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ABSTRACT 

A we11-documented radiation of Late Cambrian trilobite 

species, the Ptychaspid biomere, is examined in an effort to detect 

the distinguishing characteristics of adaptive radiations. Adaptive 

radiations at higher taxonomic levels exhibit sigmoidal diversity 

patterns and geometric increase, two characteristics used to model 

adaptive radiation. However, their occurrence at the species level 

has been undocumented. The shapes of net changes in species diversity, 

species survivorship curves and clade statistics are also considered. 

Only the species survivorship curves are consistent 

with an interpretation of the Ptychaspid biomere as an adaptive 

radiation. All other analyses are in disagreement with predictions 

of adaptive radiations: neither a sigmoidal diversity pattern nor 

geometric increase were found, either at the species or familial 

level; net speciation alternated with net extinction throughout the 

biomere; and both center of gravity and uniformity were higher than 

predicted. An alternative hypothesis explains the observed patterns 

as the result of shifting habitats and rapid trilobite evolution. 



CHAPTER 1 

INTRODUCTION 

"It is at the lower taxonomic levels where evolutionary 

and ecologic theory is most robust and it is at this level where 

interpretive analysis may be the most fruitful — given the proper 

data base" (Raup 1979)-

Recently several authors (Gould et al. 1977; Sepkoski 

1978, 1979; Stanley 1979; Valentine 1980, 1981; Walker, in press) 

have presented models of taxonomic diversity patterns during adaptive 

radiations. In order to avoid problems arising from the incomplete 

nature of the fossil record, the primary emphasis of these studies is 

on patterns of radiation in higher taxa, over long periods of time. 

An important assumption of these studies is that species diversity 

patterns follow those of higher taxa. While Sepkoski's (1978) 

simulations appear to support this assumption, documentation using 

species level data is lacking. This paper examines a trilobite 

radiation at the species level for those characteristics considered 

important in these previous studies. 

The Ptychaspid biomere is generally regarded as a wel1-

documented adaptive radiation of Late Cambrian trilobites (Stitt 

1971a, 1971b, 1975, 1977; Palmer 1979). The data from this biomere 

were chosen because many of the notorious biases in the fossil record 
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(poor or inconsistent preservation, variability due to geographic 

location, and the pull of the Recent; Raup 1979) are not thought to 

be important factors. Due to the detailed nature of these data 

(see below), the dynamics of adaptive radiation at the species level 

can be examined with regard to the models cited above. 

An adaptive radiation may be defined as a divergent 

cluster of taxa of monophyletic origin whose proliferation is due 

primarily to the opening of a new ecospace (Valentine 1973; Eldredge 

and Cracraft 1980). This ecospace can either be a previously un

occupied habitat or a new- 'adaptive zone' (Simpson 1944, 1953; 

Valentine 1973; Eldredge and Cracraft 1980). Eldredge and Cracraft 

(1980) point out that this proliferation of species should be rapid 

relative to a taxon's diversification rate before and after the 

radiation. 

The literature on adaptive radiation falls into two basic 

categories: 1) empirical descriptions of overall patterns of various 

adaptive radiations; and 2) predictive models based upon the hypo

thesized mechanisms underlying adaptive radiation. The empirical 

patterns can be summarized as follows: Rapid speciation occurs at 

the beginning of a radiation with increasing extinction as the 

radiation proceeds (Simpson 1944, 1953; Gould et al. 1977; Stanley 

1979; Eldredge and Cracraft 1980).. Thus, species durations are 

shortest during the early part of the radiation when evolutionary 

rates are high (Simpson 1944, 1953; Stanley 1979; Eldredge and 

Cracraft 1980) and hollow (concave) survivorship curves are produced 



(Simpson 19^4, 1953; Stanley 1979). Most of the higher taxa also 

originate at the beginning of the radiation (Valentine 1977, 1980). 

Due to this early origination of taxa, a 1 heavy-bottomed' clade 

should characterize adaptive radiations --one with a center of 

gravity of less than 0.5 (Gould et al. 1977). Finally, some 

diversity-dependent factor(s) act(s) to limit the radiation so that 

a maximum diversity is attained and speciation then decreases 

relative to extinction (Simpson 19^, 1953; Gould et al. 1977; 

Sepkoskl 1978, 1979; Stanley 1979; Valentine 1972, 1973)-

With these basic patterns in mind, a number of models 

haye been used to further predict overall patterns of adaptive 

radiation. Most of the models proposed so far postulate a sigmoidal 

pattern of diversity increase —a pattern which is directly analogus 

to the (Lokta-Vol terra) logistic growth curve of populations 

(see Pearl 1927, for original application). In the case of taxa, 

originations are assumed to increase geometrically early in the 

radiation. An environmental carrying capacity for taxa is also 

assumed (Sepkoski 1978, 1979; Stanley 1979). However, a sigmoidal 

diversity pattern for adaptive radiation can also be attained using 

a non-geometric increase of taxa. Such models do not require a 

diversity equilibrium (Valentine 1980, 1-98-1 •; Walker, in press). 

Sigmoidal diversity increases were also used by Carr and Kitchell 

(1980) to model the recovery of taxonomic diversity from saturated 

and unsaturated conditions. Diversity patterns of marine metazoan 



orders and families do exhibit a sigmoidal pattern (Sepkoski 1978, 

1979) and Stanley (1979) presents various clades which are consistent 

with his model. 

Palmer (1965a, p.149) defined a biomere as "a regional 

biostratigraphic unit bounded by abrupt non-evolutionary changes 

in the dominant elements of a single phylum." He originally used 

this term to describe a Late Cambrian trilobite assemblage in the 

Great Basin. Within this unit, the Pterocephalid biomere, Palmer 

found a pattern of increasing trilobite diversity towards the top 

of the biomere with an abrupt extinction event marking the upper 

boundary. The lower boundary was postulated to be diachronous and 

was defined by the appearance of key species within the trilobite 

families Pterocephalidae and Elvinidae. Each biomere was considered 

to be the result of repeated invasions of the shelf environment by 

ancestral stocks of oceanic species which then evolved in situ. 

