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ABSTRACT The sequence of appearance of the 17 different skull bones in 
the oriental fire-bellied toad, Bombina orientalis, is described. Data are based 
primarily on samples of ten or 11 laboratory-reared specimens of each of 11 
Gosner developmental stages (36-46) representing middle through late meta- 
morphosis. Ossification commences as early as stage 37 (hind limb with all 
five toes distinct), but the full complement of adult bones is not attained until 
stage 46 (metamorphosis complete). Number of bones present at intermediate 
stages is poorly correlated with external morphology. As many as four Gosner 
developmental stages elapse before a given bone is present in all specimens 
following the stage at which it may first appear. The modal ossification se- 
quence is frontoparietal, exoccipital, parasphenoid, septomaxilla, premaxilla, 
vomer, nasal, maxilla, angulosplenial, dentary, squamosal, quadratojugal, 
pterygoid, prootic, interfrontal, sphenethmoid, and mentomeckelian. Most 
specimens are consistent with this sequence, despite the poor correlation be- 
tween cranial ossification and external development as assayed by Gosner 
stage. 
The timing of cranial ossification in Bombina orientalis differs in many 

respects from that described for two other, distantly related anurans, the 
leopard frog (Rana pipiens) and the western toad (Bufo boreas). These include 
the total number and sequence of appearance of bones, and the timing of 
ossification relative to the development of external morphology. Interspecific 
variation may reflect differences in the timing of the tissue interactions known 
to underlie skeletal differentiation and evolution. 

Development of a wide variety of verte- 
brate tissues is characterized by a precise 
sequence of events or interactions which con- 
trol differentiation and morphogenesis. This, 
is especially evident in the developing skull, 
in which carefully timed sequences of inter- 
actions underlie the formation of both bony 
and cartilaginous skeletal elements (Hall, 
'80, '82). Recent studies suggest that changes 
in the relative timing of developmental 
events underlie fundamental aspects of skull 
evolution in many vertebrate lineages (Al- 
berch, '80; Hall, '84; Hanken, '84). Thus, 
knowledge of the timing of developmental 
events is vital to analysis of both the devel- 
opment and the evolution of cranial morphol- 
ogy. It is surprising, therefore, that the 
normal sequence of cranial ossification-a 

basic feature of skull development- is known 
for relatively few taxa. This is particularly 
true for anuran amphibians, despite their 
long use as important research animals of 
developmental and evolutionary biologists. 

We recently initiated experimental studies 
of the growth and development of the skull 
of the oriental fire-bellied toad, Bombina or- 
ientalis, an anuran species that is becoming 
a favored research animal of many develop- 
mental biologists (e.g., Carlson and Ellinger, 
'80; Ellinger, '78, '80; Ellinger and Carlson, 
'78; Kawamura et al., '72). An initial analy- 
sis involved establishment of the normal se- 
quence of cranial ossification through meta- 
morphosis in laboratory-reared animals. 
Here we present this information, along with 
1) preliminary observations of individual 
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variation in cranial ossification at several 
developmental stages as determined by ex- 
ternal morphological features, and 2) a lim- 
ited comparison with other anurans. These 
data supplement published studies of the 
timing and sequence of early embryonic de- 
velopment in this species Michael, '81; Suss- 
man and Betz, '78) and permit detailed 
comparison with the timing and sequence of 
skull development in other anurans (refer- 
ences below). 

Morphology of the larval chondrocranium 
in B. orientalis has been described previously 
(Sokol, '751, as has that of the adult skull in 
two related species, B. uariegata (Slabbert, 
'45; Slabbert and Maree, '45) and B. bombina 
(Ramaswami, '42). Readers interested in de- 
tails of cranial morphology are referred to 
these papers. Terminology of cranial ele- 
ments follows that advocated by Trueb ('73, 
'84). A detailed description of the cranial 
morphology in B. orientalis, and results of 
experimental analyses of skull growth, will 
be presented in later papers. 

MATERIALS AND METHODS 

Cranial ossification was documented in 
laboratory-reared frogs obtained from crosses 
between adults of a breeding colony main- 
tained at Dalhousie University. Breeding- 
colony adults were obtained from a variety 
of sources, including an animal supplier 
(Charles Sullivan Inc., Nashville, Tenn.) and 
a colony maintained by Dr. Mark Ellinger at 
Southern Illinois University, Carbondale, Ill. 
Breeding was induced by hormone injection, 
following the procedures of Ellinger and 
Carlson ('78). 

