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Moderate extinctions and slow recovery of non-marine 
teleost fishes across the Cretaceous–Paleogene boundary, 

with a systematic appraisal of early Paleocene teleost fishes 
from Saskatchewan, Canada and Montana, USA

Donald B. Brinkman, Julien D. Divay, David G. DeMar, Jr., 
and Gregory P. Wilson Mantilla

ABSTRACT

Teleost fishes from the lowermost Paleocene Tullock Member of the Fort Union
Formation of Garfield County, Montana, USA, and the Ravenscrag Formation of south-
ern Saskatchewan, Canada, are described and compared with assemblages from the
latest Cretaceous Hell Creek Formation of Garfield County, Montana, to analyze the
faunal dynamics of freshwater teleost fishes during the Cretaceous–Paleogene mass
extinction event. A minimum of 18 early Paleocene operational taxonomic units (OTUs)
are recognized with 10 of these being present in the earliest Paleocene (Puercan 1
North American Land Mammal “age”) localities and eight being range-through taxa that
are inferred to be present based on their presence in lower and higher horizons. An
estimated 27% of the OTUs present during the end of the Cretaceous of the northern
Western Interior of North America did not extend into the earliest Paleocene. Further
extinctions occurred in successive subintervals of the early Paleocene, resulting in a
total loss of 56% of latest Cretaceous taxa by the last subinterval of the early Paleo-
cene (Puercan, Pu3). Rather than a recovery to the levels of richness seen during the
latest Cretaceous, a stepwise pattern of decline in taxonomic richness occurred
throughout the early Paleocene. Comparison of the early Paleocene assemblages with
those of the late Paleocene assemblages from Alberta and Saskatchewan, Canada,
indicates that taxonomic richness remained low through the Paleocene. This pattern
differs from the one seen in mammals, for which taxonomic richness exceeded latest
Cretaceous levels by the Pu3.
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INTRODUCTION

Few mass extinction events have attracted as
much attention from the public and scientific com-
munity as that marking the end of the Cretaceous.
Study of the pattern of extinctions across the Creta-
ceous–Paleogene (K–Pg) boundary and the sub-
sequent biotic recovery during the Paleocene has
been central to the development of our under-
standing of mass extinctions and their impact on
the evolutionary history of paleocommunities (e.g.,
Twitchett, 2006; Brusatte et al., 2015). Our under-
standing of the pattern of changes among non-
marine paleocommunities during this mass extinc-
tion has, in large part, resulted from studies of the
fossil record from the Hell Creek region in north-
eastern Montana, USA (Archibald, 1996, 2011;
Hartman et al., 2002; Wilson et al., 2014b;
Fastovsky and Bercovici, 2016). One pattern that
has emerged from these studies is that aquatic
communities incurred proportionally fewer extinc-
tions than terrestrial communities did (Bryant,
1987a, 1989; Archibald and Bryant, 1990; Shee-
han and Fastovsky, 1992; Robertson et al., 2013).
However, within aquatic communities, K–Pg sur-
vival varied among higher-level taxonomic groups.
For example, freshwater elasmobranchs did not
persist across the K–Pg boundary in North Amer-
ica (except for Myledaphus; Wynd et al., 2020),
whereas basal actinopterygians were hardly
affected—only the large-bodied vidalamiine amiid
Melvius went extinct (Bryant, 1987b, 1989;
Archibald and Bryant, 1990). Recent studies that
have incorporated both finer taxonomic resolutions
and relative abundance data have shown that the
end-Cretaceous mass extinction event affected
some aquatic taxa more than initially recognized.
For example, among salamanders and albanerpe-
tontids, the post-K–Pg “survival” fauna from the
lowermost Tullock Member of the Fort Union For-

mation was taxonomically depauperate and highly
uneven compared to late Maastrichtian assem-
blages (Wilson et al., 2014a). Frogs also show a
decline in diversity following the K–Pg extinction
event (Gardner and DeMar, 2013; Mercier et al.,
2014). Turtles were also impacted by the mass
extinction event. Holroyd et al. (2014) reported that
in northern Montana only 18 of the 24 genus-level
lineages present in the upper Maastrichtian are
present in the lower Paleocene, giving a 75% survi-
vorship record. Subsequent description of the turtle
Saxochelys (Lyson et al., 2019) from the Hell
Creek Formation decreases this survivorship
record to 60%.

Teleost fishes are an important yet poorly
understood component of the non-marine aquatic
paleocommunities of the latest Cretaceous and
early Paleocene. In marine environments, the
diversification of crown teleosts appears to be
directly related to the extinction of fishes at the end
of the Cretaceous (Friedman, 2009; Schwarzhans
and Stringer, 2020; Schwarzhans et al., 2024). The
most prominent casualties of marine teleost fishes
across the K–Pg boundary are large-bodied preda-
tory fish, including pachycormids, pachyrhizodon-
tids, ichthyodectiforms, enchodontids, and
cimolichthyids. Their extant ecological analogues,
such as scombroids (tunas and mackerels), xiphi-
oids (billfishes), sphyraenids (barracudas), and
carangoids (jacks and dolphinfishes) respectively,
first appeared in the early Paleogene (Patterson,
1993), suggesting that they originated during a
radiation of teleost fishes immediately following the
K–Pg extinction event (Cavin, 2002). The K–Pg
extinction event also marked a profound change in
the structure of global marine fish communities;
there was a dramatic increase in the relative abun-
dances of ray-finned fishes in Paleocene paleo-
communities based on the relative abundance of
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shark denticles and ray-finned fish teeth in deep-
sea sediments (Sibert and Norris, 2015).

The detailed pattern of extinction and survival
of non-marine teleost fishes across the K–Pg
boundary is much less well understood. Archibald
and Bryant (1990) found a 33% extinction of tele-
ost genera and species in the Hell Creek Forma-
tion and Tullock Member of the Fort Union
Formation of northeastern Montana. However, this
was based on only six taxa, far fewer than the 20
that are currently recognized in the late Maastrich-
tian of the northern Western Interior of North Amer-
ica (Brinkman et al., 2021). More recently, a study
of the differences in teleost assemblages of two
localities that bracket the K–Pg boundary in the
Denver Basin, Colorado, USA, provided a detailed
understanding of the impact of the K–Pg extinction
event on teleost fishes in that area (Wilson et al.,
2024). They found that taxonomic richness was
reduced, largely as a result of the loss of rare mor-
photypes. Also, they documented a change in rela-
tive abundance patterns, with some taxa that are
rare in the Cretaceous assemblage becoming
dominant in the Paleocene, and the Paleocene
assemblage being of low evenness compared to
the Cretaceous assemblage.

Here, we document the diversity of teleost
fishes from the early Paleocene of the northern
Western Interior of North America based on iso-
lated elements from six vertebrate microfossil
localities from the Tullock Member of the Fort
Union Formation of Garfield County, Montana,
USA, and one from the Ravenscrag Formation of
southern Saskatchewan, Canada (Figure 1). The
inclusion of the locality form Saskatchewan
increases the geographic region covered but is
included because it documents the Pu2 interval,
which is not yet known from the Hell Creek regions.
Comparison of these early Palaeocene fish assem-
blages with those of the late Maastrichtian Hell
Creek Formation of Montana described previously
by Brinkman et al. (2014, 2021) provides an under-
standing of both the effect of the K–Pg mass
extinction event on teleost fishes in this region and
the subsequent changes in richness and abun-
dance during the approximately first one million
years following the event.

GEOLOGY

In North America, the lower Paleocene
approximately corresponds to the Puercan (Pu)
North American Land Mammal “age” (NALMA).
The Puercan is divided into three subintervals
(Pu1, Pu2, Pu3) based on successive first appear-

ances of mammalian taxa. Early Puercan (Pu1)
assemblages are of particular interest because
they document the biota immediately after the K–
Pg bolide impact. In this study, we sampled three
Pu1 localities, all from the Tullock Member of the
Fort Union Formation (hereafter Tullock Member)
of Garfield County, Montana: McKeever Ranch 1
(UCMP locality V72210), Worm Coulee 1 (UCMP
locality V74111), and Morales 1 (UCMP locality
V77128). All three localities are preserved in chan-
nel facies. Worm Coulee 1 and Morales 1 were
deposited during the Paleocene portion of Chron
29r (Swisher et al., 1993; LeCain et al., 2014;
Sprain et al., 2018), and between two coals: the IrZ
coal, which lies immediately above the K–Pg

FIGURE 1. Map of the Western Interior of North Amer-
ica showing the approximate locations of localities dis-
cussed in the text. 1–2, upper Paleocene localities in
the Paskapoo Formation: 1, Joffre Bridge locality,
Alberta, Canada; 2, Paskapoo Formation, Calgary local-
ity, Alberta, Canada. 3–6, upper Maastrichtian localities:
3, Scollard Formation, KUA-2 locality, Alberta, Canada;
4, Hell Creek Formation, localities in Garfield and
McCone Counties, Montana, USA; 5: Lance Formation,
Bushy Tailed Blowout locality, Wyoming, USA. 6, lower
Eocene Wasatch Formation, Bitter Creek locality, Wyo-
ming, USA. 7–8, lower Paleocene localities: 7, Raven-
scrag Formation, Pine Cree Park locality,
Saskatchewan, Canada; 8, Tullock Member, localities in
Garfield and McCone Counties, Montana. USA. 9,
upper Paleocene localities, Ravenscrag Formation,
Roche Percée area, Saskatchewan, Canada. Modified
from Brinkman et al. (2021, figure 1).
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boundary layer, and the Hauso Flats Z (HFZ) coal.
High-resolution 40Ar/39Ar geochronology per-
formed on tephras preserved within these coal
beds revealed that these Pu1 assemblages are
confined to the first ca.70 ka after the K–Pg bound-
ary (Renne et al., 2013; Sprain et al., 2015, 2018).
McKeever Ranch 1 is bracketed below by the IrZ
and above by another lignite that is younger than
HFZ (Wilson Mantilla et al., 2021). Thus, McKeever
Ranch 1 is likely younger than Worm Coulee 1 and
Morales 1, probably within 105–139 ka after the K–
Pg boundary.

Middle Puercan (Pu2) assemblages are not
presently known from the Tullock Member. Locali-
ties that were previously thought to be of Pu2/3
age are now considered to be from the Pu3 subin-
terval (Sprain et al., 2018), including the three
localities sampled here: Howard’s Biscuit Butte 2
(UCMP locality V81029), Yellow Sand Hill 8
(UCMP locality V75194), and Garbani 13-NW Har-
ley’s High (UCMP locality V73080). All of these are
preserved within channel facies that are bracketed
by the W coal and Y coal, which have estimated
ages of 65.741 Ma and 65.118 Ma, respectively
(~300–900 ka after the K–Pg boundary; Sprain et
al., 2015, 2018). The age of these localities within
this interval varies because Yellow Sand Hill is
likely slightly younger than the Garbani-13 and
Howard’s Biscuit Butte 2 (Weaver et al., 2022).

Samples of teleost fishes from the Raven-
scrag Formation of southern Saskatchewan were
available from a single locality, the Pine Cree Park
locality, which is located north-east of Eastend,
Saskatchewan in Pine Cree Provincial Park (Figure
1). Fossils from Pine Cree Park occur in fine- to
very fine-grained sandstone along with siltstone
clasts and the broken shells of mollusks and has
been interpreted as part of a channel deposit (Red-
man et al., 2015). This locality was discovered by
Loris Russell in 1971. Mammal specimens from the
locality were described by Russell (1974) and Scott
et al. (2016). Study of the locality by Redman et al.
(2015) and Scott et al. (2016) provisionally consid-
ered the locality to be Pu2 in age based on Pu2
mammals.

MATERIALS AND METHODS

This study is based on material from verte-
brate microfossil localities that originally were bulk
sediment sampled and underwater screen washed
in the search for mammals of Puercan age. As is
typical for such localities, fishes are represented by
disarticulated, isolated elements. The combined
taxonomic/morphotype approach adopted by

Brinkman et al. (2013, 2014, 2017, 2021) in studies
of fishes from the Milk River Formation of Alberta,
Canada, the Grand Staircase/Escalante region of
Utah, and the Hell Creek Formation of Montana,
USA, is used to ensure that all available material is
incorporated into the analysis of the diversity of
teleosts present.

Interpretations of the diversity of teleosts are
based primarily on abdominal centra and tooth-
bearing elements. Morphologically distinctive ele-
ments that could not be identified but were judged
to be from taxonomically distinct fishes, rather than
a result of variation within a taxon, were given
alpha-numeric designations and treated as opera-
tional taxonomic units (OTU) in the faunal analy-
ses. Whereas morphologically distinct dentaries
generally can be taxonomically distinct, vertebral
elements must be evaluated more cautiously
because of variation along the vertebral column.
The range in variation along the vertebral column
in extant teleosts provides a framework in which to
evaluate whether distinct morphotypes are from
different regions of the vertebral column or are
from taxonomically distinct groups. Acanthomorph
and ostariophysan teleosts provide challenges
because of the high degree of variation along the
column in members of these groups. To ensure
that interpretations of the taxonomic diversity of
acanthomorphs was not artificially inflated by this
variation the first abdominal vertebra was empha-
sized in defining distinct morphotypes. More poste-
rior abdominal centra were associated with the first
centrum morphotypes based on shared or transi-
tional morphological features. Taxonomic units
based on more posterior abdominal centra were
recognized only when they displayed morphologi-
cal features that clearly separated them from all the
first abdominal centra that were observed.

To identify the elements present, comparisons
were made with osteological specimens of extant
taxa. The comparative collections of the University
of California Museum of Paleontology (Berkeley,
California, USA), Royal Ontario Museum (Toronto,
Ontario, Canada), Canadian Museum of Nature
(Ottawa, Ontario, Canada), University of Michigan
(Ann Arbor, Michigan, USA), and Royal Tyrrell
Museum of Palaeontology (Drumheller, Alberta,
Canada) provided a broad range of comparative
specimens of recent fishes. A list of recent osteo-
logical specimens used for comparison is given in
Brinkman et al. (2021, appendix 1).

To aid in the identification of acanthomorph
tooth-bearing elements, µCT scans were used to
investigate the pattern of canals within the ele-
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ments. Two specimens, UCMP 191569 from local-
ity V73080, and UALVP 58820 from the Pine Cree
locality, were scanned at the University of Alberta
using a SkyScan 1172 scanner using a voltage of
70V and a current of 129µA, and voxel size of 8.52
µm. The internal structure of the element was
reconstructed through interpolated slice-by-slice
segmentation using Amira 2019.4.

To document the morphological variation
within the taxonomic units recognized, an exten-
sive series of photographs of the elements
described here is included. Specimens were whit-
ened with ammonium chloride before photography
to emphasize surface relief and were photo-
graphed with a digital still camera attached to a
Wild MC3 microscope.

Comparison of faunal assemblages preserved
in different localities or formations are based on
both presence/absence and relative abundance
data. Badgley (1986) concluded that, when for-
merly articulated material has been widely dis-
persed and has accumulated as isolated
specimens, the minimum number of identifiable
elements of a taxon is the best basis for document-
ing differences in the relative abundance of taxa
between sites. Because the fossil assemblages
included in this study accumulated under generally
similar taphonomic conditions, major differences in
relative abundance of taxa in localities being com-
pared are interpreted as a reflection of differences
in relative abundance of taxa in the original source
communities, rather than differences in taphonomic
processes. Brinkman (2008) argued that the biases
introduced by the taphonomic processes can be
further minimized by focusing on taphonomically
similar elements. Because centra from different
kinds of teleosts are both taphonomically similar
and more abundant than tooth-bearing elements,
only centra were used to quantify the difference in
relative abundance of teleosts at localities being
compared. The counts of centra of each OTU rec-
ognized here from the localities examined are
listed in Table 1.

To assess potential effects of the mass extinc-
tion on the teleost assemblages leading up to and
across the K–Pg boundary, we combined three
datasets for quantitative analysis: two derived from
Garfield County, northeastern Montana and one
from southwestern Saskatchewan, for quantitative
analysis. The first dataset was gathered from the
Hell Creek Formation as presented in Brinkman et
al. (2021, table 2) and the second from the Tullock
Member as assembled here (Table 1). These two
datasets comprise a total of 3,348 vertebral centra

from 13 localities that span most of the strati-
graphic thicknesses of the Hell Creek Formation
(all Lancian) and the lower half of the Tullock Mem-
ber (Pu1 and Pu3). These datasets were analysed
to estimate the local teleost diversity of northeast-
ern Montana. The third data set was compiled from
the Pine Cree Park locality (Pu2) of the Raven-
scrag Formation and was combined with the local
Montana datasets to fill the temporal gap (i.e., Pu2)
between the Pu1 and Pu3 localities of the Tullock
Member. All three datasets with a combined total of
5,486 centra were analysed to estimate regional
teleost diversity. For each locality we calculated: i)
the raw number of OTUs; ii) the standing richness
(i.e., the number of OTUs that first or last appear in
a horizon or that range through a horizon); iii) the
standing richness of local survivors (i.e., the num-
ber of OTUs that first appear in the Hell Creek and
last appear in the Tullock Member); and iv) the
expected number of OTUs in 124-specimen subsa-
mples. See Table 1 and Brinkman et al. (2021,
table 2) for the OTU nomenclature. Expected rich-
ness with 95% confidence intervals was calculated
using Analytic Rarefaction version 1.3 (Holland,
2003) and only for the 10 best-sampled localities
with more than 125 specimens. The three excluded
localities (UCMP localities V77130 [N=51], V75194
[N=61], and V81029 [N=79]) are considered poorly
sampled on account of their rarefaction curves fail-
ing to reach an asymptotic phase. We also calcu-
lated the relative abundances of the higher-level
taxonomic groupings of teleosts per Brinkman et al.
(2021, figure 20) to track any potential changes
across the K–Pg boundary and to the Pu3 subin-
terval.

All specimens from the Tullock Member of the
Fort Union Formation used in this study are housed
in the University of California Museum of Paleon-
tology (UCMP). Specimens from the Pine Cree
Park locality are housed in the Royal Saskatche-
wan Museum (RSM) and the University of Alberta
Laboratory for Vertebrate Palaeontology (UALVP).

