
n to Dry Land
Reiss, John O.; Humboldt State University, Arcata, CA, USA (jor1@
humboldt.edu)
In basal members of the three living amphibian groups—frogs (Anura),
salamanders (Caudata), and caecilians (Gymnophiona)—a more-or-less
terrestrial adult phase is associated with an aquatic larval phase, and
metamorphic remodeling adapts the aquatic larva to the terrestrial envi-
ronment. The aquatic larva almost certainly represents a retained primitive
feature; this suggests that the evolution of increased terrestriality in adults
was tied to the evolution of a biphasic (metamorphic) life cycle. If this
occurred before the divergence of the living amphibian groups from their
common ancestor, we should expect to find ancestral metamorphic changes
preserved in the ontogeny of recent forms. Here I compare metamorphic
changes among the three living amphibian groups using examples from my
own work on the skull and the olfactory organ, as well as literature data on
other organ systems. The data generally do not support the notion of a
retained ancestral metamorphic pattern in the modern groups. They also
show that a simple correlation with environmental change cannot fully
explain the metamorphic changes we do see. However, the lack of data on
an appropriate outgroup makes it unclear whether both larvae and adults of
the modern groups have merely diverged since their most recent common
ancestor, or whether they have independently pursued the path to a biphasic
life history and terrestriality.

Dual Coupled Respiratory Oscillators in Amphibian and Mammals:
Are they Homologous?
Remmers, John E., Wilson, Richard, and Vasilakos, Kosta; University of
Calgary, Calgary, AB, Canada (jeremmer@ucalgary.ca)
Gill or buccal ventilation and lung ventilation in the tadpole and frog are
driven by separate buccal and lung neural oscillators which appear to be
coupled by postsynaptic inhibition. The respiratory rhythm in rats also
derives from two separate but coupled oscillators: the pre-inspiratory
(pre-I) and the pre-Botzinger (pre-Bot) rhythm generators. The sequence of
activation of the coupled oscillators in both animals suggests possible
homology, since in both cases a “preparatory” burst (buccal or pre-I) in
oropharyngeal dilators immediately precedes the “power stroke” burst
(lung or pre-Bot). The rat oscillators display differential opioid sensitivity
(pre-Bot � pre-I), a �-agonist, causes quantal slowing, i.e., “dropped
beats.” Here we report similar behavior in the frog. In intact unanesthetized
frogs morphine caused a replacement of lung events with buccal events
without changing the overall frequency of respiratory events. In the iso-
lated brain stem of tadpoles and frogs, the �-agonist, DAMGO, preferen-
tially decreased the lung frequency in a dose-dependent fashion. When
frequency was increased by hypercapnia in frogs, DAMGO caused a
quantal increase lung period reminiscent of that reported for the rat. We
suggest that the respiratory CPGs of mammals and amphibia have a
common origin in an early air breather using a buccal “force pump.”

Sex, Soma, and Evolution: Insights From the Developing Marsupial
Renfree, Marilyn B., Pask, Andrew J., and Shaw, Geoffrey; University of
Melbourne, Victoria, Australia (m.renfree@unimelb.edu.au)
Marsupials are distinguished from eutherian mammals in their mode of
reproduction and their greater dependence on the teat and mammary gland
than on the placenta for development. They give birth to a highly altricial
young that completes its development while firmly attached to a teat,
usually within the confines of a pouch. They have many characteristic

features that make them ideal models to study the control of sexual
differentiation and development. At birth, the marsupial neonate has a
well-developed digestive, respiratory, and circulatory system but retains its
fetal excretory system with a fully functional mesonephric kidney and
undifferentiated gonads and genitalia. Almost all of their sexual differen-
tiation takes place after birth. Although the role of genes in the differen-
tiation of the testis and ovary has been extensively studied in the human
and the mouse, the precise roles of genes and their interactions in the
pathway of sex determination is still not fully understood. The genes and
hormones involved in gonadal differentiation are highly conserved be-
tween eutherians and marsupials, but the timing of the developmental
events differ. By taking a comparative look at sex determination and
differentiation we have gained some surprising insights into the evolution
and conserved functions of the developing mammalian urogenital system
and the genes and hormones that control this process.

