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Juvenile-Adult Habitat Shift in Permian 
Fossil Reptiles and Amphibians 

Abstract. Among extant large reptiles, juveniles often occupy different habitats 
from those of adults or subadults and thus avoid competition with ~znd predation 
from the older animals; small juveniles often choose cryptic habitats because they 
are vulnerable to a wide variety of predators. Evidence from fossil humeri and 
femora of Early Permian reptiles collected from sediments of several distinct 
habitats indicate that similar shifts in habitat occurred. Juvenile Dimetrodon seem to 
have favored cryptic habitats around swamp and swampy lake margins; adults 
favored open habitats on the floodplains. Similar patterns of habitat shift seem to be 
present in the reptile Ophiacodon and the amphibian Eryops and may have been 
common in fossil tetrapods of the Permian-Triassic. 

A shift in habitat from juvenile to adult 
is an important adaptation of living rep- 
tiles. Unlike the young of most birds and 
mammals, which enjoy parental protec- 
tion until they are nearly adult in weight, 
most reptiles and amphibians act inde- 
pendently of their parents at hatching or 
shortly after, when the juveniles are a 
tiny fraction of the adult weight. Among 
living reptiles, crocodilians have the 
longest known period of parental care of 
young, up to 2 years, and yet the young 
become independent when they are only 
about 1150 the weight of a sexually ma- 
ture adult (1, 2). Competition between 
successive age classes of one species of 
reptile can be severe, and subadults and 
adults may prey on juveniles (3). Small 
juveniles usually have more potential 
interspecific predators than adults and 
should prefer more hidden microhabi- 
tats. Subadult crocodilians have been 
observed to be partially segregated eco- 
logically from adults (1, 2); small juve- 
nile crocodilians sometimes seem to pre- 
fer cryptic microhabitats, near shore 
swamps and reedbeds, and it has been 
suggested that young green turtles (Che- 
lonia mydas) spend their first several 
years hidden within the floating Sargas- 
sum forests of the Caribbean (4). Be- 
cause of their long independent ontoge- 
ny, one species of large reptile may fill 
the role of a dozen or more species of 
bird or mammal. 

If the juvenile-adult habitat shift oc- 
curred among ancient reptiles and am- 
phibians, recognition of this ontogenetic 
adaptation would be important in paleo- 
ecological reconstructions; otherwise 
ecological segregation by age in one spe- 
cies might be mistaken for the presence 

of two distinct species with different 
adult weights and habitat preferences. 
The record of ontogenetic habitat shift 
was studied in fossils from the Early 
Permian Red Beds of North Central Tex- 
as. The fauna of large amphibians and 
reptiles represents an early stage in the 
adaptive radiation of reptiles (5). The 
largest samples of single species occur in 
the Admiral and the overlying Belle 
Plains Formations. For 70 years, first 
Case and then Romer (6) collected thou- 
sands of specimens with good data on 
locality. Several habitats have been de- 
fined by sedimentological and paleon- 
tological characters. (i) The Geraldine 
Bonebed represents swamps choked 
with logs and other plant debris; sedi- 
ments are mostly organic-rich clays with 
pyrite and other sulfides. Flat-bodied 
bottom-living amphibians which retained 
gills throughout their life are absent, 
indicating that the bottom water in this 
habitat was oxygen-poor, and the only 
common small aquatic amphibian is Ar- 
cheria, an elongated eellike predator that 
could swim through a complex habitat of 
aquatic vegetation and terrestrial plant 
debris. (ii) The Briar Creek Bonebed 
represents swampy lakes; sediments are 
mostly dark mudstones with abundant 
siderite. Gill-breathing bottom-living am- 
phibians are absent, and Archeria is 
common. (iii) The Rattlesnake Canyon 
localities represent lakes; sediments are 
mostly limy mudstones and limestones 
without plant debris. Gill-breathing am- 
phibians (Trirrlerorhachis) are common, 
and Archeria is rare, suggesting that 
standing water was well oxygenated and 
relatively open and clear. (iv) West of 
William's Ranch represents mixed flood- 
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plain, small pond, and stream habitats; 
sediments are red-green mottled silty 
mudstones with soil carbonate nodules, 
lenses of fine dark mudstone, and small 
channel sandstones with basal mud-clast 
conglomerates and reworked soil car- 
bonate nodules (7). Gill-breathing am- 
phibians are locally common, and Ar- 
cheria is relatively rare; small terrestrial 
amphibians with well-ossified, stout limbs 
are common (8). 

The most commonly preserved ele- 
ments that can be identified to genus are 
large limb bones, the humeri and femora. 
Good skulls are rare, and vertebrae, 
though numerous, were sometimes not 
collected. Romer, who recovered 90 per- 
cent of the fossils, collected every hu- 
merus and femur found in the field (9). 
The average sediment grain size in near- 
ly all sites is in the clay-silt range, and 
the abundance of small limb bones sug- 
gests a low-energy environment with lit- 
tle hydraulic sorting of bones (10). All 
humeri and femora in the Case-Romer 
collections and in most other Early Per- 
mian collections from Texas were re- 
cently analyzed (11). Dimetrodon, a 
large finback predator, is the most com- 
mon genus (12), and three species- 
large, medium, and small-are generally 
recognized. Frorn the published records 
it appears that the small species pre- 
ferred swamp and lake habitats, and the 
largest species preferred mixed flood- 
plain, pond, and stream habitats (13). 
This pattern might in fact represent a 
shift in habitat of one or more species. 

