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CHAPTER 3:  PALEOECOLOGY
Modern & Ancient Communities
When you study community paleoecology, you are trying to understand:
· Composition of fossil communities.
· Lack of soft-bodied organisms makes this difficult.
· Habits of animals composing those communities.
· Trophic structure (who ate whom?).
· Community evolution through time.
· Example: coral reefs.
· Controls acting on fossil communities.
· Vertical and horizontal distribution of species.
· Substrates, food, oxygen levels, shelter, current energy, competition (limiting factors).
Community Evolution through Time
We can study the community evolution in 2 different ways:
1. Long rang: Change in major reef builders.
Reef: Massive accumulation of limestone built up by lime-secreting algae & various invertebrates.
Reef have been present for approximately 3.5 billion years. 
We’re looking for the differences in the organisms that secrete and form the reef.
The composition of the reefs changes through time:
1) Oldest known reef (Precambrian, 2000+ mya) → stromatolites (cyanobacteria).
· Stromatolite were the principal reef-building organisms;
· The cyanobacteria is the first reef-building organism in the Earth’s history;
· The stromatolites are made by layers of sediments trapping bacteria’s;
2) Lower Cambrian → Archaeocyathids grow in the clumps on reef surface. 
· Extinct by the late Middle Cambrian;
· They are knows as sponges, even if they look like corals;
· When they went extinct, the reef were manly composed by the stromatolites, algae and calcareous cyanobacteria;
· When you find Archaeocyathids, you know that the reefs were made in Lower Cambrian. 
3) Middle Ordovician → Corals, red algae and lime-secreting stromatoporoids.
· Attracted brachiopods, trilobites and other invertebrates;
· They were the predators of the red algae;
· Algae-sponge-coral tripartite associations dominated from the middle Cambrian to the late Devonian;
· Algae-bryozoan-coral assemblages dominated from the late Devonian to the late Permian;
· The reef was also composed cyanobacteria, bivalve molluscs and sponges;
· This type of reef disappeared by the late Permian, and then again the reefs were majorly composed of algae and cyanobacteria;
· These communities were complex and diverse. 
4) Triassic → Classic coral-algal reef system.
· Forerunner of today’s reef systems. 
There was no reef between the Permian and the Triassic. It began to increase by the separation of the supercontinent Pangea. 
The major reef builders are algae and bacteria.
Reef Succession
2. Shorter rang: Reef succession.
Succession: Progressive change in the species composition of an ecosystem. 
A reef is originally established in the pioneer stage, then other species invade to change the ecosystem, gradually evolving to a mature stage. 
There’s 3 stages in reef succession:
1) Pioneer stage
· Abundant, low diversity.
· R-selected species which have short life spans but reproduce in incredible number, they grown fast and tolerate harsh and physical environment but they are poor in the food competition. 
· Sediment mounds.
2) Intermediate stage
· Moderate diversity
· Sediment stabilization, this stabilization creates habitats (shelter), which builds niches, which helps the species to diversify. 
· Cementer organisms, some species can secrete calcite (calcium carbonate) that helps to cement the coral structure and the niches.
3) Mature reef
· Maximum diversity.
· K-selected species, they have a longer life span, they take a long time to achieve full reproductive maturity and have few offspring’s. 
· Cementer organisms.
A new community takes overs the pioneer community.
There is an equilibrium between the organisms in the mature stage. 
This evolution can take a few years, this is why it is considered as a short span.
Case Study: Soft Part Preservation
Environmental criteria for soft-parts preservation:
1. Minimal transport – Better chance of preservation if not moved 
Theoretically, it has been shown in the lab that some soft parts have been transported for a long distance without falling apart. However, it is not considered a criteria because it is not transportation that destroy soft parts, it is decay.
2. Anoxia – lack of oxygen (it inhibits decay, which help the preservation, but studies shows otherwise).
· Doesn’t inhibit decay;
· Keeps scavengers and bioturbators away;
· Sedimentological evidence: Fine, uninterrupted lamination in sedimentary rock.
If the fine lamentation in the sediments is preserved, this means the sediments were not disturbed by the scavengers or bioturbators. 
3. Rapid burial
· Protects carcass from scavengers/bioturbators;
· Must be buried deeper than the burrowers can tunnel, especially in an oxygen abundant environment. 
