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ABSTRACT 

The controversy concerning the value of ontoge- 
nic data for phylogenetic reconstruction is briefly review- 
ed. Examples to illustrate the problem are presented 
from data concerning plethodontid salamanders, and 
include an analysis of ontogenetic trajectories in the 
genus Batrachoseps and modifications of early onto- 
geny in bolitoglossine salamenders. Some workers 
advocate using ontogenetic data to establish the pola- 
rity of characters that vary among taxa. This view is 
rejected. The entire ontogeny of a character is the focus 
of interest, for ontogenies evolve as wholes and any part 
is subject to change. Only outgroup analysis is of value 
in determining character polarity, and ontogenetic data 
alone can be misleading. Nevertheless, examples pre- 
sented show that ontogenetic information can serve as 
the basis for the establishment of hypotheses concer- 
ning the history of groups and can provide insight into 
evolutionary dynamics. 

RESUME 

La controverse concernant la valeur des donnees 
ontogenetiques pour I’etablissement de reconstructions 
phylogenktiques est brievement resumee. Des exemples 
ont Cte choisis pour illustrer ce probleme au sein du 
groupe des salamandres plethodontidks. Ces exemples 
comprennent notamment des analyses de trajectoires 
ontogenetiques au sein du genre Batrachoseps ainsi que 
des modifications affectant l’ontogenese precoce chez 
les salamandres bolitoglossines. Quelques auteurs ont 
pr6ne l’usage des donnees ontogenCtiques pour la mise 
en evidence de la polarit6 des caractkres entre plusieurs 
taxa. Ce point de vue est rejete. L’ontogenese complete 
d’un caractere est le centre d’interCt, les ontogeneses 
evoluent en effet comme des ensembles complexes et 
chacune des parties est sujette au changement. Seule 
I’analyse “outgroup” est valable pour la determination 
de la polarite alors que la prise en compte des seules 
donnees ontogenetiques peut induire des interpretations 
erronees. 

Toutefois les exemples presentes montrent que l’in- 
formation ontogenetique peut servir de base lors de 
I’etablissement d’hypothkses relatives a I’histoire des 
groupes et peut egalement fournir des arguments pre- 
cieux pour la comprehension de la dynamique 
Cvolutive. 
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INTRODUCTION 

The relation of ontogeny to phylogeny is one of 
the oldest issues in evolutionary biology. Flurries of 
scientific interest in the topic have been followed by 
long periods of dormancy. We now live during a period 
of ferment. Some of the central issues in modern phylo- 
genetic analysis involve debates over the value and mea- 
ning of ontogenetic data, especially their role in a priori 
determination of the direction of character state 
transformation. 

The history of the notion of a parallelism between 
ontogeny and a natural hierarchical ordering of living 

things, or phylogeny, has been reviewed recently (Gould 
1977 ; Nelson 1978 ; Rieppel 1985), so I will focus my 
attention on the interpretation of ontogenetic data for 
phylogenetic analysis. This, too, is a topic that has 
received much recent attention. A sampling of the liter- 
ature devoted to this topic includes : Alberch (1985), 
Alberch & Gale (1985), Brooks & Wiley (1985, 1986), 
David & Fouray (1984), de Queiroz (1985), Kluge 
(1985), Kluge & Strauss (1985), Mc Namara (1982), Nel- 
son (1978, 1985), Nelson & Platnick (1981), Patterson 
(1982), O’Grady (1985) and Rieppel (1979). 

I - ONTOGENY AND PHYLOGENETIC ANALYSIS 

A central question - what evolves and is classified ? 
- is addressed in different ways by Rieppel (1985) and 
de Queiroz (1985). The answer, both argue, is the whole 
ontogeny. One cannot know a priori that a given part 
of the organism is more conservative, and therefore 
possibly more informative than another, concerning the 
evolutionary history of the group. Accordingly, one 
should not expect to gain direct insight concerning the 
ancestry of an organism, or its parts, merely from a 
close study of its ontogeny. 

