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Abstract—Vertebrate coprolites and Recent feces display a wide range of morphological variation. A relatively
small number of authors have explicitly addressed the terminology used to describe coprolites. Spiral coprolites
externally have the appearance of a ribbon coiled around a long axis, but internally they consist of stacked, and
spiraling, cones. Scroll coprolites are more analogous to a rolled sheet of paper in structure. These two morphologies reflect two architectures of valvular intestines of which Type D (mucosa forming spiraling cones, pointed
anteriorly) is most common, and these intestines form coprolites of spiral morphology. The oldest possible spiral
coprolites are from the Late Ordovician of South Africa. It is possible that some putative spiral vertebrate
coprolites from the Ordovician-Permian might have been made by eurypterids. Spiral coprolites are amphipolar if
the posterior spire constitutes more than 75% of the length; otherwise they are heteropolar. Heteropolar coprolites
are microspiral, if the posterior spire constitutes less than 50% of the length of the coprolite in lateral view, and
macrospiral if it represents 50% or more. The end of a spiral coprolite that externally appears to be more tightly
spiraled is the posterior end. Scroll coprolites are very uncommon. Eucoprus cylindratus ichnogen. et ichnosp. nov.
is a cylindrical coprolite with no inclusions. We recognize 27 morphotypes of coprolites and Recent vertebrate
feces in 11 main categories: A, Cylindrical, elongate (length > 5 x diameter); B, Cylindrical, short (length < 5 x
diameter); C, Subrounded; D, Flattened rounded plates that accumulate in circular piles; E, Reniform; F, Spiral; G,
Elongate coiled cylinder; H, Thin and ovoid; I, Thin and linear; J, Splatter; and K, Irregular in shape.

INTRODUCTION
Vertebrate coprolites display a wide range of morphological variation, although the majority are elongate, and, if preserved uncrushed,
they are commonly sub-cylindrical. This gross morphology reflects the
fact that most vertebrate coprolites represent fossilized carnivore feces
(e.g., Hunt et al., 1994). Recent vertebrate feces (and some cave samples
of late Pleistocene coprolites: Mead and Swift, 2012) display a much
wider range of morphologies, as they include many herbivore traces (e.g.,
Chame, 2003). Herbivore coprolites are much less common prior to the
Pleistocene but some are preserved--for example, Mesozoic specimens
produced by orthithischian and sauropod dinosaurs (e.g., Chin, 2007;
Chin and Gill, 1996; Chin and Kirkland, 1998; Ghosh et al., 2004). What
all vertebrate coprolite morphologies require is a consistent and standardized descriptive terminology.
A relatively small number of papers have explicitly addressed the
terminology of describing coprolites (e.g., Neumayer, 1904; Häntzschel
et al., 1968; Jain, 1983; McAllister, 1985; Thulborn, 1991; Jouy-Avantin
et al., 2003; Hunt et al., 2007) (Fig. 1). Spiral coprolites are among the
most distinctive, and they preserve a suite of morphological features that
allow for ease of description. The purpose of this paper is to briefly
review aspects of the morphology of vertebrate coprolites and Recent
feces and the nomenclature applied to in order to advocate a standard
descriptive terminology.
SPIRAL AND SCROLL COPROLITES
Introduction
Spiral coprolites were among the first to be recognized by Buckland
(1829), and they are very common in aquatic paleoenvironments, notably before the Cenozoic. Two distinct morphologies are often considered
spiral: (1) spiral sensu stricto, hereafter referred to as spiral, which externally have the appearance of a ribbon coiled around a long axis, but
internally they consist of stacked, and spiraling, cones (e.g., Jain, 1983,
pl. 82, figs. 7-8); and (2) scroll, which are more analogous to a rolled sheet
of paper in structure. These two morphologies reflect two architectures
of valvular intestines: valvula voluta (scroll valve) and valvula spiralis

FIGURE 1. Classification of coprolites (vertebrate and invertebrate) by
Häntzschel et al. (1968, fig. 1).

