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1 1. - Paul Brönnimann and Peter Norton (Tripoli): On the classification oí
fossil fecal pellets and description of new forms from Cuba, Guatemala and Libya.
With 5 text-figures.

Dark colored, cylindrical to subcylindrica] organic fragments, pierced by
numerous longitudinal canals, ranging in length from 0.2 to 2 mm and in diameter
from 0.2 to 1 mm, have been observed in thin sections of Jurassic through Cenozoic
shallow-water marine limestones from Europe, Africa, the Middle East and the
Americas.

Joukowsky and Favre (191,3) were the first workers to describe and illustrate
these fragments under the name «Organisme ?» from the Upper Portlandian
limestones (Purbeckian) of Mt. Salève, in France near Geneva. Later workers had
encountered "Organisme ?" or similar fossils in Portlandian limestones of the Jura
(Tutein-Nolthenius, 1921, Favre & Richard, 1927), Provence (Pfender, 1927),
Anatolia (Parejas, 1948) and Cuba (Brönnimann, 1955) as well as from the « Infra-
Lias», Bathonian, Callovian, Upper Jurassic and Neocomian of Aquitaine and the
northern Pyrenees (Cuvillier & Sacal, 1951, 195fi; Dui-aure, 1958), the Dogger
of the Ardennes (Garrot, Lacassagne, & Nouet, 1959), the Toarcian of Lorraine
(Maubeuge, 1952), the Upper Jurassic of Western France (Dalbiez, pers. comm.),
the Lias of the southern Appennin (Sartori & Crescenti, 1960), the Infra-Lias,
Lias and Dogger of Morocco and the Jurassic of Algeria (Cuvillier, 1951), the
Cenomanian of Israel (Avnimelech & Reiss, pers. comm.), the Upper Jurassic
of Qatar, Persian Gulf, (Elliott, 1956), the subsurface late Jurassic Smackover
of Western Alabama and the Lower Cretaceous of South Florida (E. R. Applin,
pers. comm.), and the Turkish Oligocene (Parejas, 1948).

Relationships

Joukowsky & Favre believed "Organisme ?" to be possibly fragments of the
test of some undetermined animal.

The first worker to consider these fossils as crustacean coprolites was Parejas
(1935). He based his conclusions on the work of Moore (1932) who investigated
the microscopic structure of fecal pellets of Recent crustacean species. Moore
showed that the Anomura produce rod-shaped excreta, either smooth or simply
sculptured externally. The general structure varies according to the tribe. The
Paguridea examined had fecal pellets lacking internal canals, while the Galatheidea
and the Thalassinidea have pellets pierced by longitudinal drainage canals of
circular or crescentic cross sections presumably caused by bristle-like or linger-
like processes at the posterior end of the stomach, around which the semi-liquid
food material flows as it passes out of the stomach. Pellets of the Galatheidea
and the Thalassinidea can be distinguished by the occurrence in the former of a

longitudinal band in the ventral portion of the pellet. This so-called ventral cap
is formed of finer grained material from the ventral tract of the stomach. In the
Thalassinidea, the pellet is of the same consistency throughout. Moore surmised
that anomuran coprolites might have geological value as he considered it probable
that they would often become mineralized. In a later paper (1939), Moore stated
that the drainage canals of the galatheid and thalassinid pellets are arranged in
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patterns characteristic of each particular species. As a result of this specificity
of patterns, Moore indicated that in Recent deposits, with a known fauna, fecal
pellets may often be assigned with a fair degree of certainty to the species which
produced them.

Parejas (19,35) was so impressed by the similarity between «Organisme ?»
and the fecal pellets of the thalassinid Upogebia deltaura that he stated that the
fossil Problematicum was a thalassinid fecal pellet. Later (1918) he created the
generic name Coprolithus and described three species. The original «Organisme ?»
he named Coprolithus salevensis. Two additional species were described by him
from Turkey, C. prusensis, with numerous fine canals of circular cross-section
from the Portlandian, and C. decern lunulatus, with ten hook-shaped canals in
cross-section, from the Oligocene. Unfortunately, Parejas' material was destroyed
by lire in 1942.