These newly evolved trilobite species were later exterminated by a 

global change in oceanic conditions (Palmer 1965a, 1965b), perhaps 

an influx of clod water (Lochman and Duncan 19^; Taylor 1977). 

The biomere boundaries do not appear to be coincident with major 

lithologic changes, nor with other faunal changes (Palmer 1965a, 

1965b). 

Trilobite biomeres have also been recognized outside 

of Palmer's original study area. Two biomeres have been described 

in Texas (Longacre 1970) and Oklahoma (Longacre 1970; Stitt 1971b, 

1977): the original Pterocephalid biomere and overlying it, the 
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Ptychaspid biomere. It is this younger biomere, the Ptychaspid 

biomere, which is the subject of this paper. 

On the basis of his work with the Ptychaspid biomere, 

Stltt (1971b, 1975, 1977) further divided biomeres into four stages, 

each representing a phase of adaptive radiation. The first stage 

contains relatively few species, typically with short stratigraphic 

ranges and high morphological variability. The next two stages have 

successively increasing species diversity, longer species ranges, 

and less morphological variability. The final stage has the highest 

species diversity and also has high familial diversity, but here 

species ranges are short. This final stage has been characterized 

as a time of "evolutionary desperation" for the trilobite species 

present (Stitt 1975, p.385). Palmer (1979) agreed with this inter

pretation of biomeres, although he did feel it would be more appro

priate to redefine the end of a biomere to coincide, not with the 

end of the fourth stage but with the end of the third stage where 

the initial invasion of the subsequent biomere occurs. 

Because the Ptychaspid biomere presents a wel^studied 

adaptive radiation, it provides an excellent opportunity to examine 

at the species level those characteristics and patterns considered 

important for recognizing adaptive radiations at higher levels. 



CHAPTER 2 

MATERIALS AND METHODS 

The data used in this study were collected by Stitt 

(1971a, 1977) from the Western Arbuckle Mountains and the Wichita 

Mountains, in southern Oklahoma. Each site comprises approximately 

1800 feet of limestone and dolomite that make up the Timber Hills 

and Arbuckle Groups. At both localities a basal sandstone unit rests 

disconformably on the underlying group. Also present in each section 

are algal-stromatolites, located at about mid-section (Figure 1). 

These deposits record shallow cratonic sedimentation during the Late 

Cambrian and Early Ordovician epochs. A transgression, possibly of 

Franconian age, is thought to have deposited the basal sandstone 

unit. A gradual deepening, shallowing, and then deepening again 

appears to have occurred, with the shallowest interval being recorded 

by the algal-stromatolite deposits (Stitt 1971a, 1977)-

Stitt (1971a, 1977) sampled a total of four sections: 

three in the Western Arbuckle Mountains and one in the Wichita 

Mountains. Collection intervals equaled one foot, producing extremely 

well-sampled sections from these areas. Although trilobites are 

not present in every sample, they are found consistently throughout 

each section and the exception of the dolomite lithologies. 
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A composite of all four sections was made, for the 

purposes of this study. I used Shaw's (196*0 technique of graphic 

correlation (this removed all sampling gaps caused by the dolomite). 

The composite section was created using all common species' origi

nations and extinctions (Figure 2). It was not necessary to remove 

any species with short or aberrant ranges because the initial cor

relation using the entire trilobite assemblage was extremely high, 

with a correlation coefficient equal to 0.98 (N = 146, p < 0.001). 

While only the composite section is used here, all analyses were 

done on the original sections as well, and all conclusions drawn 

apply to both forms of the data (see Appendix A). 

The species diversity curve (Figure 3) was calculated 

using total species' ranges as determined by the first and last 

appearances of a given species within the composite section. This 

method assumes that the species was always present somewhere within 

the depositional basin, even if it was not found in all of the samples 

lying within its range (a simple range-through assumption). Familial 

diversity (Figures k and 5) was also determined using this method, 

in this case, the assumption was made that the family was present, 

even if genera and species of that family were not present in all 

samples throughout that family's range. 

Species survivorship was calculated for the biomere 

as a whole (Figure-6).• This was done by dividing stratigraphic 

ranges into ten foot intervals. Percent survivorship was then 
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determined by measuring the porportion of species surviving from one 

interval to the next. Due to the trimodality of the species diversity 

curve (see Chapter 3), species survivorship was also calculated for 

each 'mode* of the curve (Figure 6). Net change in speciation 

(Figure 7) was determined for 100 feet intervals, starting at the 

base of each section. 

The two spindle diagrams (Figures 8 and 9) were created 

by placing the diversity curves such that time (here measured in 

feet) was on the y-axis. A mirror image of the curve was then 

drawn. A number of 'clade statistics', based on shape, were pro

posed by Gould et al. (1977) as important indicators of evolutionary 

patterns within clades. Two of these statistics were utilized here: 

center of gravity and uniformity. Of the original statistics, these 

two appear to provide the best basis for interclade comparisons. 

The other statistics are highly clade-dependent for their values 

(Stanley et al. 1977; Ward and Signor, in press). 
/ 

The center of gravity locates mean diversity in time. 

It indicates where the average diversity occurred for a given clade. 

The center of gravity was calculated by setting the time axis on a scale 

of zero to one. This interval was then divided into twenty equal 

parts and the species diversity present at each of those divisions 

was weighted by the proportion represented by that division. 