Tadpoles were reared in shallow plastic 
trays (40 x 27 x 10 cm) containing dechlo- 
rinated tap water, and were maintained at 
room temperature which varied between 18" 
and 23°C over the several months of the ex- 
periment. They were fed boiled lettuce ad 
libitum. Approximately one-half of the rear- 
ing-tray water was replaced every other day. 
These rearing conditions were conducive to 
growth and survival; mortality following 
hatching and through metamorphosis was 
less than 5%. Metamorphosis usually was 
completed within 6 weeks following hatching. 

Samples of tadpoles were removed periodi- 
cally and preserved in 10% neutral-buffered 
formalin. Following preservation, specimens 
were measured (snout to posterior end of 
vent; SVL) and sorted according to the stag- 

ing table of Gosner ('60). This table defines a 
series of 46 stages based on external mor- 
phology, including embryonic (1-251, larval 
(26-45), and postmetamorphic (46) develop- 
ment. Samples of ten or 11 specimens were 
chosen from each Gosner stage between 36 
(developing hind limb with all five toes dis- 
tinct) and 46 (tail fully resorbed). A typical 
sample comprised offspring from matings of 
several adults. These were supplemented by 
several tadpoles of earlier stages (25-351, and 
three adult frogs (stage 46) from the breeding 
colony. Specimens were differentially stained 
for bone and cartilage as whole mounts fol- 
lowing the techniques of Dingerkus and 
Uhler ('77) and Wassersug ('761, as modified 
by Hanken and Wassersug ('81), from which 
observations of cranial ossification were 
made. A total of 137 specimens were exam- 
ined. 

All specimens were scored for the presence 
of each of the following bones: 13 intramem- 
branous centers-frontoparietal, parasphen- 
oid, septomaxilla, premaxilla, maxilla, 
vomer, angulosplenial, dentary, pterygoid, 
nasal, squamosal, quadratojugal, and inter- 
frontal; and four endochondral centers- 
prootic, sphenethmoid, mentomeckelian, and 
exoccipital. The interfrontal was reported in 
B. orientalis and B. bombina (Tschugunova, 
,811, but it has not been observed in other 
anurans (Trueb, '73, pers. comm.). In adults, 
the interfrontal comprises a single, median, 
intramembranous ossification that articu- 
lates broadly with the posterior border of the 
sphenethmoid between the anterior portions 
of the paired frontoparietals. We observed 
the bone to form from as many as four irreg- 
ularly shaped ossification centers that ap- 
pear in the frontoparietal fontanelle and 
presumably coalesce to form the single, adult 
element. Right and left sides were scored sep- 
arately for paired bones (e.g., nasal). An in- 
dex of ossification was calculated for each 
specimen, in which the presence of a given 
bone (both sides if normally paired) counted 
as one point, summed over all bones. Pres- 
ence of a given bone on one side only counted 
as one-half point; the maximum ossification 
index value possible was 17. Frequency of 
each element at a given stage was computed 
by summing the individual ossification scores 
for that bone (one point if present on both 
sides, one-half point if present on one side 
only) over all animals and dividing this sum 
by the number of specimens, expressed as a 
percentage. 
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RESULTS 
General observations 

Calcified deposits are present within the 
otic capsule of all specimens of stage 36 ex- 
amined, as well as several specimens of ear- 
lier stages. All of these specimens, however, 
lack distinct, ossified cranial elements, and 
the deposits are absent from more advanced 
stages. The first detectable cranial ossifica- 
tion is present in tadpoles of stage 37 (Fig. 
lA, Table 1). Paired frontoparietals, exoccip- 
itals, and parasphenoids appear first, typi- 
cally in that order (see below); they are 
present in all specimens of stage 38 and 
greater Wig. 2). This initial burst of appear- 
ance of ossification centers then subsides; on 
average, less than one new bone appears be- 
tween stages 39 and 41. When present, this 
bone is the septomaxilla (Fig. 2). 

Rate of appearance of ossification centers 
increases again at  stage 42 (protrusion of 
forelimbs) and is particularly rapid between 
stages 44 and 46; an  average of one or two 
ossification centers appear between stages 41 
and 44 and the remaining 11 bones appear 
during stages 44-46. Only one of 10 recently 
metamorphosed specimens (stage 46) ex- 
hibits the full complement of adult skull 
bones (ossification index equals 17). Remain- 
ing specimens of this sample lack the prootic, 
interfrontal, mentomeckelian, and/or the 
sphenethmoid. All of these specimens were 
preserved within a few months of having at- 
tained stage 46 and had shown modest 
growth in overall body size during that pe- 
riod (Table l ,  Fig. 1B). All three adult speci- 
mens possess the full complement of adult 
skull bones, although in each specimen the 
mentomeckelian is united synostotically with 
the dentary. 

