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A remarkable encounter between two Cretaceous mosasaurs
of the same species and a sick or recently dead nautiloid
(Argonautilus catarinae Sundberg) is recorded. It is possi-
ble that the mosasaur was training its young to attack
shelled cephalopods. This is the first recorded attack by two
mosasaurs on a nautiloid in the eastern Pacific Ocean, al-
though ammonites preyed upon by mosasaurs are known
from the west coast of North America.

INTRODUCTION

The primary diet of Cretaceous marine reptiles consist-
ed of small fish and squids, and occasionally small ammo-
nites (,5 cm), which presumably were swallowed whole.
Ichthyosaur and plesiosaur diet (Sato and Tanabe, 1998)
is obvious from the stomach contents of exceptionally pre-
served fossils in Lagerstätten in the Upper Jurassic Posi-
donienschiefer and Holzmaden shales in Germany (Kauff-
man, 1981). Some marine-reptile stomach contents con-
tain small examples of Amaltheus in abundance. But were
fish, squids, and small cephalopods (,5 cm) the entire diet
of marine reptiles? Is it possible that larger, shelled am-
monites (.5 cm) also were a regular food resource?

Mosasaurs developed widely gaping, disarticulated
jaws capable of engulfing larger prey, and fed regularly on
ammonites. Kauffman and Kesling (1960) and Kauffman
(1990) first established definite mosasaur (Platycarpus or
Ancylocentrum) predation on an ammonite belonging to
Placenticeras sp. cf. P. whitfieldi from near Hay Draw, 14
miles north of Scenic, Cheyenne River, in the Virgin Creek
Member of the Pierre Shale of South Dakota. Kauffman
(1990) and Tsujita and Westermann (2001) figured addi-
tional examples, including rare healed ammonites that
had survived mosasaur attacks (Tsujita and Westermann,
2001, figs. 11, 12). The search has been on for further evi-
dence of ammonites that clearly show mosasaur bite
marks. Over 100 are known from the Bearpaw Formation
of Canada alone (see Tsujita and Westermann, 2001, for a
complete bibliography). Most specimens illustrated by
Kauffman and Kesling (1960), Kauffman (1990), and Tsu-
jita and Westermann (2001) were attacked using the same
behavior pattern—blind side of the ammonite first (upper
posterodorsal, or dorsal, or sometimes anterodorsal side),
thus crippling the ammonite, followed by a series of posi-
tioning bites, using the piercing and sometimes the ptery-
goid teeth. Finally, through a series of bites utilizing the
piercing teeth, the ammonite was ripped out of its living

chamber and consumed. This represents a learned behav-
ior pattern (Kauffman and Kesling, 1960; Kauffman,
1990, Tsujita and Westermann, 2001). Mosasaurs were
not strangers to eating ammonites, which served as a sec-
ondary or tertiary food source.

This study presents a summary of evidence for mosa-
saur predation on ammonites, and presents evidence for
mosasaur predation on nautiloids from the Cretaceous of
the United States Pacific Coast.

ORIGIN OF BITE MARKS ON AMMONITE SHELLS

Evidence Against Limpet Home Scars

The origin of at least some of the bite marks on ammo-
nites has been debated. There is a school of thought that
some of these bite marks actually were formed by limpets
(gastropods). Limpet depressions (home scars) superficial-
ly resemble mosasaur bite marks (i.e., Kase et al., 1998;
Seilacher, 1998). There are notable differences between
mosasaur bite marks and limpet home scars, however.
Limpets apparently fed on algae that attached to the outer
surface of the ammonite shell, creating radular marks.
Limpet home scars form shallow, broad pits, in some cases
with radular marks, which rarely penetrate through the
shell near the center of the pit. When limpets do penetrate
a shell, the scar forms a beveled rim without associated
crushing of the areas surrounding the hole (Kase et. al.,
1998; Seilacher, 1998). In the Cretaceous of the Western
Interior of North America and western to central Europe,
hundreds of limpets attached to ammonite shells have
been observed. None of these specimens show obvious
holes in the ammonite shell, unless it lies below the at-
tached limpet, out of sight. Several depressions made by
the rasping of limpets (without the limpet) have been ex-
amined, and no holes in the shell were observed; this is not
to say that in a few cases the limpet did not form a hole.