The methodologies of cladistics are in wide use for 
plylogenetic analysis, whether or not workers follow 
cladistic principles in their classifications. One of the 
most fundamental of cladistic principles (Hennig 1966) 
is that only derived states of characters contain infor- 
mation of any value in assessing genealogical relations- 
hips, and accordingly the foremost tasks of a student 
of phylogeny are to recognize characters that show 
intergroup variation and to determine the pattern cha- 
racter state transformation. Methods for estimating the 
direction of character state transformations stem ulti- 
mately from the nonevolutionary three-fold parallelism 
that was perceived by nineteenth century scientists - 
comparative anatomy (the out-group method), paleon- 
tology (the geological time method), and embryology 
(the ontogenetic method). 

We must select characters before proceeding. If 
we wish to determine the genealogical relationships of 
organisms using cladistic methods we start by iden- 
tifying discernable features - characters - and their 
variations, or states, in adults. Once this is accomplis- 
hed we turn to the issue of polarization of the charac- 
ter states, so as to hypothesize a transformation series. 
If we take the organismal view, mentioned above, that 

the whole ontogeny has evolved, we immediately face 
a problem. 

De Queiroz (1985) has contrasted what he has cal- 
led instantaneous morphologies (the morphology of the 
stage one has chosen to study) and ontogenetic trans- 
formations (the entire course of development of the 
morphology in question). Those workers who advocate 
a focus on instantaneous morphologies, specifically, the 
pattern cladists such as Nelson & Platnick (1981) and 
Patterson (1982), find ontogenetic criteria (summari- 
zed by the famed aphorism of Haeckel : ontogeny reca- 
pitulates phylogeny) satisfactory for polarizing charac- 
ters. They take an approach to systematics that 
attempts to be independent of evolutionary thinking, 
and ask whether evolutionary theory is necessary for 
systematics, and, if necessary, why so (Nelson 1985). 
But if we acknowledge that the diversity of organisps 
in the world is the result of evolutionary processes and 
that we are interested in evolutionary relationships 
among organisms rather than in relationships among 
instantaneous morphologies, phylogeny and evolution 
are fundamental elements of our thinking. Then it 
becomes appropriate to adopt a view in which, as de 
Queiroz (1985) has succinctly stated, “ontogenetic 
transformations are themselves the characters”. Under 
this view, which I endorse, there are no ontogenetic cri- 
teria for determining character polarities, for the onto- 
genies themselves are the foci of interest. 

I know of only one study that has explicitly exa- 
mined the contrasting results one obtains from use of 
out-group and ontogenetic criteria. In a published abs- 
tract Mabee (1987) has shown that determination of 
character state transformation based on ontogenetic cri- 
teria are no better than chance when judged by a well- 
corroborated cladogram based on character state trans- 
formation determined by out-group criteria. 
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This large topic has received so much discussion 
in the literature that it no longer is possible to present 
a concise review of the various arguments and points 
of view. It is safe to say that most workers admit that 
ontogenetic data have some intrinsic value, if only as 
a component of a very general outgroup analysis. But 
approaches vary. Some workers view organisms as pas- 
sing through discrete ontogenetic stages, each of which 
can be compared with comparable stages in related 
organisms (O’Grady 1985). Then, by using out-group 
analysis the individual characters can be polarized, and 
it can be determined where alterations in ancestral onto- 
genetic sequences occurred. Those interested in the role 
of heterochrony in evolution use an alternative 
approach - ontogenetic trajectories (Alberch et alii 
1979). Both approaches depend rather heavily on the 
existence and relatively conservative nature of develop- 
mental sequences, but there is an important difference 
in that one need not identify comparable stages when 
comparing ontogenetic trajectories, for the trajectories 
themselves are the characters. Recently Alberch (1985) 
has argued that there is no good argument to  assume 
a priori that ontogenetic sequences are conserved during 
phylogeny. He acknowledges that development is orde- 
red, but he doubts that information relevant to the 
cause of the ordering is captured in ontogenetic sequen- 
ces. Alberch presented several cases to illustrate his con- 
tention that the methodology of heterochronic analy- 
sis is not compatible with dynamic perspectives on the 
nature of developmental processes. As we focus more 
on detailed studies of comparative ontogenies we 
doubtless will find many instances in which there are 
deep modifications of early ontogeny that have persis- 
tent and multiple influences on later ontogeny. Later 
in this paper I briefly outline an instance of what I call 
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ontogenetic repatterning. The issue here is not whether 
ontogenetic data are of value in phylogenetic analysis, 
but rather that we must go beyond the perception of 
ontogeny as a sequence of discrete developmental sta- 
ges if we are to gain success in our attempts to make 
connections between ontogeny and phylogeny. 

