A Basic Exercise in Trilobite Morphometry and Species Discrimination

John F. Taylor

Geoscience Department
Indiana University of Pennsylvania
Indiana, PA 15705

jftaylor@iup.edu
(Activity #2)

Description:  This activity entails a basic morphometrics lab, followed up by an in-class exercise to reinforce some of the same key concepts.  The lab exercise familiarizes the student with basic methods of quantitative characterization and statistical comparison through measurement of pygidia (tails) of two species of the Ordovician trilobite Bellefontia – one from New York and one from Pennsylvania.  Actual specimens, while nice, are not required; data acquired by measurement from photo collages will suffice.  The exercise culminates in a statistical test of significance (using the Z-statistic) of the difference in slopes of the lines acquired for data from the two species. The data also serve to pose questions and prompt consideration of growth trajectories and discrimination of isometric from anisometric growth.  The in-class activity builds on the knowledge base built in the lab but applies it to species discrimination based on the cranidia (central part of the head) of three species of the Upper Cambrian genus Bartonaspis, known to be of identical age from their occurrences within the very thin (everywhere 2m or less) Irvingella major Zone of the Elvinia trilobite Zone.  The importance of that subzone, which is the “critical interval” at the top of the Pterocephaliid Biomere the basal unit of the Sunwaptan Stage traceable throughout Laurentian North America, also contributes to the significance of the exercise.  With the insight developed from the lab, students are able to confidently distinguish the three species of Bartonaspis (from three photo collages), but must thoughtfully evaluate the data presented in bivariate plots of cranidial morphologic data to do so.  The exercise gives the students a good sense of the level of familiarity and morphologic characterization necessary to do species-level identification, and also some worthwhile practice in basic quantitative methods. 

PART I – THE LAB EXERCISE:  The students must first familiarize themselves with terms used for a small number of the anatomical features on the heads and tails trilobites.  Figures from the 1997 Treatise on Invertebrate Paleontology (Part O – Arthropoda) are provided to serve this purpose.  The necessary background information on the quantitative methods is provided in their textbook (Hammer and Harper, 2006 - Paleontological Data Analysis), supplemented by the Jones (1988 – Biostatistics in Paleontology, Geoscience Canada, v. 15).  A number of actual trilobite specimens with key features labeled is also provided to assist them in making the transition from figures to actual specimens.  (The lab exercise is provided on the next three pages.)
 Paleontology – Biometrics lab

The primary goal of today’s exercise is to have you quantitatively characterize the morphologies and determine the growth trajectories of two collections of trilobite pygidia from the Lower Ordovician of the Appalachians, as well as consider growth styles in various organisms.   You will measure 15 Bellefontia pygidia from the Stonehenge Limestone in central Pennsylvania for Intra-articulating pygidial length (z1) and Maximum pygidial width (w) as variables X and Y (respectively) for questions 2-3.  Comparable data from 15 pygidia of a species of Bellefontia from the Tribes Hill Formation in New York are provided below for question 4.

Pygidial measurements for Bellefontia gyracantha (Raymond)


Intra-articulating Pygidial Length (mm)
Maximum Pygidial Width (mm)


0.8
1.3


1.6
3.5



2.5
4.8


2.5
5.6


3.2
7.0


4.2
7.2


4.4
8.4


4.9
9.8


5.8
10.5


6.5
13.1


7.0
13.1


8.9
15.1


10.8
19.8


11.6
20.5


12.9
24.1

EXERCISE:

1.  Examine specimens S1-S5 in the Biometrics Exercise drawer and for each specimen indicate whether you think its growth is determinate or indeterminate.  

2.  Using the vernier calipers (for larger specimens) and the calibrated ocular in the Nikon binocular microscope (smaller sclerites), measure the length and width of the 15 pygidia collected from the Stonehenge Limestone in central Pennsylvania (samples a through o).  Enter the values that you obtained for Intra-articulating pygidial length (z1) and maximum pygidial width (W) for those specimens into a spreadsheet within the Paleontological Statistics software (PAST) on the computers in the department computer lab.  (For the missing specimen, “l”, use z1=11.6mm, W=21mm).   The values for length should be entered in the first column (A) and those for width in the second (B), because we want to plot width as a function of length.   It’s important to note that these fifteen specimens, which were taken from a larger collection (roughly 60 specimens), were selected to provide a sample in which each of the growth stages within the species’ ontogeny was represented without redundancy.  Answer the following questions regarding the statistical parameters returned by the PAST program:

a.
Conduct a Shapiro-Wilk Test on the values in column A (pygidial length) by selecting the column and choosing that test from the pull-down menu for “Statistics”.   If the p-value specified exceeds our significance level (p=0.05), then we fail to falsify the null hypothesis:

       H0 = the sample has been taken from a population with a normal distribution


If the p-value is less than 0.05, falsifying that hypothesis, should the next step be to proceed with parametric statistical tests, or non-parametric?

b. 
For a quick, visual appraisal of the sample distribution as compared to a normal distribution, again select column a and choose “Normal probability plot” from the “Plot” menu.  If the line of data points follows a straight path, paralleling the line that represents the values for a normal distribution, it indicates a normal or nearly normal distribution.  Any upward concavity or convexity suggests a departure from a normal distribution.   Do the pygidial lengths for Bellefontia sp. 1 appear to be normally distributed or not?  Does the appearance of the Normal probability plot agree or conflict with the results of the Shapiro-Wilk test?

c. 
Considering what you know about the source and nature of the sample, is there any reason (e.g. potential bias) why you might question whether it is a representative sample from which to determine whether the population has a normal versus non-normal distribution?