There are a number of other ways to differentiate limpet
depressions from mosasaur bite marks. There are differ-
ences in slope of the holes, the width of the depression in
the shell, a beveled zone on the shell instead of a puncture,
presence of radular markings, and differences in size be-
tween bite marks and limpet scars. Limpet scars are rare-
ly linear, and the depressions do not form a shallow arc, as
is typical of mosasaur bite marks.

Limpets commonly were present on ammonites that
were attacked by mosasaurs, even more so than Kase et al.
(1998) reported (eight specimens from various collections
and 72 specimens at the Tyrell Museum). It is unclear as
to whether the big tooth marks shown in figure 3 of Kase
et al. (1998) occur without limpets. The tooth marks are
lined up in an array of two bites, the second being only a
half jaw bite where the other half of the jaws came togeth-
er without the nautiloid or ammonite between them. The
bite marks also appear to lack depressed cones, which are
common in mosasaurs bite marks. These marks may have
been made by the jaws of a fish, like a giant Portheus, or
some other species of fish, or a mosasaur that didn’t bite to
the base of the tooth.

There is no indication as to what the opposite sides of
the Kase et al. (1998) specimens are like when it comes to
limpet colonization. It is imperative to look on the other
side of the shells. Without this information, one does not
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know whether the scars on the shell represent a life as-
semblage or a death assemblage, in which case it makes
no difference as to the original debate (life associations).

Evidence For Mosasaur Origin of Bite Marks

Mosasaur bite marks on ammonites line up in a shallow
arc and almost always penetrate the shell, leaving a nar-
row, steep-sided zone of crushed shell that was held in
place by the mantle tissue, where the tooth base came in
contact with the prey. In many cases, impressions of the
relatively blunt mosasaurs pterygoid teeth can be seen as
well. These teeth were located at the back of the mouth on
the upper palate, and trended approximately perpendicu-
lar to the line of the mosasaur jaw, convex outward to-
wards the front of the jaw. These teeth were used for
grasping prey, and are found only in the Mosasauriidae.
About half the ammonites examined that have mosasaur
teeth marks have impressions of pterygoid teeth, which
left behind parallel crushed zones trending perpendicular
to the main tooth impressions. In some cases, imprints or
perforations indicating the individual small pterygoid
teeth can be seen. The pterygoid teeth marks are evidence
of the mosasaur origin of the bite marks because no other
Cretaceous marine reptiles have them.

Little shell material is found in the stomach contents of
mosasaurs because they only bit to injure a cephalopod,
and did not swallow the shell. After the initial bite(s) from
the blind side, the mosasaur worked the ammonite around
with both the stabbing and the pterygoid teeth, and then
extracted the ammonite from its shell. A few bits of shell
also were included by the final bite across the edge of the
living chamber. The bulk of the ammonite shell was large-
ly held in place by mantle tissue at the time of the bites.
Thus, no teeth (unless one or more are lost in the process),
and no large fragments of shell are expected to be pre-
served in mosasaur stomach contents. It is possible that
nautiloids and ammonites had different shell characteris-
tics, which may account for differences in fracture behav-
ior of the shell between the two groups.

KNOWN BITE MARKS ON CRETACEOUS
NAUTILOIDS FROM THE PACIFIC COAST OF

NORTH AMERICA

Nautiloids with bite marks have been reported from the
Pacific coast of North America previously, however, none
of these bites were definitely attributable to mosasaurs.
The first mosasaur bite marks in nautiloids are known
from the Western Interior Basin, from Upper Cretaceous
(Lower Maastrichtian) strata at the Boulder–Jefferson
County line, Colorado. This study reports the first definite
eastern Pacific examples of mosasaur bite marks in nau-
tiloids (Argonautilus catarinae Sundberg; SDNHM 26132)
from Campanian-age strata, Carlsbad, San Diego County,
California. These bite marks exhibit a set pattern, al-
though specimens are too scarce to do a statistical analy-
sis.