If one denies that ontogeny provides direct evidence 
for polarization of character state transformations, some 
might question why we link ontogeny and phylogeny at 
all. The point, of course, is that it is the whole onto- 
geny that evolves, and thus a true phylogeny will be 
based on evolutionary transformations of ontogeny. 

I share with Alberch (1985) a belief that a mecha- 
nistic approach to development is needed in evolutio- 
nary biology, so that development can play a role 
roughly comparable to, but doubtless less general than, 
that enjoyed by genetics (see also Hall 1984). Topics 
of interest include : 

1 )  what factors are responsible for the regulation 
of morphogenesis, and,. . . 

2) what limits the array of potential morphologi- 
cal variables in any given system ? To the degree that 
ontogenies are conservative and that development is an 
ordered process, one must seek the mechanistic basis 
in phenomena that control morphogenesis. Eventually 
we must consider the evolution of the processes con- 
trolling development, and incorporate such knowledge 
into our conception of the organism, so that our “cha- 
racters” become not only the ontogenetic transforma- 
tion but also the control system governing the process. 

We cannot yet do as I advocate. Therefore, how 
can we deal with ontogenetic data in phylogenetic stu- 
dies ? Some examples from my laboratory illustrate 
both pitfalls and opportunities. 

I1 - ONTOGENY IN RELATION TO THE EVOLUTION OF THE SALAMANDER GENUS BATRACHOSEPS 

The plethodontid salamender genus Batrachoseps 
includes 8 species distributed in western North Ame- 
rica. In the spirit of Gould (1977) and Alberch et alii 
(1 979) I examined the possibility that heterochronic 
evolution might have played an important role in the 
phylogeny of the group. My data were generalized by 
plotting the first appearance during ontogeny of cran- 
ial elements (using the first sign of mineralization as 
the point of appearance) in four species, as if the pat- 
terns establish trajectories in size-shape space (fig. 1). 
An outgroup is essential (Fink 1982, made this explicit 
for the approach used by Alberch et alii 1979 ; earlier 
I also had made explicit use of outgroups in a hetero- 
chronic analysis, Wake 1966). In the figure, I have indi- 
cated an ontogenetic trajectory for an idealized 
common ancestor of the plethodontid tribe Bolitoglos- 
sini (to which Batrachoseps belongs). 

In figure 1 the species Batrachoseps pacificus 

represents several of the more familiar species : B. ari- 
dus, B. attenuatus, B. nigriventris, B. simatus, and B. 
stebbinsi. All are identical to B. pacificus in terms of 
data presented. The vertical axis represents generali- 
zed shape, simply the changing appearance of the skull 
resulting from the sequential appearance of minerali- 
zed elements. The horizontal axis represents size. 
Although the species plotted do not differ greatly in 
adult size, I have normalized them by indicating the 
size at which sexual maturation is attained. Note that 
the comparison is intended to begin at the point in onto- 
geny at which all species already have fairly well deve- 
loped skulls, including most cranial elements. Thus the 
focus is on relatively late ontogenetic stages. Batracho- 
seps, and all other members of the tribes Bolitoglos- 
sini and Plethodontini (totalling about half the living 
species of urodeles), are fully terrestrial and have aban- 
doned the aquatic larvel stage. Eggs are laid on land 
and development is direct. 
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Figure - A generalized representation of four ontogenetic trajec- 
tories for the cranium of plethodontid salamanders of the 
genus Batrachoseps and a postulated ancestor. Vertical 
axis is shape, horizontal axis is size. Size is normalized 
relative to size at sexual maturity. See text for details. 
ReprCsentation simplifide des trajectoires ontogdnetiques 
du crlne de trois salamandres plethodontides du genre 
Batrachoseps et de leur ancEtre suppost!. L’axe vertical 
represente la forme, I’axe horizontal la taille. Le paramktre 
de taille est normalise par rapport a la taille atteinte a la 
maturite sexuelle. (voir le texte pour plus de details). 

