-

43¢

23. Patterns of Distribution of
Mammals in the Dinosaur Park
Formation and Their
Paleobiological Significance

Juiia T. SANkEY, DONALD B.
BriNkMAN, RicHARD C. FOX, AND
Davip A. EBERTH

The organization of Late Cretaceous non-marine vertebrate paleo-
communities has been the subject of intensive paleoecological stud-
les. Mammals are an important element of these communities,
often showing high levels of diversity and abundance (Russell
1937, 1952; Fox 1979a, 1979b, 1979¢, 1980, 1981). In this chap-
ter, changes in the composition of mammalian assemblages through
the Dinosaur Park Formation (DPF) of southern Alberta are identi-
fied, and differences in the paleoecology of the higher groups of
mammals are inferred from these distribution changes.

The DPF contains a rich and diverse vertebrate assemblage, in-
cluding over 125 taxa of vertebrates (Eberth et al. 2001). An ongo-
ing survey of vertebrate microfossil localities has demonstrated that
the diversity and abundance of vertebrates vary through the DPF
(Brinkman 1990; Brinkman et al. 1998). On the basis of a compar-
ison of twenty-five localities spanning about 65 m of section,
Brinkman (1990) noted that the abundance of remains of some
taxa changes stratigraphically. Taphonomic explanations for these
patterns were rejected because, with the exception of one locality
(Bonebed BB054), the assemblages all show a bias toward preser-
vation of both enamel-covered elements (such as teeth and scales)



and elements that are delicate and/or less physico-chemically resist-
ant. Furthermore, in some cases, elements that are equivalent in
size, shape, and density show different distributions. Thus, it was
concluded that the distribution patterns have a biological basis.
Brinkman (1990) suggested that the changes in abundance are best
explained by changes in environment related to the transgression of
the Bearpaw Sea, with taxa tracking environmental shifts during
the transgression. Because the stratigraphic interval sampled was
deposited during the transgression of the Bearpaw Sea, localities
that are higher stratigraphically would have been deposited closer
to the shoreline. Taxa that are more abundant in localities that are
higher stratigraphically than they are at lower stratigraphic inter-
vals would have been more abundant in coastal settings than in
more inland settings. For ceratopsians and some other dinosaurs,
the hypothesis that these stratigraphic patterns reflect differences in
distribution along the coastal plain relative to the shoreline was
later tested. This was done by comparing the abundance of di-
nosaurs and other terrestrial vertebrates in localities along an
east-west transect from the relatively more inland area of Dinosaur
Provincial Park (the Park) to relatively more coastal localities in the
area of the South Saskatchewan River, about 100 km to the east
(Brinkman et al. 1998). The general patterns are also supported by
a study of the abundance of taxa in the lower half of the Belly River
Group (Brinkman et al., in press). Because this interval was de-
posited during a regression of the inland sea, the pattern of change
in abundance of taxa in the lower half of the Belly River Group
should mirror the pattern of change in the upper half. This was
found to generally be the case.