Known Punctured Nautiloid Specimens

A moderately inflated, medium-sized specimen of Ana-
pachydiscus peninsularis (Anderson and Hanna) (Saul,

1979) from the Rosario Formation exposed in Arroyo San-
ta Catarina, Baja California, Mexico, bears two and three
mosasaur-like tooth marks (depending on the side of the
prey specimen studied) on the right and left flanks of the
shell, respectively. They are of normal size compared to
the original specimen of Kauffman and Kesling (1960).
These marks lack a crushed zone, and there are only two
or three of them. If the bite marks were the result of a nip-
ping action by a mosasaur, three more marks on each side
would be expected. If, on the other hand, these marks re-
flect a longitudinal half bite (the other half coming togeth-
er in space with no ammonite between them), three more
bite marks posterodorsally and two more posteroventrally
would be expected if the predator were a mosasaur. Unless
there is an undescribed mosasaur with only two and three
piercing teeth limited to the front of the jaw and small or
no piercing teeth behind them, the predator was probably
a big fish of some sort (e.g., Portheus from the Niobrara
Formation; uppermost Turonian, Santonian, Lower Cam-
panian of the Western Interior Basin).

In the Lambert Formation, associated with a skull of
Tylosaurus sp., a known predator of ammonites, there is a
punctured example of the shell of an ammonite—Pachy-
discus suciaensis (Ludvigsen and Beard, 1994). At a differ-
ent locality, and from a horizon a little higher in the sec-
tion, the nautiloid Eutrephoceras campbelli shows preda-
tion marks. Again, on the latter specimen, there are only
two holes. If these holes were created by a mosasaurs,
there would have to be one more hole dorsally and three
more posteriorly (nautiloid in swimming position). The
nautiloid also lacks a crushed zone around the tooth per-
foration. This contradicts a mosasaur-related origin for
the holes. A fish like Portheus may have been responsible
for the predation.

New Nautiloid Specimens Predated by Mosasaurs

Large, Complete Nautiloid: A newly described mosa-
saur-predated nautiloid specimen (SDNHM 26132; Fig.
1A–C) is Campanian (Upper Cretaceous) in age, from San
Diego County, California. All three tooth marks that
spread across the flank of the newly discovered nautiloid
specimen (Fig. 1A, B) penetrate the shell, are roughly cir-
cular in outline, and have crushed zones 1–5 mm wide.
One tooth mark is in a longitudinal depression and the
other two are penetrations surrounded by a deformed zone
made up of crushed shell particles that apparently were
held in place by the mantle tissue. Two additional tooth
marks occur across the venter of the nautiloid, are in a line
with the main bite marks, and have crushed zones 3 to 5
mm wide. The left-lateral flank appears to contain a dou-
ble bite mark, suggesting repositioning of the jaw of the
mosasaur. It is set too closely for a double tooth mark
based on the normal spacing of teeth seen in numerous
mosasaurs.

Bite marks do not appear to follow the well-documented
mosasaur-ammonite predation patterns, in which the ma-
jor attack came from the dorsal or posterodorsal side
(blind side) of the ammonite. Normally, an attack comes
from the blind side of the ammonite or nautiloid, and the
resultant perforations reflect this, as they do in Kauffman
and Kesling’s (1960) original specimen. This was a frontal
attack (assuming normal life position of the cephalopod)
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FIGURE 1—(A) Right-lateral view of Argonautilus catarinae Sundberg showing penetration of three teeth (near the front of a mosasaur jaw),
in plain sight of the prey species. AT 5 Adult teeth marks. Lighting from lower right. (B) Left-lateral view of the same specimen showing tooth
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TABLE 1—Measurements made on rubber cast of Argonautilus catarinae Sundberg, and preserved shell of Argonautilus catarinae, SDNHM
26132. The third bite mark on the preserved shell is in a 1–5 cm crushed zone, where precise measurements are difficult, and therefore was
not measured.

Distance between centers of holes

Rubber Cast of Argonautilus catarinae
Tiny marks: (inflated to least inflated)
Large marks:

15 mm
30 mm

15 mm
30 mm

14 mm
30 mm

15 mm

Specimen of Argonautilus catarinae:
Tooth marks: (large to small) 27 mm 26 mm

←

marks near the front of the mosasaur jaw. AT 5 Adult teeth marks; the one in the umbilicus is questioned. (C) Ventral view of nautiloid showing
three teeth-marks from an adult mosasaur. AT 5 adult teeth marks. (D) Latex mold of shell of Argonautilus catarinae. Penetration by three
teeth on a larger segment of the same nautiloid, showing penetration up to the base of the tooth, producing a 1.0–5.0 mm crushed zone typical
of mosasaur tooth marks (AT). The average distance between adult teeth is 30 mm. Possible tooth marks from a juvenile of the same species
(JT); note the expanded bases on 3 tooth marks, similar to those on adult teeth. The average distance between juvenile teeth is 14.9 mm.