SYSTEMATIC PALEONTOLOGY

Division TELEOSTEOMORPHA Arratia, 2001
Subdivision TELEOSTEI Müller, 1844 (sensu 

Patterson and Rosen, 1977)
Cohort ELOPOMORPHA Greenwood et al., 1966
Order ALBULIFORMES sensu Forey, Littlewood, 

Ritchie, and Meyer, 1996
Suborder ALBULOIDEI sensu Forey, Littlewood, 

Ritchie, and Meyer, 1996
Family PHYLLODONTIDAE Dartevelle and Casier, 

1943
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Genus PHYLLODUS Agassiz 1839
Phyllodus paulkatoi Estes and Hiatt, 1978

Figure 2
1969b cf. Paralbula casei, Estes et al., p. 11
1969a Phyllodus toliapicus, Estes, p. 319–321,

fig. 1A–C
1978 Phyllodus paulkatoi, Estes and Hiatt, p. 1–

10. fig. 1–2
1989 Phyllodus paulkatoi, Bryant, p. 26
2021 Phyllodus paulkatoi, Brinkman et al., p.

941, fig. 3B–C
Voucher specimen. From Pu3 localities of the
Tullock Member of the Fort Union Formation:
UCMP 191569 from locality V73080: two isolated

teeth and two partial tooth-plates, one with three
stacked teeth and the other with two stacked teeth.
Description. Phyllodus paulkatoi is represented by
both isolated teeth and partial tooth-plates from
UCMP locality V73080. In the partial tooth-plates,
the teeth are arranged in stacks with the replace-
ment teeth directly below the functional teeth, a
defining feature of the genus (Estes, 1969a) (Fig-
ure 2A–B). The teeth are low, circular in outline,
and have a wide-open base. Surface texture var-
ies, with some teeth having a rugose surface (Fig-
ure 2A) and others being smooth (Figure 2B).
Remarks. Phyllodus paulkatoi was described by
Estes and Hiatt (1978) based on partial basibran-
chial tooth-plates from the Upper Cretaceous Hell

TABLE 1. Summary counts of teleost centra from six vertebrate microfossil localities in the Tullock Member of the Fort
Union Formation and one from the Ravenscrag Formation.

Note: Centrum counts are calculated for each taxon/morphotype per locality and formation, with the grand total of all 
specimens listed in the lower right-hand corner. ∑Tu/taxon, total count per taxon from the Tullock Member; ∑total/taxon, total 
counts per taxon across Tullock Member and Ravenscrag Formation; comb., combination of specimens from all localities across 
the Tullock Member or both geologic units; Fm., formation; Mbr., member; Pu1, Pu2, and Pu3, Puercan 1, 2, and 3 North 
American Land Mammal “age” substages, respectively. The alternating white and grey rows represent the higher-level 
taxonomic groupings and sample sizes used in calculating the relative abundance patterns shown in the Paleogene portion of 
Figure 22.

Mckeever 
Ranch 1

Loc 
V72210

%
Worm 

Coulee 1
Loc 

V74111
%

Morales 1
Loc 

V77128
%

Garbani 
13

Loc 
V73080

%

Howards 
Biscuit 
Butte 2

Loc 
V81029

%

Yellow 
Sand 
Hill 8
Loc 

V75194

%
Pine Cree
Loc. from 

RSM P1594
%

Coriops or 
Lopadichthys

16 8.4 7 1.9 117 19 4 1 6 8 121 7

Gonorynchiform 
indet. type H

60 3

Notogoneus 58 30.5 1 0.3 5 0.8 3 1 2 3 2 3 334 16

Teleost U3/BvD (K 
morph)

1 0.3 2 0.3

Teleost U3/BvD (P 
morph)

87 28 11 13 4 6 2 0.1

Estesesox 1 0.5 2 0.5

Esox 1 0.5 17 4.5 16 2.6 1 1 1 1 2 3 11 1

Acanthomorph centra 
type HC-1

2 0.3 1414 65

Acanthomorph centra 
type HC-2

108 56.8 312 83 259 42 211 67 59 74 52 85 166 8

Acanthomorph centra 
type HC-4

3

Acanthomorph centra 
type AvE

16 4.2 92 14.9 39 2

Acanthomorph centra 
type HC-5

6 1.6 77 12.5

Teleost indet. type U-
4

1 0.5 2 0.6 7 1.1 2 1

Teleost indet. type 
PT-1

5 2.6 8 2.1 38 6.2 2 1 1 1 2

Diplomystus 4 0.2

Total 190 375 615 313 79 61 2151
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Creek Formation and the lower Paleocene Tullock
Member. Phyllodus, along with the late Campanian
taxon Paralbula, are members of the Phyllodonti-
dae, an extinct group of albuloid fish in which the
flattened, button-like teeth of the basibranchial are
arranged in multiple sets of replacement teeth. In
Phyllodus the teeth are superimposed in stacks,
whereas in Paralbula the teeth are alternating or
irregularly arranged. In the Puercan localities
examined here, Phyllodus was only observed in
localities of Pu3 age and only in the Montana
region.

Subdivision OSTEOGLOSSOMORPHA 
Greenwood et al., 1966

Order indet.
Genus CORIOPS Estes, 1969b

Coriops sp.
Figure 3A

1969b Coriops amnicolus, Estes, p. 7–9, plate 4
1989 Coriops amnicolus, Bryant, p. 25
1990 Teleost D, Brinkman, p. 44, fig. 4
2005 Coriops, Neuman and Brinkman, p. 174–

176, fig. 9.6A

2010 Coriops, Larson, Brinkman, and Bell, p.
1165, fig. 5A

2013 Coriops, Newbrey et al., fig. 3F–I
2013 Coriops, Brinkman et al., p. 207–209, fig.

10.11A–B
2021 Coriops, Brinkman et al., p. 944–945. fig.

6A
Voucher specimens. From Pu3 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 191562 from locality
V73080, nearly complete basibranchial element of
large size.
Description. The presence of Coriops in the early
Paleocene is documented by a nearly complete
basibranchial from the Pu3 interval of the Tullock
Member (Figure 3A). As in the basibranchials of
Coriops from the upper Maastrichtian, blunt teeth
cover the occlusal surface of the element, and the
ventral surface is covered by a lacy network of
bone. The element differs from Cretaceous speci-
mens in that fewer teeth are present, and the teeth
in the center of the element are larger than teeth
near the lateral edges.
Remarks. Coriops is widespread in the Late Creta-
ceous. It is represented by tooth-bearing elements
in both the late Campanian and late Maastrichtian
and is often the most abundant teleost present.
Centra referred to Coriops by Neuman and Brink-
man (2005) were subsequently shown to be char-
acteristic of a larger group that includes both
Coriops and Lopadichthys and are described sepa-
rately below.

Genus LOPADICHTHYS Murray, Zelenitsky, 
Brinkman, and Neuman, 2018

Lopadichthys sp.
Figure 3B

2018 Lopadichthys, Murray et al., p. 1–38
Voucher specimens. From the Pu2 Pine Cree
Park locality, Ravenscrag Formation, Saskatche-
wan: RSM 1954-114, posterior half of dentary.
Description. The presence of Lopadichthys in the
Pine Cree Park locality is documented by a single,
partial dentary. This specimen consists of the pos-
terior end of the dentary, including the posterior
end of the tooth row (Figure 3B). Two rows of teeth,
mostly broken, are present, with the teeth of the
lateral row being relatively larger than those of the
medial row. Both rows of teeth are located on the
dorsal edge of the dentary and the broken bases of
the teeth face dorsally. The lateral surface of the
dentary is smooth and gently convex. The sensory
canal is located near its ventral edge. Sensory
canal pores are relatively small. The depth of the

FIGURE 2. Phyllodus paulkatoi partial tooth-plates
shown in occlusal and lateral views, showing variation in
the surface texture of functional teeth. A, three teeth in a
single stack, with the functional tooth having a rugose
surface texture. B, two teeth in a stack, with the func-
tional tooth having a smooth surface texture. Both spec-
imens included in UCMP 191569 from locality V73080.
From Brinkman et al. (2021, figure 2). Scale bar equals
2 mm.
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dentary increases posteriorly, indicating that the
complete dentary was likely to have been triangu-
lar in lateral view.
Remarks. Lopadichthys colwellae was named
based on three articulated skeletons preserved on
a single slab from the upper Paleocene Paskapoo
Formation of Alberta, Canada, and a series of iso-
lated dentaries that had previously been referred to
Joffrichthys (Murray et al., 2018). A dentary from
the Pine Cree Park locality (Figure 3B) is referred
to Lopadichthys based on similarities with the den-
tary of Lopadichthys colwellae from the upper
Paleocene (Figure 3C). In both, the external sur-
face is smooth and gently convex, the sensory
canal is located near the ventral edge of the den-
tary, and a tall coronoid process is present. How-
ever, the presence of two rows of teeth of the Pine
Cree Park specimen differentiates it from the den-
tary of Lopadichthys colwellae.

A dentary from the Lance Formation with simi-
larities to Lopadichthys was described by Brinkman

et al. (2021) and referred to as aff. Lopadichthys.
This dentary differs from the Paleocene specimens
of Lopadichthys in being more curved when seen
in occlusal view and in having a concave ventral
edge when seen in lateral view. However, the simi-
larities in shape and development of the tooth rows
suggest that they are phylogenetically related, and
that Lopadichthys originated during the Creta-
ceous.

Coriops or Lopadichthys
Figure 4A–D

1990 Teleost D, Brinkman and Eberth, p. 44–45,
fig. 1

2001 Teleost D, Peng, Russell, and Brinkman, p.
18, plate 4, fig. 7–9

2002 Morphoseries IIA-1, Brinkman and Neu-
man, p. 144–146, fig. 4.1–4.11

2005 Coriops, Neuman and Brinkman, p. 174–
176, fig. 9.6B–D, 9.8D

FIGURE 3. Osteoglossomorph tooth-bearing elements. A, basibranchial element of Coriops sp. 191562 from locality
V73080 shown in occlusal and internal views. B, partial dentary of aff. Lopadichthys sp. in medial and lateral views,
RSM 1954-114. C, dentary of Lopadichthys colwellae from the anterior Paskapoo Formation of Alberta, UALVP 15069.
D, dentary of Ostariostoma sp. from the Ravenscrag Formation of Saskatchewan shown in lateral, occlusal, and
medial views, UALVP 58819. Scale bar equals 2 mm.
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2010 Coriops, Larson, Brinkman, and Bell, p.
1165, fig. 5A

2013 Coriops, Newbrey et al., fig. 3
2013 Coriops, Brinkman et al., p. 207–209, fig.

10.11
2014 Coriops, Brinkman et al. p. 252–253, fig. 4
2018 Coriops, Murray et al., fig. 12D–F
2019 Coriops, Brinkman, p. 115–119, fig. 3
2021 Coriops or Lopadichthys, Brinkman et al.,

p. 945–947, fig. 7A–E
Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP V276782 from local-
ity V77128, 10 centra; UCMP 276783 from locality
V77128, 103 centra; UCMP 276784 from locality
V77128, four centra; UCMP 230711 from locality
V72210 approximately 15 centra; UCMP 230710
from locality V72210 one centrum; UCMP 230661

from locality V74111, five centra; UCMP 230662
from locality V74111, two centra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1954-95, 121 abdominal centra; UALVP 58818,
(uncounted) abdominal centra.
Localities. From Pu3 localities of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 230689 from locality V81029, six
centra; UCMP 191567 from locality V73080, four
centra.
Description. Osteoglossomorph centra like those
of Coriops and Lopadichthys described by Brink-
man et al. (2021) are present in Pu1, Pu2, and Pu3
localities. As in the Late Cretaceous samples, dis-
tinct anterior, mid, and posterior regions of the
abdominal vertebral column can be recognized.
The centra from the mid-abdominal region (Figure
4B–C) are shorter than wide and round or slightly
higher than wide in end view. The neural arches

FIGURE 4. Centra of Coriops or Lopadichthys sp. from the Pine Cree locality in anterior, left lateral, posterior, dorsal,
and ventral views. A, anterior abdominal centrum, RSM 1954-95. B–C, mid abdominal centra, both included in RSM
1954-95. D, posterior abdominal centrum, RSM 1954-95. Scale bar equals 2 mm.



BRINKMAN ET AL.: TELEOST FISHES ACROSS THE CRETACEOUS–PALEOGENE BOUNDARY

10

are autogenous, and the articular surfaces for the
neural arch are large, oval pits that extend for the
full length of the centrum. A mid-dorsal pit is pres-
ent between the neural arch articular pits. This pit
is also oval and about half the size of the neural
arch articular pits. Parapophyses are vertical
flanges that extend ventrolaterally from the cen-
trum. The base of the parapophysis is located
anterior to the middle of the centrum and extends
from the lateral edge of the neural arch articular pit
to the ventral edge of the centrum. The parapophy-
ses are laterally or ventro-laterally oriented. A rib
articular pit is present posterior to the parapophy-
sis. A mid-ventral pit is present.

The anterior abdominal centra (Figure 4A) are
similar to the mid-abdominal centra in having
autogenous neural arches and a mid-dorsal pit
between the neural arch articular pits. They differ
from the mid-abdominal centra in that the para-
pophyses are shorter and are oriented more
strongly ventrally than in centra from more anterior
positions in the vertebral series. These processes
originate from lower down on the side of the cen-
trum; therefore, they do not extend dorsally to the
neural arch articular pit. The ventral surface of the
centrum between the parapophyses is pierced by a
series of small foramina rather than a single large
mid-ventral pit.

Posterior abdominal centra (Figure 4D) differ
from the mid-abdominal centra in having neural
arches fused to the centrum. A ridge extends from
the neural arch to the tip of the parapophyses. As
in the more anterior centra, a mid-ventral pit is
present.
Remarks. Osteoglossomorph centra from the
upper Campanian Belly River Group were referred
to Coriops by Neuman and Brinkman (2005). How-
ever, these were shown to differ little from those of
the Paleocene genus Lopadichthys by Murray et
al. (2018). Brinkman et al. (2021) concluded that
the similarity in the centra of these genera should
be considered as evidence that they are members
of a higher-level group of osteoglossomorphs.
Additionally, because Brinkman (2019) noted the
similarity of this morphology to centra of Phareo-
dus as documented by Divay and Murray (2016b)
from the Eocene Bridger Formation, this larger
group of osteoglossomorphs likely also includes
some Paleogene osteoglossids. Because such a
group is currently not recognized, they will be
referred to below as centra of Coriops/Lopadich-
thys type.

Centra of Coriops/Lopadichthys type are
widely distributed in both the upper Maastrichtian

and lower Paleocene formations. They are gener-
ally of high relative abundance in upper Maastrich-
tian localities (Brinkman et al., 2021, table 2). Their
relative abundance varies in the Paleocene but is
consistently a lower percentage than in the Creta-
ceous. Based on counts of centra (Table 1), they
are most abundant at UCMP locality V77128 (Pu1)
where they constitute 19% of teleost abdominal
centra present. In contrast, they are absent at
locality V75194 (Pu3), which might be a sampling
bias (only 61 centra in total; Table 1).

Genus OSTARIOSTOMA Schaeffer, 1949
Ostariostoma sp.

Figure 3D
1991 Ostariostoma, Grande and Cavender, p.

405–416
2005 Teleost unidentified dentary #4, Neuman

and Brinkman, p. 176; fig. 9.7D
2017 Ostariostoma, Brinkman et al., p. 19–23,

figs. 9–10
2021 Ostariostoma, Brinkman et al., p. 947, fig.

6C
Voucher specimens. From the Pu2 Pine Cree
Park locality, Ravenscrag Formation, Formation,
Saskatchewan: UALVP 58819, one dentary.
Description. A single dentary like that referred to
Ostariostoma by Brinkman et al. (2017) was recov-
ered from the Pine Cree Park locality (Figure 3D).
This specimen, which consists of the anterior end
of the element, preserves two sensory canal pores.
As in the Cretaceous dentaries, these are excep-
tionally large. A series of tooth bases is present on
the occlusal surface of the dentary, indicating that a
single row of relatively large teeth was present.
Remarks. Ostariostoma is one of the few teleosts
from the Upper Cretaceous or lower Paleocene of
the Western Interior of North America represented
by an articulated skeleton (Schaeffer, 1949;
Grande and Cavender, 1991). The single speci-
men, which is from the upper Maastrichtian to
lower Paleocene Livingston Group in Montana, is
preserved as an impression in a hard mudstone.
Fine detail is present in the natural mould, allowing
for detailed descriptions based on latex peels taken
from the original specimen (Grande and Cavender,
1991). A dentary from the upper Santonian Milk
River Formation was referred to Ostariostoma by
Brinkman et al. (2017) based on comparison with a
cast of the original articulated specimen. The Milk
River dentary was similar to the dentary of the type
specimen in the presence of a single row of large
teeth and of three large sensory canal pores in the
lower half of the elements (Brinkman et al., 2017,
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figure 9). Dentaries of Ostariostoma are widely dis-
tributed in the Cretaceous, being present in the
upper Santonian Milk River Formation (Brinkman
et al., 2017, figures 9–10), the upper Campanian
Belly River Group (Neuman and Brinkman, 2005,
figure 9.7D), and the upper Maastrichtian Lance
Formation (Brinkman et al., 2021). The dentary
present in the Pine Cree Park locality shows little
difference from the Cretaceous specimens.

Superorder CLUPEOMORPHA Greenwood, 
Rosen, Weitzman, and Myers, 1966

Order ELLIMMICHTHYIFORMES Grande, 1985
Family ARMIGATIDAE Murray and Wilson, 2013

Genus DIPLOMYSTUS Cope, 1877
Diplomystus sp.

Figure 5
1997 Teleost Q, Eberth and Brinkman, p. 58
2002 Morphoseries IIB-2 Brinkman and Neu-

man, p. 149–150, fig. 7
2013 Diplomystus sp. Brinkman et al., p. 213,

fig. 10.15
2016a Diplomystus, Divay and Murray, p. 2–4, fig.