Comparative Analysis of Ossification in the Presence/Absence of a
Defined Growth Plate
Reno, Philip L.,1 McBurney, Denise L.,2 Lovejoy, C. Owen,1 and
Horton, Walter E. Jr.2; 1Kent State University, Kent, OH, USA (preno@
kent.edu), 2Northeastern Ohio Universities College of Medicine, Roots-
town, OH, USA (dmcburne@neoucom.edu)
Evolutionary diversity of skeletal form is partially achieved through mod-
ifying physeal growth. While the molecular mechanisms regulating chon-
drocyte proliferation and maturation are being clarified, little is known
regarding how the location and growth rates of physes are specified.
Because metatarsals develop only a single growth plate, proximal and
distal ossification patterns differ substantially. We compared protein sig-
nals in these two areas of ossification in order to identify factors respon-
sible for the formation and establishment of growth plates, as well as to
potentially uncover targets by which natural selection can specify longi-
tudinal growth. Thin-sliced, paraffin-embedded metatarsals from neonatal
to 14-day-old mice were stained with safranin-O or monitored for protein
expression via immunohistochemistry. While initially similar, the histo-
morphologies of the two ends diverge with respect to the organization and
size of their proliferative and hypertrophic zones. However, PTHrP, Ihh,
and Bcl-2 protein can still be detected in the chondrocyte populations of
both ends. This suggests that the PTHrP/Ihh feedback loop may not be the
specific signal that initiates growth plate formation. Other signals may
modulate Ihh and PTHrP expression levels or may specify growth plate
formation independently.

Organization of Discrete Fibers in Dinosaur Bones
Rensberger, John M., Collier, Sarah M., Dauwalder, Courtney,
Decker Stephanie, and Richards, Courtney; University of Washington,
Seattle, WA, USA (rensb@u.washington.edu)
The directional organization of the fibers in bone is important because it
influences both the Young’s modulus and the resistance of the tissue to
fracture. Measurements of the birefringence in thin sections of bone under
polarizing microscopy have recently shown an association between fiber
direction and tensile stress direction. The degree of birefringent brightness
correlates with the degree of divergence of fibers from the plane of the
section, but does not resolve the directions of the fibers within that plane.
We have found bone tissue of several late Cretaceous dinosaurs in which
directions of discrete fibers are visible in thin sections with plane light
microscopy. Secondary osteons in these specimens typically have an outer
zone in which the direction of fibers is circumferential but may deviate
from the horizontal plane. Between the zone of circumferential fibers and
the central canal is a thicker zone in which the average fiber direction is
longitudinal. Near the junction of those zones, fibers are occasionally seen
that progressively change direction to assume that in the adjacent zone. A
narrower zone of circumferential fibers may also occur adjacent to the
central canal. In secondary osteons of a fibula, zones of circumferential
fibers are more extensive than those in ribs of several specimens, consistent
with a relatively greater proportion of longitudinal compressive stresses
predicted for the fibula.