Since Parejas (1918) neither defined the genus Coprolithus nor designated
a type species, the generic name Coprolithus is invalid and a nomen nudum under
article 23 (c) of the International Rules of Zoological Nomenclature. According
to this article "no generic name published after December ,31, 1930 shall have any
status or validity without the definite unambiguous designation of the type
species." The specific name, salevensis, however, is still valid for „Organisme ?"
and has priority over names proposed later.

Brönnimann (1955), who had no knowledge of Parejas' work, proposed the
generic name Favreina for the fossils in question, and divided the genus info two
species, F. joukouiskyi for „Organisme ?" and F. cuvillieri for the form reported
by Cuvillier from the Lower Cretaceous of Aquitaine. The generic name Favreina
was proposed in accordance with the International Rules and stands as a valid
generic name, if a Linnean system is to be adopted for these fossils, while the trivial
name joukowskyi for «Organisme ?» is a junior synonym of Parejas' name
salevensis.

Classification

The problem of the systematic classification of coprolites and other remains
of the work of animals is controversial and unsolved in paleozoology. It is closely
analogous to the paleobotanical situation in which wood, leaves, pollen, and fruits
of the same plant are separately preserved, and may be separately classified in

organ genera. The use of organ genera and form genera (parataxa) is specifically
provided for in the rules of botanical nomenclature, and has given order to paleo¬
botanical classification. As Traverse (1957) shows, all extinct plant genera are

organ genera, and all fossil „species" of extinct plant genera arc organ species,
described from leaves, pollen, or other remains. Organ species may be grouped
in genera with natural species, and organ genera may be grouped together with
natural genera in larger taxa. No such dispensation exists in zoological nomen¬
clature, nor has any decision been made by the International Zoological Congress
either validating or invalidating the use of organ genera, form genera and-or
parataxa in paleozoology. Current opinion is that names for coprolites or other
works of animals are available and valid if introduced prior to 1931. Names of
such remains as Favreina, introduced after 1931, are of doubtful validity and
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availability until a decision has been made by the International Zoological Con¬

gress.
Frizzell and Exline 1955) gave a thorough and valuable discussion of the close¬

ly similar problem of the classification of fragmentai fossils, e. g. echinoderm plates
and sclerites, conodonts, aptychi, fish teeth, and oolilhs. Paraphrasing then-
remarks and altering them to fit the special ease of coprolites, the alternative
methods of classification can be stated as follows:

(1) A classification based solely on workings such as coprolites, without relation
to the classification of fossil organisms.

(2) A combined classification of fossil organisms, parts of organisms and their
works.

(3) A dual classification, such as used in paleobotany with one complete arrange¬
ment for fossil organisms and parts of organisms, and another parallel one for
all other fossils, such as coprolites. (Taxa and parataxa may be combined
in such a dual classification at any practical and convenient level, from the
generic level on up).
With regard to nomenclature, the alternatives are as follows:

(1) Compliance with the International Rules of Zoological Nomenclature, using
a) A classification completely separate from that used for fossil organisms, or
b) A dual classification with taxa and parataxa grouped together at any

practical and convenient level, or
c) A composite classification attempting to combine animal remains with

corresponding coprolites in one classification.
(2) Rejection of the Rules and use of:

a) Binomial classification and descending hierarchy such as Croneis' (1938)
„Ordo Militaris" which is avowedly artificial and uses different names for
the taxonomie categories than does the conventional zoological classifi-
catory system, or

b) Non-Linnean, non Latin systems of nomenclature.

We feel that the study of coprolites is best aided by the adoption of a dual
system of nomenclature following the International Bules of Zoological Nomen¬
clature, with one set of Linnean categories for coprolites paralleling another set
for the organisms that made them, or for recognizable parts of these organisms.
In this we follow the precedent of Frizzell and Exline, who have adopted such
a system for holothurian sclerites.

