Name ______________________

Where on Earth were the reefs through geologic time?

Reefs are wave-resistant biotic constructions that host a tremendously diverse underwater ecosystem.  In modern oceans, reefs are constructed by a combination of corals and calcareous algae (although we often refer to them as coral reef colloquially).  These organisms construct their skeletons from calcium carbonate, a mineral which is most easily precipitated in warm, shallow marine water. Relatedly, most coral reefs occur in warm tropical waters in a belt 30 north and south of the equator (Fig. 1)

[image: /var/folders/g6/y7j31hwx79zb57v_49hyvprm0000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/coralreefmap.jpg]
Figure 1. Distribution of modern reefs plotted from data within the ReefBase database (www.reefbase.org).
Modern corals belong to the Order Scleractinia, which first evolved during the Middle Triassic Period, only about 250 million years ago.  However, biotic reef ecosystems have been present in Earth’s oceans since the first sponge reefs nearly 530 million years ago in the early Cambrian Period.  

In this activity, you will explore the distribution of reef forming organisms through time using data within the Paleobiology Database (www.paleodb.org)  in order to examine the biogeographic distribution of reefs across time and climatic changes.   


Delving into the Database
Open the PBDB Navigator and spend some time getting comfortable with how it works:
https://paleobiodb.org/navigator/

The Navigator consists of three parts:
1. Map (CENTER) showing continents with dots representing fossil occurrences. The color of these dots represents their geologic age. If you click on the dots, you can see all of the information on each site and the species that occur there.
2. Geologic time scale (BOTTOM) showing the major eras, periods, and stages. If you click on the timescale, the map will show you the location of fossil occurrences from a time interval.
3. Tool bar (LEFT) showing the tools you can use to explore the database. These include:
[image: ]
Zoom in on the map
Zoom out on the map
Reconstruct plate tectonic configurations for time interval (era or smaller) you are exploring
Narrow down which taxonomic group is plotted on the map
Create a diversity curve for the occurrences currently plotted on the map
Download the data (latitude/longitude, geologic age, etc.) for the occurrences plotted on the map
Need help? Here’s a YouTube video to help you get started: https://www.youtube.com/watch?v=db2He3p-Jco


Part 1: Distribution of scleractinian corals through time

Modern coral reefs are constructed by members of the Order Scleractinia (https://en.wikipedia.org/wiki/Scleractinia).  In order to understand reef ecosystems through time, let’s start by exploring the geographic distribution of this order of corals throughout their history, from their evolution in the Triassic to today.

Using the Paleobiology Database Navigator, plot the distribution of the Scleractinia for each geologic period from the Triassic to today.  To do this, type “Scleractinia” in the search box at the top, then click on the geologic period name on the timescale beneath the globe.  Observe the distribution of corals during that period.  Estimate the approximate latitude of fossil occurrences and fill in the table below indicating if fossils there were many (xxx), few (x), or no (no mark) occurrences in each part of the globe during that geologic interval.  The modern column is filled in based on Fig. 1 as an example.  Click each period sequentially until you have observed all periods in the table.

Table 1. Scleractian coral distribution through time

	
	Triassic
	Jurassic
	Cretaceous
	Paleogene
	Neogene
	Modern

	Polar 
(60-90° N)
	
	
	
	
	
	

	Temperate (30-60° N)
	
	
	
	
	
	x

	Equatorial (30° S -30° N)
	
	
	
	
	
	xxx

	Temperate (30-60° S)
	
	
	
	
	
	xx

	Polar 
(60-90° S)
	
	
	
	
	
	



Question:  It is important to ensure that the pattern you are viewing is driving by biological preferences of the corals and not simply due to sampling bias of the fossil record.  To do this, plot the data for all Cretaceous fossil occurrences by plotting the Cretaceous range of the Scleractinia, then clicking x on Scleractinia in the lower right to remove the filter.  This will now show ALL Cretaceous data.  Compare the patterns of Scleractinia vs. all data.  How confident are you confident that absences noted in Table 1 are due to biology and not undersampling?







Question:  Describe the distribution of scleractinian corals through time based on the data recorded in Table 1.  What patterns do you see?  





Question: The principle of uniformitarianism states that observations of processes operating in the modern world can be used to interpret patterns observed in the geologic past (“the present is the key to the past”).  Based on your data, how well does the modern environmental tolerances of scleractian corals predict the distribution of Mesozoic members of this clade?








