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Brought in a Cast 
Berlin Specimen – named not after where they are found but where they reside now 
· It is to scale. 
· Very small animal 
· Clorotic ring in the eye (developed in Marine Reptiles) 
· Nice claws 
· Wing impressions are very well developed 
· Had teeth and a long boney tail 

Evolution of Dinosaurs through time 
· You can see that the Jurassic is the time of the large folks. Very abundant 

Continental: Connections 
Brachiosaurs and Dryosaurus 
· Both found in North America and Africa 
· Did a connection remain? 
· Need to think about how dinosaurs as terrestrial animals as compared to marine animals are aiding to terrestrial connections. 
· This is a multidisciplinary approach. You can’t only look at one type of animal. You need to look at all ecosystems.

Fossil Localities
Theropods
· China 
· India and Thailand 
Africa Tendaguru beds 
· Spectacular sauropods 
· Small ornithopod
· Primitive Stegosaurs and Theropods
Europe
Solnohofen 
· Composognathus and arhchaeopteryx (studied closely together to formulate link between birds and dinosaurs
South America 
· Trackways from Chile and Argentina 
North America
· Morrison Formation 
· Extensive sedimentary package shed of the Rocky Mountains 
· They form throughout the Cretacious as well (ongoing) 
· Sediment into the plains and basin… rivers, lakes, coastal barrier bars 

Site of Morrison Formation Picture in SLIDES!! 
· Over on North side we have laguna deposition vs. deeper water basins where we find marine reptiles. Otherwise Europe is pretty underwater.

Famous Fossil Sites 
· Como Bluff 
· Bone Cabin Quarry (very interesting) 
· Famous Cleveland Lloyd Quarry 
· Dinosaur National Monument 

Fossil Cabin Museum Photo!! Built out of fossils (entirely built of dinosaur bones) 

Picture of MORRISON FORMATION, COLORADO
· No vegetation
· If you go after a good rain storm and you go with your nose close to the ground, you find stuff. These are rich grounds. 

Fossils from Morrison Formation 
All the famous ones 
· Allosaurus 
· Ceratosaurus
· Dipodocus
· Apatosaurus
· Ultrasaurus
· Supersaurus
· Seismosaurus 
It was the TIME of the sauropods (late Jurassic) 
Think about the metabolism and these large sauropods (they preferred warmer climates) you can conclude what their metabolism might have been… 

Early Cretaceous (Ma 145- 97) – TECTONIC ACTIVITY (also in marine reptiles)
Cretaceous comes with enhanced tectonic activity 
· Brought by biodiversity 
· This is because A) we get the continental separation B) start getting increase in diversity and also… Endomism because we have isolated landmasses where evolution takes place 
· Tectonic activity also brings ocean ridges which means the sea level goes up bringing western sea (in all different stages) along this western sea we get humid climate feeding the herbivores, in turn feeding the carnivores. 
· Mountain ranges are built, also forming barriers if we get into high ranges (not easy fr some animals to overcome those ranges) 
· A lot of volcanim throughout the Cretaceous. With the large volcanic eruptions we’re putting a lot of Co2 in the air and creating a greenhouse climate
· Cretaceous is a unique period in the history of our globe and so much work is devoted to the cretaceous and nowadays when we feel like we’re heading toward a warmed climate, the cretaceous is an interesting period to study to see what a very warm earth would actually be like. 

1. Enhanced Tectonic Activity
2. Increased Geenhouse Effect 
3. Warmer Climate
4. Increased Endemism due to increased continental separation

GLOBE PHOTO – Early cretaceous – north sep from south and increased sea levels = sep of rocky mountains at the Canadian shield. 

Who Became Dominant? 
Ornithopoda 
· Replaced sauropods and stegosaurs as major herbivores
· Were they better equipped with dental batteries? 
· Sauropods had tiny little heads with pencil teeth and had to feed sooo much to sustain their big bodies. 
· Ecological change over? 
· Ankylosaurs also developed 

Diogram – Evolution of Dinosaurs through time (ankylosaurs etc become more abundant now) 

Fossil Localities 
Asia 
· Wide distribution 
· Earliest ceratopsian -> Psittacosaurus 
Africa 
· North Africa 
· Important primitive ornithopods 
Europe 
· Wealden fossil beds in southern England 
South America 
 _ Carnotosaurus 
North America
· Deinonychus 
· Utahraptor
· Troodontids (smart ones) 
Australia
· Fossils indicate connection at the time with Gondwana
· The southern continental masses!! (when still connected to Antarctica) 
· We find remains of Gondwana floras in Antarctica. 
· As we get exposures on certain areas where the ice has retreated, we’re finding fossils which remind us of tree ferns in modern Tasmania (in cretaceous also existed in Antarctica) 
· The separation really only took place in the early Tertiary 

LATE Cretaceous SLIDE – one of the highest sea levels this globe has ever encountered. 
· Sea has developed into a seaway (now connecting with the tetus) 
· Very humid climate and with that a very green globe at this time 
· Not reflecting what we have nowadays. We have many more temperature extremes now. This year all the temp. differences were much more subdued. We had cooler glacial areas, but not icier glacial areas. 
· Advanced continental  separation
· Increased endemism (time of the greatest diversity and endemism)
· Cooling trend over the last 30 million years. -> before the boundary  

LAST EVOLUTION OF DINOSAUR PICTURE SLIDE (largest variety of dinosaurs) 

Alberta Badlands (a few photos on slides) 
· Canada has delivered the badlands (and US) and delivers a rich dinosaur assemblage
· You can go and hike there and see bones sticking out of the dirt! 