Not all taxa show significant variation in their abundance
through the Belly River Group. For example, hadrosaurs are consis-
tently of high abundance, which suggests that, as a group, they were
evenly distributed across the coastal plain. This interpretation is con-
sistent with occurrences of articulated skeletons and isolated ele-
ments that show that hadrosaurs were the dominant herbivore in the
paleocommunities of the Belly River Group (Dodson 1983). How-
ever, in other. cases the absence of a trend may be a result of small
sample sizes. Subsequent work has suggested that no trends in the
abundance of higher groups of mammals were recognized because of
the small sample size that was available. Although Brinkman (1990)
sees no change in the abundance of mammals through the Belly
River Group of the Park, Eberth and Brinkman (1997) note the rela-
tively high frequency of marsupials in the faunal assemblage of a se-
ries of estuarine, incised valley fills in the DPF of southern Alberta.
On this basis, they suggest that marsupials might be preferentially
members of a coastal community. However, because these samples
came from a geographically and stratigraphically restricted set of lo-
calities, the abundance of marsupials could be a result of specific
habitat preference, rather than large-scale environmental differences.
To test this hypothesis, we re-examined the pattern of abundance of
the major groups of mammals through the DPE
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Figure 23.1. Locality map
showing the areas from which
material used in this study was
obtained.
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The DPF is the uppermost formation in the Belly River Group of
southern Alberta (Eberth, this volume). It is late Campanian and is
dated at 76 to 74.5 mya (Eberth and Deino 1992; Eberth 1997). It
was deposited within extensive coastal lowlands adjacent to the
Cretaceous Western Interior Seaway during the transgressive phase
of the Belly River clastic wedge. Two regions with exposures of this
formation are the Park and the Onefour area in southeastern Al-
berta (Fig. 23.1). In the Park area, the DPF is approximately 70 m
thick. The lower 60 m are fluvial beds deposited by a meandering
river system. The uppermost 10 m constitute the Lethbridge Coal
Zone (Brinkman, Russell et al., this volume), a unit that was de-
posited in a setting transitional between the fluvial beds below and
the fully marine Bearpaw Formation above. Vertebrate microfossil
localities are preserved in a variety of facies, including crevasse
splay deposits, trough-cross-stratified sandstones, IHS (inclined
heterolithic stratified) beds, and mudstones deposited in an oxbow
setting (Eberth 1990).

In the Onefour area, the DPF is approximately 30 m thick,
with the uppermost 10 m comprising the Lethbridge Coal Zone. In
the fluvial beds below the Lethbridge Coal Zone, vertebrate micro-
fossil localities are preserved in trough-cross-stratified sandstones.
Localities in the Lethbridge Coal Zone are preserved in a complex

of mud-filled channels (Eberth and Brinkman 1997).
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Localities Sampled

The areas sampled for vertebrate microfossil localities have a broad
stratigraphic distribution (Fig. 23.2A,B). The base of the Leth-
bridge Coal Zone was used to place localities in the Onefour and
Park areas in relative stratigraphic context (Fig. 23.2C). For this se-
quence, stratigraphic position is expressed in meters below the
Lethbridge Coal Zone. Sites within the Lethbridge Coal Zone were
not placed in sequence relative to one another.

To obtain statistically significant sample sizes, data from local-
ities within restricted stratigraphic intervals were combined to give
a measure of the relative abundance of different groups of mam-
mals in that interval. Five intervals are recognized, labeled A-E in
Fig. 23.2C. Three of these are represented by groups of sites that
cluster within narrow stratigraphic zones. These are a group of
sites located just above the boundary between the Oldman Forma-
tion and the DPF (interval A), a group of sites located between 22
and 24 m below the Lethbridge Coal Zone (interval C), and a
group of sites within the Lethbridge Coal Zone (interval E). The re-
maining intervals include the intermediate sites. The sites included
in interval B are located between 46 and 31 m below the Leth-
bridge Coal Zone. The sites included in interval D are located be-
tween 2 and 8 m below the Lethbridge Coal Zone.

Methods

Mammals were recovered from twenty-eight sites in the Park area
and from eight sites in the Onefour area (Fig. 23.2). Localities were
screenwashed using a screen with nine holes per centimeter. With
this screen size, incisors and canines of therian mammals were not
recovered. To avoid introducing biases, no surface collected mate-
rial was included in the data used to quantify the abundance of
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mammals at a locality. In addition, only dental remains were uti-
lized in this study.

At the generic level, the diversity of therian mammals matches
that previously described from the DPE. Relatively few specimens
can be identified to species, so at the species level, sample size is
small and rare species are not represented in this collection. A com-
prehensive study of the multituberculates from the DPF has not yet
been undertaken. For these reasons, species-level identifications
were not attempted. The multituberculate assemblage of the DPF
differs from that of the Judith River Formation of Montana in the
apparently high diversity of the Cimolomyidae. Three cimolomyid
genera can be identified on the basis of isolated teeth. These are
Meniscoessus, Cimolomys, and an unnamed genus of large body
size. A large number of cimolomyid teeth that are generically inde-
terminate are also present. Morphological diversity indicates that
more than one taxon is present in this material. However, in the ab-
sence of jaws demonstrating an association between the premolars
and molars, the level of diversity remains uncertain.