during which the nautiloid should have taken evasive ac-
tion. It certainly must have been more difficult for the an-
imal to swim effectively with one to two damaged cham-
bers filled with seawater. The outer edge of the aperture is
missing, or was removed during the attack. The frontal at-
tack suggests that the nautiloid may have been sick or re-
cently dead, because the nautiloid certainly would have
seen the attack coming. The nautiloid apparently was
floating; it was not so sick or mortally wounded that it took
up a reclining position on the substrate. The three individ-
ual tooth marks are situated with one near the venter and
two on each of the ventrolateral flanks. The two marks on
the left side and near the venter are smaller than the one
on the right flank by approximately 25%, which suggests a
nipping action.

The three additional tooth marks are relatively large;
two are on the right lateral flank and one on the left lat-
eral flank. They maintain the size and spacing indicative
of a mosasaur origin. They are similar to those that would
be made by the teeth found at the front of a mosasaur jaw.
The right-lateral flank impression is the largest, pene-
trates the shell, is elongate-ovate in outline, and is sur-
rounded by a crushed zone of shell fragments posteriorly
(1 mm) and on the anterior side (3 mm). The crushed zone
is serrated anteriorly, suggesting that the tooth was im-
planted at an angle. The near-ventral tooth impression is
more rounded and smaller than the preceding one. This
pattern is unusual on ammonites that have been bitten by
mosasaurs. The tooth-mark indicates precisely where the
penetration should have been the greatest, and where the
largest bite mark would be expected. A replacement tooth
for one that has been lost in the mosasaur jaw is the logical
explanation, especially because this impression has the
largest crushed zone, formed by the expanded base of the
tooth. It bears crushed fragments of the shell 3 mm by 1
mm along the line of the jaw, and 2 mm by 1.5 mm perpen-
dicular to it. The hole, including the crushed zone, is 8 mm
in diameter perpendicular to the line of the jaw and 9 mm
in diameter longitudinally along the line of the jaw. The
third tooth mark, which lies on the left side of the shell, is
the one that is in a continuous depression. This indicates a
highly slanted approach by the tooth, as would be expect-

ed from a frontal attack. The groove is 18 mm wide at its
broadest point and 38 mm long. The tooth mark is 9 mm
long and 6 mm wide.

Partial Nautiloid Specimen: This partial nautiloid speci-
men (Figure 1D) is represented by a latex cast of a mold
found in the rock close by to the specimen described above
(shown in Figure 1A–C). Its relationship to the actual spec-
imen with preserved shell material is not known. It repre-
sents part of a specimen with a greater diameter than the
preserved shell, and comes from the same locality.

Mosasaurs inflicted three unevenly developed large
holes, and, preceding this, five much smaller dents repre-
senting another, smaller individual, presumably of the
same species. These smaller dents are not pterygoid-teeth
marks because of the spacing (pterygoid teeth are much
more crowded together), the sharpness of the teeth (pter-
ygoids are dull, and leave a semi-rectangular hole, which
is different from that left by the sharp piercing teeth), and
the shape of the dent (pterygoids describe a tighter arc,
which is invariably convex towards the front of the jaw,
whereas piercing teeth describe a concave arc, based on
the midline of the animal).

The smaller dents form a slightly concave arc and the
second dent is lost in a much larger second bite that is sub-
trapezoidal in shape, indicating multiple attacks on the
nautiloid. The largest dent (5 mm in diameter) has a clear-
ly defined ring around it, indicating not only the base of
the tooth, but also more pressure applied to the most in-
flated part of the shell. The rest of the dents lack a ring.
The third dent is actually a groove on the edge of the big-
gest bite mark. The concave-out orientation suggests the
other side of the jaw actually coming together in space,
without intersecting the nautiloid. The dents are spaced
11 mm, 14 mm (the one with the depressed cone around
it), 13 mm (a calculation, there is a larger hole around it),
and 14 mm, going anteriorly toward the aperture of the
shell.