Two additional ossifications, variably pres- 
ent in other anurans, are absent from all 
specimens of B. orientalis: 1) the palatine, 
which is also absent from B. uariegata (Slab- 
bert, '45) and B. bombina (Ramaswami, ,421, 
and 2) the columella, which according to 
Stadtmuller ('31; summarized by Ramas- 
wami, '42) is variably present in the genus 
Bombina 

Variation 
Despite the general trend toward increased 

ossification with increased (Gosner) develop- 
mental stage, there is extensive variation in 
individual ossification at several stages. In- 
deed, many specimens possess fewer bones 
than specimens preserved at an  earlier stage 

(Fig. 1A). Thus developmental stage as ad- 
duced from external morphology correlates 
poorly with that measured by cranial ossifi- 
cation. This is particularly true for stages 
4245. The range of ossification index values 
for stages 43 and 44 overlap almost com- 
pletely, and there is substantial overlap be- 
tween stages 42 and 45. This variation, 
however, decreases sharply by stage 46, in 
which all specimens possess at least 13 of the 
full complement of 17 bones (Fig. 1A). 

Variation in ossification index at a given 
Gosner stage may be traced to variation in 
the stage at which several bones first appear 
(Fig. 2, Table 2). Only four bones-spheneth- 
moid, interfrontal, mentomeckelian, and 
prootic-attain 100% frequency from 0% in 
the course of a single stage (Fig. 2). All other 
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Fig. 1. Cranial ossification (A) and body size (B) in 

Bornbina orientalis according to Gosner stage. Horizon- 
tal line, sample mean; vertical line, range; solid rectan- 
gle, 95% confidence interval. The stage 46 sample 
includes recently metamorphosed specimens. All three 
adult specimens have the maximum ossification index 
value of 17. 
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TABLE 1. Cranial ossification and body size of Bombina orientalis according to Gosner stage 
Ossification index’ SVL (mm) 

Gosner stage Mean SE Range Mean SE Range N 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

(p~stmetamorphid~ 
46 

(adults) 

0 
1.9 
3.0 
3.2 
3.2 
3.7 
4.5 
6.2 
6.1 
10.1 
14.8 

17 

- 
0.3 

0.1 
0.1 
0.1 
0.3 
0.7 
0.7 
0.8 
0.4 

- 

- 

0 
0-3 
3 

3-4 
3-4 
3-4 
4-7 
4-10 
4-10.5 
5-13 
13-17 

17 

17.3 0.7 
18.3 0.7 
17.8 0.6 
19.2 0.4 
17.5 0.6 
17.1 0.4 
16.2 0.4 
15.8 0.5 
15.4 0.4 
15.6 0.4 
16.7 0.5 

41.2 1.1 

15-21 
15-21 
15-21 
18-21 
14-20 
14-18 
14-18 
13-18 

13.5-17 

14-19 

39-43 

13-17 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

3 

112 

‘Ossification index equals the number of different bones present (paired bones count as 112 point for each side). 
‘N = 10 for SVL. 
?‘reserved within a few months of attaining stage 46. 

TABLE 2. variation in the timing of cranial osteogenesis in Bombina orientalis 

Latest Gosner First Gosner 

Cranial element frequency of 0% frequency of 100% (No. of stages) 
stage with stage with Duration 

Frontoparietal 
Exoccipital 
Parasphenoid 
Septomaxilla 
Premaxilla 
Vomer 
Nasal 
Maxilla 
Angulosplenial 
Squamosal 
Dentary 
Quadratojugal 
Pterygoid 
Prootic 
Interfrontal 

36 
36 
36 
38 
41 
41 
41 
42 
42 
42 
43 
44 
44 
45 
45 

38 
38 
38 
42 
45 
46 
46 
46 
46 
46 
46 
46 
46 
46l 
46’ 

2 
2 
2 
4 
4 
5 
5 
4 
4 
4 
3 
2 
2 
1 
1 

Sphenethmoid 45 463 1 
Mentomeckelian 45 463 1 

‘Frequency equals 85% in postmetamorphic specimens preserved within months of reaching stage 
46, but equals 100% in all three adult specimens. 
‘Frequency equals 50% in postmetamorphic specimens preserved within months of reaching stage 
46, but equals 100% in all three adult specimens. 
3Frequency equals 20% in postmetamorphic specimens preserved within months of reaching stage 
46, but equals 100% in all three adult specimens. 

bones “require” at least one, and as many as 
four, additional Gosner stages following that 
of their earliest appearance before each is 
present in all specimens (Table 2). 