2
2019 Diplomystus, Brinkman, p.120–121, fig. 6
Voucher specimens. From the Pu2 Pine Cree
Park locality, Ravenscrag Formation, Saskatche-
wan: RSM 1594-35, one centrum; RSM 1594-36,
one centrum; RSM 594-104, two centra.
Description. The presence of Diplomystus in the
Pine Cree Park assemblage is documented by four
centra from the posterior abdominal region of the
vertebral column. As in the specimens of Diplo-

mystus from the Wasatch Formation described by
Divay and Murray (2016a, figure 2), the neural arch
articular pits are shallow depressions restricted to
the anterior half of the centrum (Figure 5). These
surfaces are separated by a mid-dorsal pit that is
triangular, with the posterior end being widest. This
pit is bordered laterally by a ridge that extends pos-
teriorly from the neural arch articular pits and ends
in a low postero-dorsal process. Parapophyses are
preserved in place, partially fused to the centrum.
A broad area above the parapophyses is formed by
a coarse network of ridges. The lateral surface of
the parapophyses is also formed by a network of
ridges. Ventrally a variable number of antero-pos-
teriorly oriented ridges are present, with one speci-
men having three closely spaced ridges (Figure
5A) and the second having a mid-ventral pit (Figure
5B). A similar range of variation is present in speci-
mens from the Upper Cretaceous of Utah (Brink-
man et al., 2013, figure 10.15) and from the early
Eocene of Wyoming (Divay and Murray, 2016a, fig-
ure 2E–F), so this likely reflects variation along the
column.
Remarks. Diplomystus is well represented by artic-
ulated specimens from both Cretaceous and
Eocene localities (Grande, 1984; Bagils, 2004).
Isolated centra from the lower Eocene Bitter Creek
locality of the Wasatch Formation, Wyoming, were
described by Divay and Murray (2016a), and these
allowed isolated centra of Diplomystus from Creta-
ceous vertebrate microfossil localities to be recog-
nized. Based on the distribution of centra,
Diplomystus is widespread in non-marine beds of

FIGURE 5. Centra of Diplomystus sp. from the Pine Cree locality in anterior, left lateral, posterior, dorsal, and ventral
views. A, RSM 1594-35. B, RSM 1594-36. Scale bar equals 2 mm.
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the Upper Cretaceous of the Western Interior of
North America. It is present in the Cenomanian
Dakota Formation and the Santonian portion of the
John Henry Member of the Straight Cliffs Forma-
tion, both of Utah (Brinkman et al., 2013), and the
upper Campanian Belly River Group of Alberta
(Brinkman, 2019).

Superorder OSTARIOPHYSI Sagemehl, 1885 
(sensu Fink and Fink, 1996)

Order GONORYNCHIFORMES Berg, 1940
gen. et sp. indet. type H

Figure 6
2002 Morphoseries IIIA-1, Brinkman and Neu-

man, p. 150–151, fig. 8.1–8.4
2005 Morphoseries IIIA-1 (teleost indetermi-

nate), Neuman and Brinkman, p. 180, fig.
9.8G

2013 Genus et sp. indet. type HvB, Brinkman et
al., p. 225, fig. 10.26

2014 Genus and species indet H-vB, Brinkman
et al., p. 261, fig. 10C

2017 ?Ostariostoma, Brinkman et al., p. 21, fig.
10–11

2019 Gonorynchiformes gen. et sp. indet. type
H, Brinkman, p. 127–129, fig. 11

2021 Gonorynchiformes gen. et sp. indet. type
H, Brinkman et al., p. 947–949, fig. 8A–C

Voucher specimens. From the Pu2 Pine Cree
Park locality, Ravenscrag Formation, Saskatche-
wan: RSM 1594-8, one anterior centrum; RSM
1594-10, one first abdominal centrum (centrum
type HvB); RSM 1594-11, one anterior centrum
(centrum type HvB); RSM 1594-5, one mid-dorsal
centrum (centrum type HvA); RSM 1594-6, one
abdominal centrum (centrum type HvA); RSM
1594-7, one abdominal centrum (centrum type
HvA); RSM 1594-93, 33 abdominal centra (cen-
trum type HvA); RSM 1594-92, 21 first abdominal
centra (centrum type HvB).
Description. Gonorynchiform indet. type H is rep-
resented by two distinctive centrum morphotypes,
one, initially referred to as type HvB, was inter-
preted as a first abdominal centrum, and the sec-
ond, initially referred to as type HvA, was
interpreted as representing more posterior abdomi-
nal centra (Brinkman et al., 2017, 2021; Brinkman,
2019).

The first abdominal centrum (Figure 6A–B)
corresponds to the morphology of those from the
Upper Cretaceous identified as such by Brinkman
et al. (2014, 2017) and Brinkman (2019), and other
gonorynchiform first centra from the Late Creta-

ceous (Divay et al., 2020, figure 6A) and early
Eocene (Divay and Murray, 2016a, figure 4A) in
being longer than wide and having a distinctive
sub-rectangular mid-ventral pit. Neural arches are
not fused to the centrum. The neural arch articular
pits are characteristic, long, oval pits that are sepa-
rated from each other by a robust bar of bone.
Parapophyses are absent, and no distinct para-
pophyseal pit is present. The sides of the centrum
vary from having a series of struts extending
between the ends of the centrum (Figure 6A) to
being smooth (Figure 6B).

The more posterior abdominal centra (Figure
6C–D) are similar to the first abdominal centra in
being longer than wide and having a sub-rectangu-
lar mid-ventral pit. In some centra, the pit is con-
stricted at about mid length, as in the first
abdominal centrum. Neural arches are fused to the
centrum and a narrow mid-dorsal ridge extends for
the length of the centrum between the neural arch
bases. The development of the parapophyses var-
ies, likely because of variation along the vertebral
column. On specimens interpreted as being from a
more anterior position on the vertebral column
(Figure 6C), parapophyses are autogenous and
distinct parapophyseal pits are present on the lat-
eral surface of the centrum. A ridge extends from
the neural arch to the dorsal edge of the parapoph-
yseal pit. On specimens interpreted as being from
a more posterior position (Figure 6D) parapophy-
ses are fused to the centrum. These extend from
the neural arch to the ventral edge of the centrum.
Remarks. Gonorynchiform gen. et sp. indet. type
H was first recognized by Brinkman et al. (2013)
based on material from the Turonian Smoky Hollow
Member of the Straight Cliffs Formation, Utah. Two
centrum morphotypes, initially referred to as cen-
trum type HvA and type HvB, were recognized as
representing different positions in a single vertebral
series. Later, Brinkman et al. (2017) recognized
that centrum type HvB matched the centrum identi-
fied as a gonorynchiform first abdominal centrum
by Divay and Murray (2016a, figure 4A–B), indicat-
ing affiliations with that teleost group.

Based on a comparison of the centra of tele-
ost Gonorynchiform type H and the centra partially
visible in the type specimen of Ostariostoma,
Brinkman et al. (2017) suggested that gono-
rynchiform indet. type H was synonymous with
Ostariostoma. This was supported by a similarity in
distribution of the centra of Gonorynchiform indet.
type H and the dentaries referred to Ostariostoma.
If correct, this would imply that Ostariostoma was a
member of the Gonorynchiformes rather than the
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Osteoglossomorpha as generally accepted
(Grande and Cavender, 1991; Hilton, 2002; Wilson
and Murray, 2008; Lavoué, 2016). However, pend-
ing the discovery of additional specimens that con-
firm the association of the dentaries referred to
Ostariostoma and the centra of gonorynchiform

indet. type H, these are retained as distinct opera-
tional taxonomic units.

Centra of gonorynchiform indet. type H are
widely distributed in the Upper Cretaceous of the
Western Interior, being present in the Turonian
Smoky Hollow Member of the Straight Cliffs For-
mation (Brinkman, 2013), the Santonian Milk River

FIGURE 6. Centra of gonorynchiform indet. type H from the Pine Cree locality, Ravenscrag Formation, Saskatche-
wan, shown in anterior, left lateral, posterior, dorsal, and ventral views. A–B, first abdominal centrum: A, UALVP
58815; B, specimen RSM 1594-8. C, anterior abdominal centra, showing autogenous paraphyses, RSM 1594-7. D,
posterior abdominal centra, showing parapophyses fused to the centrum; RSM 1595-6. Scale bar equals 2 mm.
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Formation (Brinkman et al., 2017), the upper Cam-
panian Belly River Group (Brinkman, 2019), and
the upper Maastrichtian Hell Creek and Lance for-
mations (Brinkman et al., 2021). They are fairly
common at the Pine Cree Park locality (60 speci-
mens) but only constitute about 3% of all teleost
abdominal centra present; none are present in the
Montana localities (Table 1). The variable abun-
dances of this taxon may reflect local environmen-
tal conditions rather than regional patterns of
distribution because it has a patchy distribution in
the Cretaceous: it is abundant in the Milk River
Formation and Belly River Group of Alberta but
rare in the Hell Creek Formation (Brinkman et al.,
2014, 2017, 2021).

Genus NOTOGONEUS Cope, 1885
Notogoneus sp.

Figures 7–8
1997 Teleost R, Eberth and Brinkman, p. 57
2002 Morphoseries IIIA-2, Brinkman and Neu-

man, p. 151, fig. 8.5–8.8
2019 Notogoneus, Brinkman, p. 126–129, fig. 10
2020 Notogoneus, Divay et al., p. 1–18, figs. 2–

9
2021 Notogoneus, Brinkman et al., p. 949, fig.

8D
Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276776 from locality
V77128, three centra; UCMP 276777 from locality
V77128, one centrum; UCMP 276778 from locality
V77128, one centrum; UCMP 230713 from locality
V72210, one first abdominal centrum; UCMP
230716 from locality V72210, one centrum; UCMP
230706 from locality V77210, one centrum; UCMP
230717 from locality V72210, one centrum.
Localities. From Pu3 localities of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 230690 from locality V81029, one
centrum; UCMP 230691 from locality V81029, one
centrum; UCMP 230686 from locality V81029,
basioccipital; UCMP 230729 from locality V75194,
two centra; UCMP 191562 from locality V73080,
three centra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: cranial ele-
ments: RSM 1594-78, anterior end of vomer; RSM
1594-80, anguloarticular; RSM 1594-81, retroartic-
ular; RSM 1594-77, basibranchial; RSM 1594-82,
one dentary; RSM 1594-100, two basibranchials;
RSM 1594-99, one dentary; RSM 1594-98, one
anguloarticular; RSM 1594-101, approximately 40
basioccipitals; UALVP 58823, one basioccipital.

Vertebral elements: RSM 1594-29, one centrum;
RSM 1594-30, one centrum; RSM 1594-31, one
centrum; RSM 1594-32, one centrum; RSM 1594-
103, approximately 328 centra; RSM 1594-102,
one centrum of large size; UALVP 58814, one cen-
trum of large size.
Appendicular skeletal elements: RSM 1594-79,
one pectoral fin ray base; RSM 1594-83, one pec-
toral fin ray base; RSM 1594-97, two pectoral fin
ray bases.
Description. Notogoneus is represented in the
lower Paleocene localities of Saskatchewan and
Montana by both cranial elements and elements of
the axial and appendicular skeletons (Figures 7–8).
The cranial elements include the vomer, basioccip-

FIGURE 7. Cranial and postcranial elements of Notogo-
neus from the Pine Cree locality, Ravenscrag Forma-
tion, Saskatchewan. A, anterior end of vomer shown in
dorsal and ventral views, RSM 1594-78. B, anguloartic-
ular shown in medial, lateral (upper row), dorsal and
ventral (lower row) views, RSM 1594-80. C, dentary
shown in medial and lateral views, RSM 1594-82. D,
retroarticular shown in lateral, anterior, and medial
views, RSM 1594-81. E, basibranchial shown in dorsal,
lateral and ventral views, RSM 1594-77. F, pectoral fin
ray base shown in dorsal, anterior, and ventral views,
RSM 1594-79. Scale bar equals 2 mm.



PALAEO-ELECTRONICA.ORG

15

ital, anguloarticular, retroarticular, dentary, and
basibranchials.

The vomer (Figure 7A) is represented by its
anterior end. It is like that of the Cretaceous speci-
mens described by Divay et al. (2020, figure 2A–B)
in being an elongate, flattened element with a trian-
gular anterior end and a slightly rounded ridge
extending longitudinally on its dorsal surface.

The basioccipital (Figure 8A) is like that
described by Divay and Murray (2016a, figure 3A)
and by Divay et al. (2020, figure 5E) in that the
posterior articular surface is higher than wide. Dor-
sally, a pair of ridges extends forward from the exo-
ccipital articular surface forming a bi-lobed mid-
dorsal ridge. Ventrally, a large circular mid-ventral
pit is present at the posterior end of the basioccipi-
tal. A narrow flat surface extends anterior to the pit.
This surface is depressed relative to the more lat-
eral areas of the basioccipital.

The dentary is edentulous, and although it is
incomplete, the preserved base of the ventral pro-
cess, by the symphysis, suggests that the com-
plete dentary would have been deeply forked, with
ventral and coronoid processes joining anteriorly
(Figure 7C). It has a smaller symphysis than den-
taries of Notogoneus from the Late Cretaceous
described by Divay et al. (2020, figure 3A), but is
otherwise morphologically identical, including in
the placement of the only visible foramen, immedi-
ately beneath the oral margin on the medial sur-
face of the coronoid process.

The anguloarticular (Figure 7B) is a short, rel-
atively robust element with a well-defined concave
articular surface facing posteriorly for the articula-
tion with the quadrate. The ventral surface has a
shallow triangular articular surface for the articula-
tion with the retroarticular. It does not significantly
differ from the Upper Cretaceous anguloarticular
described by Divay et al. (2020, figure 3E).

The retroarticular (Figure 7D) is a short,
spine-like element with a circular articular surface
for contact with the postero-ventral surface of the
anguloarticular. As was described for Late Creta-
ceous Notogoneus elements (Divay et al., 2020),
despite being adjacent to the articulation of the
mandible with the quadrate, the retroarticular does
not seem to have been included in this articulation.

The basibranchial (Figure 7E) is a rod-like
bone with circular lateral facets for articulation with
the anterior basihyals at the anterior end of the
bone. It differs from the Upper Cretaceous speci-
mens illustrated by Divay et al. (2020, figure 5A) in
that the articular surface for the basihyals is more
nearly circular. This may reflect a morphological

difference between the Late Cretaceous and
Paleocene taxa, or this may result from preserva-
tion differences.

Centra (Figure 8B–E) are referred to Notogo-
neus based on comparison with isolated centra of
Notogoneus from the lower Eocene Wasatch For-
mation described by Divay and Murray (2016a)
and from the upper Campanian Dinosaur Park For-
mation described by Divay et al. (2020). Both first
abdominal centra (Figure 8B) and more posterior
abdominal centra (Figure 8C–E) are present in our
assemblages. The first abdominal centrum is sub
equal in width and length. Neural arches are
autogenous. Neural arch articular pits have a dis-
tinctive sub-oval shape and are separated from
one another by a narrow bar of bone. Dorsal pro-
cesses extend from the posterior end of these pits.
One to three variably developed buttresses are
present on the lateral surface of the centrum. Para-
pophyses are absent. A large, rectangular mid-
ventral pit is present, bordered by sharp ridges.

More posterior abdominal centra (Figure 8C–
E) are holospondylous, with parapophyses and
neural arches fused to the centrum. The neural
arches are located close together and extend the
full length of the centrum. A narrow mid-dorsal
ridge is present between the bases of the neural
arch. The parapophyses are ventro-laterally ori-
ented processes restricted to the anterior half of
the centrum. A sharp-edged ridge extends along
the ventro-lateral edge of the centrum from the
parapophyses to the posterior end of the centrum.
A second major ridge extends between the ends of
the centrum mid-way along its side. This ridge gen-
erally originates above the parapophyses (Figure
8D–E), but on some it contacts the parapophyses
(Figure 8C). The ridge varies in thickness, likely
because of variation along the column. Ventrally a
rectangular mid-ventral pit bordered by sharp, par-
allel ridges is present.

The appendicular skeleton is represented by
pectoral fin ray bases (Figure 7F). Fin ray bases
were identified by Divay et al. (2020) based on
comparison with this element in an articulated
specimen of Notogoneus from the Green River
Formation (see Divay et al., 2020, figure 8E). They
are recognizable based on the characteristic bifur-
cation of the distal tip of the ventral process and
the presence of a circular facet on the posterior
surface of the fin ray base. As with the specimens
described by Divay et al. (2020), these are from an
anterior position on the fin, as indicated by the
markedly concave, saddle-shaped articular head
for direct articulation with the scapula.
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FIGURE 8. Notogoneus basioccipital and vertebral elements shown in anterior, left lateral, posterior, dorsal, and ven-
tral views. From the Pine Cree Park locality, Ravenscrag Formation, Saskatchewan. A, basioccipital, UALVP 58823.
B, first abdominal centrum, RSM 1594-9. C–E, abdominal centra, showing variation in development of ridges on the
side of the centrum: C, RSM 1594-30; D, RSM 1594-31; E, RSM 1594-32. Scale bar equals 2 mm.
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Remarks. Notogoneus is one of the few genera of
non-marine teleosts represented by articulated
specimens in both Upper Cretaceous and Paleo-
gene beds of North America (Grande and Grande,
1999; Grande et al., 2022). In addition, it is repre-
sented in the Upper Cretaceous Dinosaur Park
Formation by isolated elements from vertebrate
microfossil localities (Divay et al., 2020) that were
identified by comparison with articulated Notogo-
neus osculus specimens from the Green River For-
mation and recent skeletons of other genera within
the Gonorynchiformes, including the chanid Cha-
nos chanos, and the gonorynchid Gonorynchus
forsteri. Notogoneus is present but rare in the
upper Maastrichtian (Brinkman et al., 2021). Ele-
ments of Notogoneus from the lower Paleocene
show only minor differences from the correspond-
ing elements from the Dinosaur Park Formation.
The major difference in the cranial elements is the
proportions of the dentary, which appear more
elongate in the Puercan-age specimens. Centra of
Notogoneus from the Puercan localities have gen-
erally more gracile lateral buttresses than centra
from the Dinosaur Park Formation.

Notogoneus has a patchy distribution in both
the Upper Cretaceous and the lower Paleocene. In
the Upper Cretaceous Belly River Group, it is
abundant in a series of fine-grained deposits in the
Onefour area of southern Alberta representing very
slow-moving waters on the lateral floodplains but is
rare outside of this area and environment (Divay et
al., 2020). It is also present but rare in the Hell
Creek Formation (Brinkman et al., 2021). In the
lower Paleocene, it is only present in the Pine Cree
Park locality, where it is moderately abundant
(Table 1).
 Series OTOPHYSI Garstang, 1931 (sensu Rosen 

and Greenwood, 1970)
Order indet.

Gen. et sp. indet. U3/BvD
Figure 9

2013 Otophysi gen et sp. indet. type U-3/BvD,
Brinkman et al., p. 215–219, figs. 10.19A–
C, 10.20A–C, 10.21A–C

2014 Otophysi gen et sp. indet. Brinkman et al.,
p. 255–256, fig. 7A–D

2017 Otophysi genus et sp. indet U-3/BvD,
Brinkman et al., p. 30–33, figs. 16–17, 18B

2019 Otophysi genus et sp. indet U3/BvD, Brink-
man, p. 129–131, figs. 12–13B

2021 Otophysi gen. et sp. indet. U3/BvD, Brink-
man et al., p. 949–951, fig. 9

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276732 from locality
V77128, one partial centrum of type U3; UCMP
276740 from locality V77128, one partial centrum;
UCMP V276731, from locality V74111, one partial
centrum.
Localities. From Pu3 localities of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 191569 from locality V73080, four
dentaries; UCMP 191566 from locality V73080,
approximately 44 centra of type U3; UCMP 191564
from locality V73080, approximately 43 post-
Weberian abdominal centra; UCMP 191569 from
locality V73080, four dentaries (tooth bearing ele-
ments of amiids and other teleosts included in this
specimen number); UCMP 230688 from locality
V81029, three anterior Weberian centra of interme-
diate size; UCMP 230692 from locality V81029,
eight post-Weberian abdominal centra; UCMP
230706 from locality V75194, one anterior Webe-
rian centrum; UCMP 230707 from locality V75194,
three anterior Weberian centra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-33, one abdominal centrum; RSM 1594-34,
one abdominal centrum.
Description. The presence of Otophysi indet. type
U3/BvD in the lower Paleocene is documented by
dentaries, centra from the Weberian apparatus,
and post-Weberian abdominal centra.

