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“Deep-time” Paleobiogeography: Assessing the paleoenvironmental and tectonic significance of different Jurassic ammonite and Ordovician trilobite faunas in different parts of North America

In this exercise, you will use several different similarity (or difference) indices to compare the taxonomic composition of age-equivalent faunas described from various areas of North America.  One goal is to familiarize you with the structure, strengths, and weaknesses of several frequently employed indices.  Another is to challenge you to critically evaluate the geological and/or paleobiogeographic significance of the similarities and differences reflected in the similarity coefficients.  The first component of the exercise deals with Jurassic ammonite faunas from multiple accreted terranes in western North America.  The second part is an analysis of Lower Ordovician trilobite species on opposites sides of the “Transcontinental Arch”, which apparently separated distinct faunas on the northern and southern (Appalachian) platforms bordering Laurentia at that time.  The data on Jurassic ammonite genera for phase 1 are from the textbook Paleontological Data Analysis (Hammer and Harper, 2006), pages 211-215.  Data on the Ordovician trilobite species for phase 2 are taken from a recently published monograph (Loch, 2007) on trilobites from the Kindblade Formation in Oklahoma.  

In answering the questions posed in each phase of the exercise, keep in mind that the degree of similarity indicated by each index will be strongly influenced by many factors, including (among others): 

1. The components and structure of the formula used to calculate the value.

2. The taxonomic level or grade (species, genus, family, etc.) of identification.

3. The absolute and relative size of the samples being compared.  

Phase 1:  Jurassic (Pliensbachian Stage) ammonite genera from western North America.  Figure 6.15 from Hammer and Harper (2006) shows the current geographic limits of five accreted terranes in western North America.  Table 6.4 in that text includes the presence/absence data for 15 genera that occur in the faunas recovered from those terranes and/or the adjacent Boreal Craton to which they ultimately were attached.  The values calculated from those data for four different similarity indices are provided in Tables 6.5 and 6.6.  At least one of these terranes might sound familiar; the “docking” of Sonomia in the Triassic Period is well known as one of the major mountain building episodes (the Sonoman Orogeny) that affected western North America in the Mesozoic Era.  For information on the definition and position of the Pliensbachian Stage (and various other chronostratigraphic units), go to www.stratigraphy.org. 

1. According to the Jaccard Index, the faunas of which two regions are most similar?

2. According to the Raup-Crick Index, the faunas of which two regions are most similar?

3. Which regions’ faunas are most similar according to the Simpson Index?   To what aspect of that index does the text treatment attribute the problematic nature of this question?

4.  According to the Jaccard Index, the faunas of which two regions are least similar?

5. Do the values given for the Dice Index yield the same result as the Jaccard Index (identify the same pair of regions as least similar)?  

6. Evaluate, using all the information available (not just the numbers provided by the indices), whether you would be justified in interpreting the faunal dissimilarity reflected in these minimum values as evidence that those two “regions” were very far apart during the Pliensbachian Age.  Regardless of whether you decide that you would be justified in coming to that conclusion, propose a geologically reasonable alternative explanation for the faunal contrast.  (What factor(s) other than distance might be invoked to explain the difference in the taxonomic make-up of the faunas?)

Phase 2:  Lower Ordovician (Jeffersonian Stage) trilobite faunas of North America.  The map provided on the next page shows the degree of similarity indicated by the Jaccard Coefficient for upper Ibexian trilobite faunas from various areas of North America, relative to the highly diverse fauna of the Kindblade Formation in southern Oklahoma.  (Don’t be concerned about the different formula shown for the index in this figure; it is actually mathematically identical to the one provided in the textbook.)  The actual values calculated for the Jaccard index are provided in the table below the map, which was taken (as was the map) from Loch (2007).  The contrast between “eastern” and “western” faunas from opposite sides of the arch is apparent from the low values reflected in the connecting lines.  If there is no line connecting two locations, it indicates that the faunas of those areas have no species in common. The next three questions refer to the data presented in the table and map.  

     A figure provided at the end of this handout shows the names of the stages currently recognized in the Middle Cambrian, Upper Cambrian, and Lower Ordovician Series in Laurentian North America.  The need for a separate set of stages for eastern and western North America for the upper half of the Lower Ordovician reflects the development of a pronounced, province-level contrast between eastern and western faunas at that time.  Prior to that, extinctions periodically decimated the shallow marine fauna and the shelf was repopulated by olenid or olenid-like trilobites (olenimorphs) that migrated in from deep-water environments.  The suprazonal packages bracketed by these olenimorph-dominated replacement faunas (names in red in the figure) that briefly occupied the entire Laurentian shelf are the units known as biomeres (Taylor, 2006).  The continent-wide, biomere-type extinctions did not continue into the Ordovician and the contrast between eastern and western faunas documented by Loch (2007) in the upper Ibexian apparently developed in the absence of that influence.  

1.  Why do you think that virtually ALL the values produced for the Jaccard Coefficient in Loch’s study are considerably lower than even the lowest values produced in the study of the Jurassic ammonites?  Explain how, if provided with the full faunal lists from which Loch’s table and map were constructed, you would change the analysis of the Ordovician trilobite faunas to produce values more closely comparable to those acquired for the ammonites.  
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2.  Considering what you’ve learned about the factors that influence the Jaccard Coefficient, why do you think that the comparison of the faunas from the northern Rocky Mountains (Alberta and Montana) to the Great Basin faunas in Utah appear so dissimilar, despite being fairly close to one another and on the same side of the Transcontinental Arch?  Give a pair of locations from the east side of the arch for which the index is most likely distorted by the same factor.

3.  Give two other factors (potential deficiencies in the data) that might have distorted the similarity indices calculated for the faunas in these nine widely distributed locations, making the values either higher of lower than they actually should be. 
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