Variation in the timing of ossification rela- 
tive to external morphology is particularly 
common to late-appearing bones (e.g., max- 
illa, angulosplenial, squamosal; see below), 
but it is not limited to them. For example, 
the septomaxilla may appear as early as 
stage 39 but it does not attain a frequency of 
100% until stage 42, a span of four Gosner 
stages. 

Ossification sequence 
The varied complements of skull bones 

present in specimens of intermediate ossifi- 
cation index values allow identification of 
the complete sequence of cranial ossification. 
No single ossification sequence is followed by 
all specimens. The distribution of bones in 
most specimens, though, is consistent with 
the following sequence of appearance: fron- 
toparietal, exoccipital, parasphenoid, septo- 
maxilla, premaxilla, vomer, nasal, maxilla, 
angulosplenial, dentary, squamosal, quadra- 
tojugal, pterygoid, prootic, interfrontal, sphe- 
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Fig. 2. Frequency of 17 individual skull bones at dif- 
ferent Gosner stages in Bombina orientatis (01, Rana 
pippiens (A), and Bufo boreas (W,  laboratory-reared; 0, 
fieldcollected). Both Bufo and Rana lack the interfrontal 
but have two additional bones-palatine and columella 
(not depicted)-which are absent from Bornbina. All bones 
will attain 100% frequency in adults; stage 46 values 
less than 100% represent subadults. Data for Rana and 

Bufo from Kemp and Hoyt (‘69) and Gaudin (‘73), respec- 
tively. Abbreviations: AN, angulosplenial; DN, dentary; 
EX, exoccipital; FP, frontoparietal; IF, interfrontal; MM, 
mentomeckelian; MX, maxilla; NA, nasal; PM, premax- 
illa; PO, prootic; PS, parasphenoid; PT, pterygoid; QJ, 
quadratojugal; SM, septomaxilla; SP, sphenethmoid; SQ, 
squamosal; V, vomer. Continued on pages 250 and 251. 
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TABLE 3. Earliest appearance of skull bones in 
Bombina orientalis, arranged by Gosner stage 

Gosner stage Bone 

37 

38 
39 
40 
41 
42 

43 

44 
45 

46 

Frontoparietal 
Exoccipital 
Parasphenoid 

Septomaxilla 
- 

- 
- 

Premaxilla 
Vomer 
Nasal 
Maxilla 
Angulosplenial 
Squamosall 
Dentary 
Quadratojugal 
Pterygoid 
Prootic 
Interfrontal 
Sphenethmoid 
Mentomeckelian 

‘The squamosal was present in only one specimen of stage 43, 
which lacked either dentary. It typically appeared after the 
dentary which was first present no earlier than stage 44 

nethmoid, and mentomeckelian. The Gosner 
stages at which these bones may first appear 
are listed in Table 3. 

The following exceptions to the modal se- 
quence described above account for most of 
the observed variation in ossification se- 
quence: 1) the parasphenoid is present in a 
single specimen (stage 37) which lacks both 
the frontoparietal and exoccipital. 2) Paired 
maxillae are present in one specimen (stage 
43) which lacks either nasal. 3) A single spec- 
imen (stage 43) possesses both squamosals 
but neither dentary. 4) The mentomeckelian 
is present in one specimen (stage 46) which 
lacks both the sphenethmoid and interfron- 
tal. Due to 31, the squamosal was first de- 
tected one stage earlier than the dentary, 
which it typically follows (Table 3). 

DISCUSSION 
Cranial ossification in Bombina orientalis 
Cranial ossification in Bornbina orientalis 

during metamorphosis is poorly correlated 
with the development of external morphol- 
ogy. This generalization holds both for the 
time of appearance of each of several bones 
(Table 2, Fig. 2) and for the total number of 
skull bones (i.e., ossification index) in a given 
specimen (Table 1, Fig. 1). Nevertheless, the 
sequence of appearance of successive ele- 
ments is nearly invariant. In view of the 
extreme variation in ossification phenomena 
described above, it is in fact surprising that 

there are not more exceptions to the modal 
sequence. Thus cranial ossification per se is 
well integrated, but it is only loosely corre- 
lated with the development of external, non- 
skeletal components. 