In order to interpret the ontogenetic data in figure 
1 it is necessary to briefly present some information 
concerning four ontogenetic events in outgroups of 
Batrachoseps. These events are indicated by the top 
four shape symbols in the figure, and include : 1) in 
all plethodontids there is a single premaxilla in larvae 
(or encapsulated embryos, when larvae are absent). A 
single bone occurs in adults of some species, but in 
others the bone divides at hatching or metamorpho- 
sis. Outgroup analysis indicates that the divided bone 
is plesimorphic for adults. An ontogenetic analysis 
which simply made the assumption that the earliest 
appearance of the bone is primitive would indicate that 
the divided bone is a reversal, and a synapomorphy of 
those species showing it. But outgroup analysis also 
indicates that an ontogeny in which a single bone is pre- 
sent first, and a division occurs later, is plesiomorphic. 
Fusion of the two premaxillae in larvae of the ances- 
tral stock was a caenogenetic event which became a con- 
servative component of the ontogeny (Wake 1966), and 
is now a synapomorphy for the family. Division of the 
bone is approximately coincident with metamorphosis 
in those species with larvae, and with hatching in those 
species with direct development. Paedomorphic species 
would retain a single bone (e. g., Typhlomolge), but 
if the particular process underlying the paedomorpho- 
sis was neoteny (a reduction in the rate of change of 
shape in relation to age) division of the bone may be 
delayed until relatively late in life. Failure of the bone 
to divide can also occur for other reasons unrelated to 
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paedomorphosis ; for example, the undivided (pro- 
bably secondarily fused) premaxilla of the strongly- 
jawed species of Aneides and Desmognathus probably 
arose as a component of adaptation for increased jaw 
strength in these peramorphic groups (Wake 1966 ; 
Wake et alii 1983 ; Wake & Larson 1987). 

2) A prefontal bone appears late in ontogeny. This 
bone is absent in a number of species in the family Ple- 
thodontidae (Wake 1966). Alberch (1983) attributes the 
rare appearance of tiny, unarticulated spots of bone 
in species which normally lack prefontals to atavistic 
reversal. 

3) The larval vomer is reorganized at metamorpho- 
sis and a small, tooth-bearing process grows laterally 
behind the internal naris. The process is absent in a 
number of small tropical species, thought, on the basis 
of other data, to be paedomorphic (Wake 1966), but 
it is also absent in the western species group of Anei- 
des, a group thought to be relatively peramorphic 
(Wake 1963 ; Wake et alii 1983). 

4) Frontal and parietal bones are widely separa- 
ted from their bilateral counterparts in larvae and 
embryos, but in adults the bones typically come into 
contact on the dorsal midline. A gap, or fontanelle, is 
retained in a number of plethodontid species through- 
out life (Wake 1966 ; Hanken 1984), and a large fon- 
tanelle is characteristic of all members of Batrachoseps 
(Marlow et alii 1979). 
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At maturity B. pacificus has a single premaxillary, 
lacks both prefontals and vomerine processes, and has 
a large dorsal fontanelle. Division of the premaxillary 
is coincident with maturation in B. wrightj, but post- 
maturational development continues. Late in life tiny, 
unarticulated prefontals appear and, finally, in the very 
largest and presumably oldest specimens, vomerine pro- 
cesses develop. The species retains a relatively large fon- 
tanelle. Division of the premaxillary bones occurs very 
early in B. campi, and by maturation the species has 
small but articulated prefontals and a vomerine pro- 
cess. While a fontanelle is present, it is somewhat smal- 
ler than in the other species (data in Wake 1966 ; Mar- 
low et alii 1979). 