4. Rapid mineralization
· Fundamental for soft part preservation;
· Pyrite mineralization → Sulfur-reducing bacteria in fine-gained marine sediments. 
It is rare to have pyrite mineralization of the soft parts of the organism.
· Carbonate mineralization → Decomposition of organic carbon; anaerobic conditions.
· Rapid burial of large quantities of organic matter.
· This is what usually happens when soft parts are preserved. 
· If it takes place in freshwater, it is replaced by iron carbonate mineralization.
· If it takes place in marine water, it is replaced by calcite (calcium carbonate) mineralization.
· Phosphate mineralization → High organic output (seasonal algal blooms) + low sedimentation rate. 
· Organic carbon mineralization (carbonization) → Burgess Shale fauna, many fossil leaves. 
5. Microbial mats
· Microbial mats: Multi-layered sheet of organisms, mainly bacteria and archaea, which grows at interfaces between different types of material, mostly on submerged or moist surfaces.  
· Skin of microbes that envelop dead substrates or carcasses;
· Holding carcasses together until mineralization takes place;
· Can bind sediments and are much harder to decompose or erode; 
· Preservation of “ghost” in rocks composed of bacteria-shaped objects (replica of the soft parts).
It is extremely rare in the fossil records. 
Lagerstätten
Lagerstätten: Fossil localities which are highly remarkable for with their diversity and/or quality of preservation.
It means layered places.
Criteria for exceptional preservation:
· Reduced oxygen levels (stagnation)
Stagnation: Anoxic conditions in stagnant or hypersaline bottom waters ensures reduced microbacterial decay in pelagic communities. 
· Rapid burial (obrution)
Obrution: Episodic smothering by fine-grained sediments ensures the rapid burial of mainly benthic communities. 
· Bacterial sealing (formation of microbial mats)
There is soft part preservation. 
These fossils give us a lot of information, especially for the paleoecology, because the soft parts are preserved and the fossil itself is exceptionally well preserved. 
There is 5 different types of lagerstätten:
1. Ediacaran type
· Late Precambrian; 
· Shallow water (deep in Newfoundland);
· 500 to 560 million years old;
· Impression in siltstone that is overlanded by sandstone (sandstone was buried after);
· Not anoxic;
· Though outer skin (integument);
· Few effective scavengers in Precambrian.
2. Burgess Shale type
· Cambrian;
· Sediment slump from the continental shelf down the slope, carrying organism along;
· The sediments were deposited on the continental shelf, then the sediments moved towards deeper parts of the ocean.
· Rapid burial;
· Preservation of highly altered organic tissue (carbonization);
· Burgess Shale (Yoho, BC) & Chengjiang (China).
3. Mazon Creek type
· Upper Carboniferous (Illinois, other USA & some European localities);
· Both non marine & marine fauna (400 plants species and more than 500 species of animals);
· Soft parts are preserved;
· Broad coastal plains & lagoons with very high organic output, episodic variable salinity (mixing saltwater & freshwater);
· Preserved as calcareous & sideritic nodules, usually as altered organic material or impressions.

4. Solnhofen type 
· Jurassic Solnhofen limestone of Germany;
· Soft parts are preserved;
· Shallow lagoons, arid subtropical environment 
· We think it was too salty for marine life to live, fossils found in those locations were probably washed up in the lagoon.
· “Dead marches” indicates toxic sea floor;
· There was no benthic organisms, they were organism that swimmer (pelagic).
· Dead marshes → trails preserved ending at the fossil which represents what happens before the fossils death.
· Bacterial films held organisms together until mineralization.
5. Green River type
· Eocene Green River shale from a freshwater lake deposit;
· Hard and soft preservation;
· Large stratified lake deposit made by a paleo-inland sea (Wyoming, Utah, Colorado);
· Fine, organic-rich layers alternating with calcite mudstone;
· The environment changed from humid to dry has the water level rise and decline through times.
· Probably anoxic bottom-waters; seasonal turnover causing mass death;
· Mass death → Fish, crocodiles, birds, plants, invertebrates (especially insects);
· Tertiary of North America (especially BC) and other continents.
The final word…
Paleoecology: Individual & community relationship + taphonomic processes.
Useful for understanding:
· Species distribution;
· Ancient community structure;
· Paleoenvironmental conditions.
Extrapolation of modern environments and interactions of fossils organism.