Any such classification must be basically artificial, but nevertheless will show
the broad outlines of genetic relationship, which is as much as can be asked for
when no identity between an organism and its coprolites can be established. If such

identity could be proved, the coprolite "taxon" would pass into synonymy if the
International Rules are to be followed.

In our opinion, a dual classification will at present best serve the practical
purpose of making available an understandable and orderly classification to aid in
biostratigraphic, paleoecologic and other studies. Such a classification can be

employed at this time in studies of coprolites such as the present one, where
groups of definite stratigraphie value are discussed making some sort of orderly
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nomenclature necessary. In the future, the dual classification can be extended
as knowledge of this subject increases. As Amstutz (1958) in his review of coprolite
literature points out, fossil excrements are known from the Ordovician to the
Pleistocene, and from many localities. It is probable that many types of coprolites
other than those discussed here will be found to have stratigraphie and ecologie
significance in the future.

If the International Commission on Zoological Nomenclature invalidates the
dual classificatory system, we feel it should be continued as a non-zoological
arrangement, still adhering to the basic principles of the rules of binomial nomen¬
clature, avoidance of homonymy with Linnean names, following the law of priority,
use of types, type species, and descriptions of types, etc. (Kamptner, 1959).
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Systematic description

Class Crustacea
Order Decapoda (Anomura)

Tribe Thalassinidea
Family Calianassidae

Genus Favreina Brönnimann, 1955.

Favreina salevensis (Parejas), 1918

Text-figures 1 ; 2a. b, c?, d. e, f?. g-o; 3

The figured random sections of thalassinid coprolites from the Portlandian of
Cuba, the Upper Jurassic of Trinidad, B.W.L, the Upper Jurassic of Texas, the
Upper Jurassic or Lower Cretaceous of Guatemala, and the Portlandian of the
Mont Salève, Haute Savoie, France, near Geneva, are referred to Favreina sale¬

vensis (Parejas). They all are characterized by the same regular system of thin
canals. In transverse section the canals are fine subcircular perforations; a single
row of peripheral pores and two series of pores in a V-or-O-like arrangement can
be distinguished. In longitudinal section, the thin canals run more or less parallel
to each other. Reference is made to the sections illustrated by Parejas (1918,
]). 33, figs. 1-35) and by Brönnimann (1955, p. 41, text-fig. 5, and pl. 2, fig. 11).
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The two forms from the Portlandian of Cuba, illustrated by text-figs. 2c and f
and assigned with reservation to F. salevensis, may possibly represent F. cuvillieri
Brönnimann, 1955, which is distinguished from F. salevensis by a less regular
pattern and by much wider canals.

Fig. 1. Favreina salevensis (Parejas)
a-j Upper Jurassic of Trinidad, B. W. I. Kugler stations 11225 and 11226.

1 Upper Jurassic or Lower Cretaceous Coban formation, Huehuetenango area, Guatemala.
Coll. Brönnimann.

All approximately 26 x

Favreina joukowskyi Brönnimann, 1955, is regarded as a junior synonym of
F. salevensis (Parejas). A lectotype has to be selected for F. salevensis as the
holotype was not designated by Parejas. Because F. joukowskyi is a subjective
junior synonym of F. salevensis, the holotype of F. joukowskyi does not become
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automatically the holotype of F. salevensis. Unfortunately Parkjas' thin sections
were destroyed by lire in 1912 (Parejas, 1918, p. 520), and therefore we are not
choosing any of the forms figured by Parejas but are designating as lectotype of
Favreina salevensis (Parejas), the largest transverse coprolite section (— "Organ-
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Fig. 2. Favreina salevensis (Parejas)
?—? Upper Jurassic of Cuba, (c and f are referred with reservations to F. salevensis)