Phylogenetic analysis of these data is neither sim- 
ple nor direct, and ontogenetic analysis alone without 
out-groups would be very misleading (Wake & Larson 
1987). Two general categories of hypotheses are sug- 
gested. In the first, paedomorphosis increases with cla- 
dogenesis. In the second, extreme paedomorphosis is 
seen as a synapomorphy of the species in the genus and 
is reversed to differing degrees in derived species. It is 

Fig. 2 - Hypothesis I, for the phylogenetic history of Batrachoseps. 
According to this hypothesis, the ancestral stock was pae- 
domorphic, and most species (represented by P, for the 
representative of these species, B. pacificus) have retained 
ancestral conditions. There is a peramorphocline which fea- 
tures a reversal of paedomorphosis (a gain of elements indi- 
cated by +). A synapomorphy for B. campi (C) and B. 
wrighti (W) is reversal of paedomorphosis, and reappea- 
rance of several bones and processes (see text for details). 
Hypothese 1, pour I’histoire phylogknetique de Batracho- 
seps. Selon cette hypothkse le groupe ancestral est paedo- 
morphine, et la plupart des especes lui appartenant 
conservent des caracteres ancestraux (elles sont represen- 
tees par P sur la figure car B. pacificus est representatif 
de telles formes). On note un peramorphocline qui corres- 
pond a une reversion de la paedomorphose et qui s’exprime 
par des gains d’elements symbolises par (+ 1. Une syna- 
pomorphie partagee par B. campi (C) et B. wrighti (W) 
marque une etape de reversion de la paedomorphose et cor- 
respond a la reapparition de plusieurs os et processus (pour 
plus de details, voir le texte). 

If extreme paedomorphosis characterized the 
ancestral stock of the genus, B. pacificus would repre- 
sent the earliest branch (hypothesis I, fig. 2).  The paci- 
ficus clade is speciose, with six (and several more undes- 
cribed) species, and it has a broad distribution. B. 
wrighti and B. campi would represent progressively 
more derived species that have undergone phylogene- 
tic reversal of their ontogenies. This phylogenetic rever- 
sal produces a peramorphocline, with B. campi being 
the most peramorphic taxon (for guides to the termi- 
nology of heterochrony see Alberch et alii1979 ; Mc 
Namara 1986a). 

If paedomorphosis has been progressive, B. campi 

possible that the situation is more complex, of course, 
and different kinds of paedomorphosis might be invol- 
ved. But based on out-groups analysis (see Lombard 
& Wake 1986 ; Wake 1986) paedomorphosis must be 
invoked at some level. 

Figure 1 presents prima faciae evidence that pae- 
domorphosis has occurred in Batrachoseps. Paedomor- 
phosis is the simplest explanation as to  why all species 
of Batrachoseps have a large cranial fontanelle. In addi- 
tion, all species have but four digits in each hind limb, 
a paedomorphic trait associated with small size in 
amphibians (Alberch & Gale 1985). For clarity of illus- 
tration I have constructed figure 1 so that it appears 
that the three species of Batrachoseps show progres- 
sive neoteny - reduction in the rate at which they pro- 
ceed through ontogeny. It may be that all species of 
the genus are neotenic to some degree, but such an 
interpretation of increasing neoteny is probably too 
simplistic in explaining the relationships of the species 
to one another, as I will show below. 

C W P 

Hypothesis I 

would represent the earliest branch (hypothesis 11, fig. 
3). Its ontogeny most closely resembles that of the 
ancestral ontogeny. B. wrighti and B. pacificus would 
represent progressively more derived and more paedo- 
morphic species. Progressive phylogenetic paedomor- 
phosis produces a paedomorphocline, with El. pacifi- 
cus and relatives being the most paedomorphic taxa. 