Dentaries of Otophysi indet. type U3/BvD
were recovered from the Pu3 localities of Montana
(Figure 9A–B). These are similar to Cretaceous
dentaries described by Brinkman et al. (2013, fig-
ure 10.19) in having a tooth-bearing surface that is
convex in cross section and covered by a pad of
closely spaced teeth with the teeth arranged in
loose rows and showing no variation in size across
the tooth row. A series of three sensory canal
pores is present on the dentary. The anterior-most
sensory canal pore is located just posterior to the
symphysis and is in a relatively more dorsal posi-
tion than the other foramina. The more posterior
pores are located near the ventral edge of the den-
tary.

The first Weberian centrum (Figure 9C, G) is
greatly foreshortened; the anterior surface is nearly
flat, and the posterior surface is shallowly concave.
A pair of small circular pits separated by a rounded
bar of bone is present on the dorsal surface. Para-
pophyses are fused to the centrum but are broken
so their full length is not known. The bases of each
process forms vertically oriented ridges on the
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FIGURE 9. Teleost elements of Otophysi indet. type U3/BvD. A–B, dentaries of Otophysi indet. type U3/BvD (P
morph) in occlusal (upper row), internal and lateral (lower row) views, both included in UCMP 191569 from locality
V73080. C–G, centra shown in anterior, left lateral, posterior, dorsal, and ventral views: C, first Weberian centrum of
Otophysi indet. type U3/BvD (P morph) UCMP 230603 from locality V73087; D–F, post-Weberian centra of Otophysi
indet. type U3/BvD (P morph) showing variation in the development of mid-ventral pits, all included in UCMP 191564
from locality V73080; G, first Weberian centrum of Otophysi indet. type U3/BvD (K morph) UCMP 276731 from local-
ity V74111. Scale bar equals 2 mm.
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sides of the centrum. A distinctive circular fossa is
present on the ventral surface of the centrum. In
specimens from the Pu1 interval, this fossa is
large, with a diameter that is greater than half the
length of the centrum (Figure 9G). In specimens
from the Pu3 localities in Montana the fossa is
much smaller (Figure 9C).

Abdominal centra (Figure 9D–F) were initially
referred to as centrum type BvD and were not
recovered from the Pu1 localities but are abundant
in the Pu3 localities of Montana. They are also
present, although rare, in the Ravenscrag Forma-
tion of Saskatchewan. The centrum is low and
wide. Neural arches are fused to the centrum and a
deep mid-dorsal pit is present between the bases
of the neural arches. Parapophyses on anterior to
mid-abdominal centra are autogenous and large
parapophyseal pits are present on the ventro-lat-
eral sides of these centra. In the posterior abdomi-
nal centra, the parapophyses are fused to the
centrum. The ventral surface is covered by a net-
work of antero-posteriorly oriented ridges. An elon-
gated, slit-like mid-ventral pit is present in some
specimens (Figure 9D–E) but absent on others
(Figure 9F). The variable development of this pit is
interpreted as a result of variation along the verte-
bral column, with the pit being present on centra
from the anterior portion of the abdominal series.
Remarks. Otophysi indet. type U3/BvD was first
recognized by Brinkman et al. (2013) based on
specimens from the Upper Cretaceous of Utah.
Otophysi indet. type U3/BvD was included in the
Otophysi by Brinkman et al. (2013) because one
centrum type included in this taxon, initially
referred to as centrum type U3, was identified as
part of the Weberian apparatus based on compari-
son with the cyprinid Cyprinus carpio. The second
centrum morphotype included in this taxon, initially
referred to as centrum type BvD, was interpreted
as representing the post-Weberian abdominal cen-
tra. Dentaries referred to Otophysi indet. type U3/
BvD by Brinkman et al. (2013, 2017) also sup-
ported the otophysan relationships of Otophysi
indet. type U3/BvD because they had similarities
with those of some catfishes. The presence of a
Weberian apparatus was further supported by the
identification of the third Weberian centrum by
Brinkman et al. (2017). Brinkman et al. (2021)
described a centrum morphologically transitional
between the third Weberian centrum and abdomi-
nal centra that may be a fourth Weberian centrum.
Brinkman et al. (2013) suggested that Otophysi
indet. type U3/BvD was more closely related to cat-
fish than to other otophysans because of similari-

ties in the dentaries. However, the recovered
Weberian centra resemble those of cypriniforms
more than those of siluriforms, and the possibility
that the features of the dentary shared with cat-
fishes are present in basal members of the Oto-
physi cannot be excluded. Therefore, Otophysi
indet. type U3/BvD may also be a basal member of
the Otophysi, or perhaps a basal cypriniform with a
siluriform-like dentary.

Teleost gen. et sp. indet. type U3/BvD is wide-
spread in the Cretaceous, being present in the
Turonian to the upper Campanian of southern Utah
(Brinkman et al., 2013), the Milk River Formation
(Brinkman et al., 2017), the Belly River Group
(Brinkman, 2019), and the Hell Creek, Lance, and
Scollard formations (Brinkman et al., 2014, 2021).
The presence of centra and dentaries of Otophysi
indet. type U3/BvD from the lower Paleocene show
that this taxon crossed the K–Pg boundary.

Two distinct variants of teleost gen. et sp.
indet. type U3/BvD are present in the lower Paleo-
cene. In Pu1 assemblages, it is represented by
anterior Weberian centra that are similar to those
from the Late Cretaceous in that the circular fossa
on the ventral surface of the centrum is large (Fig-
ure 9G). The anterior Weberian centra from the
Pu3 localities of the Tullock Member differ in that
the circular fossa is much smaller (Figure 9C).
Dentaries and abdominal centra of Otophysi indet.
type U3/BvD from the Pu3 localities of Montana
also differ from their Late Cretaceous counterparts.
The dentaries differ in the arrangement of the sen-
sory canal pores. In the dentaries from the Pu3
interval, the anterior-most sensory canal pore is
located just posterior to the symphysis, and it is
more dorsally positioned compared to the more
posterior pores, which are located near the ventral
edge of the dentary (Figure 9A–B). In the dentaries
from Cretaceous localities, the anterior-most pore
in the series is located further posteriorly and is not
raised relative to the more posterior pores (Brink-
man et al., 2013, figure 10.19; Brinkman et al.,
2017, figure 16B). The abdominal centra from the
Pu3 localities of Tullock Member differ from their
Cretaceous counterparts in the shape of the para-
pophyseal articular pits and the development of the
surface of the centrum dorsal to this pit. In the cen-
tra from the Tullock Member, the parapophyseal
pits are oval in lateral view and are separated from
the neural arch articular pit by a broad, flat surface
(Figure 9D–F). This differs from the condition in the
Cretaceous specimens where the pits are more
rectangular in shape and abut against the neural
arch articular pits so are separated from them by
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only a sharp ridge (Brinkman et al., 2013, figure
10.21B–C; Brinkman, 2019, figure 12C–D). The
abdominal centra from the Pine Cree Park locality
are like those of the younger (Pu3) localities of
Montana.

Based on these morphological features the
Pu1 and Pu3 morphotypes of teleost gen. et sp.
indet. type. U3/BvD appear to be taxonomically
distinct. To recognize this, the taxon from the Cre-
taceous and Pu1 deposits is designated Otophysi
indet. type U3/BvD (K morph), and the taxon pres-
ent in the Pu2 and Pu3 subintervals is designated
type U3/BvD (P morph).

The distribution of centra of teleost indet. U3/
BvD (P morph) in the Pu2 and Pu3 localities shows
a strong paleobiogeographic pattern. It is moder-
ately abundant in some of the localities in Montana
(up to 28%) but very rare in the Pine Cree Park
locality in Saskatchewan (<<0.1%; Table 1). This
mirrors the tendency for elements of teleost indet.
U3/BvD (K morph) to show a strong latitudinal pat-
tern of distribution in the Upper Cretaceous (Brink-
man et al., 2013, 2017), being more abundant in
more southerly localities, suggesting that this latitu-
dinal pattern extended into the early Paleocene.

Cohort EUTELEOSTEI (sensu Arratia, 1999)
Family ESOCIDAE Rafinesque, 1815

Genus ESTESESOX Wilson et al., 1992
Estesesox sp.

Figure 10
1964 Platacodon (in part), Estes, p. 51–53, fig.

26
1992 Estesesox foxi, Wilson et al., p. 819–846,

figs. 2–3, 5, 7–8
1997 Teleost N, Eberth and Brinkman, p. 57
2001 Teleost indet. Peng, Russell, and Brink-

man, p. 18, Plate 4, fig. 12–13
2002 Morphoseries IB-1, Brinkman and Neu-

man, p. 141–143, fig. 2-1 to 2-14
2005 Morphoseries IB-1, Neuman and Brink-

man, p. 176, fig. 9.8B
2010 Esocoidea, Larson, Brinkman, and Bell, p.

1165, fig. 5C
2013 Salmoniform, Brinkman et al., p. 223–225,

fig. 10.25
2014 Salmoniform, Brinkman et al., p. 257–259,

fig. 9
2017 Estesesox, Brinkman et al., p. 33–34, fig.

19
2019 Esocidae, Brinkman, p. 133–136, figs. 15–

16

2021 Estesesox, Brinkman et al., p. 951–952,
fig. 10

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276730 from locality
V74111, anterior end of dentary; UCMP 276728
from locality V74111, one palatine; UCMP 276729
from locality V77128, one palatine; UCMP 230659
from locality V74111, one abdominal centrum;
UCMP 230660 from locality V74111, one abdomi-
nal centrum; UCMP 230708 from locality V72210,
one abdominal centrum.
Description. The presence of Estesesox in the
Pu1 is documented by a dentary, palatines, and
centra. The dentary (Figure 10A) is similar to spec-
imens of Estesesox from the Upper Cretaceous in
the presence of multiple rows of teeth on the ante-
rior end of the dentary. At least three rows of teeth
are present. The teeth are all small and show little
variation in size across the tooth row. The symphy-
sis is tall and narrow, consisting of a vertical flange
that forms the ventral half of the anterior end of the
dentary.

The palatine (Figure 10B) is similar to the pal-
atines from the upper Maastrichtian described by
Wilson et al. (1992) and Brinkman et al. (2021). It is
narrow, and only two rows of teeth are present.

Centra like those from the upper Maastrichtian
that were referred to Estesesox by Brinkman et al.
(2021) are also present in Pu1 localities (Figure
10C–E). As in esocids generally, these are simple
spools with large pits for the neural arches and
parapophyses. A mid ventral ridge is present. Cen-
tra from the anterior and posterior abdominal
regions of the vertebral column are present. In cen-
tra from a more anterior position, the neural arch
articular pits extend the full length of the centrum
(Figure 10C–D). In ventral view, the medial edges
of the parapophyseal articular pits converge
towards the anterior end of the centrum. In centra
from the posterior region of the vertebral column,
the neural arch articular pits do not extend to the
posterior end of the centrum (Figure 10E). In ven-
tral view, the medial edges of the parapophyseal
articular pits are sub-parallel to one another. They
differ from posterior abdominal centra from Creta-
ceous localities in that the parapophyseal and neu-
ral arch articular pits are separated from one
another by a surface formed by a network of bone
ridges in the Puercan material, whereas these pits
are separated by a single longitudinal ridge of bone
in Cretaceous elements.
Remarks. Esocids were first recognized in the
Late Cretaceous by Wilson et al. (1992) based on



PALAEO-ELECTRONICA.ORG

21

dentaries that had been previously referred to the
acanthomorph Platacodon by Estes (1964). Wilson
et al. (1992) recognized that the teeth of the den-
taries had distinctive, C-shaped bases, a derived
feature of esocids associated with the presence of
depressible teeth. Two genera were named, Este-
sesox and Oldmanesox. These differ in that Old-
manesox has a single row of teeth with the teeth
being larger and more widely spaced, whereas

Estesesox has several rows of teeth at the anterior
end of the dentary. Oldmanesox was represented
by only a few specimens from the Dinosaur Park
Formation, but Estesesox was abundantly repre-
sented by specimens from both the Dinosaur Park
and the Hell Creek formations. In a later descrip-
tion of esocid dentaries from the Hell Creek Forma-
tion, Brinkman et al. (2014) recognized three taxa
based on variation in the number of rows of teeth at

FIGURE 10. Skeletal elements of Estesesox sp. A, dentary in (upper row) dorsal, ventral, (lower row) medial, symphy-
seal, and lateral views, UCMP 276730 from locality V74111. B, palatine in dorsal and ventral views, UCMP 230660
from locality V74111. C–E, centra shown in anterior, left lateral, posterior, dorsal and ventral views: C, UCMP 230659
from locality V74111; D, UCMP 230708 from locality V72210; E, UCMP 230708 from locality V72210. Scale bar equals
2 mm.
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the anterior end of the dentary. However, this varia-
tion was subsequently reinterpreted as variation
related to ontogeny (Brinkman et al., 2021), and
the esocid dentaries from the upper Maastrichtian
were included in a single species of Estesesox.

Esocid centra from the Upper Cretaceous
were first described by Brinkman and Neuman
(2002). In a later study of the fishes from the Hell
Creek Formation, three centrum morphotypes
were recognized, which were assumed to be taxo-
nomically distinct (Brinkman et al., 2014). However,
based on a study of variation along the vertebral
column in extant species of Esox these three
morphs were reinterpreted as representing differ-
ent regions along the vertebral column (Sinha et
al., 2019).

Wilson et al. (1992) also described two kinds
of esocid palatines from the Upper Cretaceous.
One, from the upper Campanian Dinosaur Park
Formation, had a broad tooth-bearing surface with
multiple rows of teeth. The second, from the upper
Maastrichtian Hell Creek Formation, was narrow
and had only two rows of teeth. Wilson et al. (1992)
referred the broad palatine to Estesesox and inter-
preted the narrow palatine as evidence for a sec-
ond esocid. However, Brinkman et al. (2021)
suggested that the late Campanian and late Maas-
trichtian representatives of Estesesox may differ in
the palatine, so recognized only a single esocid in
the late Maastrichtian assemblages.

Estesesox is represented in the lower Paleo-
cene by dentaries, palatines, and centra. The den-
taries and palatine do not differ from their upper
Maastrichtian counterparts. The centra differ only
in the presence of a broader area between the
neural arch and parapophyseal pits on the poste-
rior abdominal centra. Because only three vertebral
centra are available from the lower Paleocene
(Table 1), the full range of variation along the verte-
bral column is not represented, and the possibility
that the centra being compared come from different
regions of the column cannot be eliminated.

Genus ESOX Linnaeus, 1758
Esox sp.
Figure 11

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276775 from locality
V77128, three centra; UCMP 276774 from locality
V77128, five centra; UCMP 276773 from locality
V77128, eight centra; UCMP 230702 from locality
V72210, anterior end of a dentary; UCMP 230701
from locality V72210, one palatine; UCMP 230659
from locality V74111, anterior abdominal centra

(not counted); UCMP 230660 from locality V74111,
one anterior abdominal centrum.
Localities. From Pu3 localities of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 191574 from locality V73080,
three partial dentaries; UCMP 191575 from locality
V73080, one palatine; UCMP 191563 from locality
V73080, one posterior abdominal centrum; UCMP
191269 from locality V80101, one dentary; UCMP
230727 from locality V75194, one posterior
abdominal centrum; UCMP 230727 from locality
V75194, one posterior abdominal centrum; UCMP
230687 from locality V81029, one posterior
abdominal centrum.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-60, one dentary; RSM 1594-62, one palatine;
RSM 1594-26, four centra; UALVP 58817, one
anterior abdominal centrum; RSM 1594-27, six
posterior abdominal centra; RSM 1594-28, one
posterior abdominal centrum; UALVP 58817, cen-
tra (not counted).
Description. The dentaries of Esox sp. (Figure
11A) are similar to those of the Cretaceous esoc-
ids, Estesesox and Oldmanesox in general shape
but differ from those genera and are like extant
species of Esox in that the shelf medial to the tooth
row is broader and the symphyseal region is
reduced. They are like extant species of Esox and
to Oldmanesox in having a single row of teeth but
differ from the latter genus in that the teeth are rel-
atively larger.

The palatine (Figure 11B) differs from those of
the Cretaceous esocids and is similar to the extant
species of Esox in having a maxillary process,
which is a distinct lateral process near the anterior
end of the element for articulation with the maxilla.
Grande et al. (2004) recognized the presence of a
maxillary process on the palatine is a feature in
which extant species of Esox differ from more
basal esocids. Also, the shape of the anterior artic-
ular surface suggests that it articulated with both
the maxilla and premaxilla, a feature in which
extant species of Esox differs from more basal eso-
cids (Grande et al., 2004).

Centra of Esox from the lower Paleocene
localities were identified through comparison with
extant species of the genus as described by
Grande et al. (2004) and Sinha et al. (2019). In
Esox, abdominal centra have a ventral groove or
pit, in contrast with the esocid centra from the
Upper Cretaceous, which have a mid-ventral ridge.
Thus, the presence of esocid centra from the lower
Paleocene with a ventral groove in Pu1 localities
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(Figure 11C–D) further supports the presence of
Esox during that time. Centra in which the groove
is bordered by a pair of bulges (Figure 11C–D) are
interpreted as anterior abdominal centra. Para-
pophyseal pits are equal in size to the neural arch
articular pits and are located on the side of the cen-
trum, therefore they are not visible in ventral view.
Remarks. The presence of Esox in the Puercan
localities is supported by characteristic features of
the dentaries, palatine, and centra that were inter-
preted as diagnostic for the genus by Grande et al.
(2004). The dentaries are like those of Esox, in
having a reduced symphysis, a single row of large
teeth, and broad shelf medial to the tooth row on
the dentary. The palatines are like those of Esox in
the presence of a maxillary process. Centra are
similar to those of extant species of Esox in the
presence of a ventral groove on the abdominal
centra (Grande et al., 2004; Sinha et al., 2019).