In the limb banes of most Early Permi- 
an reptiles and amphibians and extant 
lower tetrapods, the joint surfaces and 
the areas of muscle and ligament attach- 
ment became progressively better ossi- 
fied during ontogeny. The fossil sample 
of the big flatheaded amphibian Eryops 
from the Briar Creek Bonebed shows the 
most striking case of ontogenetic ossifi- 
cation (Fig. 1A). The largest single Sam- 
ple of Dimetrodon bones, also from Briar 
Creek, is reported to contain bones of all 
three species. When the femora and hu- 
meri from Briar Creek were ordered by 
increasing size, the collection formed a 
rather smooth ossification sequence; the 
smallest size classes show the poorest 
surface ossification, and the largest size 
classes have completely ossified articu- 
lar surfaces and rugosely ossified muscle 
attachment sites (Fig. 1B). Moreover, 
the collection showed a continuous allo- 
metric relation of femur breadth as a 
function of length (Fig. I), and the vari- 
ance within this allometric relation was 
no greater than that seen within a growth 
series of one species of large extant 
reptile (14). Dimetrodon specimens from 
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Fig. 1 .  (A) Progres- 
sive ossification with 
increasing size in the 
humerus of the big 
amphibian Eryops, 
from Briar Creek 
Bonebed. Humerus 
overall length given 
above the figures of 
the ventral view. Un- 
ossified areas stip- 
pled. P, pectoralis 
scar; H, head; S ,  su- 
pinator scar; EC ecte- 
picondyle; UC, ulnar 
condyle; EN, entepi- 
condyle; and RC, ra- 
dial condyle. (B) 
Breadth as a function 
of length and ossifica- 
tion with increasing 
size in the Dinzetro- 
don humeri from Bri- 
ar Creek. Measure- 
ments of all the hu- 
meri identified in the 
literature (13) to spe- 
cies are shown. 

80 90 100 150 

Humerus length (mm) 

Femur length (mm) 

Ophiacodon, Dimetrodon, Eryops, Diadectes, Edapho- Small 
reptilian reptilian amphibian reptilian saurusj tetrapods 
fisheater terrestrial fisheater herbivore reptilian 

predator herbivore 

the Admiral and Belle Plains Formations 
were then analyzed; with few exceptions 
the humeri and femora fell within the 
ossification sequence and the length- 
breadth allometric relation determined 
for the Briar Creek collection. These 
data suggest either that most o f  the Di- 
metrodon samples represent one species 
or, i f  there were more than one species, 
that they had similar limb proportions 
and the same adult size (15). In either 
case, differences in the size-frequency 
distribution of  the bones among the habi- 
tats can be interpreted as the result o f  
ontogenetic habitat choice (Fig. 2). 

In the swamp locality, small juvenile 
Dimetrodon are the most common small 
vertebrate fossils, but there are no inter- 
mediate and large Dimetrodon (Fig. 2, 
Geraldine Bonebed) (16, 17). In the 
swampy lake locality, all size classes are 
present, but there is a marked peak in the 
distribution representing half-grown in- 
dividuals (Fig. 2 ,  Briar Creek). In the 
lake and mixed habitat localities the size 
classes are more evenly distributed, with 
fully adult animals making up a much 
larger part o f  the total collection than 
they do in the swamp and swampy lake 
localities (Fig. 2, Rattlesnake Canyon 
and West o f  William's Ranch). This pat- 
tern seems to represent ontogenetic hab- 
itat shift. The tangled vegetation in and 
around swamps was apparently used 
only by the youngest Dimetrodon; lake 
margins offered more open habitats and 
were preferred by subadults; adults fa- 
vored open, well-drained floodplains and 
associated ponds and streams (16). The 
apparent shift from complex, cryptic 
habitats to more open habitats is similar 
to the pattern seen in extant crocodil- 
ians. 

Distributions of  the other large fossil 
tetrapods were also analyzed (16). 
Ophiacodon shows an apparent habitat 
shift, with juveniles relatively more com- 
mon at the swampy lake site than at the 
lake site. Small Eryops juveniles are rela- 
tively more common in the swamp site 
than in the mixed habitat sites. Two big 
herbivores are present, Diadectes and 
the finbacked Edaphosaurus. Edapho- 
saurus is common only in the swamp 
site, where only fully ossified, apparent- 
ly adult specimens occur; Diadectes is 

Fig. 2. Size-frequency distributions for the 
large reptiles and amphibians among the vari- 
ous habitats represented by the Admiral and 
Belle Plains Formations and the smaller tetra- 
pods, which are divided into three categories: 
the swimmers which lacked gills as adults 
(Archeria, parioxiids, varanosaurs); the flat- 
tened, benthic forms which retained gills as 
adults (Trimerorhachis); and the stout- 
limbed, fully terrestrial types (Acheloma). 
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common only in the mixed-habitat sites, 17. Dimetrodon had a dentition adapted for killing 19. I thank the curators at the institutions enumerat- 
and dismembering relatively large prey. Howev- 

where both adults and subadults occur. ed in (10) for access to the collections; most 
er, the genus probably did hunt semiaquatic especially, I am grateful to the late A. S .  Romer 
reptiles and amphibians in the shallows and The distribution of these herbivores along stream and pond margins, as well as 

for his interest in this project, though some of 
the results may be contrary to some of his 

supports Romer's suggestion, made 40 terrestrial species. Specimens of ~ t y o p s  humeri conclusions; when shown the ossification se- 
years ago, that ~ d ~ ~ h ~ ~ ~ ~ ~ ~ ~  preferred at Harvard show deep teeth marks which match suence for Briar Creek, Romer commented that 

the cross-section shape of Dimetrodon teeth. . . . yep, all those natalis could be juveniles." 
swamps (18). The preferred habitat of 18. A. S. Romer, Geol. Soc. Am. Bull. 46, 1597 

juvenile Edaphosactrus is not yet known. (1935). 6 April 1982 
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