Demonstration of a conservative ossifica- 
tion sequence begs the question of the nature 
of the developmental events that underlie 
the formation of these skeletal elements. Two 
alternative explanatory models are plausi- 
ble. First, the ossification sequence repre- 
sents a series of essentially independent 
events-formation of discrete ossification 
centers. These events typically occur in a 
prescribed order as a result of intracranial 
variation in certain developmental parame- 
ters, such as the threshold response of osteo- 
genic sites to levels of circulating thyroid 
hormones. Second, formation of each ossifi- 
cation center is developmentally dependent 
on a prior ossification and is, in turn, a pre- 
condition for the appearance of subsequent 
centers. Kemp and Hoyt (’65a-c, ’69) treated 
tadpoles of the leopard frog, Rana pipiens, 
with the growth hormone thryoxine, which 
induced precocious ossification of several 
skull bones, including the premaxilla, max- 
illa, and septomaxilla. The prootic, however, 
which in the leopard frog normally appears 
prior to any of these elements, failed to ap- 
pear in thyroxine-treated animals. This evi- 
dence seems to support the former, “inde- 
pendent events” model, as opposed to the 
latter, “epigenetic cascade” model. Occa- 
sional exceptions to the normal ossification 
sequence of B. orientalis described in this 
study lend additional support to this view. 

Cornparision with other anurans 
Cranial ossification sequence data pres- 

ently are available for 17 species of anurans 
in addition to B. orientalis (see reviews in 
Gaudin, ’73, ’78; Trueb, ’70, ’84; Trueb and 
Alberch, ’84). Few studies, however, provide 
either the complete ossification sequence or 
estimates of variation in ossification param- 
eters, thus making detailed phylogenetic 
comparisions difficult. We will confine our- 
selves to comparison with two studies which 
present timing and variation data similar to 
those we have provided for B. orientalis. 

Gaudin (’78) described cranial ossification 
in the western toad, Bufo boreas (Bufonidae), 
as adduced both from field-collected and from 
laboratory-reared specimens. Kemp and Hoyt 
(‘69) described cranial ossification in labora- 
tory-reared leopard frogs, Rana pipiens (Ran- 
idae). Frequencies of individual skull bones 
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at different Gosner stages in these species 
are plotted alongside data for B. orientalis in 
Figure 2 (data for field-collected specimens of 
Bufo represent the San Fernando Valley 
group only). Data as presented in these pa- 
pers do not allow calculation of ossification 
index values for individual specimens, but 
the stage of earliest appearance for each bone 
in both species is given. From this we calcu- 
lated a modified ossification index, which 
equals the maximum number of different 
bones which may be present at a given stage 
(Fig. 3A,B). A similar, modified ossification 
index was calculated from our data for B. 
orientalis to facilitate direct comparisions 
among these three species in overall degree 
of cranial ossification at a given stage of ex- 
ternal development. Lastly, timing of cranial 
ossification in these three species is com- 
pared in Figure 4 (A,B), which plots the stage 
of first appearance for each bone in each 
species. 

There are several differences in the pattern 
of cranial ossification among the three spe- 
cies. Foremost is the adult complement of 
skull bones. Bombina has a maximum of 17 
different bones as adults, including one, the 
interfrontal, that is absent from all other 
amphibians. Both Bufo and Rana have 18 
different adult skull bones, including two- 
palatine and columella- commonly found in 
other frogs but not present in Bombina. 
These two bones are among the last to ap- 
pear during anuran ontogeny (Trueb and Al- 
berch, '84; Fig. 4). If the larger, adult 
complement of Bufo and Rana more closely 
resembles the primitive, or ancestral, config- 
uration from which all recent anurans are 
derived, then overall skull development in 
Bombina is truncated precociously relative 
to that of the other two genera, and the pal- 
atine and columella have been lost. Thus, the 
interfrontal would represent a neomorph, a 
novel ossification that has evolved since the 
divergence of the lineages leading to Bom- 
bina and advanced anurans such as Rana 
and Bufo. (Additional examples of neo- 
morphs are cited in Trueb, '70, '73). 