The presence of centra of Esox in Pu1 locali-
ties suggests that the genus first appears immedi-
ately following the K–Pg mass extinction event.
Previously, the earliest record of the genus was E.
tiemani, which is represented by an articulated
skeleton from the upper Paleocene Paskapoo For-
mation (Wilson, 1980, 1984). Because Esox is not
present in any of the Upper Cretaceous localities
examined, its appearance could either be a result
of immigration into the area during the Pu1 interval
or a rapid diversification event following the K–Pg
boundary. The first of these hypotheses might be
the most parsimonious given how little time there
was following its first appearance after the K–Pg
boundary (within the first 70 ka of the Paleocene).

Superorder ACANTHOMORPHA Rosen, 1973 
(sensu Stiassny, 1986)

Order PERCOPSIFORMES Berg, 1940

FIGURE 11. Esox sp. elements from the early Paleocene of Montana and Saskatchewan. A, dentary in medial, lateral,
dorsal and ventral views, UCMP 191574 from locality V73080. B, palatine in dorsal and ventral views, UCMP 230701
from locality V72210. C–D, abdominal centrum with mid-ventral groove, both included in UCMP 276775 from locality
V77128. Abbreviation: mx pr: maxillary process. Scale bar equals 2 mm.
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aff. Lindoeichthys Murray et al., 2019
Figure 12A

2005 Acanthomorph dentary, Neuman and
Brinkman, p. 176, fig. 9.7E–G

2010 Acanthomorpha, Larson et al., p. 1167–
1168, fig. 6H

2013 Acanthomorpha gen et sp. indet., Brink-
man et al., p. 227, fig. 10.28B

2014 Percopsiformes gen et sp. indet., Brink-
man et al., p. 262, fig. 13

2019 Percopsiformes, Murray et al., p. 8, fig. 6
2021 Percopsiformes gen. et sp. indet., Brink-

man et al., p. 952–953, fig. 11A–B
Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276765 from locality
V77128, one dentary.
Localities. From Pu3 localities of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 191569 from locality V73080, 10
dentaries.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-59, one dentary; RSM 1594-116, four den-
taries.
Description. The presence of a percopsiform in
the early Paleocene with affinities to the Late Cre-
taceous genus Lindoeichthys is documented by
dentaries (Figure 12A). As in the dentary of Lindoe-
ichthys described by Murray et al. (2019) and the
percopsiform dentaries from the upper Maastrich-
tian described by Brinkman et al. (2021), the sen-
sory canal is open except for a narrow bridge that
forms the posterior border of a single circular pore
located at the anterior end of the dentary. The
tooth-bearing surface is broad and covered by a
shagreen of tiny teeth. The bases for these teeth
show little variation in size across the width and
length of the tooth-bearing surface.
Remarks. Percopsiforms are represented in the
upper Maastrichtian and lower Paleocene by artic-
ulated skeletons of two genera, Lindoeichthys from
the upper Maastrichtian of Alberta (Murray et al.,
2019) and McConichthys from the lower Paleocene
of Montana (Grande, 1988). Based on comparison
with the dentary of an articulated specimen of Lin-
doeichthys, the percopsiform affinities of isolated
dentaries that had previously been referred to the
group by Brinkman et al. (2014) were confirmed. In
both the isolated dentaries and the articulated
specimen of Lindoeichthys, the dentary is deep,
and the sensory canal is open except for a bridge
that passes across it near its anterior end. McCon-

ichthys differs in having an elongate narrow den-
tary with the sensory canal located in a groove on
the ventral surface of the dentary (Grande, 1988).
The presence of percopsiform dentaries similar to
those of Lindoeichthys in their proportions and in
the presence of an open sensory canal with a
bridge passing across it near its anterior end docu-

FIGURE 12. Acanthomorph dentaries shown in occlusal,
ventral (upper row), medial, and lateral (lower row)
views. A, aff. Lindoeichthys dentary, RSM 1594-59. B,
dentary of aff. McConichthys in ventral, occlusal, medial
and lateral views, UCMP 191569 from locality V73080.
C, dentary of aff. McConichthys with internal canals
reconstructed from micro-CT scans. D, “Priscacara”
dentary, RSM 1594-57. Abbreviations: mand tri can,
mandibular trigeminal canal; Meck can, Meckelian
canal. Scale bar equals 2 mm.



PALAEO-ELECTRONICA.ORG

25

ments the presence of this or a closely related
taxon in the lower Paleocene.

In the Puercan localities, dentaries of aff. Lin-
doeichthys were recovered from both Pu1 and Pu2
intervals. It was not present in assemblages from
the Pu3 localities of Montana.

aff. McConichthys Grande, 1988
Figure 12 B–C

Voucher specimens. From Pu3 locality of the Tull-
ock Member of the Fort Union Formation, Garfield
County, Montana: UCMP 191569 from locality
V73080 two dentaries.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-55, one dentary; RSM 1594-118, one den-
tary.
Description. The presence of a percopsiform with
affinities to McConichthys is documented by a den-
tary that is like that of the type species in being rod-
like (Figure 12B–C). The teeth are loosely
arranged in rows and show no variation in size
across the surface of the tooth-pad. The tooth-pad
widens slightly towards the anterior end of the
bone. A narrow shelf is present medial to the tooth-
pad. The inner surface of the dentary has a broad
groove extending partway along the element. The
external surface is convex and smooth. The inter-
nal structure of the element was investigated using
micro-CT scans of specimen UCMP 191569, which
allowed the canals within the element to be digitally
reconstructed. The Meckelian canal extends for the
length of the dentary (Figure 12C: Meck can). A
slit-like mandibular trigeminal canal passes under
the tooth-pad near the posterior end of the bone
(Figure 12B–C: mand tri can). The sensory canal is
not enclosed within the dentary.
Remarks. The dentary here referred to aff. McCon-
ichthys is included in the Acanthomorpha because
the size and arrangement of the tooth bases on the
tooth-bearing surfaces is similar to those of aff. Lin-
doeichthys and “Priscacara”. In its proportions, this
dentary is similar to that of the percopsiform
McConichthys longipinnis as illustrated by Grande
(1988, figure 3) in being elongate and narrow. Also,
as in McConichthys the sensory canal is not
enclosed within the dentary. However, it differs
from the dentary of McConichthys in lacking a
groove for the sensory canal on the ventral surface
of the element.

Dentaries of aff. McConichthys are present
both from the Pu2 Pine Cree Park locality and the
one of the Pu3 localities of Montana, V73080.

Order PERCIFORMES Bleeker, 1859
Suborder ?MORONOIDEI Smith and Craig, 2007 

(sensu Whitlock, 2010)
Family ?MORONIDAE Jordan, 1923 (sensu 

Whitlock, 2010)
Genus “PRISCACARA” Cope, 1877

“Priscacara” sp.
Figure 12D

2014 Priscacara, Brinkman et al., p. 262, fig. 14
2021 Priscacara, Brinkman et al., p. 953, fig.

11C–D
Voucher specimens. From the Pu2 Pine Cree
Park locality, Ravenscrag Formation, Saskatche-
wan: RSM 1594-57, one dentary; RSM 1594-115,
six dentaries; UALVP 58821, one dentary.
Description. The tooth-bearing surface of the den-
taries (Figure 12D) is covered by a pad of tiny teeth
showing little variation in the size of the tooth-
bases across the surface. The surface is widest
near the symphysis and narrows posteriorly. The
mandibular sensory canal is enclosed in a bony
tube. Two relatively large pores for the sensory
canals are present near the ventral edge of the
dentary. A large depression is present on the lat-
eral surface above the sensory canal in the poste-
rior half of the dentary. The length of this
depression is about equal to the length of the ante-
rior toothed portion of the dentary.
Remarks. The presence of “Priscacara” in the
lower Paleocene is documented by dentaries from
the Pine Cree locality. We here refer to “Prisca-
cara” in scare quotes because of the concern over
the monophyly of the genus expressed by some
authors, who consider “Priscacara” to be a form
genus uniting various superficially similar fishes
rather than a natural taxon (see Grande, 2001).
Furthermore, we tentatively place “Priscacara” in
the Moronidae because this classification was pro-
posed relatively recently by Whitlock (2010). How-
ever, we acknowledge the considerable uncertainty
over the taxonomic placement of this potentially
polyphyletic genus (see Brinkman et al., 2021 for
details). Of most relevance to this matter, “Prisca-
cara” has been generally accepted as a perciform
since its initial description (Cope, 1877).

“Priscacara” was reported in the Hell Creek
Formation of Montana by Brinkman et al. (2014,
2021) based on dentaries that matched those of
articulated specimens of “Priscacara” from the
Green River Formation. Subsequently, isolated
dentaries of “Priscacara” from the lower Eocene
Wasatch Formation were described by Divay and
Murray (2016a) providing additional data on the
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morphology of the dentary in this genus that sup-
ports the identification of the Hell Creek speci-
mens. “Priscacara” dentaries from the Pine Cree
Park locality differ little from specimens from the
Hell Creek and Wasatch formations, indicating that
this taxon continued through the K–Pg mass
extinction event, although it appears to have been
locally extirpated from the study area during the
Pu1 interval.

Acanthomorpha indet.
Figure 13B–C

Voucher specimens. From Pu3 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 191569 from locality
V73080 one premaxilla; UCMP 230726 from local-
ity V75194, one premaxilla.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-50, one premaxilla; RSM 1594-51, one pre-
maxilla; RSM 1594-52, one premaxilla; RSM 1594-
53, one premaxilla; RSM 1594-54, one premaxilla;
RSM 1594-118, six premaxillae; UALVP 58820,
one premaxilla.
Description. Flattened tooth-bearing elements
that bear a pad of teeth that are loosely arranged in
longitudinal rows and show no variation in size
across the surface of the tooth-pad similar to the
acanthomorph dentaries described above are ten-
tatively identified as premaxillae of an acanthomo-
rph (Figure 13B–C). This identification is based on
a similarity to the premaxilla of Holocentrus rufus
(Figure 13A). The element is plate-like and, seen in
lateral view, the occlusal edge is straight, and the
dorsal edge is concave, only preserving the broken
base of the postmaxillary process in its posterior
end, and an anterior dorsal protuberance, which,
based on comparison with the premaxilla of Holo-
centrum rufus, would have been the base of a sin-
gle anterior process that would have divided to
form the ascending and articular processes.

The tooth-pad forms a broad surface along
the straight edge of the element, with a broad flat
surface above this. As with the dentary, the tooth-
pad is slightly wider towards the anterior end of the
bone. In occlusal view, the element is strongly
curved. In lateral view, a pair of foramina is present
near the anterior end of the bone. To understand
the significance of these foramina, micro-CT scans
of specimen UALVP 58820 were undertaken and
the internal canals reconstructed (Figure 13C). The
foramina are openings of canals that pass through
the anterior end of the element (shown in yellow in
Figure 13C). An additional canal extends along the

length of the tooth row, with branches going to the
base of the teeth (shown in pink in Figure 13C),
likely for the rostral/maxillary branch of the trigemi-
nal nerve. A pair of canal-like spaces also extend
dorsally near the anterior end of the premaxilla
(shown in red in Figure 13C). These closely
approach but are not connected to the canals that
pass through the end of the dentary, so are likely
spaces within the bone, rather than canals through
which vessels or nerves passed. Except for these
canals and spaces, the element is solid in cross
section.
Remarks. The tooth-bearing element tentatively
identified as a premaxilla is thought to be from an
acanthomorph because the size and arrangement
of teeth is like that of the acanthomorph dentaries
described above. The possibility that this element
is a dentary is rejected because a Meckelian canal
is absent. The identification of the elements as a
premaxilla is based on the curvature of the element
as seen in occlusal view, the presence of pre-
served bases for the ascending and articular pro-
cesses anteriorly, and postmaxillary process
posteriorly, and the absence of a Meckelian canal.

FIGURE 13. Acanthomorph premaxillae. A, premaxilla
of Holocentrus in lateral and medial, views, ROM
R2198, scale bar equals 5 mm. B, acanthomorph indet.
premaxilla in lateral, medial, dorsal, and occlusal views,
UALVP 58820, from the Pine Cree Park locality, scale
bar equals 2 mm. C, acanthomorph indet. premaxilla
with internal canals reconstructed from micro-CT scans. 
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Tooth-bearing elements similar to these pre-
maxillae are absent in Cretaceous localities. Within
the lower Paleocene, these elements are present
only in the Pu2 and Pu3 intervals but are more
abundant in the Pu2 Pine Cree Park locality than in
the Tullock localities. Thus, they are likely associ-
ated with one of the acanthomorphs present in that
locality. However, the variation in morphology of
premaxillae in acanthomorphs is not well docu-
mented, so it is not possible to associate these with
centra or dentaries also present in the locality. 

Acanthomorph Centrum Morphotypes 

Acanthomorph centra have long been recog-
nized as morphologically distinct from other tele-
osts in their possession of a suite of derived
characters mainly related to the articulation of the
first vertebral centrum with the skull, and of more
posterior abdominal centra with one another. The
first centrum has a tripartite anterior articular sur-
face with separate surfaces for the basioccipital
and exoccipitals. Zygapophyseal articulations are
present between the centra and in the anterior
region of the vertebral column the ribs articulate on
the lateral surface of the neural arch rather than
lower on the centrum itself (Rosen and Patterson,
1969; Grande, 1988). A survey of the morphology
of the first abdominal centrum in extant acantho-
morphs (Murray and Brinkman, 2023) demon-
strated that this element is highly variable in extant
acanthomorphs and confirmed that it can provide
reliable information on diversity of acanthomorphs
within an assemblage. Because acanthomorph
centra are abundant in the Puercan localities and
distinct morphotypes can be recognized, they pro-
vide independent evidence regarding the diversity
of acanthomorphs in these assemblages.

Acanthomorph centrum type HC-1
Figure 14

2014 Acanthomorph centrum type HC-1, Brink-
man et al., p. 263–264, fig. 15C

2021 Acanthomorph centrum type HC-1, Brink-
man et al., p. 954–955, fig. 12

Voucher specimens. From Pu1 locality of the Tull-
ock Member of the Fort Union Formation, Garfield
County, Montana: UCMP 276745 from locality
V77128, two first abdominal centra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-47, one first abdominal centrum; RSM 1594-
48; one first abdominal centrum; RSM 1594-49,
one first abdominal centrum; RSM 1594-84, 52 first
abdominal centra; RSM 1594-18, one anterior

abdominal centrum; RSM 1594-19, one mid
abdominal centrum; RSM 1594-20, one mid
abdominal centrum; RSM 1594-21, one anterior
abdominal centrum; RSM 1594-22, one mid
abdominal centrum; RSM 1594-87, 807 mid
abdominal centra; RSM 1594-88, (uncounted)
anterior abdominal centra; RSM 1594-89, 547
abdominal centra.
Description. Acanthomorph centrum type HC-1 is
characterised by the presence of a first abdominal
centrum with the following features: 1) the exoccip-
ital articular surfaces do not contact one another
above the basioccipital articular surface; 2) the
neural arch is fused to the centrum; 3) a network of
fibers is present on the dorsal surface of the cen-
trum between the bases of the neural arch; and 4)
a distinct mid-ventral pit is absent (Figure 14A–B).
The sides of the centrum are formed by a coarse
network of interconnected ridges that are mainly
oriented longitudinally.

The more posterior abdominal centra of acan-
thomorph centrum type HC-1 (Figure 14C–E)
share with the first centrum the presence of a net-
work of bone fibers extending between the ends of
the centrum dorsally between the neural arch
bases. Also, as with the first abdominal centrum, a
mid-ventral pit is absent or weakly developed.
Anterior abdominal centra type HC-1 are short and
have particularly well-developed zygapophyses
(Figure 14C–D). The abdominal centra from a
more posterior position are longer and have a dis-
tinct rib articular pit on the side of the centrum (Fig-
ure 14E).
Remarks. Acanthomorph centrum type HC-1 was
first recognized in the upper Maastrichtian by
Brinkman et al. (2014) based on centra from the
Hell Creek Formation. Subsequently this morphol-
ogy was also reported from the Lance and Scollard
formations (Brinkman et al., 2021). Variation is
present in the relative length of the first abdominal
centrum; specimens from the lower Paleocene are
relatively short compared to specimens from the
Lance Formation, although whether this variation is
indicative of anagenesis is unclear at this time. In
other features, they are indistinguishable.

The first abdominal centrum of acanthomorph
type HC-1 is similar to centra from the Eocene
Wasatch Formation of Wyoming and from the
Eocene-Oligocene Cypress Hills Beds of south-
western Saskatchewan identified as aff. Amblyop-
sidae by Divay and Murray (2015, figure 6F;
2016a, figure 6A–C), and thus are likely from this
or a related group of Percopsiformes. They are
also like the first abdominal centrum of Percopsi-
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formes in that the neural arch is fused to the cen-
trum, one of the features that Divay and Murray
(2015, 2016a) considered diagnostic of the group.

Acanthomorph centrum type HC-1 is present
in both the Pu1 and Pu2 intervals but does not
occur in the Pu3 localities of Montana. However,
because it is likely from a member of the Amblyop-

sidae, which are extant percopsiform fishes, we
can infer that these were present through the entire
Paleocene. It is rare in the Pu1 interval, with only
two first abdominal centra present in localities of
this age. In contrast, it is the most abundant kind of
teleost centrum in the Pine Cree Park locality
(66%; Table 1).

FIGURE 14. Acanthomorph centra type HC-1 shown in anterior, left lateral, posterior, dorsal, and ventral views. A–B,
first abdominal centra; A, RSM 1594-47; B, RSM 1594-48. C–E, abdominal centra showing variation in length: C, RSM
1594-21; D, RSM 1594-18; RSM 1594-21; E, RSM 1594-21. Scale bar equals 2 mm.