The entire ontogeny of Batrachoseps has evolved, 
and we cannot expect to find the means of rejecting 
either of the above hypotheses with ontogenetic data 
alone. Comparative studies of allozymes (Yanev 1980 ; 
Wake & Yanev in prep.) strongly suggest that B. campi 
and B. wrighti are sister taxa. A phenogram (fig. 4), 
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C W P 
Fig. 3 - Hypothesis 11, for the phylogenetic history of Batracho- 

seps. According to this hypothesis, the ancestral stock was 
fully developed, and the history of the group has been pro- 
gressive paedomorphosis (a paedomorphocline, with loss 
of elements indicated by -). A synapomorphy for B. paci- 
ficus and B. wrighti is retardation of some osteological fea- 
tures (see text for details). 
Hypothese 2, pour I’histoire phylogenktiqne de Batracho- 
seps. Selon cette hypothese le groupe ancestral possedait 
un developpement complet et I’histoire du groupe corres- 
pond a une paedomorphose progressive (un paedomorpho- 
cline jalonne par la perte de caracteres symbolisee par (-). 
La synapomorphie partagee par B .  pacificus et B. wrighti 
correspond a un retard dans I’ossification de certains ele- 
ments (pour plus de detail, voir le texte). 

Hypothesis I1 

based on genetic distances, displays the hypothesized 
cladistic pattern. The genetic distances are large in this 
genus, but the genetic distance between B. campi and 
B. wrighti is relatively small. If genetic distance builds 
largely as a function of time since separation, a phe- 
nogram will contain useful phylogenetic information 
at the scale necessary for the present example. Because 
the genetic distances to out-groups are so great, it has 

proven impossible to analyze the allozyme data cladis- 
tically. The probability that B. campi and B. wrighti 
are sister taxa is relatively great, since these two share 
7 unique alleles as well as having a genetic distance bet- 
ween them that is on the same order as that found 
among different geographic segments of B. campi 
(Yanev 1980 ; and unpublished data). 

Fig. 4 - A simplified UPGMA phenogram based on Nei’s genetic 
distance for the species of Batrachoseps, based on compa- 
rison of allozymes. Modified from Yanev (1980). There are 
seven alleles uniquely shared by B. wrighti and B. campi 
which we accept as synapomorphies. 
Phenogramme UPGMA simplifie des differentes especes de 
Batrachoseps. Le phenogramme est construit d’apres la dis- 
tance genetique de Nei, basee sur la comparaison des allo- 
enzymes, (modifie d’apres Yanev, 1980). I1 existe sept alle- 
les uniquement partages par B. wrighti et B. campi, nous 
les considerons comme des synapomorphies. 

The data on which figure 4 are based contradict 
hypothesis 11, and might be taken as support for hypo- 
thesis I, but there are alternatives. For example (hypo- 
thesis 111, fig. 5 ) ,  B. wrighti and B. campi might form 
a clade, but paedomorphosis might be proceeding 
(rather than reversing, as in hypothesis I) in B. wrighti. 
The postmaturational appearance of new bones in this 

campi 

I I affenuofus 
sfebbinsi 

simatus 

I pocificus 

I I I I I I I I I  

2.0 1.5 I .o .5 .2 0 

Ne i  Genetic Distance 

species is novel, and may well represent a unique apo- 
morphy. Under this hypothesis, B. campi has retained 
the most ancestral ontogeny, B. pacificus is progene- 
tic (because its ontogeny is truncated), and B. wrighti 
is neotenic (because it continues to pass through the 
stages of ontogeny of the ancestor, but more slowly) 
(terminology of Gould 1977, and Alberch et alii 1979). 
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Tests of the above hypotheses would involve care- 
ful comparisons of the timing of ontogenetic events in 
the above species and outgroups, as well as experimen- 
tal interventions such as speeding up or slowing down 
development through the use of hormones or other 
agents. Extrapolating in reverse from the results of 
Alberch & Gale (1983), perhaps augmentation of the 
size of hind limb blastema by adding cells from the bila- 
teral organ early in development might even produce 
a 5-toed Batrachoseps (it may be significant that the 

largest individual B. wrighti ever collected had 5 toes 
on one foot, Brame 1964 ; see also Wake & Larson 
1987). 