Uniformity is a measure of how constant a particular 

clade's diversity has been throughout its duration: the more vari-

able the diversity, the lower the uniformity. Uniformity was 



10 

n 
HI 
o 
in a 
10 

IL 
o o 

BE 
III 
a 
2 
3 
Z 

100 10 90 2C 30 

-5 

-10 

NET CHANGE IN SPECIES DIVERSITY/100 FT. 

Figure 7. Net Changes in Species Diversity/100 Feet. vn 



CEN.GRAV. * 0.65 
UNI. * 0.52 

200 FT. 

SPECIES 

Figure 8. Spindle Diagram of the Species Within the Ptychopariid Order Found in the 

Ptychaspid Biomere. 



17 

CEN.GRAV. s 0.59 
UNI. = 0.76 

^ C.C. 

200 FT. 

SPECIES 

Figure 9. Spindle Diagram of Familial Diversity Withiri the 

Ptychopariid Order. 



18 

determined by enclosing the clade in the smallest rectangle possible 

and computing the percent area of that rectangle that the clade 

covered (for a more detailed explanation of these statistics and 

their computation, see Gould et al. 1977). 



CHAPTER 3 

RESULTS 

Figure 3 indicates that the species diversity curve for 

the Ptychaspid Biomere does not have a sigmoidal shape nor does the 

increase from beginning to end appear to be geometric, as would have 

been predicted by the models discussed above, in fact, the pattern 

is trimodal: there are two minor, rapid increases, followed by 

gradual declines, and then a final, relatively gradual increase 

which peaks at maximum diversity for the biomere. The extinction 

event occurs quickly after this peak and diversity drops very 

rapidly. 

In order to control for artifacts which might be due to 

taxonomic classification, two other analyses were done: familial 

diversity (Figure k) and within-family species diversity (Figure 5). 

The familial diversity curve does not show a sigmoidal pattern of 

increase. It is interesting to note, however, the differences 

between the species diversity curve and the familial one. At the 

familial level there is a gradual increase of diversity until the 

end of the biomere but the species curve lacks its smoothness. The 

high peak of the species curve is also lost at the familial, level. 

This suggests the kind and amount of information that is lost when 

higher taxonomic levels are used to infer species level patterns. 
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The within-family species diversity curves (Figure 5) 

also fail to exhibit sigmoidal patterns. Five of the twelve families 

present account for the majority of the area under the species 

diversity curve. Two families, the Ptychaspidi dae and the Parabo-

linodidae, are responsible for the first diversity peak (or mode). 

The second mode is composed primarily of the Cati 11 iceplial idae and 

the Plethopeltidae, although the Heterocaryontidae and the Ptycha-

spididae do contribute a small amount. The filial mode is composed 

of four families: the Cati11icephalidae , the Plethopeltidae, the 

rteterocaryontidae, and the Ptychaspididae. Once again, none of these 

individual family diversity curves indicates either a sigmoidal or 

geometric pattern. 

Hollow (concave) survivorship curves, resulting from 

a large number of short-lived species early In the radiation, are 

predicted. The survivorship curve for the bicmere as a whole 

(Figure 6) does not provide much insight because it is neither 

extremely concave nor is it convex. However, survivorship curves 

from each of the three modes gives some indication of the variation 

in species survivorship that occurs throughout the biomere. Those 

species with the shortest durations are indeed found at the beginning 

of the biomere (the first mode), while those with the longest dur

ations are in the second mode. The third mode1s.survivorship is 

lower than that for the second mode but higher than that of the first 

mode. This may indicate that survivorship at the end of the biomere 



would have been longer but that species ranges were truncated by 

the extinction event. This pattern of short-lived species at the 

beginning of the biomere followed by longer survivorship as the 

biomere continues and potentially as it ends, is what has been 

observed in other adaptive radiations (Simpson 1944, 1953; Stanley 

1979). 

Several authors (Simpson 1944, 1953; Sepkoski 1978, 1979; 

Stanley 1979) have observed that speciation rates are relatively 

high compared to extinction rates at the beginning of an adaptive 

radiation. As the radiation progresses, the extinction rates sup

posedly either equilibrate with speciation rates or overtake and 

exceed them. A plot of net changes in species number (Figure 7) 

does not follow such a pattern; rather, episodes of net speciation 

and extinction tend to alternate throughout the biomere. These 

alternations coincide with the increases and decreases in species 

diversity. 

Gould et al. (1977) predicted, based upon the pattern 

of species durations described above, that adaptive radiations should 

generate "heavy-bottomed" clades. They also observed that Cambrian 

and Ordovician clades have lower centers of gravity than clades 

within the same taxonomic group found in later systems. This 

suggests that the Ptychaspid biomere would have a low center of 

gravity, probably below 0.5. However, for fami1ies within the order 

Pychopariida, the center of gravity is higher than those for Cambrian 



and Ordovician trilobites found by Gould et al. (1977) (Table 1). 

It is also higher than for trilobites in general. In fact the 

Ptychopariida clade is not heavy-bpttomed, but is top-heavy instead. 

Uniformity for families within the Ptychoparid order 

(Table 1) was much higher than that found by Gould et al. (1977) 

for all families within trilobite orders. The uniformity for species 

within the order was much lower than for families within the order. 

This is consistent with a trend noted by Gould et al. (1977) for 

uniformity to decrease as more desparate taxonomic levels are grouped 

(species being more desparate from orders than families in the 

taxonomic hierarchy). Gould et al. (1977) also suggested that 

uniformity may be lower in certain cases in which poor preservation 

creates variability. Because preservation is considered consistent 

for the data presented here (there are few large gaps and they are 

small relative to the entire section), this may be a possible expla

nation for the high uniformity exhibited by these data. 



Table 1. Centers of Gravity and Uniformities for Trllobite Clades. 

This Paper Gould et al. 1977 

Species Within Families Within All Cambri ari-Ordo. 