PALAEO-ELECTRONICA.ORG

29

Acanthomorph centrum type HC-2
Figure 15

2014 Acanthomorph first abdominal centrum
type HC-2, Brinkman et al., p. 263–264,
fig. 15A

2021 Acanthomorph first abdominal centrum
type HC-2, Brinkman et al., p. 955, fig. 13

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276746 from locality
V77128, approximately 146 first abdominal centra;
UCMP 276747 from locality V77128, two first
abdominal centra; UCMP 276748 from locality
V77128, two first abdominal centra; UCMP 276733
from locality V77128, seven first abdominal centra;
UCMP 276734 from locality V77128, one first
abdominal centrum; UCMP 276734 from locality
V77128, one first abdominal centrum; UCMP
276749 from locality V77128, approximately 96
abdominal centra; UCMP 276750 from locality
V77128, two abdominal centra; UCMP 276751
from locality V77128, two abdominal centra; UCMP
230643 from locality V74111, one large first
abdominal centrum; UCMP 230644 from locality
V74111, one large first abdominal centrum; UCMP
230645 from locality V74111, one small first
abdominal centrum; UCMP 230646 from locality
V74111, one small first abdominal centrum; UCMP
230647 from locality V74111, (uncounted) large
abdominal centra; UCMP 230647 from locality
V74111, one large abdominal centrum; UCMP
230649 from locality V74111, (uncounted) small
abdominal centra; UCMP 230650 from locality
V74111, one small abdominal centrum; UCMP
230703 from locality V72210, (uncounted) first
abdominal centra; UCMP 230704 from locality
V72210, (uncounted) abdominal centra.
From Pu3 localities of the Tullock Member of the
Fort Union Formation, Garfield County, Montana:
UCMP 191571 from locality V73080, approxi-
mately 67 first abdominal centra; UCMP 191570
from locality V73080, approximately 125 abdomi-
nal centra; UCMP 230693 from locality V81029,
(uncounted) abdominal centra of small size; UCMP
230694 from locality V81029, (uncounted) abdomi-
nal centra of small size; UCMP 230615 from local-
ity V81029, (uncounted) abdominal centra of small
size; UCMP 230696 from locality V81029, one first
abdominal centrum of small size; UCMP 230697
from locality V81029, (uncounted) abdominal cen-
tra of large size; UCMP 230698 from locality
V81029, (uncounted) abdominal centra of large
size; UCPM 230699 from locality V81029,
(uncounted) abdominal centra of large size; UCMP

230732 from locality V74194, (uncounted) abdomi-
nal centra; UCMP 230733 from locality V74194,
(uncounted) abdominal centra; UCMP 320795
from locality V74194, (uncounted) abdominal cen-
tra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-37, one first abdominal centrum; RSM 1594-
38, one first abdominal centrum; RSM 1594-39,
one first abdominal centrum; RSM 1594-40, one
first abdominal centrum; RSM 1594-41, one first
abdominal centrum; RSM 1594-141, 45 first
abdominal centra; RSM 1594-12, one mid abdomi-
nal centrum; RSM 1594-13, one mid abdominal
centrum; RSM 1594-14, one mid abdominal cen-
trum; RSM 1594-15, one mid abdominal centrum;
RSM 1594-16, one mid abdominal centrum; RSM
1594-17, one mid abdominal centrum; RSM 1594-
86, 111 abdominal centra; UALVP 58810,
(uncounted) first abdominal centra; UALVP 58811,
(uncounted) abdominal centra.
Description. Acanthomorph centrum type HC-2
was described by Brinkman et al. (2013) based on
centra from the Hell Creek Formation. Both first
abdominal and more posterior abdominal centra of
type HC-2 are present in the Puercan localities
examined here.

In the first abdominal centrum of acanthomo-
rph centrum type HC-2 from the Paleocene locali-
ties, as in specimens from the Hell Creek
Formation, the exoccipital articular surfaces con-
tact one another above the basioccipital articular
surface. As in acanthomorph centrum type HC-1
the neural arches are fused to the centrum, but
rather than a network of bone, a mid-dorsal pit is
present between the bases of the neural arches
(Figure 15A–B). The sides of the centrum are
formed by a network of relatively coarse bone
ridges generally oriented antero-posteriorly
between the ends of the centrum with smaller
ridges connecting these. A distinct mid-ventral pit
is present, typically bordered by enlarged bony
ridges.

More posterior abdominal centra referred to
acanthomorph centrum type HC-2 share with the
first centrum the presence of mid-dorsal and mid-
ventral pits with the mid-ventral pit bordered by dis-
tinct ridges (Figure 15C–E). Also, as with the first
centrum, the sides of these centra are formed by a
relatively coarse network of bony ridges with larger
ridges extending between the ends of the centrum
and smaller ridges connecting these. Variation is
present in the development of ridges on the side of
the centrum. Some have relatively few, robust
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ridges that are widely spaced (Figure 15C). Others
have ridges that are distinctly finer and more
closely spaced, resulting in numerous small pores
evenly distributed along the side of the centrum
(Figure 15D–E). These variations are likely of taxo-
nomic importance, but intermediates are present,
therefore distinct morphotypes are not recognized
here.

Remarks. Acanthomorph centrum type HC-2 is the
most abundant teleost morphotype in all the Tull-
ock Member localities examined (Table 1). Similar
centra from the Wasatch Formation were attributed
by Divay and Murray (2016a) to aff. Centrarchidae
or “Priscacara.” Thus, these centra may be associ-
ated with the dentaries of “Priscacara” described
above. Centrum type HC-2 is different from these

FIGURE 15. Acanthomorph centra type HC-2 shown in anterior, left lateral, posterior, dorsal, and ventral views. A–B,
first abdominal centrum, showing variation in the development of the mid-ventral pit: A, RSM 1594-37; B, RSM 1594-
38. C, anterior abdominal centrum with course network of ridges on side of centrum, RSM 1594-15. D, anterior
abdominal centra with fine network of ridges on side of centrum, RSM 1594-12. E, mid- to posterior abdominal cen-
trum with fine network of ridges on side of centrum, RSM 1594-13. Scale bar equals 2 mm.
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Eocene taxa from the Wasatch in lacking the well-
defined, rounded dorsal articular pits for the neural
arches, which are very distinctive in the Eocene
specimens (Divay and Murray, 2016a, figures 7C–
D, 9A). Therefore, even if correctly associated with
the dentaries referred to “Priscacara”, this taxon is
likely distinct from the Eocene taxon.

Acanthomorph indet, type HC-4
Figure 16

2014 Acanthomorph centrum type HC-4, Brink-
man et al., p. 264, fig. 15E

2021 Acanthomorph centrum type HC-4, Brink-
man et al., p. 955–957, fig. 15

Voucher specimens. From Pu3 locality in the Tull-
ock Member of the Fort Union Formation, Garfield
County, Montana: UCMP 191570 from locality
V73080, three centra (centra of acanthomorph HC-
2 also included in this catalogue number).
Description. Acanthomorph indet, type HC-4 was
recognized by Brinkman et al. (2014) based on
abdominal centra that had a single well-developed
mid-dorsal ridge extending between the ends of
the centrum. Later, a first abdominal centrum from
the upper Maastrichtian Lance Formation of Wyo-
ming was tentatively associated with the abdominal
centra (Brinkman et al., 2021), but first abdominal
centra of this morphology were not recovered in
the Puercan localities, where acanthomorph centra
type HC-4 are only represented by more posterior
abdominal centra (Figure 16). As in the Cretaceous
specimens described by Brinkman et al. (2014,
2021), in specimens of HC-4 from the Puercan

localities a well-developed mid-dorsal ridge
extends between the ends of the centrum. Varia-
tion is present in the thickness of the ridge, with
some specimens having a robust ridge that
expands at its posterior end (Figure 16A) and oth-
ers having a slenderer ridge that shows no distinct
expansion (Figure 16B). This likely reflects varia-
tion along the vertebral column, with the more
robust ridge being present in more anterior centra.
As in centrum type HC-1, a mid-ventral pit is poorly
developed or absent.
Remarks. Acanthomorph indet, type HC-4 has a
distinctive morphology that cannot be directly asso-
ciated with any specific group of extant acantho-
morphs and may therefore represent an archaic
group that is restricted to the Late Cretaceous and
early Paleocene. It appears to be broadly similar to
the morphology of percomorphs and may therefore
represent a related taxon. However, this taxonomic
affiliation is only tentative, and, as before (Brink-
man et al., 2021), we leave this type as represent-
ing an indeterminate acanthomorph. Centrum type
HC-4 is present in both the Hell Creek Formation
and the Puercan-age localities of the Tullock Mem-
ber, but it is rare in both intervals (Table 1).

Acanthomorph indet. type HC-5
Figure 17

2021 Acanthomorph centrum type HC-5, Brink-
man et al., p. 957–958, fig. 16

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276752 from locality

FIGURE 16. Acanthomorph centra type HC-4 shown in anterior, left lateral, posterior, dorsal, and ventral views. A,
anterior abdominal centrum, UCMP 191570 from locality V73080. B, mid-abdominal centrum UCMP 191570 from
locality V73080. Scale bar equals 2 mm.



BRINKMAN ET AL.: TELEOST FISHES ACROSS THE CRETACEOUS–PALEOGENE BOUNDARY

32

V77128, 12 first abdominal centra; UCMP 276753
from locality V77128, two first abdominal centra;
UCMP 276754 from locality V77128, two first
abdominal centra; UCMP 276755 from locality
V77128, 57 abdominal centra; UCMP 276756 from
locality V77128, two abdominal centra; UCMP

276757 from locality V77128, two abdominal cen-
tra; UCMP 230644 from locality V74111, two first
abdominal centra; UCMP 230646 from locality
V74111, one first abdominal centrum; UCMP
230648 from locality V74111, three abdominal cen-
tra.

FIGURE 17. Acanthomorph centra type HC-5 shown in anterior, left lateral, posterior, dorsal, and ventral views. A–B,
first abdominal centrum, showing variation in development of ridges on ventral surface of centrum: A, UCMP 230644
from locality V74111; B, UCMP 230646 from locality V74111. C–E, abdominal centra showing variation in length of the
centrum and development of a mid-ventral pit; all included in UCMP 191570 from locality V73080. Scale bar equals 2
mm.
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Description. Acanthomorph indet. type HC-5 was
recognized by Brinkman et al. (2021) based on
both the first and more posterior abdominal centra.
Both regions of the vertebral column are repre-
sented in the Puercan samples. The first abdomi-
nal centrum (Figure 17A–B) is similar to that of
acanthomorph centrum type HC-2 in that the exoc-
cipital articular facets meet above the anterior artic-
ular surface for the basioccipital, the neural arches
are fused to the centrum, and in that a deep mid-
dorsal pit extends between the bases of the neural
arches. It differs in being distinctly shorter, in that
the lateral and ventral surfaces of the centrum are
formed by numerous fine ridges of bone extending
longitudinally between the ends of the centrum,
and in the absence of a mid-ventral pit. More pos-
terior abdominal centra referred to Acanthomorph
indet. type HC-5 (Figure 17C–E) share with the first
abdominal centrum the presence of numerous fine
ridges of bone extending between the ends of the
centrum and the presence of a weakly developed
or absent mid-ventral pit. The ridges bordering the
mid-ventral pit, when present, are not significantly
more robust than those on the lateral surfaces of
the centrum (Figure 17C–D). Variation is present in
the length of the centrum, with more anterior centra
being similar to the first abdominal centrum in
being very short (Figure 17B–C). More posterior
abdominal centra are about as long as they are
wide (Figure 17E).
Remarks. Acanthomorph indet. type HC-5 is dis-
tinct in the foreshortening of the first few abdominal
centra and in the absence or weak development of
a mid-ventral pit. Centra of acanthomorph indet.
type HC-5 are present but rare in the upper Maas-
trichtian Hell Creek, Lance, and Scollard forma-
tions (Brinkman et al., 2021). In the lower
Paleocene, they are restricted to two Pu1 localities,
where they sometimes occur in high specimen
abundances (UCMP loc. V77128; Table 1).

Acanthomorph indet. type HC-5 show a signif-
icant size range, with the diameter of the posterior
end of the largest centra exceeding 5 mm, making
it one of the largest teleost fish in the Puercan
localities of Montana and Saskatchewan.

Affiliations of acanthomorph indet. type HC-5
are unknown. It is unlikely that Acanthomorph
indet. type HC-5 are those of aff. McConichthys
because they have a different stratigraphic distribu-
tion: Acanthomorph indet. type HC-5 are restricted
to the upper Maastrichtian and Pu1 intervals, while
dentaries of aff. McConichthys were only recov-
ered in the Pu2 and Pu3 intervals. Acanthomorph
indet. type HC-5 is broadly similar to the morphol-

ogy of percomorphs, but none of the extant and
fossil taxa we have examined correspond to the
finer details of this morphology or to its most dis-
tinctive characteristics, such as the greatly short-
ened anterior abdominal centra. It is therefore
likely that Acanthomorph indet. type HC-5 is from
an unidentified percomorph.

Acanthomorph indet. type AvE
Figure 18

2019 Acanthomorph centrum type AvE, Brink-
man, p. 141, fig. 20

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276742 from locality
V77128, eight first abdominal centra; UCMP
276743 from locality V77128, one first abdominal
centrum; UCMP 276744 from locality V77128, two
first abdominal centra; UCMP 276736 from locality
V77128, approximately 81 abdominal centra;
UCMP 230642 from locality V74111, 16 centra.
Localities. From the Pu2 Pine Cree Park locality,
Ravenscrag Formation, Saskatchewan: RSM
1594-42, one first abdominal centrum; RSM 1594-
43, one first abdominal centrum; RSM 1594-44,
one first abdominal centrum; RSM 1594-45, one
first abdominal centrum; RSM 1594-46, one first
abdominal centrum; RSM 1594-85, nine first
abdominal centra; RSM 1594-23, one abdominal
centrum; RSM 1594-24, one abdominal centrum;
RSM 1594-25, one abdominal centrum; RSM
1594-90, 22 abdominal centra.
Description. Acanthomorph indet. type AvE was
recognized by Brinkman (2019) based on centra
from the upper Campanian Belly River Group of
Alberta. The first abdominal centrum of acantho-
morph type AvE is similar to type HC-2 in that the
exoccipital articular surface meet above the sur-
face for the basioccipital, the neural arches are
fused to the centrum, a deep pit is present between
the base of the neural arches, and a well-devel-
oped mid-ventral pit bordered by robust ridges is
present. It differs from type HC-2 and all other cen-
trum morphotypes recognized here in the presence
of deep lateral pits bordered anteriorly by a but-
tress that extends laterally from the anterior articu-
lar surface (Figure 18A–B).

Abdominal centra of type AvE (Figure 18C–E)
differ from those of types HC-1 and HC-2 in being
more elongate and in having relatively smooth lat-
eral and ventral surfaces.
Remarks. Acanthomorph type AvE was recog-
nized based on first abdominal centra with distinc-
tive pits in the lateral surface of the centrum
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FIGURE 18. Acanthomorph centra type AvE, shown in anterior, left lateral, posterior, dorsal, and ventral views, all from
the Pine Cree Park locality, Ravenscrag Formation, Saskatchewan. A–B, first abdominal centra: A, RSM 1594-43; B,
RSM 1594-40. C–E, abdominal centra showing variation in length: C, RSM 1594-23; D, RSM 1594-25; E, RSM 1594-
24. Scale bar equals 2 mm.
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bordered anteriorly by a buttress that extends later-
ally from the anterior edge of the centrum (Brink-
man, 2019). Its presence in the Puercan is
documented by centra showing this feature. The
lower Paleocene specimens referred to Acantho-
morph indet. type AvE differ from the upper Cam-
panian specimens in that the articular surfaces for
the exoccipitals meet above the articular surface
for the basioccipital.

In the Upper Cretaceous, Acanthomorph
indet. type AvE is present only in the upper Cam-
panian Belly River Group of Alberta (Brinkman,
2019). Thus, although the taxon represented by
these centra is not known from the upper Maas-
trichtian Hell Creek Formation, that Acanthomorph
indet. type AvE was recovered in our Puercan
samples is evidence that it extended across the K–
Pg boundary.

Because no dentaries can be associated with
Acanthomorph indet. type AvE, this centrum mor-
phology is considered evidence for a distinct taxo-
nomic unit, referred to as acanthomorph indet. type
AvE, in faunal lists (Brinkman, 2019; this study).
The affinities of the taxon represented by this mor-
phology are difficult to determine more precisely.
Similar first centra, with lateral pits and smooth
bone surfaces, were recovered from the Wasatch
Formation and attributed to an indeterminate cen-
trarchid or “Priscacara” by Divay and Murray
(2016a, figure 9A), but these differed from acan-
thomorph indet. type AvE in having a pair of dis-
tinctive, circular dorsal pits. However, because of
distinctive similarities in all other features, it is likely
that the taxon represented by acanthomorph indet.
type AvE centra was also an unidentified perci-
form.

Centra from Teleosts of Uncertain Taxonomic 
Affiliations

As in vertebrate microfossil assemblages from
elsewhere within the Western Interior, centra and
tooth-bearing elements are present that are taxo-
nomically distinct but currently cannot be identified
below the level of Teleostei. Despite their uncertain
status, they help characterize the vertebrate
assemblages preserved at the individual vertebrate
microfossil localities and the geographic and strati-
graphic distribution patterns that are present.
These elements are described here as distinct
morphotypes and are treated as distinct opera-
tional taxonomic units.

Teleost indet. type U-4
Figure 19

2013 Genus et sp. indet. type U-4, Brinkman et
al., p. 221, fig. 20.23

2014 Genus and species indet. U-4, Brinkman et
al., p. 259–260, fig. 10A–B

2019 Teleost centrum morphotype U-4, Brink-
man, p 145, fig. 23

2021 Genus and species indet. U-4, Brinkman et
al., p. 959–960, fig. 18

Voucher specimens. From Pu1 localities of the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276758 from locality
V77128, five abdominal centra; UCMP 276759
from locality V77128, one abdominal centrum;
UCMP 276760 from locality V77128, one abdomi-
nal centrum; UCMP 230709 from locality V72210,
one abdominal centrum; UCMP 230654 from local-
ity V74111, two abdominal centra.
Localities. From Pu3 locality of the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP191563 from locality V73080, two
centra.
Description. Teleost indet. type U-4 is represented
by centra that are small, simple spools with deep
neural arch and parapophyseal pits and a shallowly
excavated to nearly flat anterior surface (Figure
19). Centra are wider than high and may appear
sub-rectangular in anterior view (Figure 19C). Neu-
ral arch articular pits are closely spaced. In some
specimens, these pits are separated by a robust
bar of bone (Figure 19A–B), whereas in others, a
single, well-defined mid-dorsal pit is present (Fig-
ure 19D). Parapophyseal pits are large, oval pits
about equal in size to the neural arch articular pits.
Occasionally, the parapophyses are preserved in
place (Figure 19C). A mid-ventral pit is generally
present (Figure 19A, C–D).
Remarks. Teleost indet. type U-4 is widespread in
the Cretaceous, occurring in the Cenomanian to
Campanian of Utah (Brinkman et al., 2013), the
Santonian to upper Campanian of Alberta (Brink-
man et al., 2017), and the upper Maastrichtian Hell
Creek, Lance, and Scollard formations (Brinkman
et al., 2021), all formations of the Western Interior.
In the Puercan localities examined here, it was
present in both the Pu1 and Pu3 intervals of Mon-
tana but was not observed in the Pine Cree Park
locality of Saskatchewan. No dentaries can be
associated with the centra of teleost indet. type U-
4. The taxonomic relationships of the fish repre-
sented by teleost indet. type U-4 centra are
unknown, although this distinctive morphology is
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very different to that of the extant teleosts we have
examined, suggesting that this is an archaic and
extinct taxon.