Beyond Imaging: Using 3D-Datasets in Comparative Morphology
Ridgely, Ryan, and Witmer, Lawrence M.; Ohio University, Athens, OH,
USA (ridgely@ohio.edu)
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Imaging modalities such as computer tomography and magnetic resonance
have long provided the opportunity to noninvasively peer inside organisms.
However, recent technological developments have permitted morpholo-
gists to move beyond a series of 2D slices to a 3D digital representation of
vertebrate anatomy that may be queried for different kinds of analyses.
First, for example, specific tissue elements (e.g., neural structures, inner ear
canals, pneumatic sinuses, neurovascular canals, vessels, muscles) can be
extracted, or “segmented,” from the 3D dataset, rendered in 3D in isolation
or with other elements, and manipulated in real time, facilitating the
morphological visualization of each element, as well as their interrelation-
ships. Moreover, a wealth of metric data (e.g., volumes, areas, distances,
angles) can be calculated for each segmented tissue or cavity with unpar-
alleled precision. Second, datasets from different modalities, such as CT
and MR, can be registered and integrated into composite 3D models
combining the best attributes of each modality. Third, for fossils, enclosing
rock can be digitally removed from the 3D dataset, but, more significantly,
the 3D dataset can be modified, allowing “virtual restoration” of not only
missing or damaged bony structures but also addition of hypothesized
soft-tissue elements. Finally, these 3D datasets can be exported to finite
element analysis software for engineering studies, and physical models can
be produced through stereolithography for presentations or education.

Breaking Organisms Into Parts: Similarity, Stereotype, and Homology
Rieppel, Olivier C.; Field Museum of Natural History, Chicago, IL, USA
(rieppel@fieldmuseum.org)
There is a well-known tension between morphologists and systematists
about the nature of morphological characters used in phylogeny recon-
struction. Typically, morphologists find systematists to lack respect for the
relevant theoretical context when breaking up organisms into character
states that are deployed in phylogenetic analysis. Indeed, contemporary
systematic theory accommodates anything arbitrarily chosen as a poten-
tially informative character just as long as the character statements that
predicate those properties on organisms or their parts cohere to some
degree with one another. The justification for the use of coherence of
logically independent character statements in support of hypotheses of
phylogenetic relationships is based on an empirical presupposition that is
also known as Hennig’s auxiliary principle: assume homology in the
absence of contrary evidence. Functional morphologists worry that such a
method will leave undiscovered coherent sets of interdependent characters
that are co-instantiated because of functional correlation, and developmen-
tal biologists worry that character statements remain hanging in the air,
unless there is one or several ropes that descend to root them in the causal
mechanisms of generative entrenchment of the property to which the
character statement corresponds. I propose to use Putnam’s meaning vector
for natural kind terms as a way to approach the issue of morphological
characters relevant to the theory of phylogeny reconstruction, building on
the idea that the hierarchy of groups within groups is a stereotypical
(descriptive) representation of a hierarchy of properties that itself is ren-
dered epistemologically accessible through investigation of its causal roots
in functional and developmental morphology.

Kinematics of the Righting Response in Inverted Turtles
Rivera, Angela R.V., Rivera, Gabriel, and Blob, Richard W.; Clemson
University, Clemson, SC, USA (arivera@clemson.edu)
The ability of animals to right themselves from an upside-down position is
critical to survival, particularly during predator encounters. In most verte-
brates, righting is achieved through vigorous movements of the axial and
appendicular skeleton. However, turtles have limited axial mobility be-
cause their vertebrae are fused to a bony shell; in turtles, only the head,
neck, tail, and limbs are free to transmit forces used to right. How do
inverted turtles turn themselves over? We used high-speed video (500 Hz)
to compare the righting kinematics of several turtle species (including
trionychids, emydids, chelydrids, and kinosternids). All species examined
use the neck as a lever to accelerate the body during flipping, and tend to
pull the limbs from the substrate and project them in the direction of
rotation, possibly adding momentum to the flip. However, other aspects of
righting behavior vary substantially among species that differ in neck and
tail length and shell height and width. For example, unlike other turtles,
chelydrids can use their unusually long tail to initiate righting. In addition,
although most species appear to elevate the shell off of the substrate after
the midpoint of the flip, sliders lift the shell from the substrate before it is

perpendicular to the ground. Morphological comparisons indicate that
turtles with high neck-length to carapace-height ratios are able to right
most rapidly.