Ptychopariida Ptychopariida Trilobites Trilobites 

Center of 

Gravity 0.65 0.59 0.41D 0.488 

Uniformity 0.52 0.76 0.588 



CHAPTER 4 

DISCUSSION 

Many problems are encountered when analyzing adaptive 

radiations because the term "adaptive radiation" is used to describe 

two very different phenomena. The first and perhaps most common use 

of adaptive radiation occurs as a general description of any divergent 

group of taxa. Typically these taxa show many variations on a theme 

and thus monophyly is inferred. The second use appears to be more 

theoretical in nature and contains many implicit and explicit 

assumptions about the precesses that produce an adaptive radiation. 

It is basically this second type of adaptive radiation that is 

summarized at the beginning of this paper. 

Huxley (1953) has pointed out that all of life is an 

adaptive radiation and Gould et al. (1977 > p.25) "argue that steadily 

increasing diversity marks the history of clades in 'normal' times..." 

Should all clades then be classified as adaptive radiations or is 

the term to be applied to phenomena that are not "normalV? If 

adaptive radiation is to be used in its most general sense, then 

any clade which has diversified becomes an adaptive radiation. 

Because the models presented above assume a more special case, the 

general definition is useless for studies of the type presented here. 

To analyze' an adaptive radiation of the first type using models which 

2k 



are based on adaptive radiations of the second type gives results 

that are inconsistent with predictions and makes clear explanations 

difficult indeed. Much of the disagreement between the biomere 

data and the models examined in this analysis is probably due to 

this lack of a consistent use (or definition) of the term adaptive 

radiation. 

Throughout the remainder of this paper, the term 

"adaptive radiation" will refer to the second more restricted 

definiti.on. An adaptive radiation will be defined as a monophy leti c 

group that undergoes rapid speciation at the beginning of the 

radiation and then shows a gradual decline in its speciation rate. 

This is the definition which most closely matches those used in the 

models examined in this paper and, in my opinion, is the more inter

esting application of the term under these circumstances. If we 

are to continue to use this term for both phenomena, then some 

distinction must be made. A preliminary discussion on types of 

adaptive radiations has been given by Jablonski (1980). 

At least two explanations can be offered to explain 

the lack of agreement between the predictions made by these models of 

adaptive radiation (Gould et al. 1977; Sepkoski 1978, 1979; Stanley 

1977; Valentine 1980, 1981; Walker, in press) and the biomere 

data. Either the Ptychaspid biomere represents an adaptive radiation 

of trilobites that differs from the models or the biomere is not an 

adaptive radiation and is the result of other natural processes. 



The Biomere As An Adaptive Radiation 

Because some of the assumptions of the models are 

violated by the biomere data, their lack of agreement may (at least 

in part) be caused by this. An important assumption of all of the 

models examined here is one of monophyly for the clade undergoing 

the adaptive radiation. Eldredge (1977) does not feel this is the 

case for the trilobite order, Ptychopariida, used here. The impor

tance of this assumption can not be determined but, at least for the 

Metazoa, it does not appear to be a necessary condition. Sepkoski's 

(1978, 1979) data on marine metazoan orders and families do show a 

logistic pattern as predicted, even though this group as a whole is 

paraphyletic. This indicates that a sigmoidal curve can be generated 

when the assumption of strict monophyly is relaxed. The situation 

is the same for the Ptychoparids used in this study —they are also 

paraphyletic and possibly even polyphyletic (Eldredge 1977). 

Sepkoski's (1978, 1979) and Stanley's (1979) models of 

adaptive radiation both assume that the ecospace being invaded is 

empty and free of competitors. In the Oklahoma sections, brachiopods, 

conodonts and crinoids are all present (Stitt 1971a, 1977) and are 

potential competitors. Once again, Sepkoski's (1978, 1979) data on 

marine metazoan orders and families also violates this assumption. 

Many phyla of soft-bodied organisms are present during the Cambrian 

explosion and also throughout the rest of the Phanerozo'ic. They 

too are potential competitors who are not included in the diversity 



curves. However, their presence does not appear to affect Sepkoski's 

results. 

Since these assumptions do not appear to be necessary 

conditions for the production of a sigmoidal pattern of diversity 

increase during an adaptive radiation, further explanation is needed 

to explain why the biornere data does not follow the predicted pattern 

if, indeed, it is an adaptive radiation. One possibility is that 

these disparities are the result of taxonomy. This study is at the 

species level whi1e other studies (Sepkoski 1978, 1979; Stanley 1979) 

utilize data comprised primarily of higher taxa. Sepkoski's (1978) 

simulations do indicate that a direct relationship exists between 

higher taxa and species but there is no direct evidence to support 

this result. In fact, the dynamics of an adaptive radiation at the 

species level need not be as simple as those at higher taxonomic 

levels. Two pieces of evidence support this conclusion. 

One is Sepkoski's (1978, 1979) data sets for marine 

metazoan orders and families. While the overall diversity pattern 

is basically the.same for his two sets, multiple equilibria are 

necessary to generate the familial pattern rather than the single 

equi1ibrium needed to describe the ordinal pattern. This vari

ability hints at an increasingly complex pattern as lower and lower 

taxonomic units are analyzed within an adaptive radiation. The 

second piece of evidence comes from the Ptychaspid biomere. While 

the overall pattern of increasing diversity is apparent in both 



diversity curves and diversity peaks are coincident for both, the 

species level curve is far more complex than the familial one. 