(spiral valve) (Parker, 1885; Owen, 1886; McAllister, 1987). Parker
(1885) distinguished four types of spiral valves, based on studies of the
skate Raja, of which his Types C and D have the mucosa forming spiraling cones that would result in coprolites of spiral morphology (Fig. 2). In
Type C, the apices of the cones are directed posteriorly (caudally),
whereas in Type D they are pointed anteriorly (cranially) – Type D is
the most common type (Parker, 1885; McAllister, 1985, 1987). The
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FIGURE 2. The morphologies of valvular intestines: valvula voluta (scroll
valve) and four types (A-D) of valvula spiralis (spiral valve) (modified
from McAllister, 1987, after Parker, 1885).

phylogenetic distribution of valvular intestines is not totally understood.
McAllister (1987) presented evidence that that some or all agnathans,
placoderms, dipnoans, actinistians and chondrichthyans have valvular
intestines. However, the evidence for valvular intestines in acanthodians
is not strong and consists of the co-occurrence of spiral coprolites and
fish in the Mississippian of Montana, USA and the Upper Carboniferous of the Czech Republic, one of which may be enclosed in acanthodian
scales (Zidek, 1980; McAllister, 1987). Only two fossil actinopterygians
have evidence of this structure, and McAllister (1987) hypothesized
that this group progressively reduced the valvular intestine. Teleosts do
not exhibit this kind of intestinal structure (McAllister, 1987).
The oldest described spiral coprolites are from the Late Ordovician of South Africa (Aldridge et al., 2006). Because spiral valves are
restricted to less derived fish they might be expected to be restricted to,
or at least to be much more common, in the Paleozoic. However, this is
not the case in marine environments where spiral coprolites are locally
abundant in the Cenozoic (e.g., Diedrich and Felker, 2012; Stringer and
King, 2012). In contrast, spiral coprolites are markedly less common in
post-late Carnian (Late Triassic) ichnofaunas from freshwater settings.
Evidence exists that eurypterids possessed a spiral intestinal structure
(Waterson et al., 1985; Sumner, 1993), and many eurypterids reached a
large body size, so it is possible that some putative spiral vertebrate
coprolites from the Ordovician-Permian might pertain to this invertebrate group.
Terminology
Several authors have proposed different descriptive terminologies
for spiral coprolites (e.g., Jain, 1983, fig. 2; McAllister, 1985, fig. 1;
Laojumpon et al., 2012, fig. 5c). We have synthesized aspects of these
schemes and recognize some new terms that we consider useful in the
description of spiral coprolites (Fig. 3). The number of apparent spirals
visible on the lateral aspect of the coprolite has been described as the
spiral count (McAllister, 1985, fig. 1), the number of whorls (Jain, 1983,
fig. 2) or the number of coils (Laojumpon et al., 2012, fig. 5c). We prefer
the term “coils” for the external expression of the spiral, conular elements of the coprolite. In heteropolar coprolites the posterior segment
of the coprolite consists of a number of closely spaced coils, which we
term the posterior spire (Fig. 3). The anterior end consists of a single,
antero-posteriorly elongate coil. This anterior coil was not considered in
the count of the number of coils by McAllister (1985, fig. 1) but it was
included by Jain (1983, fig. 2) and Laojumpon et al. (2012, fig. 5c), and
we follow the latter authors. We use the numbering scheme of Jain (1983,

FIGURE 3. Terminology of spiral coprolites. AC is anterior coil, C is coil,
L is lip, PS is posterior spire.