Bite mark two, which involves larger teeth, seems to be
the bite that injured or killed the nautiloid and caused it to
sink. Without the outer edge of the final chamber it is im-
possible to tell if there are additional bite marks. The pre-
served bite perforations (largest to smallest, in an anterior
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direction) start with a large, subtrapezoidal hole. This
large hole is situated on the most inflated part of the shell
and is 2.8 cm long by 2.1 cm in short diameter, including a
1 mm to 5 mm crushed zone around the actual penetra-
tion. The second penetration mark is more circular, 1.7 cm
long by 1.5 cm wide. It is a single bite mark and has a
crushed ring around the penetration, which is 4 mm at the
widest part, and 1 mm at the narrowest part. It is 30 mm
from the bite mark (No. 2) to the next bite (No. 3). The third
penetration mark has a prominent crushed shelf around
the hole left by the tooth; the shelf is semicircular. It is 8.0
mm long, including the collective shelf areas (1.0 mm by 5.0
mm wide). Bite marks are summarized in Table 1.

The most obvious interpretation is that there were two
mosasaurs, one juvenile specimen and one adult specimen
belonging to the same species, and that the smaller one
was being trained that cephalopods were an alternate food
source. An alternative view is that a mosasaur bit this
specimen lightly at first (producing dents) to make sure it
was edible, and then proceeded to the mortal bite (tooth
penetration) at the edge of the living chamber. The first in-
terpretation is favored based on the spacing between the
penetrations: an average 30.05 mm for the big teeth, and
14.9 mm for the small teeth. Even if the larger teeth were
lightly implanted, they should have approximately the
same spacing. The big set of teeth came after the small set;
little tooth mark No. 3 is obliterated by the larger tooth
mark, which all have narrow crushed zones around them,
and no broad inward sloping area as is typical of limpet
homing scars.

There is an indication of a slanted approach to perfora-
tion by the tooth from the angle of insertion, approximate-
ly 758–808. Because the tooth mark has not been excavat-
ed, details of the zone of crushing or perforation by the
tooth cannot be documented. The umbilicus has not been
cleaned out so it is impossible to look for additional tooth
marks there.

Identity Of The Mosasaur

Because a whole jaw is not impressed in the nautiloids,
it is difficult to determine a jaw angle, which was critical
in Kauffman and Kesling’s (1960) interpretation of the
identity of the genus of mosasaur to which the bite marks
belonged (Platycarpus or Ancylocentrum). However, the
nature of the tooth marks suggests a more limited range of
possibilities. Globidens and related forms with blunt teeth
are ruled out, because these marks were left by piercing
teeth, in some cases driven through the shell all the way to
their expanded bases. The spacing of the teeth provides
yet another clue, matching Mosasaurus (i.e., M. horridus
Williston) or Platycarpus (i.e., P. caryphaeus), rather than
Clidastes or Tylosaurus. It is probable that two mosasaurs
of the same species (i.e., a mother and her offspring) bit
the nautiloid.

CONCLUSIONS

Mosasaurs are known to have preyed on ammonites
during the Cretaceous. The conclusion that mosasaurs
preyed on Cretaceous cephalopods is based on: (1) ptery-
goid teeth impressions, which left a series of arcuate dents
in the shell, convex towards the front of the jaw; (2) spac-
ing of tooth penetrations matching the size and spacing of

mosasaur teeth; (3) tooth penetrations form two shallow
arcs, as found in the jaws of mosasaurs; (4) crushed zones
around some of the tooth marks, indicating the mantle
was still in place at the time of death; and (5) absence of
shallow, concave homing scars, which would be expected if
limpets made these holes. The pattern of bite marks found
in ammonites imply a learned behavior pattern of blind-
side attack of the prey first, followed by positioning bites
using both the stabbing and pterygoid teeth, followed by
one or more bites across the living chamber of the ammo-
nite designed to rip the prey animal out of the shell to con-
sume it.

This study presents evidence that mosasaurs preyed
upon nautiloids as well. Bite marks of two Mosasaurus sp.
or Platycarpus sp. individuals on a prey nautiloid (pre-
served as a mold) are documented, possibly showing a
mother teaching a juvenile to subdue its prey. In addition,
a mosasaur made tooth marks surrounded by a crushed
zone in the shell in a preserved specimen of Argonautilus
catarinae Sundberg. This specimen was either sick or re-
cently dead because the tooth marks came from an unusu-
al direction, where the mosasaur would be fully visible to
the prey species. These specimens are the first to record
definite mosasaur attacks on nautiloids in the eastern Pa-
cific Ocean.
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