Duration of cranial ossification, as mea- 
sured by the number of stages elapsed be- 
tween (and including) the earliest appearance 
of the first bone and the earliest appearance 
of the final bone, is greatest in Rana (18), 
versus Bombina (ten) and Bufo (11 and eight 
for wild-caught and laboratory-reared speci- 
mens, respectively; Fig. 3). In all species, the 
full, adult complement of skull bones is not 
attained until stage 46. Thus, interspecific 

differences in the duration of cranial ossifi- 
cation as defined above mainly represent dif- 
ferences in the onset of cranial osteogenesis. 
Ossification in Rana begins at stage 29, eight 
stages earlier than in Bombina and at least 
seven stages earlier than in Bufo. However, 
all but one of the adult bones are present in 
Rana at stage 45, whereas at this stage in 
Bombina at least four bones are yet to ap- 
pear, and in Bufo at least six; appearance of 
the full complement of skull bones likely is 
attained sooner following metamorphosis in 
Rana than in either of the other two species. 
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Fig. 3. Cranial ossification a8 a function of Gosner 
stage in Bombina orientalis compared to Bufo boreas (A) 
and Rana pipiens (B). Values equal maximum number of 
bones present, based on the stage of earliest appearance 
of each bone. Maximum, adult values equal 17 for Bom- 
bina and 18 for Bufo and Rana. Stage 46 values for Bufo 
represent subadults. Symbols and citations as in Figure 
2. 
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Fig. 4. Cranial ossification sequence of Bombina or- 
ientalis compared to  those of Bufo boreas (A) and Rana 
pipiens (B). Sequences are based on the stage of earliest 
appearance of each bone. Symbols and citations as in 
Figure 2, also: CO, columella; PA, palatine. 

Skull bones consistently appear earlier in 
field-collected specimens of Bufo than in lab- 
oratory-reared conspecific specimens (Gau- 
din, '73). Consequently, these two groups 
exhibit a significant difference in the timing 
of cranial ossification overall (Fig. 3A). In 
fact, differences in timing are so great that 
the field-collected sample apparently resem- 
bles laboratory-reared Bombina more closely 
than laboratory-reared Bufo. This is only a 
superficial resemblance, however, as re- 
vealed by detailed examination of the timing 
and sequence of appearance of individual 
bones in the two species (see below). 

Cranial ossification sequences in the three 
species, as judged by the earliest appearance 
of each element, are compared in Figure 4. 
Bones are arranged in the order in which 
they appear in Bombina, which thus pro- 
vides a "baseline" to  evaluate differences 
with respect to the timing in Rana and Bufo 

(cf. Fig. 2). In this manner, the precocious 
initiation of cranial ossification in Rana is 
seen to comprise the early appearance of only 
two bones-the parasphenoid and, later, the 
exoccipital. A third bone, the prootic, appears 
somewhat later when ossification is well un- 
der way. Most remaining bones appear only 
one or sometimes two stages earlier in Rana 
than in Bombina, whereas one bone (sphe- 
nethmoid) first appears at the same stage, 
and two bones (septomaxilla, vomer) first ap- 
pear at a later stage, than in Bombina. 

The differences between Bombina and Bufo 
are less conspicuous than those between 
Bombina and Rana. For example, both the 
vomer and nasal appear before the maxilla 
and angulosplenial in Bombina, but they fol- 
low these elements in field-collected Bufo. 
The prootic, which is among the last bones to 
appear in Bombina, precedes 11 bones (in- 
cluding three not present in Bombina) in 
field-collected Bufo. These same general fea- 
tures hold for laboratory-reared populations 
of Bufo, although the timing of ossification of 
most bones with respect to external morphol- 
ogy is retarded in comparison to the field- 
collected sample. 

Based on these comparisons, skull evolu- 
tion in these groups apparently has involved 
changes in the timing and sequence of ap- 
pearance of different bones. However, pres- 
ence of calcified tissue, the criterion most 
frequently used to compare the timing of cra- 
nial ossification phenomena, is only the cul- 
mination of a series of prior inductive tissue 
interactions relating to skeletal differentia- 
tion (Hall, '84). These interactions regulate 
the formation of cellular, osteogenic conden- 
sations which precede calcification, and thus 
they may determine the onset and rate of 
skeletal growth. The degree to  which differ- 
ences in the relative timing of cranial ossifi- 
cation among species are correlated with 
differences in the timing of prior inductive 
interactions is largely unknown. Information 
such as this likely will prove invaluable to a 
greater understanding of the mechanism of 
skull development and evolution. 
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