To a certain extent, these differences between patterns 

at various taxonomic levels (Sepkoski's and this paper's) are a 

consequence of taxonomic classification. Unless all the species 

present in the adaptive radiation belong to a monospecific higher 

taxon, it is unlikely that the higher taxon will be as variable 

through time as the species. This is because species ranges within 

a higher taxon are rarely coincident and lend greater stability 

(i.e. longevity) to the higher taxon. These differences may also 

be caused by the fact that species are far more sensitive to environ

mental fluctuations than are higher taxa (unless the higher taxa 

are monospecific). Each species within a higher taxon has its own 

set of unique resources and tolerances, some, but not all of which, 

may be shared with other species. Therefore, the more species a 

higher taxon contains the more resources it relies on and the lower 

the probability that all of its resources will become unavailable 

at any given time. This sensitivity could cause species diversity 

patterns during adaptive radiations to be obscured by environmental 

flucuations or changes, ev£n though they might be present at higher 

taxonomic levels. However, for the Ptychaspid biomere, at least, 

this does not appear to be the case since families do not show the 

predicted pattern either. 
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These data might still represent an adaptive radiation 

despite the absence of predicted patterns, if they result from three 

pulses of adaptive radiation. This is suggested by the trimodality 

of the species diversity curve (Figure 3) However, none of the 

three modes shows geometric increase or a sigmoidal pattern nor do 

the species survivorship curves (Figure 6) indicate three separate 

events. Nonetheless, if each sampling interval represents a suf

ficiently large period of time, the initial stages of these adaptive 

radiations would have been obscured, either through time averaging 

of the deposits or due to lack of preservation of the presumably 

small initial populations of the newly arisen and rapidly evolving 

trilobites (Rosenzweig, personal communication). 

A final explanation may be that the models used here are 

not adequate representations of adaptive radiations, especially at 

the species level. Analyses of the dynamics of adaptive radiations 

are a relatively recent development (with the notable exception of 

Simpson's work, 19M and 1953)• Because of this, very little data 

exist which can be used to confirm or deny many of the assumptions 

that have been made about adaptive radiation. 

Final evidence to support the conclusion that the 

Ptychaspid biomere is not an adaptive radiation can be found if 

the global family durations of the fami1ies present in the Ptychaspid 

biomere (Sepkoski , in press) are examined. These data show that only 

four of the twelve' families originate during the biomere —the other 



eightoriginate earl ier. Of the four originating during the 

Pt/chaspid biomere, only one, the family Ptychaspididae, is a prcm-

inant family within the biomere (Figure 5);' the other three are very 

minor components of the overall species diversity (data not shown). 

Because the majority of the families originate earlier, the Ptychaspid 

biomere can not be a record of oceanic migration and in situ evolution 

of these families from a single ancestral stock. Each of these 

families could be undergoing their own adaptive radiation but the 

within-family species diversity curves (Figure 5) give no indication 

that this is occurring. 

None of the explanations given above appear to be suf

ficient to reconcile the differences present between the patterns 

exhibited by the biomere data and those predicted by the models 

presented here. Therefore, the biomere data do not appear to be an 

adaptive radiation. This conclusion is based upon analogy with 

Sepkoski's data (1978, 1979) which have many of the same difficulties 

and yet, conform to the predictions of the models. 

An A1ternative Explanation of 
The Biomere Data 

The most obvious alternative'explanation for the 

nature of the Ptychaspid biomere is that it records a biofacles 

migration: Palmer (1982) has recently presented data that indicates 

that this may be the situation for the older Pterocephalid biomere. 

A habitat change from shallow to deep water conditions, with minor 

fluctuations within a general transgressive sequence, could be the 



cause of the patterns observed. A long period of time relative to 

trilobite evolution is represented in this section (73 species in 

5-10 million years). Because of this, recognition of similar habitats, 

on the basis of faunal composition, may be difficult because faunal 

composition does not remain constant long enough to be preserved 

more than once. Rapid trilobite evolution obscures patterns of 

faunal composition within a habitat because replacement of most 

species within a given habitat has occurred before that habitat can 

be sampled again. Therefore, this section may represent changes in 

both time (trilobite evolution) and space (habitat migration). With 

both of these situations changing, the resulting pattern would be 

expected to be very complex and the deciphering of the important 

generating factors necessarily difficult. 

The hypothesis of changing habitat could be tested by 

a detailed paleoenvironmental study of the Oklahoma sections. If 

the fluctuations in diversity are the result of changes in environ

ment, than a correlation between depositional environment and 

diversity is predicted. If shallow cratonic seas were similar to 

modern shelf regions, then the highest within-habitat species diver

sity should be found in deeper waters. Also a morphological analysis 

might prove helpful. If morphology is being influenced by local 

habitats, then a correlation between habitat and morphology should be 

possible. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

A wel1-documented assemblage of Late Cambrian trilobites, 

the Ptychaspid biomere, is examined at the species level for character

istics considered diagnostic of adaptive radiations at higher taxo-

riomic levels. Diversity curves of species, families, and species 

within a family show neither a sigmoid pattern nor geometric increase, 

two characteristics considered important in the dynamics of adaptive 

radiations. Net changes in species diversity are calculated and do 

not show the predicted inverse relationship. The clade statistics, 

center of gravity and uniformity, also differ from those predicted 

for adaptive radiations. Division of the data into three modes arid 

species survivorship curves of each of these divisions give the 

only set of results consistent with those predicted for adaptive 

radiations: species with the shortest durations are found early 

In the biomere while those with longer durations occur later. 

This data set violates some of the assumptions of 

the models of adaptive radiation examined in this paper (most 

Importantly assumptions of monophyly and empty ecospace).. One 

possible explanation is that the data do not show the predicted 

patterns because of these violations. However, Sepkoski1s (1978 , 

1379) marine metazoan data sets, which also violate these assumptions, 
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do exhibit the patterns predicted. Thus, adaptive radiations can 

produce the predicted patterns when these assumptions are violated. 

This suggests that an alternative hypothesis is necessary to explain 

the trilobite data. Further data to support this conclusion are 

global family durations of the trilobite families present in the 

biomere. Their durations fo not coincide with an i n. si tu origin 

and subsequent adaptive radiation. 