Teleost indet. type PT-1
Figure 20

2021 Teleost indet. type PT-1, Sinha et al., p. 6,
fig. 6.

Voucher specimens. From Pu1 localities in the
Tullock Member of the Fort Union Formation, Gar-
field County, Montana: UCMP 276761 from locality
V77128, approximately 32 abdominal centra;
UCMP 276762 from locality V77128, three abdomi-
nal centra; UCMP 276763 from locality V77128,
three abdominal centra; UCMP 230712 from local-

ity V72210, five centra; UCMP 230651 from locality
V74111, seven centra; UCMP 230652 from locality
V74111, one centum.
Localities. From Pu3 localities in the Tullock Mem-
ber of the Fort Union Formation, Garfield County,
Montana: UCMP 230728 from locality V75194, one
centrum. UCMP 191565 from locality V73080, two
centra.
Description. Teleost indet. type PT-1 is repre-
sented by centra that have multiple ridges of bone
extending between the ends of the centrum, which
are interconnected with a multitude of transverse
ridges, giving a fine, lacy texture to the surface of
the centrum (Figure 20). Neural arches and para-
pophyses are fused to the centrum. On the anterior

FIGURE 19. Teleost indet. centrum type U-4, shown in anterior, left lateral, posterior, dorsal, and ventral views, show-
ing variation in development of pits on the side and ventral surface of the centrum. A, UCMP 230654 from locality
V74111. B, UCMP 230654 from locality V74111. C, UCMP 230709 from locality V72220. D, UCMP 191563 from local-
ity V73080. Abbreviations: mid-dor-pit: mid-dorsal-pit; neur arch pit: neural arch pit. Scale bar equals 2 mm.
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FIGURE 20. Teleost indet. centrum type PT-1, shown in anterior, left lateral, posterior, dorsal, and ventral views. A,
UCMP 276762 from locality V77128. B, UCMP 276763 from locality V77128. C, UCMP 276762 from locality V77128.
D, UCMP 276762 from locality V77128. E, UCMP 276763 from locality V77128. Scale bar equals 2 mm.
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centra, the neural arch extends for the full length of
the centrum (Figure 20A). On more posterior
abdominals, the neural arch is restricted to the
anterior end of the centrum (Figure 20B–E). The
parapophyses are blunt, laterally directed pro-
cesses located at mid height near the anterior end
of the centrum. The anterior-most centrum recov-
ered here (Figure 20A) is without distinct pits dor-
sally or ventrally. On the more posterior centra, a
slit-like mid-dorsal pit is generally present, extend-
ing for the length of the centrum between the neu-
ral arches. Ventrally, a pair of elongate pits
separated by a narrow mid-ventral ridge is present.
In end view the centrum is round. Centra from an
anterior position along the vertebral series (Figure
20A–B) are short and have a flat or slightly exca-
vated anterior end. More posterior centra are more
elongate and have a more distinctly excavated
anterior end.
Remarks. Teleost indet. type PT-1 was recognized
by Sinha et al. (2021) based on centra from the late
Paleocene (Tiffanian) beds of the Ravenscrag For-
mation of Saskatchewan, Canada. Centra of tele-
ost indet. type PT-1 are easily recognizable
because of the lacy texture of the lateral surface of
the centrum and the flattened anterior end. They
were interpreted as evidence for a distinct kind of
teleost fish, rather than a regional variant from
along the vertebral column of another teleost pres-
ent in the Ravenscrag assemblage, because the
variation in the lengths of the centra and in the
positions of the parapophyses indicate that multiple
regions of the column are present. Specimens from
the Puercan localities described here show a simi-
lar range of variation that can be attributed to varia-
tion along the vertebral column. Relationships of
the teleost represented by these centra are
unknown.

Teleost indet. type PT-1 is present in localities
of both Pu1 and Pu3 age in Montana but does not
occur in the Pine Cree locality of Saskatchewan. In
Montana, it is abundant in the Pu1 interval and rare
in the Pu3 interval (Table 1). The morphology of
teleost centrum indet. type PT-1 is different from
that of all of our comparative material, and it has no
clear Late Cretaceous precursors. Thus, it was
likely an immigrant of unknown taxonomic affinity,
which entered the area after the K–Pg mass extinc-
tion event.

RESULTS

Patterns of Teleost Richness and Extinction 
Across the K–Pg Boundary

A general understanding of the changes in
taxonomic richness and patterns of extinction
across the K–Pg boundary and through the subse-
quent lower Paleocene can be obtained by com-
paring the assemblages present in the Lancian and
the successive Puercan subintervals. The strati-
graphic distribution of the teleost fishes of the early
Paleocene described here, along with assem-
blages from the late Maastrichtian and late Paleo-
cene (Tiffanian NALMA) intervals, is shown in
Table 2. Twenty operational taxonomic units
(OTUs) were recognized in the upper Maastrichtian
by Brinkman et al. (2021). In addition, two OTUs
that were not recovered in Maastrichtian assem-
blages are inferred to have been present during
this time based on their occurrences in older and
younger intervals (i.e., range-through occur-
rences). These are the clupeomorph Diplomystus
and acanthomorph indet. type AvE. These are
inferred to be present during the upper Maastrich-
tian because they are present in both the upper
Campanian Belly River Group of Alberta (Brink-
man, 2019) and localities of Pu1 and Pu2 age (this
study). With the inclusion of these OTUs, a mini-
mum of 22 taxa would have been present in the
late Maastrichtian of the northern Western Interior.

In the localities sampled here, 10 OTUs are
present in the Pu1 interval. Six of the 22 late Maas-
trichtian OTUs listed in Table 2 do not extend into
the Paleocene, giving an extinction rate of 27%.
These non-survivors are the indeterminate elopi-
form, the large-bodied hiodontid, both species of
Wilsonichthys, acanthomorph type HC-3, and tele-
ost indet. type RvB. Five of these are rare in the
upper Maastrichtian formations, each being repre-
sented by fewer than 10 specimens in a sample of
more than 1,900 specimens from 10 localities
spread across Wyoming, Montana, and southern
Alberta (Brinkman et al., 2021, table 2). These rare
taxa are the elopiform (represented by two speci-
mens), the large hiodontid (represented by four
specimens), teleost indet. type RvB (represented
by five specimens), and acanthomorph type HC-3
(represented by nine specimens). The loss of
these rare taxa is consistent with McKinney’s
(1997) observation that rarity is a good predictor of
extinction across multiple time scales.

The decrease in richness resulting from these
extinctions is countered by the first appearances of
two new taxa during the Pu1. One of these, Esox,
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TABLE 2. Stratigraphic distribution of teleost operational taxonomic units recognized here through the late Maastrich-
tian and Paleocene. Taxa known to be present in each time interval are shown in bold type. Taxa that can be inferred to
be present during a time interval based on their presence in younger and older localities are shown in lower case.

Higher level taxon Taxon/morphotype
late 

Maastricthian Pu1 Pu2 Pu3 Ti

Elopomorpha Elopiformes indet. 1
Elopomorpha Phyllodus 1 1 1 1
Osteoglossimorpha Hiodontid (large-bodied taxon) 1
Osteoglossimorpha Wilsonichthys ardinsulensis 1
Osteoglossimorpha ?Wilsonichthys 1
Osteoglossimorpha Ostariostoma 1 1 1
Osteoglossimorpha Coriops 1 1 1 1
Osteoglossimorpha aff. Lopadichthys/Lopadichthys 1 1 1 1 1
Osteoglossimorpha Hiodontid sp. indet. 1 1 1 1 1

Osteoglossimorpha Joffrichthys spp. 1
Clupeomorpha Diplomystus 1 1 1 1 1

Ostariophyi Otophysi indet. type U3/BvD (K morph) 1 1
Ostariophyi Gonorynchiformes indet. type H 1 1 1
Ostariophyi Otophysi indet. type U3/BvD (P morph) 1 1
Ostariophyi Notogoneus sp. 1 1 1 1 1
Ostariophyi cypriniform indet. 1
Ostariophyi Siluriformes 1
Protacanthopterygia Estesesox 1 1
Protacanthopterygia Esox sp. 1 1 1 1
Protacanthopterygia protacanthopterygian indet type ES1 1
Protacanthopterygia Speirsaenigma lindoei (Osmeridae) 1
Acanthomorpha Acanthomorph HC-3 1
Acanthomorpha Acanthomorph HC-5 1 1
Acanthomorpha Acanthomorph type AvE 1 1 1
Acanthomorpha Lindoeichthys/aff. Lindoeichthys 1 1 1 1
Acanthomorpha Acanthomorph type HC-4 1 1 1 1
Acanthomorpha Acanthomorph type HC-2 1 1 1 1
Acanthomorpha aff. McConichthys 1 1
Acanthomorpha “Priscacara” 1 1 1 1

Acanthomorpha Acanthomorph type HC-1 1 1 1 1 1

Acanthomorpha Acanthomorph type HC-6 1 1 1 1 1

Acanthomorpha Asineops 1
Acanthomorpha Massamorichthys wilsoni 1
Acanthomorpha Lateopisciculus turrifumosus 1
Teleost indet. Teleost indet. type RvB 1
Teleost indet. Teleost indet. type U-4 1 1 1 1
Teleost indet. Teleost indet. type PT-1 1 1 1 1

Raw occurrence 23 10 13 11 12

Range thru occurrence 25 22 20 17 16

Minimum richness 22 18 17 14 16
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is a member of a group present in the Cretaceous,
the Esocidae, so its origin may be a result of in situ
speciation during the earliest Paleocene (Pu1).
The second, teleost indet. type PT-1, is of unknown
relationships and has no clear Cretaceous precur-
sors, so it likely immigrated into northeastern Mon-
tana. In addition, a minimum of eight other taxa
based on centra can be inferred to be present
during the Pu1 interval based on their occurrence
in older and younger beds (taxa based on den-
taries such as Ostariostoma and “Priscacara” are
not included in this estimate of diversity because it
is likely that they are also represented by OTUs
based on centra). These range-through taxa are
Phyllodus, Coriops, aff. Coriops/Lopadichthys, Dip-
lomystus, gonorynchiform indet. type H, acantho-
morph indet. type HC-4, acanthomorph indet. type
HC-6, and at least one member of the Hiodontidae.
The first six of these are present in both the late
Maastrichtian and Pu2 and/or Pu3 subintervals.
Hiodontids have not yet been recovered from
Paleocene localities, but a member of the Hiodonti-
dae can be inferred to have been present because
this extant family first appears in the Cretaceous.
Acanthomorph indet. type HC-6 is a range-through
taxon because it has similarities to Mioplosus, an
acanthomorph from the early Eocene Green River
Formation (Brinkman et al., 2021). With the addi-
tion of these taxa, 18 teleost taxa would have been
present during the Pu1 interval. Thus, although the
extinction rate at the end of the Cretaceous is 27%,
taxonomic richness of the Pu1 assemblage (includ-
ing range-through taxa) is only 18% lower than late
Maastrichtian levels.

The teleost assemblage from the single Pu2
locality sampled here, the Pine Cree Park locality,
includes 13 OTUs, six of which are acanthomo-
rphs. However, three of the acanthomorphs are
represented only by jaw elements, and three are
represented only by centra. Because it is possible
that the jaw elements and centra are associated,
together these elements are considered evidence
for only three kinds of acanthomorphs. Thus, a
minimum of 10 taxa are present in the Pu2 subin-
terval. Three of the taxa that crossed the K–Pg
boundary, Otophysi indet. type U3/BvD (K morph),
Estesesox, and acanthomorph indet. type HC-5,
did not extend into the Pu2 subinterval. Of all taxa
recovered in our full sample, none have their first
appearance in the Pu2 subinterval. However,
seven taxa can be inferred to have been present
during this time based on their occurrences in
younger and older beds. These range-through taxa
are Phyllodus, Coriops, a member of the Hiodonti-

dae, acanthomorph indet. type HC-4, acanthomo-
rph indet. type HC-6, teleost indet. type U-4, and
teleost indet. type PT-1. With the addition of these
taxa, teleost assemblages of the Pu2 interval
would have included a minimum of 17 taxa. Thus, if
these range-through taxa are included, the taxo-
nomic richness of the Pu2 interval is slightly less
than that of the Pu1 interval.

Teleost assemblages from the localities of
Pu3 age include 11 OTUs. These include four
acanthomorphs, two of which are represented by
jaw elements and two by vertebral elements.
Because the jaw elements may be associated with
the vertebral elements, these elements are consid-
ered evidence for only two kinds of acanthomorphs
for the estimates of taxonomic richness. Thus, a
minimum of nine OTUs are present in the three
Pu3 localities that were sampled. Three of the Cre-
taceous OTUs that are present in the Pu2 locality
do not extend into the Pu3 or younger intervals.
These are Ostariostoma, teleost indet. type H, and
acanthomorph indet. type AvE. As a result, only
nine of the 15 Cretaceous OTUs that crossed the
K–Pg boundary extended into the Pu3 subinterval
for a total loss of 56% of late Maastrichtian taxa
prior to the Pu3 interval. No OTUs recovered in our
total sample first appeared in the Pu3 subinterval.
However, five taxa can be inferred to have been
present during this time based on their occurrence
in older and younger beds. These are Diplomystus,
Notogoneus, acanthomorph indet. type HC-1,
acanthomorph indet. type HC-6, and a member of
the Hiodontidae. With the addition of these range-
through taxa, a minimum of 14 taxa would have
been present during the Pu3 subinterval, which is a
lower taxonomic richness than the 18 and 17 taxa
of the Pu1 and Pu2 subintervals, respectively.
Thus, extinction/extirpation outpaced teleost diver-
sification/immigration during the early Paleocene of
the northern Western Interior of North America fol-
lowing the end-Cretaceous mass extinction.

A more precise understanding of the changes
in taxonomic richness through the late Maastrich-
tian and early Paleocene are obtained by compar-
ing the local fossil assemblages from the Hell
Creek Formation and Tullock Member of Garfield
County, Montana. These localities have been
placed within a high-resolution chronostratigraphic
framework based on their position relative to the
K–Pg boundary (e.g., LeCain et al., 2014; Moore et
al., 2014; Sprain et al., 2015, 2018; Weaver et al.,
2022). To alleviate any potential taphonomic bias
introduced by including counts of teeth and tooth-
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bearing elements in this analysis, only OTUs repre-
sented by centra were included in the analysis.

As shown in the bottom graph in Figure 21,
raw teleost richness fluctuates from between eight
and 14 OTUs through the Hell Creek Formation.
Raw richness peaks at 14 OTUs in both the lower
and upper thirds of the Hell Creek at locality CMM
(-59 m) and Flat Creek 5 (-5.2 m), respectively.
Above Flat Creek 5 and across the K–Pg bound-
ary, raw richness declines with only between five
and 10 OTUs present at each locality in the Tullock
Member. In this unit, peak richness occurs just
above the K–Pg boundary at the Morales 1 site
(2.9 m above the boundary). Accounting for varia-
tion in sample sizes via rarefaction analysis reveals
an overall similar pattern to that observed for the
raw richness. Notably, the richness declines across
the K–Pg boundary is reinforced and statistically
robust on account of the largely non-overlapping
95% confidence intervals (Figure 21; Table 3).

Standing richness (i.e., the number of OTUs
that first or last appear in a horizon or that range
through a horizon) shows a similar pattern but
lacks the steep decline in the middle of the Hell
Creek (i.e., from CMM [-59 m] to Hot Feet [-19.5
m]). As with raw teleost richness, standing richness
declined across the K–Pg boundary. Between 10
and 15 OTUs co-occur in the Hell Creek assem-
blages (mean=13.4, median=14, mode=14),
whereas only between eight and 12 do so in the
Tullock (mean=9.2, median=8, mode=8). However,
as discussed above, teleost richness of the Tullock
was buoyed by immigration (teleost indet. type PT-
1) and/or possible in situ speciation (i.e., Estese-
sox and Esox, Otophysi indet. type U-3/BvD [K
morph] and [P morph]) during the Puercan, which
was shown to be an important aspect of the recov-
ery phase for other local vertebrates (e.g., mam-
mals; Clemens, 2010; Wilson, 2013: Wilson et al.,
2014a). Richness of the Puercan is further bol-
stered if taxa based on non-vertebral elements are
included. For example, Phyllodus paulkatoi, which
is based on teeth and tooth-plates, occurs at the
Pu3 Garbani 13-Northwest Harley’s High locality.
At that stratigraphic horizon (~45 m above the K–
Pg boundary) the raw and standing richnesses
thus would increase by one from eight to nine
OTUs (not shown in Figure 21).

The standing richness curve of the local K–Pg
survivors (see “standing survivor” richness in the
bottom graph in Figure 21) emphasizes how the
first appearances of OTUs in the lower half of the
Tullock affects the perceived level of extinctions
across the K–Pg boundary and during the Puer-

can. Only eight of the 14 upper Hell Creek OTUs
make it across the boundary into the Pu1 interval
for an extinction rate of 43%. The three OTUs
known only from the lower Hell Creek (i.e., acan-
thomorph indet. type HC-3, teleost indet. types
RvB, Gonorynchiformes indet. type H) are not
included in this estimate as they may have gone
extinct (at least locally) prior to the K–Pg boundary.
When including the one range-through occurrence
(i.e., the OTU that occurs in the Hell Creek and
Pu3 of the Tullock but not the Pu1; acanthomorph
indet. type HC-4), the extinction rate drops to 29%.
During the Pu1 and Pu3 subintervals additional
extinctions (Estesesox, acanthomorph indet. type
HC-1 and HC-5, Otophysi indet. type U-3/BvD [K
morph]) and an extirpation (acanthomorph indet.
type AvE) occurred, with only five Cretaceous
OTUs (acanthomorph indet. type HC-2 and HC-4,
teleost indet. type U-4, Coriops/Lopadichthys, and
Notogoneus) remaining at the top of the studied
section (Table 1) for a total loss of 64% of upper
Hell Creek OTUs in the local section of northeast-
ern Montana, an estimate that again is like that cal-
culated for the northern Western Interior (56%).