Evolution 
· Older taxa remained in South America
· New Taxa in North America
· Stegosaurs left before extinction event. 

Similarities between N. America and China 
· Indicates N. American fauna developed from Chinese and Mongolian Fauna 
· In late cretaceous we had barriers on the other side and fauana exchanges couldn’t go there so it had to go over the land bridge
· During Pleistocene called Beringia 
· Was an area which remained ice free. There was a lot of fauna exchange (ice free corridor where animals and humans could travel) 
Changing of food sources 
· Development of Angiosprems 
· Connection to radiation of dinosaurs
· Co-evolution 

Robert Bakkers view 
· Before angiosperms: conifers , cycads and ginkgoes
· Low, indiscriminate feeding
· Destruction by trampelling feet (big herds going through)
· Plant counteracted by production of large quantities in form of seeds 

Dominance of Dinosaurs 
· Dominance in northern hemisphere
· Bias towards better funding 
· Is it a matter of better funding from countries in the north? 

Which Dinosaurs lived together? 
· TM Lehman of Texas University: 
· Southern – central fauna 
· Alamosaurus – dominant 
· Hadrosaurids, ankylosaurs, ceratopsian and theropods 
· Series of intermontane basins with seasonal wet and dry cliamtes. 
· Central fauna 
· Dominated by triceratops and lepotoceratops 
· Theropods, ankylosaurs
· Close to uplifting of rocky mountains and mountainous climate brought cooler temperatures. 
· Northern Fauna
· Triceratops dominated 
· Teropods, ankylosaurs, duckbills, 
· Low broad humid coastal plain settings adjacent to the western interior sea 

PHOTOS of the separation of North America Late Cretaceios (distinguish between Laramidia and Appalachia) – named after mountains on each side

Dinosaur Provincialism -> groups dinosaurs latitudinally. Different ones occupy different niches along the western side of the western interior sea and with that they are the lahamidia assemblages 


Chinas Paleoenvironment 
· Semiarid and arid basins
· No abundand water (salty even)
· Only playa lakes

N America v China
North America 
· Gradual change towards advanced taxa
· Good predator – prey ratio
China
· Mixed fauna
· No direct dominance 
· Dominance of Ceratopsian dinosaurs not matched
· Large herds not matched in china 

55% of all dinosaurs are cshared between N. America and Asia 
44% is endemic to Asia 
Conclusion 
· Dinosaurs migrated from Asia to N. America over the Bering Strait 

Tertiary 
· 160 million years of absolute successful evolution 
· Mammals took over (since the late triassic) small little animals scurrying under their feet.. they make it under the boundary. 
· 1987 – tertiary dinosaur discovered in Montana (ALL HELL BREAKS LOOSE) 
· Incorrect dating of sediments? Reworked fauna? Can’t be the right sediment… 

____________________________________________________________

The Extinctions 
· We need to contemplate the idea that we ourselves are causing a mass extinction 

Background extinctions 
· Less dramatic than mass extinctions
· Slower sped over longer time 
· ML McKinney suggested that 95% of all extinctions are accounted for by background extinctions
· Are guided by ecological changes and huge variety of geological changes occupy our globe= loss of species 

Causes 
Natural Causes 
· The diminishing of food sources
· Co-evolution (in a negative sense that one eats the other) 
· Air – if we get poisonous air due to volcanic eruptions 
· Waterways drying up (if it is a species that only lives in that basin) 
· Depletion of habitats 
· Changes in climate
· Development of mountain ranges (could change the climatic system i.e. Rocky Mountains)
· Behind mountains in Okanogan valley i.e. there grows cacti 
· Habitat Destruction; wild fires, river migration, drying of wetlands, eruptions of volcanoes 
Many Dinosaurs have been victim of background extinctions

Mass Extinction
· Large numbers of species go extinct 
· Many types of species go extinct 
· Effect must take place on a global scale (not always easy to prove) need wide localities
· Happens over a short period of geological time 
· Do we have just a few years? Or do we have thousands of years? Very difficult to say that it is instantaneous. 

Times of Mass Extinctions 
· Late Ordovician (438Ma)
· Late Devonian (380)
· Permian (245)
· Late Triassic (208) – dinosaurs took advantage of it 
· Cretaceous/Tertiary (85Ma) – mammals take advantage of it 

The Earth’s system is complex
There are many factors changing the ecological systems on Earth. 
When you look at Extinctions you need to look at what changes took place that may have contributed to all the animals that we lost. 





 