In general, taphonomic equivalency of the sites sampled is indi-
cated by three criteria: (1) a general similarity in the size-frequency
distribution of elements recovered, (2) a similar bias toward
enamel-covered elements, such as teeth and scales, and (3) the pres-
ence of elements that are delicate and/or less physico-chemically re-
sistant, although abraded fragments dominate. The exceptions are
BB054 in the Park and the mud-filled estuarine channel complex in
the Onefour area. These sites were deposited under conditions that
suggest reduced transport and reworking (Eberth 1990; Eberth and
Brinkman 1997). The reduced transportation and reworking are
clearly expressed in the relative abundances of terrestrial and
aquatic taxa. Because few specimens were recovered from BB0S54,
it does not affect the pattern of abundance of mammals in this in-
terval. However, material from the Onefour channel complex dom-
inates the sample from the Lethbridge Coal Zone. Comparing the
Lethbridge Coal Zone assemblage with that from the preceding
stratigraphic interval tests the possibility that the apparently high
abundance of marsupials in this interval was a result of the differ-
ences in taphonomic conditions. In addition, taphonomic effects
are minimized because teeth are generally taphonomically similar.
Variation is present in size, shape, and density of mammal teeth,
but is small compared to the range in shapes and densities of all el-
ements present at a site, which range from light, easily transported
teleost centra to compact nodular Myledaphus teeth. Mammal
teeth form a small subset in this morphological range. Size varia-
tion is present but can be excluded as a source of variation in abun-
dance of the major groups of mammals because the taxa repre-
sented by larger elements (Eodelphis and Meniscoessus) show no
significant change in abundance through this stratigraphic interval.

The minimum numbes of identifiable specimens—which is the
best indicator of abundance of individuals at sites with widely dis-
persed, isolated specimens (Badgley 1986)—was used as a basis for
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estimating relative abundance. Because the tooth counts differ in
therians and multituberculates, the relative abundance of teeth
identified at a locality is not a direct measure of their taxonomic
abundance in the original community. However, because the ele-
ments being considered are taphonomically similar and the locali-
ties sampled were subject to similar taphonomic processes, differ-
ences in the composition of mammalian assemblages should reflect
differences in the original source communities.

All material is catalogued in the collections of the Royal Tyrrell
Museum of Palaeontology.

Results

Variation in the composition of the mammalian assemblage
through the DPF was first evaluated by considering differences in
the relative abundances of the three major groups of mammals
(multituberculates, marsupials, and placentals) as a percentage of
the entire assemblage of mammals through this formation. A plot
of the abundances of these taxa against stratigraphic position (Fig.
23.3) indicates a decrease in multituberculates and an increase in
marsupials through the sequence. Placentals have their greatest
abundance in the second stratigraphic interval, where they consti-
tute approximately 5 percent of the mammals present. Above and
below this interval, they constitute about 1 percent of the mammals
present.

The statistical significance of the greater abundance of marsu-
pials in the upper stratigraphic intervals was tested by using a bino-
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mial test for differences in the proportion of marsupials relative to
other mammals in successive stratigraphic intervals. The abun-
dances of marsupials (Pmarsup) in the successive units are as fol-
lows: A, Pmarsup = 0.41; B, Pmarsup = 0.35; C, Pmarsup = 0.41;
D, Pmarsup = 0.68; and E, Pmarsup = 0.70. The differences in the
proportions of marsupials in the lower three intervals are not sig-
nificantly different from zero, and the differences in proportions of
marsupials in the upper two intervals are not significantly different
from zero. However, proportions of marsupials in the lower three
intervals are significantly less than in the upper two intervals at a
95% confidence interval. The number of placentals recovered is not
sufficiently large to show that their higher abundance in lower
stratigraphic intervals is significant.