fig. 2) and Laojumpon et al. (2012, fig. 5c) in considering the anterior coil
to be coil 1 and numbering the remaining coils from anterior to posterior.
In heteropolar coprolites the anterior coil (coil 1) includes an exposed
edge of a flap of the coprolite that we term the lip, following Jain (1983,
fig. 2) and Laojumpon et al. (2012, fig. 5c). We propose analogous terminology for amphipolar coprolites (Fig. 3). Scroll coprolites essentially
consist of a single coil (Fig. 3).
Spiral Coprolites
Based on his study of samples from the Early Permian of Texas,
Neumayer (1904) introduced a terminology for spiral coprolites that has
been extremely durable. He recognized that some spiral coprolites have
spirals that are distributed roughly evenly along the long axis in lateral
view (amphipolar), while others have the spirals concentrated at one end
(heteropolar). Heteropolar coprolites are much more common throughout the fossil record than amphipolar forms. True amphipolar coprolites
(sensu Neumayer, 1904), such as Hyronocoprus (Hunt et al., 2005, fig.
3), preserve spirals (posterior spire) that extend for the majority of the
length of the coprolite (>75%); some specimens that have been considered amphipolar are actually heteropolar (e.g., Jain, 1983, fig. 3A). The
living lungfishes Protopterus annectans and Neoceratodus forsteri produce amphipolar feces (Williams, 1972, fig. 7; Jain, 1983, fig. 7). Recently, Hunt et al. (2007) recognized two forms of heteropolar morphology-- microspiral, in which the posterior spire constitutes less than 50%
of the length of the coprolite in lateral view, and macrospiral, in which it
represents 50%-75% the length of the coprolite.
One fundamental question with regard to spiral coprolites is which
end is anterior/cranial? Since the early 19th Century it has been a fairly
consistent practice to illustrate spiral coprolites with the long axis vertical and with the more tightly coiled end oriented upwards (e. g., Mantell,
1822, pl. 9, figs. 5, 8; DeKay, 1830, pl. 3, fig. 6; Buckland, 1835, pl. 34,
figs. 1-5, 9-11; 1836, pl. 15, figs. 3, 5, 7, 8, 10-14), although Buckland
was not totally consistent in his style (e.g., Buckland, 1835, pl. 28, figs.
4-8). This convention has generally been followed since (e.g., Neumayer,
1904; Jain, 1983; Thulborn, 1991; Laojumpon et al., 2012). Based on the
convention of scientific illustration this would imply that the tightly
coiled end is anterior. However, in most cases this is incorrect. In the
most common Type D spiral valves, which are the most common
chondrichthyan forms, the apices of the cones of the spiral are directed
cranially, so the resultant coprolites would have both external and internal structures showing the appearance of smaller conular spirals being
added inside the previous ones in a posterior direction; thus, the termination with the more closely-spaced external spirals is actually the posterior end (Diedrich and Felker, 2012, fig. 2). This is apparently the correct
orientation for most spiral coprolites based on evidence of: (1) external
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morphology – the diameter of the exterior expression of the conular
spirals decreases towards the posterior end; and (2) internal structure –
the V-shaped cross sections of the spiral are open towards the posterior
end (e.g., Jain, 1983, pl. 82, figs. 7-8; Hunt et al., 2012c, fig. 2D). Thus,
the end of a spiral coprolite that externally appears to be the more tightly
spiraled end (in lateral view) is to the posterior and should be oriented
downward in scientific illustrations.
Williams (1972) was aware of the correct orientation of spiral
coprolites but was inconsistent in his illustrations (compare Williams,
1972, figs. 2 and 6 with his pl. 1). Stewart (1978, fig. 4) and two papers
in this volume (Diedrich and Felker, 2012, figs. 2-6; Stringer and King,
2012, figs. 7, 9) also used the correct orientation. But, note that Type C
spiral valves have the apices of the spiral cones directed caudally, so that
the tightly coiled end would be anterior.
Scroll Coprolites
Scroll coprolites are usually very uncommon (e.g., Hunt et al.,
2012e; but see Stringer and King, 2012), except in the Middle-Late Silurian of Ireland and Scotland (Gilmore, 1992). The Silurian coprolites are
unusual in that they are infilled with fine sediment of a different grain
size from the surrounding matrix, indicating they were produced by a
detritus feeder. Thus, it seems extremely unlikely that the putative
agnathan producers had scroll valves homologous to those of some Recent fish. The only spiral coprolites that appear to be composed of
sediment grains are from the Permian of Antarctica (Retallack and Krull,
1999).
NON-SPIRAL COPROLITES
Non-spiral coprolites display a wide range of morphologies (e.g.,
Häntzschel et al., 1968, fig. 1), which are discussed below. Nevertheless,
many are simple cylinders with rounded terminations. We discern the
need for an ichnotaxon to refer to this form. Because this morphology is
manufactured by a large and diverse number of vertebrates, this ichnotaxon
will undoubtedly be widespread in space and time (it will thus be homeomorphic), but, much like Skolithos, it will have great utility in describing
ichnofaunas. Thus, we name this ichnotaxon Eucoprus cylindratus
ichnogen. et ichnosp. nov. (Fig. 4; Appendix).
Thulborn (1991) noted that many coprolites have terminations of
different shapes. He applied the term anisopolar to this type of coprolite
and the term isopolar to forms in which the two ends are of the same
shape. Typically, the posterior end of an anisopolar coprolite (Fig. 5),
which emerges first from the anus/cloaca, is broadly rounded, and the
anterior end is tapered to a point (mucro of Thulborn, 1991). The trailing
end is pinched by the constriction of the cloaca/anal margins as it closes
(Thulborn, 1991). We propose the term “segments” for the discrete
longitudinal elements of a coprolite (pellets of Diedrich, 2012), well
seen, for example, in felid and hyena specimens (e.g., Hunt et al., 2012a,
fig. 5).

