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Patterns and proeesses in conodont evolution : 
a prospectus 

THOMAS W. BROADHEAD 

Since their discovery, conodonts have become highly regarded as 
useful biostratigraphic tools, and correlation may always be the 
principal raison d'etre of conodont work. More recently, multielement 
taxonomic concepts and examinations ofpaleoecologic controls seem 
to have lent tru ly organismal status to conodonts, now dimaxed by the 
discovery of the new conod6ht animal (Briggs, Clarks on & Aldridge 
1 983) . E�aminations of conodont evolution have been largely 
restricted to the determination of phylogenetic relationships, usually as 
a codominant or subordinate theme to biostratigraphy (e .g .  Sweet & 
Bergstrom 1 98 1 ;  Bergstriim 1 982; Fåhraeus 1 982) . 

Abundant stratigraphic and geographie distributional data are 
available for conodonts in many parts of the geologic column. These 
data lend themselves to a doser examination of conodont evolution, 
namely recognition of patterns and proeesses of morphologic change. 

Such recognition,  however, is heavily dependent on severai kinds of 
data, including ( I )  precise stratigraphic limits ofrange, (2) ontogene
tie development and (3) range and kind of intraspecific variation. 

Stratigraphic data must be precise to document the extent of local 
teilzones and show physical stratigraphic relations between supposed 
ancestor and descendant speeies. The answerable questions become: 
I s  there stratigraphic overlap? At all occurrences? The answers 
suggest patterns of lineage branching, if present, and possible 
dispersal gradients of newly developed morphotypes (see, e .g . ,  
Fåhraeus 1 982) . Single collections 'ch.aracteristic' of  entire formations 
or large intervals ( 'bag biostratigraphy' of W. C. Sweet, 1 982, 
personal communication) are grossly inadequate. 

Detailed knowledge of ontogenetic development of discrete cono
dont elements is vital to the recognition, not on ly of ancestor-
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descendant relationships, but also of the timing of natural selection 
favoring morphologic change. Heterochrony (see Gould 1 97 7  for an 
historical review and examples) is the tempora I displacement (in 
terms of ontogeny) of morphologjc features recognized at other stages 
of development in ancestors or descendants. Recapitulation com
monly produces an increase in morphologic complexity by selection 
for features developing in later ontogenetic stages (e .g . ,  serration
denticulation in Histiodelta, McHargue 1 982; the fourth row ofnodes in 
Pygodus anserinus) .  A high degree of resemblance may mark the two 
taxa related in this manner. 

Larger-scale morphologic 'shifts' more likely may be due to 
paedomorphosis, heterochrony that tends to preserve j uvenile mor
phologic features throughout ontogeny. The derivation of Icriodus 
from Pedavis (Broadhead & McComb 1 983) presents a striking 
example of paedomorphosis, also possibly shown in the origin of 
Rhachistognathus minutus from R. muricatus in the Carboniferous (Lane & 
Baesemann 1 982) . Another possible paedomorphic development, but 
one which evolved severai times in on ly distantly related lineages, is 
the development of widely spaced discrete denticles of ram iform 
elements from ancestors with more closely spaced or even confluent 
denticles. Because selection can become vigorous beginning at early 
ontogenetic stages to sele et against adult elaborative features, success
ful paedomorphs may develop within only one or a few generations, 
presenting a virtual instantaneous 'jump' in morphology definitive of 
a generic or higher-Ievel taxon.  

Even without an abundance of ontogenetic data, we can still 
propose phylogenetic relationships between speeies, genera and so on, 
but to be confident we must ask the answerable: When does 
morphologic change originate during ontogeny? 

Much has been said about the manner in which speeies originate 
and by which evolutionary change proceeds . Such topics can be 
approached from studies of conodonts, but not without a firm 
knowledge of the kinds of intraspecific variation (subspecies as 
utilized by most biostratigraphers mostly fall outside biologic defini
tions of the term ) .  Morphologic variation may be considered to be 
either discrete or continuous, both of which lend themselves to 
measurement and thus statistical manipulation. 

Morphologic characteristics that exhibit continuous intraspecific 
variation will tend to be the only features observed to evolve 
phyletically. Even in extremely closely stratigraphically spaced 
samples, statistical means may show a continuous directional change. 
Continuously varying features include amount of lateral ex pans ion 
and depths of basal cavities, lengths of proeesses, lateral and 
longitudinal dimensions of all elements (e .g . ,  platform length in 
Gondolelta mombergensis, Dzik & Trammer 1 980; height/length ratio in 
Histiodelta elements, McHargue 1 982)  and heights of cusps and 
denticles .  

Although features that exhibit continuous variation may evolve 
continuously (phyletically) , they may also evolve in a punctuational 
mode (sensu Eldredge & Gould 1 972) . Determination of evolutionary 
made for aspects of a character's continuous variation demands 
extreme precision and close spacing in stratigraphic sampling in 
addition to thorough documentation of geographie distribution. 

The discrete or discontinuous variation exhibited by conodont 
elements is best express ed in terms ofpresence and absenee offeatures . 
Denticle number might at first appear to be part of the range of 
continuous variation because variation within a sample may show a 
complete and continuous range ofintegral values for denticle num ber 
(e .g .  in Gondolelta mombergensis, Dzik & Trammer 1 980) . The discon
tinuous nature of this variation, however, commonly involves the 
presenee or absenee of one or more denticles but may exhibit 
continuous change where changes in denticle num ber are associated 
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with increasing/decreasing height at added/removed denticle posi
tions .  Additionally, other features that may more commonly vary 
continuously (e .g .  process length) may also be observed to vary 
discontinuously. 

Evolution of discretely varying features will manifest itself as step
like morphologic shifts of various magnitudes that are of different 
significanee to the taxonomist. Although these changes are essentially 
punctuated, those that represent a change in the mean of widely 
varying populations may exhibit a shift through a large num ber of 
successive generations that appears to be essentially phyletic. In  
contrast, larger-scale change that occurs in one or a small num ber  of  
generations has  a larger apparent punctuated component. Successful 
modifications (e.g. Icriodus woschmidti) may then have achieved 
virtually instantaneous dispersal enhancing even their biostrati
gra phi c utility. 

Conodonts have the potential to provide examples of evolutionary 
patterns and processes that may surpass all other fossil metazoans. 
Benefits accruing from careful examination of evolutionary patterns 
and proeesses extend not only to understand ing why so many spe eies 
are useful in biostratigraphy but also to interpretations of the effects of 
recognized environmental changes on morphology. 
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