The most obvious alternative hypothesis Is that the 

trilobite data represent diversity patterns produced by biofacies 

migration. Habitat recognition, within a general transgressive 

sequence, on the basis of faunal composition is made difficult by 

the high faunal turnover. Two analyses would test this conclusion: 

1) Detailed paleoenvironmental work.could provide data which would 

allow species diversity to be correlated with habitat. 2) Morpho

logical analyses of the trilobites could indicate habitat types and 

again allow for correlation of diversity and habitat. 



APPENDIX A 

ANALYSES OF WESTERN ARBUCKLE MOUNTAINS 
AND WICHITA MOUNTAINS, RAW DATA 
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The raw data used to create the composite section pre

sented in the main text are presented here. While these data (TableA-1) 

are very similar to each other and also to the final composite, 

subtle differences are present and they are discussed below. 

The Arbuckle composite is a composite section of three 

local sections from the Western Arbuckle Mountains of Oklahoma. 

These are the U.S. Highway 77 section, the Roger Ranch section and 

the Joins Ranch section (Stitt 1971)- The Chandler Creek section 

is located in the Wichita Mountains, 75 miles to the east of the 

Western Arbuckle Mountains. Each section was measured from a differ

ent base datum causing the x-axes of these sections to be different. 

The curves should be compared on the basis of the biomere boundaries 

(indicated by arrows) which can be considered time parallel. 

These two sections, Arbuckle composite and Chandler 

Creek section, are so similar to one another that much of what 

appears to be 'noise' in one section is replicated in the other 

section and is perhaps real. The Arbuckle composite (Figures A-1a and 

A-2a) is consistently higher in diversity, both at the species and 

familial levels, that the Chandler Creek, section (Figures A-lb and 

A-2b). This is a consequence of either more intense sampling in the 

Arbuckles or a real difference in diversity between the two sections 

resulting from biofacies differences. However, the overall pattern 

of increase and decrease is the same within the Ptychaspid biomere 

at each locality, indicating that these differences do not signifi

cantly affect the overall pattern which is the subject of this paper. 



A breakdown of the species diversity curves into.the five 

dominant fam 11 ies (Figures A-3a and A-3b) does indicate a few subtle 

differences between the sections. The first mode in the Arbuckle 

section consists of two families only, the Parabolinoididae and the 

Ptychaspididae, while in the Chandler Creek section, this mode also 

contains the Plethopeltidae. The second mode has three families in 

the Arbuckles, the PIethopeltidae, the Cati11icephalidae and the 

Heterocaryontidae. Again this mode has an additional family in the 

Chandler Creek section, the Ptychaspididae. The third mode has 

basically the same composition at each location: four families are 

present, the Heterocaryontidae, the Cati11icephalidae, the Plethopel 

tidae, and the Ptychaspididae. 

Survivorship (Figures A-5a and A-5b) is  very s imi lar  for  

each biomere as a whole.  However,  when broken down into three modes 

the Chandler Creek sect ion has higher survivorship in the f i rst  two 

modes and just  s l ight ly lower survivorship in the th i rd mode. I f  

survivorship is  compared between modes at  the same local i ty,  the 

Chandler Creek sect ion has highest survivorship in the second mode 

whi le the f i  rst  and th i rd mode are very s imi lar .  In the Arbuckle 

sect ion,  the second and th i rd have very s imi lar  survivorship 

al though the second mode niay be s l ight ly higher.  Here the f i rst  

mode has qui  te a bi  t  lower survivorship.  

Net changes in species diversity (Figures Arha and A-^b) 

follow the same pattern of fluctuating increases and decreases; 
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however, the crash in diversity at the end of the biomere appears 

to be more rapid arid severe in the Arbuckle section. 

The spindle diagrams (Figures A-6a and A-6b) again 

show the similarity of the two sections. Species' uniformity is 

lower in the Arbuckle section (0.38) than for the Chandler Creek 

section (0.55). This is due to the high peak in diversity at the 

end of the biomere. Center of gravity is lower in the Chandler 

Creek section (0.50) than the Arbuckle section (0.64).. This too 

is due to the high species diversity present in this section at 

the end of the biomere. The familial diagrams (Figures A~7a and 

A-7b) also show these patterns. 
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Table A-1. Species Ranges. The ranges of each species used to 
create the various diversity curves are presented. 

Chandler Creek and Arbuckle data are derived from Sti-tt 

(1971a and 1977). Conversion of Arbuckle composite 

ranges to the Chandler Creek scale was done using Shaw's 
(1964) regression technique. The Oklahoma composite 

ranges are then derived by combining the original 

Chandler Creek ranges and the transformed Arbuckle ranges. 

Arbuckle Comp. 