Ontogenetic data such as these challenge the phylo- 
geneticist, and illustrate the difficulties of using onto- 
genetic data directly. It is likely that most cases invol- 
ving paedomorphosis will prove to be complex, and 
that there will be alternative hypotheses concerning the 
ways in which the ontogenetic data can be interpreted. 

Fig. 5 - Hypothesis 111, for the phylogenetic history of Batrachoseps. 
According to  this hypothesis, B. campi is most similar in 
cranial osteology to the ancestral condition, but both B. pa& 
ficus (progenesis) and B. wrighri (neoteny) have diverged by 
paedormorphosis. Only biochemical characters provide 
synampomorphies for the B. wrigbfi - B. campi clade (see 
text for details). 
Hypothese 3, pour I’histoire phylogCnCtique de Batracho- 
seps. Selon cette hypothese, bien que P. Campi soit proche 
par son osteologie crinienne des conditions primitives, B. 
pacificus (protogenetique) et B. wrighti (neotenique) sont 
supposes avoir diverge independamment par paedomor- 
phose. Seules les donnees biochimiques indiquent qu’il existe 
des synapomorphies entre B. wrighti et B .  campi (pour plus 
de detail voir le texte). 

Hypothesis I11 

I11 - ONTOGENETIC REPATTERNING IN BOLITOGLOSSINE SALAMANDERS 

Gerhard Roth and I (1985a) briefly discussed a 
phenomenon we call ontogenetic repatterning, which 
contrasts with recapitulatory development. Ontogene- 
tic repatterning involves modifications in early onto- 
geny that amplify during development to produce large 
differences between ancestral and derived morpholo- 
gies in different lineages. This phenomenon counters 
the generally conservative nature of developmental 
systems, and has important phylogenetic implications, 
including the dissolution of what have been termed 
developmental constraints. Ontogenetic repatterning is 
distinct from heterochrony. Further, it cannot be trea- 
ted simply according to  the classification of ontogene- 
tic changes presented by Brooks & Wiley (1985), in 
which it might appear as non-terminal addition or subs- 
titution. The reason is that ontogenetic repatterning 
destabilizes the apparently conservative ontogenetic tra- 
jectory, and impacts much of subsequent ontogeny. I 
will only briefly outline our findings here (additional 
research is in progress). 

Members of the tribe Bolitoglossini demonstrate 
extreme morphological and behavioral specialization 

for prey capture by tongue projection, including hol- 
ding the body motionlessness during feeding and pro- 
jecting the tongue at very high speed, at wide angles, 
and for great distances. Bolitoglossines differ from 
other tongue-projecting plethodontids in many details, 
but most importantly in lacking an aquatic larval stage 
and in having direct terrestrial development. In such 
non-bolitoglossine plethodontids as the hemidactylines 
and desmognathines, larvae hatch quickly and pass 
through a graded and conservative ontogeny, presu- 
mably contrained by the necessity to start and conti- 
nue functioning is the external world at very small size. 
Why salamanders having a larval stage hatch so quickly 
is unknown, but may relate to  the relative vulnerabi- 
lity of the developing egg to predation or other selec- 
tive pressures in the semiaquatic habitats in which they 
are laid. In contrast, the embryonic period of bolito- 
glossines may be very long - in excess of 10 months in 
some tropical species. These eggs typically develop in 
well-hidden terrestrial sites. In part these eggs take 
so long to  develop because of the enormous genome 
sizes of bolitoglossines, and the concomitant very low 
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rates of cell division (Sessions & Larson 1987). Because 
of this slow development there is adequate opportu- 
nity for ontogenetic repatternings, which has had pro- 
found consequences. The changes exceed the mere 
intercalation of a feature (or a non-terminal substitu- 
tion) into the ontogeny, because of the cascading effects 
on a number of systems. Such phenomena seem to cha- 
racterize many groups which have abandoned larval 
stages in favor of direct development of enlarged yolky 
eggs, an evolutionary process called embryonization 
that has many organismal-wide consequences (Matsuda 
1986). 