To have a more complete view of the early
Paleocene, we can incorporate the Pu2 Pine Cree
assemblage into our quantitative analysis,
although we acknowledge the biogeographic vari-
able that this might add to the results. The overall
regional richness pattern is similar to the local pat-
tern but with slightly elevated standing richnesses.
Three Pine Cree Park taxa are not found in the
Tullock Member, including gonorynchiform indet.
type H, Diplomystus, and Otophysi indet. type U-3/
BvD (P morph). Including these three taxa
increases the regional standing richness by one
during the Lancian (middle and upper thirds of the
Hell Creek), one during the Pu1, and by three
during the Pu2. The Pu2 occurrence of Gono-
rynchiformes indet. type H lowers the local extinc-
tion rate of 29% (four out of 14) to a regional
extinction rate of 27% (four out of 15), which is
equal to what we calculated above for the northern
Western Interior. Standing survivor richness only
increased by one during the Pu1 and Pu2 subinter-
vals but ultimately dropped to only five taxa in the
Pu3.

Changes in Teleost Relative Abundances

Wilson et al. (2024) found that, in the Denver
Basin, the relative abundances of freshwater tele-
osts from two fossil assemblages (one below and
one above the K–Pg boundary) changed, with the
Paleocene assemblage being dominated by fewer,
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FIGURE 21. Teleost taxonomic richness through the latest Maastrichtian (Lancian NALMA) and earliest Paleocene
(Puercan NALMA) of northeastern Montana, USA and southern Saskatchewan, Canada. Bottom graph: local teleost
richness of Garfield County, Montana from the Hell Creek Formation (HC) and lower half of the Tullock Member of the
Fort Union Formation (Tu). Top graph: regional teleost richness or the local Montanan plus Pine Cree Park (PCP) of
the Ravenscrag Formation, Saskatchewan. Data from PCP were included in the regional graph to fill the temporal gap
(Puercan 2 NALMA substage or Pu2) in the Montana record. Note that the bottom of the Y-axis of the top graph is
truncated to save space. Richnesses are represented as (1) raw number of operational taxonomic units (OTU) per
locality (filled black circles), (2) expected OTU richness (white diamonds with 95% confidence intervals) from rarefac-
tion analysis of 124-specimen subsamples from select localities (see text for details and Table 3 for statistics), (3)
standing OTU richness through the interval (gray shades under solid gray lines), and (4) standing OTU richness of
local K–Pg extinction survivors (gray shades under dashed lines). Locality names are positioned near their respective
raw and rarefied richness symbols with HC and Tu locality names shown only in the local richness graph. The chro-
nostratigraphic framework for the Hell Creek and Tullock Member is based on an Ar–Ar radiometric age determination
for the K–Pg boundary (†), ages of the geomagnetic polarity chron boundaries (‡), and an estimated age for the base
of the Hell Creek Formation (*). See Sprain et al. (2018 and references therein) for details and age uncertainties. The
vertical dashed lines demarcating the lower and upper boundaries of the Pu2 (see dark gray box) are approximate
within the Tullock Member. The placement of the PCP locality within the Pu2 of the Ravenscrag Formation is meant
only to demonstrate the localities temporal position (Pu2) relative to the Pu1 and Pu3 localities of the Tullock Member,
not its measured stratigraphic position. The question mark (?) on the vertical dashed line at the Torrejonian 1 bound-
ary indicates its temporal and stratigraphic uncertainty (continued next page).
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highly abundant morphotypes. The sites studied
here also show that significant changes in the rela-
tive abundances of the major teleost groups were
associated with the local declines in teleost rich-
ness across the K–Pg boundary and through the
Puercan. These changes are illustrated in Figure
22 following the methodology of Brinkman et al.
(2021, figure 20). Several patterns are apparent
when tracking the assemblages up section through
the Hell Creek Formation and lower half of the Tull-
ock Member. These include: i) the decline in rich-
ness and relative abundance of osteo-
glossomorphs resulting from the extinction of the
Wilsonichthyidae and the extirpation of the Hiodon-
tidae across the K–Pg boundary and the declining
relative abundances of Coriops/Lopadichthys
through the entire section, ii) the increasing relative

abundances of the acanthomorphs through the
Hell Creek and their overall higher relative abun-
dances in the Tullock (i.e., 12%–64% versus 57%–
89%, respectively), iii) the moderate increases in
relative abundances of teleost indet. type U-4
through the Hell Creek (from ~1% near the base to
14.9% just below the boundary) and its immediate
drop and maintained lower relative abundances in
the Tullock localities, iv) the first appearance of
teleost indet. type PT-1 in the Tullock, and v) the
significantly higher relative abundances of the Oto-
physi during the Pu3 interval at the top of the sec-
tion. Another noteworthy result is the ubiquitous
higher relative abundance of the gonorynchiform
Notogoneus at the McKeever Ranch 1 locality
(UCMP loc. V72210) and the Pine Cree locality. At
the McKeever Ranch 1 locality, centra of Notogo-

TABLE 3. Summary statistics of 14 teleost assemblages from the Lancian Hell Creek Formation and Puercan portions
of the Fort Union (Tullock Member) and Ravenscrag formations. 

Note: NALMA, North American Land Mammal “age”; S, raw number of operational taxonomic units (OTU); N, number of centra; 
E, estimated number of OTUs from rarefaction analysis of 124-specimen subsamples; U95%, estimated number of OTUs based 
on the upper 95% confidence interval via rarefaction analysis; L95%, estimated number of OTUs based on the lower 95% 
confidence interval via rarefaction analysis; UCMP, University of California Museum of Paleontology, Berekely, California, USA; 
RSM, Royal Saskatchewan Museum, Regina, Saskatchewan, Canada; UWBM, University of Washington Burke Museum of Natural 
History and Culture, Seattle, Washington, USA; L, Lancian NALMA; Pu1, Pu2, and Pu3, Puercan 1, 2, and 3 NALMA substages, 
respectively. Localities marked with an asterisk (*) were not analysed via rarefaction analysis due to their low sample sizes. 

Locality number Locality name NALMA S N E U95% L95%

UCMP V99220 Tuma L 10 148 9.6 10.73 8.52

UCMP V99227 Manzoni L 11 206 10.5 11.79 9.16

UCMP V99369 Celeste's Magnificent Microsite L 14 188 12.4 14.5 10.31

UWBM C1153 Hartless L 11 283 10.3 11.67 8.96

UWBM C1529 Hot Feet L 8 126 8 8.23 7.74

UCMP V77130 Hauso 1* L 10 51 − − −

UCMP V73087 Flat Creek 5 L 14 700 11.4 13.4 9.41

UCMP V74111 Worm Coulee 1 Pu1 10 375 8 10.04 6.06

UCMP V77128 Morales 1 Pu1 10 615 8.2 9.99 6.36

UCMP V72210 McKeever Ranch 1 Pu1 7 190 6 7.57 4.34

RSM P1594 Pine Cree Park Pu2 9 2151 6.7 8.23 5.13

UCMP V75194 Yellow Sand Hill 8* Pu3 5 61 − − −

UCMP V81029 Howard's Biscuit Butte 2* Pu3 5 79 − − −

UCMP V73080 Garbani 13-NW Harley's High Pu3 8 313 6.1 8.18 4.01

FIGURE 21 (caption continued from previous page). Abbreviations: CMM, Celeste’s Magnificent Microsite locality;
FH, Fox Hills Formation; K–Pg, Cretaceous–Paleogene; M1, Morales 1 locality; Ma, million years; McK R1, McKeever
Ranch 1 locality; Mbr./Fm., member or formation; NALMA, North American Land Mammal “age”; OTU, operational tax-
onomic unit; PCP, Pine Cree Park locality; Pmag., geomagnetic polarity chron; Pu1, Pu2 (gray because Pu2 fauna has
not been found in the local area), Pu3, Puercan 1, 2, 3; R, Ravenscrag Formation; Strat. (m), stratigraphic position in
meters relative to the K–Pg boundary; To1, Torrejonian 1; WC1, Worm Coulee 1 locality; YSH8, Yellow Sand Hill 8
locality.
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FIGURE 22. Higher-level taxonomic patterns of relative abundances of teleosts through the Hell Creek Formation and
lower half of the Tullock Member of the Fort Union Formation, Garfield County, Montana, USA. Data from the Pine
Cree Park (PCP) locality of the Ravenscrag Formation, Saskatchewan, Canada was included to fill the temporal gap
(Puercan 2 NALMA substage or Pu2) in the Montana record. Percent relative abundances are based on centra per
locality (vertical stacked columns; see Table 1 and Brinkman et al. [2021, table 2 and figure 20] for details), with each
locality identified at the top of the figure and their total sample size (N) indicated in parentheses. Taxa are listed at the
bottom of the figure, with their total sample sizes (N) per geologic unit indicated in parentheses; the first value (to the
left of the first forward slash) is the total sample size from the Hell Creek Formation, the middle value is from the Tull-
ock Member, and the last value is from the PCP locality of the Ravenscrag Formation. The colorized box next to each
taxon name corresponds to the colorized portions in the vertical stacked columns. See the caption for Figure 22 for an
explanation of the chronostratigraphic framework. Figure modified from Brinkman et al. (2021, figure 20). Abbrevia-
tions: FH, Fox Hills Formation; K–Pg, Cretaceous–Paleogene; Ma, million years; Mbr./Fm., member or formation;
NALMA, North American Land Mammal “age”; Pmag., geomagnetic polarity chron; Pu1, Pu2 (gray because Pu2
fauna has not been found in the local area), Pu3, Puercan 1, 2, 3; Strat. (m), stratigraphic position in meters relative
to the K–Pg boundary; To1, Torrejonian 1.
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neus account for 30.5% of the sample and 15.5%
at the Pine Cree locality (Table 1). These abun-
dances are significantly higher than from all other
localities where the taxon occurs (0.3%–2.5%).
The high abundance of Notogoneus may be a
result of local paleoecological factors, because it
also shows a patchy distribution in the Belly River
Group of Alberta, Canada, generally being rare or
absent but being of high relative abundance at
localities that are characterized by freshwater estu-
arine conditions on the distal lateral floodplain with
extremely low water flow strengths (Brinkman,
2019; Divay et al., 2020). This instance highlights
the potential influence of local ecological conditions
on the taxonomic diversities of our samples.

DISCUSSION

Based on the combined evidence of centra
and tooth-bearing elements, a minimum of 18
Operational Taxonomic Units (OTUs) are recog-
nized in the lower Paleocene (Puercan 1-3). One
elopomorph, Phyllodus, is represented by teeth
and branchial tooth-plates. The possibility that one
of the centrum morphotypes recognized here is
from Phyllodus is considered unlikely because the
centra present in a closely related taxon, Paral-
bula, which were described by Neuman and Brink-
man (2005) and Brinkman (2019), are unlike any of
the centra present in the lower Paleocene localities
examined. Thus, assuming that centra of Phyllodus
and Paralbula were similar, we can be reasonably
confident that Phyllodus centra are not present in
the Puercan samples because none that resemble
those of Paralbula are present.

Three osteoglossomorphs are represented by
tooth-bearing elements: Lopadichthys, represented
by a dentary, Coriops, represented by a basibran-
chial tooth-plate, and Ostariostoma, represented
by a dentary. The centra of Lopadichthys and
Coriops cannot be distinguished from each other,
so for these osteoglossomorphs, tooth-bearing ele-
ments give a more reliable indication of taxonomic
diversity than do centra. The third osteoglosso-
morph in the assemblage, Ostariostoma, is repre-
sented only by dentaries. Based on a similar
stratigraphic and biogeographic distribution pat-
tern, the possibility that these are associated with
the centra referred to gonorynchiform indet. type H
cannot be ruled out. Thus, to minimize a possible
inflation of the diversity present, only one of these
two taxa is included in estimates of the diversity of
teleost fishes present.

The clupeomorph Diplomystus, is represented
only by centra. Dentaries of Diplomystus are

known from other assemblages (Divay and Murray,
2016a), so the possibility that this taxon is also rep-
resented by one or more of the tooth-bearing ele-
ments described herein can be excluded.

Two ostariophysans are represented by both
dentaries and centra, and two are represented only
by centra. The ostariophysans represented by both
dentaries and centra are Notogoneus and Otophysi
indet. type U3/BvD (P morph). Otophysi indet. type
U3/BvD (K morph) is known by dentaries and cen-
tra from Cretaceous deposits but only by centra
from the Pu1. As discussed above, the fourth
ostariophysan, gonorynchiform indet. type H, may
be independently represented by tooth-bearing
elements referred to Ostariostoma, so only one of
these two taxa is included in the estimates of diver-
sity of early Paleocene teleost assemblages.
Because centra are more abundant, they are used
for estimating the relative abundance and distribu-
tion of gonorynchiform indet. type H in the lower
Paleocene localities.

Esocids are represented by two taxa: Estese-
sox and Esox. Both are represented by centra,
dentaries, and palatines.

Three acanthomorphs are represented by
dentaries and five by centra. However, it is not pos-
sible to confidently associate centrum morpho-
types with dentaries. Thus, estimates of the total
diversity of acanthomorphs in the early Paleocene
are based only on centra.

Two kinds of teleosts of unknown relation-
ships are represented by centra, teleost indet. type
U-4 and teleost indet. type PT-1. No tooth-bearing
elements can be associated with either of these
centrum morphotypes.

The list of early Paleocene teleosts recog-
nized here differs from that of Bryant (1989) in not
including Platacodon or Paleolabrus. The report of
Platacodon in the early Paleocene is not accepted
here because this occurrence was based on den-
taries that had been referred to this genus by Estes
(1964) but were subsequently shown to be from an
esocid by Wilson et al. (1992). Currently, Plataco-
don is represented only by distinctive pharyngeal
tooth-plates and isolated pharyngeal teeth. These
are widely distributed in upper Maastrichtian locali-
ties (Brinkman et al., 2021) but are not present in
the localities studied here. Paleolabrus was
erected by Estes (1969b) based on tooth-bearing
elements and centra. Bryant (1989) noted that
some of the tooth-bearing elements had infolded
bases, a feature found in Lepisosteus. A subse-
quent study of fossil and recent lepisosteiforms by
Grande (2010) has reinforced the significance of
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this radial infolding of the base of larger teeth, or
“plicidentine”, as an autapomorphy of lepisosteid
gars, and unique to members of the family within
Actinopterygii, so the tooth-bearing elements with
this feature can be confidently identified as being
from a member of the Lepisosteidae. Based on the
published figures, the centra that Estes (1969b)
referred to Paleolabrus are those of Notogoneus
(compare Estes, 1969b, plate 3e–f with Divay et
al., 2020, figure 7C). The identity of the tooth-
plates is uncertain, but the presence of paired vom-
ers suggests it is not a teleost. Thus, Paleolabrus
is not included because it appears to be a chimera,
including elements from multiple different kinds of
fish.

Comparison of Teleost Assemblages of the 
Early and Late Paleocene

Comparison of fish assemblages from the
early Paleocene (this study) with those from the
late Paleocene indicates that, rather than a recov-
ery to pre-existing levels of diversity seen during
the Late Cretaceous, a further decrease in taxo-
nomic richness occurred throughout the epoch.
Late Paleocene teleosts are best known from the
Paskapoo Formation of Alberta, Canada, which is
Tiffanian in age (Table 2). Teleosts from this forma-
tion that are represented by articulated specimens
include: i) the osteoglossomorphs Joffrichthys
symmetropterus, J. tanyourus, and Lopadichthys
lindoei (Li and Wilson, 1996; Murray et al., 2018);
ii) the esocid Esox tiemanni (Wilson, 1980); iii) the
smelt Speirsaenigma lindoei (Wilson and Williams,
1991); and iv) the percopsiforms Massamorichthys
wilsoni and Lateopisciculus turrifumosus (Murray
1994; Murray and Wilson, 1996). In addition to
these seven taxa, isolated elements were referred
to the Hiodontidae, Cyprinoidea, Gonorynchidae,
and Asineopidae by Wilson (1980). The hiodontid
element was later referred to Joffrichthys (Li and
Wilson, 1996), although the identification of the
cyprinoid is still accepted (Murray, 2020). Thus,
based on both articulated specimens and isolated
elements, 10 kinds of teleosts are present in the
Tiffanian Paskapoo Formation.

Additional evidence regarding the diversity of
teleost assemblages of Tiffanian age is provided by
a vertebrate microfossil assemblage from a locality
in the Ravenscrag Formation of Saskatchewan
called the Roche Percée locality. The fishes from
this locality were described by Sinha et al. (2021).
Nine teleosts are present. Thus, although the tele-
osts present in the Ravenscrag locality cannot be

identified with the same level of precision as those
from the Paskapoo Formation, the diversity of
these two assemblages are similar. Two of the
Ravenscrag Formation fishes, teleost indet. type
PT-1 and protacanthopterygian indet. type ES-1,
had not been recognized in the Paskapoo Forma-
tion and are not present in the Puercan localities
sampled here. In addition, one indeterminate
osteoglossomorph, designated type SO-1, and two
indeterminate acanthomorphs designated type
RPA-1 and RPA-2, are represented by centra.
However, it is possible that the osteoglossomorph
and acanthomorphs are from taxa represented by
articulated specimens in the Paskapoo Formation,
so they are not included as separate OTUs in Table
2. Surprisingly, the taxonomic richness of the Tiffa-
nian interval, with a total of 15 OTUs present,
remains relatively low. Thus, rather than a recovery
to levels of diversity seen during the Late Creta-
ceous, taxonomic richness remained low through
the early Paleocene and into the late Paleocene.

CONCLUSIONS

Based on our comparisons of late Maastrich-
tian and early Paleocene teleost assemblages from
northeastern Montana and south-central Saskatch-
ewan, the K–Pg mass extinction event had a mod-
erate impact on non-marine teleost fishes with an
extinction rate of 27% immediately across the K–
Pg boundary. Most of the casualties were taxa that
were rare in the late Maastrichtian assemblages. A
similar result was recently documented from the
Denver Basin in Colorado (Wilson et al., 2024).
Although new taxa occurred immediately following
the K–Pg boundary, either as a result of immigra-
tion or of diversification events, further apparent
extinctions occurred during the early Paleocene,
and taxonomic richness remained low. This pattern
contrasts with the one seen with teleost fishes in
marine environments, where the extinction of top
predators of the Cretaceous allowed a diversifica-
tion of crown teleosts, giving rise to new families of
fast swimming and piscivorous bony fishes that
filled the functional roles vacated by extinction vic-
tims (Cavin, 2002; Sibert and Norris, 2015; Ribeiro
et al., 2018). Nevertheless, the higher than previ-
ously reported level of extinctions of teleost fishes
between the Late Cretaceous and the late Paleo-
cene adds to the evidence that the K–Pg event had
a substantial influence on shaping today’s aquatic
communities, and highlights that the effects of this
event are more complex than previously thought.
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