Transformed to 
Chandler Arbuckle Chandler Creek Oklahoma 

Species Creek Composite Scale ' Composite 

Klnbladla wlchltaensls 225 317 113 126 308 322 225 322 

Irvlngella major 235 364 120 142 316 338 235 364 

Sulcocephalus latus 258 258 67 67 260 260 258 260 

Sulcocephalus cereus 258 258 67 67 260 260 258 260 

Pseudaqnostus communis 258 660 117 497 312 710 258 710 

Plastaspella anatlna 258 317 113 127 308 323 258 323 

Homaqnostus fumldosus 258 351 142 142 338 338 258 351 

Del lea suada 258 351 126 140 322 336 258 351 

CI Iffla lataeqeriae 258 351 126 140 322 336 258 351 

Camaraspls convexa 258 351 126 140 322 336 258 351 

Elvlnla roemerl 317 351 70 140 263 336 263 351 

Xenochellos mlnutum 317 317 126 127 322 323 317 323 

Pterocepha11 a sanct1sabae 317 351 117 140 312 336 312 336 

Deckera comp1 eta 317 317 126 133 322 329 317 329 

Camaraspls parabola 317 317 - - - - 317 317 

Apachla trlgonls 317 317 126 126 322 322 317 322 

Reaqanaspls parva 317 317 - - - - 317 317 

Drabla cf. D. menusa 317 317 - - - - 317 317 

Pseudosaratogla lata 317 341 - - - - 317 341 

Chellocephalus wlchltaensls 317 317 - - - - 317 317 

Burnet1el 1 a ectypa 319 319 126 133 322 329 319 329 

Morosa slmplexa 329 348 138 139 334 335 329 348 

Morosa (?) bothra 329 351 132 140 328 336 328 351 

DoKlmocephatus Intermedlus 329 329 126 140 322 336 322 336 

DoKlmocephalus curtus 341 351 137 139 333 335 333 351 

Buttsl a  drabensls 351 351 - - - - 351 351 

Comanehla amplooculata 355 355 139 142 335 338 335 355 

ParabolInoldes contractus 364 374 142 151 338 348 338 374 

ParabolinoIdes granulosus 365 365 142 147 338 344 338 365 

Taenlcephalus shumardl 413 418 156 204 353 403 353 418 

Conaspls cf. c. tumlda 413 481 193 218 392 418 392 481 

Wllbernla expansa 418 612 183 414 381 623 381 623 

Idahola llrae 422 461 187 240 386 441 386 461 
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Table A-l—Continued 

Arbuckle Comp. 
Transformed to 

Chandler Arbuckle Chandler Creek Oklahoma 
Species < Creek . Composite Scale Composite 

Saratoqia amerlcana 435 457 — — - - 435 457 
Ptychaspis bullasa 447 447 - - - - 447 447 
Saratoqia modesta 4 50 501 221 268 421 470 421 501 

DrumasDts texana 457 507 221 274 421 477 421 507 

Wllbernla dlademata 457 457 198 216 397 416 397 457 

Saratoqia fria 475 807 240 514 441 807 441 728 

El 1Ipsocephaloldes siIvestrls 475 507 274 396 475 604 477 604 

Dramaspls Idahoensls 475 563 240 348 441 563 441 554 

Geraqnostus Intermedlus 477 893 - - - - 477 893 

WlIbernla cf. W. pero 484 484 - - 484 484 

Stlqmacephaloldes curvabllls 555 687 356 508 555 721 526 721 

Lelocoryphe occipitalis 563 1030 526 749 563 1030 778 973 

Dartonaspls wlchltaensls 587 687 388 394 587 687 596 602 

Rasettla capax 700 9'10 431 521 641 910 641 735 

Stlqmacephaloldes vertical Is 708 809 - - - - 708 809 

Theodenlsla ml crops 865 1064 562 806 778 1064 778 1033 

Rasettla magna 865 1142 695 806 865 1142 917 1033 

Honochellus truricatus 865 952 585 T*s 802 973 "802 973 

Idiomesus levI sens Is 865 1491 932 1260 865 1508 1165 1508 

Eurekla granulosa 865 875 701 867 865 1097 923 1097 

Kelthlella scrupulosa 868 935 - — - - 868 935 

BowmanI a pennsyIvanlea 881 1200 749 1260 881 1508 973 1508 

Plethometopus granulosus 901 1067 585 806 802 1067 802 1033 

Trlarthropsls marqlnata 910 1188 - - - - 910 1188 

Stenopllus pronus 967 1067 572 806 788 1067 788 1033 

Bynumlna vescula 1105 1374 915 1126 1105 1374 1147 1368 

Bavfleldia blnodosa 1109 1242 796 1016 1022 1253 1022 1253 

Plethometopus converqens 1130 1391 824 824 1052 1391 1052 1052 

Euptvchaspls frontalis 1148 1148 - — - — 1148 1148 

Heterocarvon tuberculatum 1162 1162 1068 1224 1162 1470 1307 1470 

Stenopllus latus 1171 1469 878 1270 1108 1518 1108 1518 

Saukla turn!da 1171 1200 867 971 1097 1206 1097 1206 

Euptvchaspls typlcalls 1171 1347 867 1126 1097 1368 1097 1368 
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Table A-1—Continued 

Arbuckle Comp. 