To determine whether or not the changes in relative abun-
dance of the three major groups of mammals was a result of an in-
crease or a decrease in the abundance of particular lower-level
taxa, the stratigraphic distribution of mammals that could be iden-
tified to lower taxonomic levels was considered. Therians and
multituberculates were considered separately. Within the therians,
four taxa were considered: placentals, the marsupial family Per-
adectidae (including the genera Turgidodon and Alphadon), and
the nonparadectid genera Eodelphis and Pediomys (Table 23.1).
Among the multituberculates, five genera were considered (Table
23.2). Because few of the mammals from the lowest stratigraphic
interval (interval A) could be referred to these taxonomic cate-
gories, the mammals of this interval were lumped with those from
interval B. The grouping of the mammals from these two strati-
graphic intervals is unlikely to obscure distributional patterns be-
cause the two intervals have only small differences in proportions
of the major groups of mammals.

Changes in abundance of the lower-level taxa of mammals can
be shown graphically (Fig. 23.4). Among the therians, the tendency
for placentals to be more abundant in the lower stratigraphic inter-
vals than they are in the higher intervals is apparent (Fig. 23.4).
Placentals are also more diverse in the lower stratigraphic intervals
(Table 23.1). However, because they are never abundant compared
to other mammalian taxa and because sample sizes are small, this

. difference in diversity could be a reflection of the sample sizes. No
trends are obvious in the abundance of marsupials, although Pe-
diomys is unusually abundant in the Lethbridge Coal Zone (strati-
graphic unit E, Fig. 23.4). Among the multituberculates, Cimex-
omys and Mesodma consistently decrease in abundance through
the four stratigraphic intervals, although the changes are minor and
not statistically significant (Fig. 23.5). Thus the change in abun-
dance of placentals, marsupials, and multituberculates through the
DPF is not accompanied by a significant change in relative abun-
dance of lower-level taxa.
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Counts of teeth of therian mammals from vertebrate microfossil localities in the Dinosaur Park
Formation, Alberta, sampled for this study. The range of stratigraphic intervals A to E is shown in

TABLE 23.1.

Figure 23.1.
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L1116 1LCZ S 3 1 1 1
L111§ LCZ 1 16 2 2 S 1
L1101 LCZ 15 1 1 2
L1102 LCZ 1 2 1
L1112 1CZ 1
L1114 LCZ 1
Total interval E 1 0 0 0 38 8 4 9 3
Strat interval D
11117 54 1
L1143 53 1
L1142 53 1 1 0 1
L1122 52 1
L1107 58 2 0 0 3
L1108 56 2 105 15 11 19 6
L1104 56 S 1 2
Total interval D 2 0 0 0 114 18 13 19 11
Strat interval C _
BB0S4 38 1 18 3 3 3 4
BB120 37 8 1 9 2
BB108 38
BB102 37 9 2 1 4
BBO7S5 36 1 1 1
BB094 36 1 1
Total interval C 2 0 1 37 6 4 14 10
Strat interval B
BB02S 23 1
BB0O78 21 2
BB117 22 1 1 S 1 1
BB104 17 1 1 9 2
11120 15
BB135 15 4
BB097 14 1
Total interval B 1 2 0 1 22 0 2 3 1
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TABLE 23.1. (continued)
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Strat interval A
BB031 1 1
BB098 1 1
BB086 1 2 2
BB0S1 1 3 2 2
L1118 0
L1119 0
BB137 0 1
Total interval A 0 0 0 0 10 4 2 4
Discussion

Changes are present in the relative abundances of the major groups
of mammals through the DPE Assemblages that are higher strati-
graphically have, on average, relatively more marsupials and rela-
tively fewer placentals than do sites that are lower stratigraphically.
Because the sites are taphonomically similar, taphonomically based
explanations for these distribution patterns are unlikely. A number
of biologically based explanations for changes in abundance can be
considered. These include evolutionary changes in the taxa present,
climate change, and general changes in environment. There is no
evidence from morphological studies of mammals in this interval
for evolutionary change during deposition of the DPE. Indeed, the
Judithian mammal assemblage is notable for its stability over a
long period of time. Changes in climate during this time have not
been documented. However, there were environmental changes re-
fated to the transgression of the Bearpaw Sea. Therefore, the gen-
eral pattern of variation in the abundance of placentals, marsupi-
als, and multituberculates in vertebrate microfossil localities is
attributed to variation in their abundance in the communities from
which the fossil assemblages were derived. This variation is in turn
related to shifts in the geographical distribution of the communities
as they tracked the environmental changes accompanying this
transgression. This relationship implies that marsupials, which are
relatively more abundant in higher stratigraphic intervals, were
probably relatively more abundant closer to the coast, whereas
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TABLE 23.2.
Counts of teeth of multituberculate mammals from vertebrate microfossil localities in the Dinosaur
Park Formation, Alberta, sampled for this study. Stratigraphic position is within the Lethbridge
Coal Zone (LCZ) or meters below the Lethbridge Coal Zone. The range of stratigraphic intervals A