Part 2: Testing reef distribution in extinct coral clades

Repeat the analysis above for two other groups of reef forming corals, the Orders Tabulata (https://en.wikipedia.org/wiki/Tabulata) and Rugosa (https://en.wikipedia.org/wiki/Rugosa).  Both of these coral clades were important components of Paleozoic reefs, but became extinct during the Late Permian mass extinction. 

Table 2. Order Rugosa distribution through time

	
	Ordovician
	Silurian
	Devonian
	Mississippian
	Pennsylvanian
	Permian

	Polar 
(60-90° N)
	
	
	
	
	
	

	Temperate (30-60° N)
	
	
	
	
	
	

	Equatorial (30° S -30° N)
	
	
	
	
	
	

	Temperate (30-60° S)
	
	
	
	
	
	

	Polar 
(60-90° S)
	
	
	
	
	
	



Question:  Describe the distribution of rugose corals through time based on the data recorded in Table 2.  What patterns do you see?  In what ways is this similar or different to the pattern observed in Table 1 for the scleractinian corals?





Table 3. Order Tabulata distribution through time

	
	Ordovician
	Silurian
	Devonian
	Mississippian
	Pennsylvanian
	Permian

	Polar 
(60-90° N)
	
	
	
	
	
	

	Temperate (30-60° N)
	
	
	
	
	
	

	Equatorial (30° S -30° N)
	
	
	
	
	
	

	Temperate (30-60° S)
	
	
	
	
	
	

	Polar 
(60-90° S)
	
	
	
	
	
	



Question:  Describe the distribution of tabulate corals through time based on the data recorded in Table 2.  What patterns do you see?  In what ways is this similar or different to the pattern observed in Tables 1 and 2 for the scleractinian and rugose corals?






Question:  Which intervals of geologic time match the prediction from uniformitarianism that reefs should be largely restricted to the tropic zones?  Which intervals of geologic time do not match the uniformitarian prediction?











Question:  Generate at least two hypotheses to explain why some intervals of geologic time have coral distribution patterns that differ from the uniformitarian prediction.










Part 3: Testing reef distribution versus climate

Question:  Modern coral reefs occur in areas of warm water.  If the global temperate of the earth was warmer, would you predict that the latitudinal range of coral reefs would expand or contract?  





Let’s test this prediction by examining the distribution of reef building organisms during intervals of earth history with very warm climates: the Cambrian and the Cretaceous Periods (https://en.wikipedia.org/wiki/Paleoclimatology#/media/File:Phanerozoic_Climate_Change.png).

In a famous study published by Julie Trotter and her colleagues in 2008, Cambrian sea surface temperatures were reconstructed to be as warm as water you might use in your bathtub.

Plot the distribution of the dominant reef builders, a group of sponges in the Order Archaeocyatha (https://en.wikipedia.org/wiki/Archaeocyatha), onto Cambrian paleogeography.

	
	Cambrian

	Polar 
(60-90° N)
	

	Temperate (30-60° N)
	

	Equatorial (30° S -30° N)
	

	Temperate (30-60° S)
	

	Polar 
(60-90° S)
	


Question:  Describe the pattern of archaeocyathid distribution.  Does it match your predicted distribution for reefs in warmer climates?











Another warm interval in Earth history is the Cretaceous. You’ve already examined the distribution of scleractinian corals during this interval, but the primary reef formers at this time were actually a group of clams, the rudistid bivalves (https://en.wikipedia.org/wiki/Rudists).  Plot the Order Hippuritida on Cretaceous paleogeography to view the distribution of this clade. 

[bookmark: _GoBack]
	
	Cretaceous

	Polar 
(60-90° N)
	

	Temperate (30-60° N)
	

	Equatorial (30° S -30° N)
	

	Temperate (30-60° S)
	

	Polar 
(60-90° S)
	


Question:  Describe the pattern of rudistid distribution.  Does it match your predicted distribution for reefs in warmer climates?













Part 4: Synthesis

Question: Describe the overall geographic distribution pattern for reef forming taxa in geologic time.  



Question: Explain how climate impacts the distribution of reef ecosystems through time.




Question: Explain how mapping the distribution of fossil reef forming organisms could help identify the paleogeographic position of lithospheric plates during past geologic intervals. 




Question: There are many Devonian reefs in Siberia and Arctic Canada.  Before plate tectonics, this was confusing.  Using the information from Navigator, explain why this situation no longer confuses geologists.  





Question: Ocean temperatures are rising in the modern world which is causing both warmer oceans and oxygen acidification from dissolution of CO2 within ocean water.   What has been the primary impact of this warming of global reef ecosystems?  
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