Transformed to 

Chandler Arbuckle Chandler Creek Oklahoma 

Species Creek Compos i te Seal e Compos i te 

Sauklella peplnensls 1171 1172 - - - - "71 1172 

Sauklella junia 1200 1322 - - - - 1200 1322 

Rasettla wlchltaensls 1204 1456 923 1236 1155 1483 1155 1483 

Ache 1 lops cf . A. dllatus 1204 1204 - - - - 1204 1204 

Maqnacephalus smllus 1231 1231 ' 915 1016 1147 1253 1147 1253 

Bayfleldla simata 1242 1425 946 1254 1179 1502 1179 1502 

Lelocoryphe platycephala 1253 1414 1068 1229 1253 1475 1307 1475 

Eurekla eos 1281 1447 994 1236 1230 1483 1230 1483 

Euptychaspls jugalls 1295 1453 1040 1236 1278 1483 1278 1483 

Trlarthropsls limbata 1323 1491 909 997 1141 1491 1140 1233 

Euptychaspls klrkl 1323 1456 1078 1257 1318 1505 1318 1505 

Calvlnella tenulsculpta 1358 1375 1051 1257 1289 1505 1289 1505 

Bowmanla sagltta 1414 1469 - - - - 1414 1469 

Apatokephaloldes cllvosus 1479 1491 1251 1260 1479 1508 1498 1508 

Ache Hops masonensl s 1479 1479 1008 1257 1244 1505 1240 1505 

Corblnla apopsls 1482 1491 1258 1268 1482 1516 1506 1516 

Plethometopus obtusus 1491 1491 1197 1258 1442 1506 1442 1506 

Leloblenvi1 la leonensis 1491 1491 1251 1251 1491 1498 1498 1498 

Plethopeltls arbucklensls 1497 1507 1267 1294 1497 1543 1515 1543 

MIssIsquola depressa 1497 1499 1272 1279 1497 1528 1520 1528 

Ptvchopleurltes brevlfrons 1497 1501 - - - - 1497 1501 

Homaqnostus reductus 1499 1814 1273 1277 1499 1814 1521 1526 

Hlsslssqnola typical Is 1524 1751 1328 1471 1524 1751 1579 1729 

Apoplanlas rejectus 1524 • 1605 1294 1385 1524 1639 1545 1639 

Svmphysurlna cf. S. cleora 1578 1578 - - - - 1578 1578 

Svmphysurlna brevlsplcata 1604 1916 1351 1682 1603 1949 1603 1949 

Hlqhgatella cord!Her! 1605 1733 - - - - 1605 1733 

Hvstrlcurus millardensis 1645 1823 1682 1763 1645 1949 1949 2034 

Svmphysurlna bubops 1749 1749 - - - - 1749 1749 

Clelandia texana 1859 1861 - - - - 1859 1861 

Svmphysurlna bulbosa 1866 1916 - - - - 1866 1916 
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Table A-1—Continued 

Arbuckle Comp. 
Transformed to 

Chandler Arbuckle Chandler Creek Oklahoma 
Species Creek Composite Scale Composite 

Sulcocephalus candldus - - 139 142 335 338 335 338 

Del lea punctata — - 142 142 338 338 338 338 

Orgymaspis llanoensls - - 150 183 347 381 347 381 

Taenicephalus gouldi - - 150 153 347 350 347 350 

Conaspls testudlnata - - 166 173 364 371 364 371 

Wtlbernta hall 1 - - 177 192 375 391 375 391 

Crolxana blpunctata - - 183 183 381 381 381 381 

lllaenurus auadratus - - 599 602 816 820 816 820 

Splnacephalus frontls - - 701 701 923 923 923 923 

Sauklella pyrene - - 796 796 1022 1022 1022 1022 

Bynumlella oklahomensis - - 940 1044 1173 1282 1173 1282 

Bowman la americana - - io44 1236 1282 1483 1282 1483 

Sauklella serotlna 13*»3 1391 1051 1232 1289 1479 1289 1479 

Brlscola cf. B. harttl - - 1098 1098 1338 1338 1338 1338 

Theodenlsla marcoul - - 1171 1197 1415 1442 1415 1442 

Brlscola llanoensls - - 1165 1211 1408 1457 1408 1457 

Plethometopus armatus - • - 1134 1216 1376 1462 1376 1462 

Kelthlella patula - - 1123 1123 1365 1365 1365 1365 



20 

CO 

I600 1000 500 
FEET FROM BASE 

ARBUCKLE COMPOSITE ' WEST ARBUCKLE MTS, Okla. 

Figure A-1a. Species Diversi ty,  Arbuckle Composi te (Arrows indicate biomere boundar ies).  
M 



20 

S 10 

o 

2000 1500 500 1000 
FEET FROM BASE 

CHANDLER CREEK SECTION : WICHITA MTS, Okla. 

Figure A-1b. Species Diversity, Chandler Creek Section (Arrows indicate biomere boundaries). 
VjO 



10 
w 
u 

< 
u. 

O 5 

E 
III 
0 

JIT 

L. 

"u 
j r 

J L 

/ 

I I I I I L J I 
500 1000 

FEET FROM BASE SECTION 1 

Arbuckle Composite 

1500 2000 

Figure A-2a. Famil ia l  Diversi ty,  Arbuckle Composi te (Arrows indicate biomere boundar ies).  
j=-



10,-

i l  5 

2000 1500 1000 

FEET FROM BASE SECTION 

500 0 

Chandler Creek Section 

Figure A-2b. Famil ia l  Diversi ty,  Chartdler Creek Sect ion (Arrows indicate biomere boundar ies).  



i»6 

5 -
n n r  __J U LI L 

5 -  t • KtT.HOCA.VONT.DA. 

-T\ 
J . 1* 

: j h 

* ,tIr«OWLTIDA« 

-A 
5. t 

n i i • • • it 

* CATILLICKPHALIDA. 

t MRABOLINOIDIDAI 

0  ̂ 500 1000 4ft 1500 2000 

Arbuckl* Composite 

Figure A-3a. Species Diversity Within Each Family, Arbuckle Com

posite. Species diversity of the five predominant 

families found within the Ptydiaspid biomere is shown 
(Arrows indicate biomere boundaries). 



47 

PTYCHASPIDIDAE 

IDAE HE' 

m 
•i 
o 
M 

.IDAE 
It 
O 

K 
m • 
a 
a 
x 

PARABOLINOIDIDAE 

 ̂ 500 1000 1500 2000 

Chandlar Cr*«k Section 

Figure A-3b. Species Diversity Within Each Family, Chandler Creek 
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UNI. • 0.68 

4-c.g. 

200 FT. 

SPECIES 

Arbuckle Composite 

gure A-7a. Spindle Diagram of Families Within the Order, 

Ptychoparridal, Arbuckle Composite. CEN. GRAV. and 

C.G. indicate center of gravity. UNI. indicates 

uni formity. 
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CEN. GRAV.sO.5S 
UNI. a 0.91 

200 FT. 

SPECIES 
Chandler Creek Section 

Figure A~7t>. Spindle Diagram of Families Within the Order, 

Ptychoparridal, Chandler Creek Section. CEN. GRAV. 

and C.G. indicate center of gravity. UNI. indicates 

un ifcrmlty. 
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