All approximately 26 x

isme B" of Joukowsky and Favre) in Joukowsky and Favre's photograph (1913,
pl. 14, fig. 1) of a thin section from the oolitic limestone, bed no. 4 of the litho¬
logical section of the Purbeckian, outcropping in the quarries at Aiguebelle,
Haute Savoie, France. The transverse section clearly exhibits a single peripheral
row of pores and two v- to o-like arrangements of pores. This thin section is depos¬
ited in the Museum of Natural I listory, Geneva, Switzerland. Most of the transverse
sections figured by Parejas (1948, p. 33, figs. 1-35) are from the outcrops from
Aiguebelle. The here figured random sections, text-figs. 3, a-j, are also from the

type locality and type bed of "Organisme ?" of Joukowsky and Favre.
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Fig. 3. Favreina salevensis (Parejas)
a-j From Joukowsky and Favre's bed no. 4 of the lithological section of the Purbeckian,

quarries at Aiguebelle, Haute Savoie, France. Type locality of F. salevensis «orga¬
nisme ?» of Joukowsky and Favre).

k-n Subsurface Upper Jurassic of Freestone County, Texas, U.S.A.
All approximately 26 x.

Family Axiidae
Genus Palaxius Brönnimann and Norton, n. gen.

Genotype - Palaxius habanensis Brönnimann and Norton, n. sp.
Definition - Palaxius, n. gen., is a coprolite with crescent-or hook-shaped

canals as seen in transverse section.
Differences - Palaxius, n. gen., differs from Favreina Brönnimann by the

shape of the canals, which in transverse section are crescent- or hook-shaped.
Palaxius, n. gen., is closely related structurally to the coprolites of the Recent

thalassinid Axius stirhynchus described by Moore (1932, p. 304, pl. 1, fig. 7) from
the Channel Islands. The crescents in the transverse sections of pellets of Axius
stirhynchus are very similar to those of Palaxius habanensis, n. sp. They differ
from those of Palaxius petenensis, n. sp., by the character of their tips, which are
distinctly enlarged in the Guatemalan form.

Palaxius habanensis Brönnimann and Norton, n. sp.
Text-figure 4 a-e

Holotype. - The holotype of Palaxius habanensis Brönnimann and Norton,
n. sp., is the transverse section illustrated by text-fig. 4e. The form is from a thin
section of a hard, somewhat silicified limestone collected near the contact between
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Miocene limestones and Middle Eocene Principe beds of the Universidad Forma¬
tion. The crab coprolites apparently are from the fillings of bore holes made by
lithophagic organisms into the top layers of the Principe beds. The age of the

coprolites therefore is Miocene.
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Fig. 4.
Palaxius habanensis Brönnimann & Norton, n. sp. BR station 1006, Avenida de la
Universidad, La Habana, Cuba. Miocene. Holotype text-figure 4e.
Palaxius petenensis Brönnimann & Norton, n. sp. Vinson stations V 199, V 202 and
V 209, north of Lake Petén-Itza, Province of Petén, Guatemala. Eocene. Holotype text-
figure 4 f.

All approximately 26 X

Locality. - BB Station 1006, Avenida de la Universidad, on top of the hill
(Loma del Principe), just below the Hospital Calixto García, La Habana, Cuba.
The holotype will be deposited in the Museum of Natural History, Basel, Switzer¬
land.

Description. - In random sections, the coprolites are bodies of oval to sub¬

rectangular shape, fine-grained homogeneous in texture, and pierced by longi¬
tudinal canals which are crescent-shaped in transverse section. The width of the
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coprolites in transverse sections ranges from about 0.7 mm to about 1.5 mm and
the breadth from about 0.6 mm to about 0.7 mm. As shown by transverse sections,
the canals are arranged in two groups, each composed of 5 crescent-shaped canals.

There are two symmetric groups of canals, and not an inner and outer system
of canals as suggested by Moore (1932, p. 304) in the description of Axius stir¬
hynchus. Also Parejas (1948, p. 519) refers in the description of Palaxius decern

lunulatus (Parejas) to two groups of crescent-shaped canals. The arrangement
of the canals shows even in oblique cuts a distinct bilateral symmetry. The tips
of the canals are not or only very slightly enlarged. Within a group of canals the
convex side of the crescents is usually directed toward the outside.

