
(C r acraft  1973 b) but the evidence in these cases is flimsy. As a m atter of fact the rela
tive rarity of clear transantarctic relationships among birds compared to groups such 
as plants and insects could be used as an argum ent for the relatively low age of many 
avian lineages.

The inevitable blurring of biogeographic patterns among such mobile organisms as 
birds also limits the usefulness of biogeographic data for the reconstruction of avian 
phylogenies.

Summary

A study of paleoecological conditions shows that at the beginning of the Cretaceous period the 
ränge of ecological niches available to birds was quite lim ited w hile at the end of the period it was 
roughly sim ilar to present conditions. The best known Cretaceous birds are two orders of marine 
toothed birds, Hesperornithiformes and Ichthyornithiformes. The fossil record and probable 
life-sty les of both orders is reviewed. N either order w as probably closely related to any modern 
birds. It seem s likely that both became extinct at the Cretaceous-Tertiary boundary and were re- 
placed by unrelated birds who adapted to marine conditions during an Early Tertiary adaptive 
radiation. The Cretaceous record of forms ancestral to extant birds is very sparse and largely re- 
stricted to a few Late Cretaceous charadriiforms. There is also an possible ancestor to coracii- 
forms and piciforms (Alexornis) and some possible pelecaniform s and gruiforms. In addition to 
the birds attested through fossils some other groups may be inferred to have existed in the Late 
Cretaceous through Paleogene fossils or biogeographic considerations. The latter applies to 
groups w ith a Southern “G ondwanan” distribution, in particular if transantarctic relations are 
indicated e. g. the ratites.
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Zusammenfassung
D ie  V ö g e l  d e r  K r e id e z e i t  -  e in e  k u r z e  Ü b e r s ic h t  ü b e r  d ie  e r s t e  H ä lf t e  

d e r  G e s c h ic h t e  d e r  V ö g e l

D ie Ergebnisse der palökologischen Forschungen lassen darauf schließen, daß zu Beginn der 
Kreidezeit die für Vögel nutzbaren ökologischen Nischen in noch recht geringem Umfang zur 
Verfügung standen. Gegen Ende der Kreidezeit hingegen entsprachen die Lebensbedingungen in 
etwa den heutigen Verhältnissen.

D ie bestbekannten Vögel der Kreidezeit gehören zu den beiden marinen Ordnungen der 
H esperom ithiform es und Ichthyornithiformes. Beide Gruppen besaßen Zähne („Zahnvögel“). In 
ihrer Lebensw eise ähnelten sie flugunfähigen M eeresvögeln, etw a den großen Pinguinen oder A l
ken. Ihre Vorkommen, zum indest an den Brutplätzen, scheinen auf Gebiete beschränkt gewesen  
zu sein, in denen es keine Raubtiere gab (Bodenfeinde): Inseln abgelegener M eeresküsten der bo- 
realen Bereiche. D ie Bruten fanden wahrscheinlich auf flachem Untergrund statt. D ie fossilen  
Belege und weitere Aspekte ihres Lebensstiles werden diskutiert, sow eit die verfügbaren Befunde 
dies zulassen. Keine der beiden Ordnungen stellt einen Vorläufer heutiger Vögel dar.

An der Grenze von der Kreide zum Tertiär starben diese Vögel, w ie so viele andere größere Or
ganismen auch, ganz plötzlich aus. Sie wurden durch nicht näher verwandte Formen in der w eite
ren Evolution der Vögel ersetzt. D ie Ursache dieses abrupten Verschwindens war möglicherweise 
der Einschlag eines Riesenm eteoriten von etw a 10 km Durchmesser. D ie dabei freigewordenen 
Staubm engen verminderten die Einstrahlung von Sonnenlicht so sehr, daß große Teile der Land
vegetation und fast das gesam te pflanzliche Plankton im Meer abstarben. D iese Unterbrechung 
der Nahrungsketten wurde den größeren Tierarten zum Verhängnis: D ie D inosaurier starben bis 
auf w enige kleine Gruppen ebenso aus, w ie große Tintenfische im M eer- und die großen Vögel der 
Kreidezeit, die die doppelte Größe eines Eistauchers erreicht hatten.

D ieses Freiwerden von ökologischen N ischen setzte die Vorbedingungen für den weiteren Weg 
der Evolution der Vögel, der Säugetiere und der Reptilien. Besonders die Säugetiere gewannen  
rasch an Boden und entfalteten eine große Anpassungsvielfalt. Ä hnlich starke Evolutionspro
zesse waren bei den Vögeln festzustellen.

D ie fossilen Funde zu den aus der Kreidezeit stammenden Vorfahren moderner Vogelgruppen  
sind recht spärlich und hauptsächlich -  vielleicht aus ökologischen Gründen -  beschränkt auf die 
Regenpfeiferartigen (Charadriiformes). D ie Gattung Alexornis stellt vielleicht einen Vorläufer 
der Racken (Coraciiformes) und Spechte (Piciformes), zweier nahe m iteinander verwandter Ord
nungen, dar. Auch Vorläufer von Ruderfüßern (Pelecaniformes) und K ranichen (Gruiformes) lie 
gen möglicherweise bereits vor. Neben diesen mehr oder w eniger sicheren N achw eisen von Aus
gangsformen heutiger Vogelordnungen m üssen weitere Gruppen aufgrund der tiergeographi
schen Gegebenheiten als existent in der späten Kreidezeit angenommen werden. Für die w ahr
scheinlich stam m esgeschichtlich einheitliche (monophyletische) Gruppe der Flachbrustvögel 
(Ratites) mit einer typisch „südlichen“ Verbreitung über die Teile des R iesenkontinents Gondwa
naland werden Landverbindungen „trans-antarktischer“ Natur gefordert. Eine Ausbreitung in 
die Südkohtinente über die N ordkontinente erscheint w enig wahrscheinlich.

Insgesamt gibt die „erste H älfte“ der Evolution der Vögel viele Rätsel auf, so daß die engeren  
Zusammenhänge zw ischen den einzelnen Vogelordnungen und ihre genaueren evolutionären  
Wege noch reichlich unbekannt bleiben. Immerhin wird angenommen, daß gegen Ende der Krei
dezeit bereits etwa 2 000 Vogelarten in 40 Fam ilien existierten; eine Vielfalt, die fast einem Vier
tel des heutigen Wertes entsprechen würde.
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