to E is shown in Figure 23.1.
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L1116 LCz 2 1 2
L1115 LCZ 5 2 3 3
L1101 LCZ 5 1 1
L1102 LCZ
L1112 1LCZ
L1114 LCZ
Total interval E 12 2 S 0 3 3 0
Strat interval D
L1117 54 1 1 1
L1143 53 '
L1142 53 1 2
L1122 52 1 1
L1107 58 2 1 2 1
‘L1108 56 47 6 2 3
L1104 56 2 2 3 1 1
Total interval D 53 S 7 1 9 3 3
Strat interval C
BB0OS4 38 15 S 3 1 6 2 6
BB120 37 10 7 11 3 3
BB108 38 1 1
BB102 37 3 2 3 3
BBO7S 36 1 2 1 3 1
BB094 36 2 1 3 1
Total interval C 32 15 19 2 17 9 6
Strat interval B
BB02S 23 1 1
BBO78 21 3 _
BB117 22 9 1 2 1
BB104 17 4 1 1 7
L1120 15 2
BB13S 15 3 1 1 1
BB097 14 1 1 1
Total interval B 23 3 5 0 8 1 8
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TABLE 23.2. (continued)
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multituberculates were probably relatively more abundant in in-
land settings. The higher abundance of placentals in the lower
stratigraphic intervals suggests that they also probably preferred a
more inland setting.

The stratigraphic control of patterns documented here seems to
reflect variation in the relative abundances of the major groups of
mammals across the coastal plain during deposition of the Belly
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River Group. The hypothesis makes several predictions about the
distribution of mammals in time and space and can be tested by
further collection and study of specimens. For example, the hy-
pothesis predicts that at any single time, marsupials will be more
abundant in eastern localities than they are in contemporaneous lo-
calities in the west. The hypothesis also predicts that changes in the
abundance of mammals through the lower half of the Belly River
Group will mirror the changes in the DPE

Mammal distributions in the DPF provide additional evidence
regarding the complexity of the Park paleocommunities. At present,
there is no way of knowing the specific paleoecological interactions
with the environment or associated taxa that led to these distribu-
tion patterns. Locomotor adaptations of Cretaceous mammals,
plant distributions, variation in substrate consistency, and the
amount of open water are just a few of the factors that could have
influenced the patterns. Whatever the influences were, they were sta-
ble through to the end of the Cretaceous because continental-scale
distribution patterns of higher groups of mammals parallel their dis-
tribution patterns in the DPE. For example, in the late Maastrichtian
of North America, placentals are relatively more abundant in the
more inland Scollard Formation than they are in the more coastal
Lance Formation (Lillegraven 1969). This pattern has been con-
firmed by subsequent descriptions of late Maastrichtian mammalian
assemblages (Hunter and Pearson 1996). Furthermore, the hypothe-
sis that marsupials preferred wet, coastal areas is consistent with the
difference in abundances of marsupials in Asia and North America
(Cifelli 2000), because these coastal environments and marsupials
are poorly represented in the Late Cretaceous of Asia. The discovery
of assemblages from wet coastal environments in the Campanian of
Asia will test this hypothesis.

Figure 23.5. Stratigraphic
distribution of lower-level taxa of
multituberculates through the
Dinosaur Park Formation,
Alberta. The number of specimens
from each interval 1s shown on the
right of the chart.
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