As mentioned before, the coprolites are closely related structurally to those of
A. stirhynchus, which however differ from P. habanensis, n. sp., by having 4 groups
of crescent-shaped canals, each group composed of 3 canals. The total number
of canals in P. habanensis is the same as in P. decern lunulatus (Parejas) from the
Oligocene of Trilye (Vilayet de Brousse), Turkey (Parejas, 1948, text-fig. 46-48,
p. 520). The crescents of P. decern lunulatus, however, are more curved and have
strongly enlarged tips which readily distinguish it from P. habanensis.

Dimensions of canals:
Maximum lenght about 80 to 140 ¡i. ;

Width about 15 to 35 ¡a.

Diameter of group of canals: about 350 \i.

Palaxius petenensis Brönnimann and Norton, n. sp.
Text-figure 4 f-1

Holotype. - The holotype of Palaxius petenensis Brönnimann and Norton,
n. sp., is the transverse section illustrated by text-fig. 4f.

Locality. - The holotype is from Vinson locality V 209, north ofLakePetén-
Itza, Province of Peten, Guatemala. The coprolite is from a chalky limestone of
Eocene age.

Description. - The oblique transverse sections are characterized by crescent-
shaped canals arranged in two bilateral symmetric groups, each with 4 canals.
The crescents are rather thin, strongly curved and carry enlarged tips. The concave
sides of the crescents are usually directed toward the center of the groups.

Dimensions of the canals:
Maximum length about 50 to 70 p.;
Diameter of tips about 30 p..

Diameter of groups of canals about 300 to 400 p..

The lenght of the coprolites varies strongly. A specimen of 1.9 mm length was
measured. In transverse section they are about 0.5 mm to 0.9 mm wide and about
0.4 mm to 0.5 mm broad.

These coprolites resemble P. decern lunulatus (Parejas) which is also charac¬
terized by enlarged tips of the crescents which, however, are in this form not as

thinly drawn out as in P. petenensis. The main difference between the two species
lies in the composition of the groups of perforations which are made up of 5 canals
in P. decern lunulatus against 4 canals in P. petenensis.
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Palaxius sirticus Brönnimann and Norton, n. sp.
Text-figure 5 a-c

Holotype. - The holotype of Palaxius sirticus Brönnimann and Norton,
n. sp., is the transverse section illustrated by text-fig. 5a. It is from a chalky
shallow-water limestone of Miocene age where it is associated with Rorelis melo

(Fichtel and Moll), Miliolids and Peneroplids.
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Fig. 5.

a-c Palaxius sirticus Brönnimann & Norton, n. sp. Dalton station 50068, Lat. 30°02'03"
N and Long. 22°16'09" E, eastside of Wadi El Hamym, about 210 km east-southeast of
Agedabia, Province of Cyrenaica, Libya. Miocene. Holotype text-figure 5a.

All approximately 49 x

Locality. - Dalton station 50068, lat. 30° 02'03" N and long. 223 16' 09" E,
east side of Wadi El Hamym, about 210 km east-southeast of Agedabia, Province
of Cyrenaica, Libya.

Description. - The coprolites are fine-grained homogeneous in texture, oval
to sub-pentagonal in transverse section, about 0.8 to 0.9 mm wide and about
0.6 mm to 0.75 mm broad. They are pierced by longitudinal canals arranged in
2 symmetrical groups each composed of eight canals. The canals, in transverse
section are oval to crescent-shaped, rather short and broad. Their tips are not
enlarged.

Dimensions of canals:
Maximum length about 45 p.;
Maximum width about 20 ¡j..

Maximum diameter of group of canals about 500 u,.
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P. sirticus closely resembles P. habanensis. The Libyan form however, shows
2 groups of 8 canals each compared with 2 groups of 5 canals each in P. habanensis.
In addition, the crescentic canals in P. habanensis are much more elongate than
in P. sirticus.
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