Among the elements of ontogenetic repatterning 
in these species are the following : 1) a great increase 
in eye frontality, which is difficult to accomplish in lar- 
vae in which dorso-lateral vision is important for pre- 
dator detection ; 2) development of very strong ipsila- 
teral in addition to the normal contralateral retinotec- 
tal projections, which, together with pronounced eye 
frontality, establish the necessary connections for high 
quality stereoscopic vision (Rettig & Roth 1985) ; 3) a 

376 - 

reorganization of the brainstem and cervical spinal 
cord, so that the class of large, spindle-shaped cells 
associated with quick movements in larvae is elimina- 
ted (Roth & Wake 1985b ; Wake et alii 1988) (this seems 
to  make possible the motionlessness of the salaman- 
ders during feeding) ; 4) a reorganization of the hyo- 
branchial apparatus so that the tongue projectile beco- 
mes relatively lighter and more versatile (Lombard & 
Wake 1977 ; Wake 1982). 

These features, which are initiated in early onto- 
geny, profoundly change subsequent ontogeny and 
have had major phylogenetic impact. Again, the 
obvious point is that we must be concerned always with 
the entire ontogeny of an organism. In addition we can 
see that many different parts of the organism can be 
affected by a small suite of coordinated changes. Reor- 
ganization of the ontogeny goes well beyond heteroch- 
rony. But as with the example of heterochrony, how 
we interpret these changes, and what we choose to reco- 
gnize as a character, have important implications for 
phylogenetic reconstruction. 

CONCLUSIONS 

I have illustrated some of the problems and oppor- 
tunities in the use of ontogenetic data for phylogene- 
tic analyses. My principle message is that such data do 
not interpret themselves, as some would have us believe. 
Conservatism of ontogenetic trajectories among rela- 
tives may be more apparent than real, and evolution 
can affect literally every point along the trajectory. 
Ontogenetic trajectories themselves can be used as cha- 
racters, but this raises the questions of what data we 
should collect and how we should organize them for 
analysis. One example dealt with heterochrony and the 
possibility that the cranium in the genus of salaman- 
ders under investigation might have to be viewed as an 
entity for analysis. By dealing with ontogenetic trajec- 
tories of characters, whether they be parts of organs 
or organ systems, and at the same time keeping alert 
to the possibility of organismal-wide phenomena (as 
Alberch & Alberch 1981, have shown), one can assem- 
ble the basic data. Then one must use outgroup analy- 
sis, and perhaps paleontological data in special instan- 
ces (but this really is a kind of outgroup analysis as well) 
to determine character polarity. Other data sets, espe- 
cially those generated by molecular methods, which 
appear to be remarkably independent of morphologi- 
cal data, may help reject some of these hypotheses 
(Wake 1981). Then, again, we can examine our onto- 
genetic data, and perhaps generate testable hypothe- 
ses to explore processes and explanations for the evo- 

lution that has occurred. Another example outlined the 
phenomenon of ontogenetic repatterning, which can 
cause such extensive reorganization that ontogenetic 
trajectories can be profoundly changed. The trajecto- 
ries nonetheless will appear to be conservative, largely 
because of the self-organizing nature of developmen- 
tal processes, and the limited numbers of options avai- 
lable to developing systems (see Wessells 1982). We 
must be alert to the possibilities that many changes 
might stem from a common cause. 

Ontogenetic approaches to phylogenetic analyses 
will continue to contribute much, but development is 
a complex phenomenon and we must be wary of at- 
tempts to  oversimplify interpretation of ontogenetic 
data. As we continue to pursue ontogenetic studies we 
probably will gain more insight into the dynamics of 
evolutionary processes underlying geneological trans- 
formations than of the simple interpretation of onto- 
genetic information for phylogenetic purposes. 
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