3. Use PAST to construct a bivariate plot of width versus length by selecting both columns and choosing “linear” from the “model” menu.  The figure that appears will provide you with the array of data points and a line fit to those points through reduced major axis regression.   Answer the following questions regarding the plot and the parameters provided to the right of the graph:

a. 
Record the following parameters given by PAST for the B. collieana pygidia in the sample:


a =  the growth ratio 


b = the initial growth index


Sa = standard error of a


Sb = standard error of b


r = correlation coefficient

b. 
Using the “a” and “b” parameters, give the equation for the line of best fit.  (In the standard

    Y=aX + b  formula for a line)

c. 
Do the plot and formula indicate that growth of the pygidum was isometric (wherein the ratio of length to width remains constant and linear) or allometric in that the growth of one dimension is related exponentially to that of the other?

d. 
Is there any reason why you might have known the answer to that question just by looking at the specimens before measuring them?

4. Enter the data provided for Bellefontia gyracantha from New York into columns C and D in the PAST spreadsheet and follow the same steps as you did for the Stonehenge data to produce the bivariate plot and record the same statistical parameters.  
   a.  Give the equation for the growth line produced from the RMA regression analysis.

   b.  As you can see, the regression lines calculated for the New York pygidia has a slightly different slope.  The question is whether the difference is large enough to be considered statistically significant.  To assess that question quantitatively we will compare the slopes using the following equation.  


                a1 – a2

Z =  ______________


              Sa12 – Sa22

If the value calculated for Z is greater than 1.96, then the following hypothesis is falsified as the 95% confidence level. If the value of Z is greater than 2.58, then the confidence level increases to 99% that the null hypothesis is false.


H0 = the slopes of the two growth lines have identical slopes

Keep in mind that a value of less than 1.96 should not be viewed as confirmation that the null hypothesis is true (i.e., the lower Z value does not allow us to confidently falsify the alternate hypothesis that the slopes are different).    

PART II – THE CLASS ACTIVITY

To reinforce and assess the skills developed in the lab exercise, the students are challenged in an unannounced class activity that provides them with some background (age/stratigraphic position, geographic distribution, and significance) on the thin subzone in the Upper Cambrian known as the Irvingella major Subzone, which has been reported form various areas of Laurentian North America.  After learning of the importance of that thin interval for correlation and its significance as the “critical interval” at the top of the Pterocephaliid Biomere (Palmer, 1965, 1984; Stitt, 1971,1975; Taylor, 2006), they are introduced an accessory element in the fauna, what was called Dellea punctata by Palmer (1965).  

In more recent work (Westrop and Adrain, 2007), material from three different areas that were (or would have) been assigned to that very broadly defined “species” was instead used to establish a new genus, Bartonaspis.  In fitting recognition, they named the three new species in their new genus for the two authors of the paper that first reported the widely correlated interval now known as the I. major Subzone (Wilson and Frederickson, 1950), and the individual who described the first species of that genus (Palmer, 1965).  Given the data tables (Table 1) and bivariate plots (Figure 6) constructed from features of the cranidium, and three lettered photo collages (Figures 3-5), each representing one of the three species, students are challenged to distinguish them.

Questions for the Classroom Activity

1.  First of all, take a close look at the data tables and bivariate plots for the cranidia of Bartonaspis and determine which of the four axes (two per plot, obviously) is labeled incorrectly!  

[No slight intended to Westrop and Adrain; the only folks who haven’t published errors are those who haven’t published.  And these authors still come out looking good, having had the foresight to provide a thumbnail with each graph to show what dimensions were measured in creating it as “backup” for the captions.  The students need to know that even the best, most carefully prepared and scrutinized papers might contain errors.]

[image: image1.png]‘Table 1. Regession coeflicients (see Fig. 5 for plots).

(A) Glabellar width against glabellar length

Species Slope (@) Intercept (b)) 12 Standard error () Standard error (b)
Jredericksoni 0.736 ~0.027 0994 0.012 0.058

palmeri 082 ~0.144 099 0.010 0.039

wilsoni 07125 ~0.048 0991 0017 0.059

(B) Significant differences between slopes

Species pair z »

Jrederickson-palmeri 518 <0.01

palmeri-wilsoni 4.66 <0.01

(©) Anterior border length against glabellar length

Species Slope (a) __Intercept (b) 2 Standard error () __Standard error (b)
Jredericksoni 0.156 0.035 0980 0.005 0.025

palmeri 0119 0.036 0982 0.003 0011

wilsoni 0132 0.001 0964 0.005 0.017

(D) Significant differences between slopes
Species z
Jrederickson-palmeri 635 <001
Jrederickson-wilsoni 3.39 <0.01





[image: image2.png]Fig. 6. Bivariate plots, with reduced major axis regressions computed using PAST v.144 (Hammer et al. 2006); see Table 1 for regres-
sion coefficients and for pairwise comparisons between species that yielded significant differences (comparisons made using the
‘method described by Imbrie 1956 and Jones 1988). Note that all comparisons in Table 1 remain significant if a Bonferroni correction
for multiple comparisons is applied. Number of cranidia measured: B. wilsoni, 23; B. palmeri, 26; B. fredericksoni, 20. (a). Anterior
border length against cranidial length. (b) Glabellar width against glabellar length.
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2. Explain, in terms of the dimensions of the key cranidial characteristics used to construct these plots, what feature it is that causes the points for B. fredericksoni to be clearly separated from those for the other species in Figure (a).

3.  Did the values obtained by these authors for the Z statistic in comparing the slopes of the lines created for the different species warrant rejection of the null hypothesis of equivalent slopes, or are the values inconclusive?

4.  Based on the information provided in the two bivariate plots (once you correct the one axis label), match up the three lettered collages (A, B, and C) with the appropriate species names (fredericksoni, palmeri, and wilsoni).
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