Turning Performance of Freshwater Turtles During Swimming
Rivera, Gabriel, and Blob, Richard W.; Clemson University, Clemson, SC,
USA (grivera@clemson.edu)
Rigid bodies are a stable design for life in aquatic habitats, but a rigid body
can limit the ability of animals to maneuver and perform turns while
swimming. Rigid-bodied fishes (e.g., boxfish) perform maneuvers using
multiple fins supported by flexible bony rays. However, rigid-bodied
freshwater turtles possess jointed limbs, rather than flexible fins. How does
the use of jointed propulsors, rather than flexible ones, affect the turning
performance of swimming vertebrates? To examine this question, we used
high-speed video (100 Hz) to record routine aquatic turns in multiple
species of freshwater turtles. Agility (i.e., angular velocity of turning) is
typically lower in turtles than in other rigid-bodied animals of similar size.
However, differences in turning behavior and performance are evident
among turtle lineages with different body shapes. For example, softshells,
with flat shells and extensive webbing between forefoot digits, tend to
make smaller turns during routine swimming (45–90°) than sliders (100–
150°), in which the shell has a higher dome and the forefeet are less
webbed. Sliders also turn with less translation of the center of rotation and
at a higher turning rate (�200°s–1) than softshells (�100°s–1). These trends
appear to correlate with the preferred habitats in which these species live:
whereas softshells often live in open water, sliders tend to live in highly
vegetated water that may require frequent maneuvering.

Morphological Features in Anuran Development Reflecting the Fish-
to-Amphib Transition
Roček, Zbyněk; Academy of Sciences, Prague, Czech Republic (Rocek@
gli.cas.cz)
Remarkable anatomical details were preserved in the earliest tetrapods
(especially in Ichthyostega and Acanthostega from the Late Devonian);
however, they are confined to ossified parts of their skeleton. Conse-
quently, 1) only the situation in adults is recorded, and 2) those skeletal
parts which were arrested at the level of cartilage or even membrane were
not preserved, although they were still well ossified in piscine ancestors of
tetrapods (represented, e.g., by Eusthenopteron and Panderichthys). De-
velopmental morphology of recent amphibians may provide a useful tool
for reconstruction of both cartilaginous skeletal structures (mostly the
endochondral part of the skull) as well as developmental processes of early
tetrapods and their evolutionary transition from piscine ancestors. Here I
present data gained from our research on the endochondral parts of the
skull (e.g., structure and development of the ethmoidal region, intracranial
joint apparatus), on viscerocranial parts (composite origin of the anuran ear
ossicle in the context of new discoveries of the columella in Ichthyostega,
development of the palatoquadrate and associated structures), of the dermal
cranium (e.g., development of skull roof bones), as well as on the pectoral
and pelvic girdles. Although adult anurans and their larvae are considerably
deviated from the original developmental scheme, I believe that ancestral
features in their development may contribute to our understanding of
anatomical structure of early land-dwellers that were not preserved in
fossils.

Ontogeny in Tertiary Frogs
Roček, Zbyněk; Academy of Sciences, Prague, Czech Republic (Rocek@
gli.cas.cz)
A detailed account of the development of skeletal and soft-tissue structures
is based on 150 fossil tadpoles and metamorphosing froglets of Palaeoba-
trachus from the Late Oligocene of the Czech Republic. The fossil devel-
opmental series was compared with normal development of Xenopus laevis
(Pipidae) represented by cleared and stained (alizarin/toluidine-blue)
whole-mount specimens. The comparison revealed that in spite of differ-
ences in the sequence of ossification and its timing (e.g., ossification of the
otic capsules and ribs was retarded in Xenopus, whereas dermal ossification
was retarded in Palaeobatrachus), in the number of free ribs, and in
composition of the sacral region (the synsacrum in Palaeobatrachus in-
volves two posterior presacrals, whereas there is a single sacral in Xeno-
pus), both genera were similar in a great number of anatomical features that

322 ICVM-7 ABSTRACTS