FIGURE 4. Eucoprus cylindratus, ichnosp. nov. from the Upper Triassic
Redonda Formation of New Mexico, USA. A-E, NMMNH P-66582, coprolite
in terminal (A, E) and lateral (B, C, D) views.

MORPHOLOGICAL CLASSIFICATION
OF COPROLITES AND RECENT FECES
Several popular or semi-technical field guides have categorized
modern vertebrate feces from different geographic areas (e. g., Murie,
1974; Stuart and Stuart, 2000). Chame (2003) compiled data from these
guides and other technical literature and produced a morphological classification of the feces of Recent terrestrial mammals, recognizing nine
morphotypes. Studies of Recent excrement are directed at aligning feces
with producers, so they commonly include a miscellaneous category for
the excrement of taxa that produce multiple morphotypes (e. g., Group
IX of Chame, 2003). Herein, we are interested primarily in documenting
the range of morphotypes present and only secondarily in assigning
them to a producer following standard paleoichnological practice. Building on Chame’s (2003) work we have attempted a first classification of
the morphotypes of coprolites and Recent feces of vertebrates (Fig. 6;

FIGURE 5. Terminology of a non-spiral coprolite.
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TABLE 1. A morphological classification of coprolites and Recent feces.
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TABLE 1. Continued.
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TABLE 1. Continued.

FIGURE 6. Morphological classification of coprolites and Recent feces.

Table 1):
A, Cylindrical, elongate (length > 5 x diameter)
A1, Tapered at one end with distinct rounded segments
A2, Tapered at one end without distinct rounded segments
A3, Acutely tapered at both ends
A4, Rounded ends and constant diameter
A5, Rounded ends, tapering in diameter to one
A6, Ovoid in lateral view
B, Cylindrical, short (length < 5 x diameter)
B1, Two rounded ends or one slightly tapered

B2, Strongly tapering from one end to other (tear drop shape)
B3, Inflected, with two rounded ends and a furrow along the
length (coffee bean shape)
B4, Large cylindrical, unsegmented
B5, Large cylindrical, segmented
C, Subrounded
C1, Small pellets (< 2 cm in diameter), often in large groups
C2, Large masses (> 5 cm in diameter) that can be subspherical or
with two opposing flattened sides
C3, Rounded or segments of cylinders usually concavo-convex,
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one end may be acute
D, Flattened rounded plates that accumulate in circular piles
E, Reniform
E1, Unstriated
E2, Longitudinally striated
F, Spiral
F1, Scroll
F2, Amphipolar spiral
F3, Heteropolar microspiral
F4, Heteropolar macrospiral
F5, Elongate coiled
G, Elongate coiled cylinder
H, Thin ovoid
I, Thin linear

J, Splatter
K, Irregular shape
CONCLUSIONS
Increased study of vertebrate coprolites in the last few years has
created a need for a consistent terminology. Analyses of coprolites have
not generally considered comparisons with Recent feces (cf. Jain, 1983).
However, actualistic studies of Recent feces (e.g, Milàn, 2012) are clearly
of great potential, and we believe that a more holistic approach to the
study of fossil and modern excrement will be of great value.
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APPENDIX
SYSTEMATIC ICHNOLOGY
Eucoprus, ichnogen. nov.

Eucoprus cylindratus, ichnosp. nov.
Figure 4

Type ichnospecies: Eucoprus cylindratus Hunt and Lucas, 2012.
Included ichnospecies: Known only from the type ichnospecies.
Etymology: From the Greek eu (perfect) and kopros (dung).
Distribution: Permian-Recent.
Diagnosis: Coprolite that differs from other ichnogenera in being
cylindrical in shape with rounded ends and containing no osseous inclusions.
Discussion: This ichnogenus seems to be particularly common in
terrestrial ichnofaunas from the Triassic-Pliocene.

Holotype: NMMNH P-66582, coprolite (Fig. 3).
Etymology: From the Latin cylindratus (in the form of a cylinder), alluding to its shape.
Type locality: Gregory Quarry (NMMNH locality L-485), Quay
County, New Mexico, USA.
Type horizon: Redonda Formation (Apachean: late Norian).
Distribution: As for ichnogenus.
Referred specimens: None
Diagnosis: As for ichnogenus.
Description: The holotype specimen (NMMNH P-66582) is a
complete coprolite that is 32.96 mm long. It has a subrounded cross
section with maximum diameters of 13.45 and 11.4 mm. There are no
inclusions.
Discussion: This ichnogenus seems to be particularly common in
Late Cretaceous-Early Tertiary nonmarine ichnofaunas (Suazo et al.,
2012).

