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Abstract. A collection of modern sand-fox Vulpes rueppelli faeces from the Egyptian
desert has been analysed using the taphonomic method. These excrements come from
Bir Tarfawi, an uninhabited oasis in the Saharan desert. Representation, fragmentation,
abrasion as well as chemical content of the preserved skeletal and dental elements of
vertebrates have been analysed by various techniques (calculation of representation and
fragmentation percentages, percentages of molars and incisors digested, SEM & EDS
analyses). The results show the action of canid digestive tract and that stomach juices
greatly alter not only the structures of bones and teeth butalso their chemical composition.
The first phase of digestion plays an important role in the fossilisation processes by
inducing major pre-diagenetic biases. The contribution of small-sized Carnivora to bone
accumulations in fossil sites must be exceptional and fortuitous.
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I. INTRODUCTION

The complex processes involved in the fossilisation of recent assemblages of terrestrial
Vertebrates are still poorly understood. It is asserted that such primary concentrations of
modern bones as owl pellets or carnivora faeces (coprocoenosis: MELLET 1974), represent
an initial condition leading to the formation of fossil accumulations (ANDREWS 1990).
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Studying such modern assemblages of microvertebrates from the taphonomical point of
view is a recent method. It has been suggested that common methodology should be used
for modern and fossil assemblages. However, before trying to reconstruct the origin of
fossil sites, it is necessary to develop the study of modern concentrations.

It is well known that microvertebrate sites provide valuable data on stratigraphy,
paleogeography, and systematics. Moreover, they can also be used to reconstruct the past
climatic environment, diet of preys and predators or diagenetic processes. Exact knowl-
edge of the origin of a fossil bone accumulation is of great interest because during the
initial stages of concentration (i.. preburial and burial phases), some biases may occur in
taxonomical, mechanical and chemical preservation (DAUPHIN et al. 1989; DENYS 1985;
KOWALSKI 1990). These biases should be taken into account in further interpretations of
the site, and they probably play a role in the future evolution of the assemblage during
diagenetic processes (DAUPHIN & DENYS in press).

There is general agreement that most fossil microvertebrate asemblages are due to
primary accumulations of avian pellets. Therefore the few available taphonomic studies
have been concentrated on recent owl pellets. The data on other bone collectors are rare,
while it has been shown that carnivores, ants or porcupines can be important agents giving
rise to primary concentrations.

The presence of a large collection of faeces of Vulpes rueppelli in the Institute of
Systematics and Evolution of Animals (Polish Academy of Sciences) in Cracow inclined
us to undertake this study.

Many studies have been devoted to the preservation of bones in pellets assemblages
(ANDREWS 1990; BRAIN 1981; DENYS 1985; DENYS & MAHBOUBI 1992; DODSON &
WEXLAR 1979; HOFFMAN 1988; KORTH 1979; KUSMER 1990; MAYHEW 1977, RACZYN-
SKI & RUPRECHT 1974). Some of them deal rather with representation, others with
fragmentation. Macro- and microscopic aspects of remains are also described, as is their
chemical content. Most of the authors attempted to define the criteria for identifying each
type of modern coprocoenosies, but this approach clearly puts in evidence the difficulty
in distinguishing between predators involved. It appears that at least 14 parameters
(qualitative and quantitative) were required to recognize the species of the predator and
to distinguish different assemblages (ANDREWS 1990). This method based mostly on
counting the preserved skeletal elements and examination of breakages and digestion
patterns is relatively tedious. But, one of the results of these studies, is the possibility of
applying the same method for both modern and fossil microvertebrate assemblages, even
if in the latter case it requires further improvements (DENYS subm. msct).

Few studies of mammalian predator faeces assemblages have been made to this end
(ANDREWS & NESBIT-EVANS 1983; ANDREWS 1990). It was generally asserted that the
preservation of bones in carnivora faeces js very limited owing to the heavy action of
stomach juices. However, in some cases besides owl pellets, the excrements of carnivores
represent important preliminary phase of concentration of small mammals remains in
modern environment (ANDREWS 1990). ANDREWS (1990) analysed remains derived from
Canis latrans and Vulpes vulpes from Europe, but the data are very limited.
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With the development of methods for chemical investigation, more authors tried to
characterize each skeletal tissue (i.e. bone, enamel, dentine). It is well known that bone,
dentine and enamel have different compositions; the mean H20 content of bone is about
32%, 22% for organic matter and 46% for mineral phase. The proportions are respectively
13.2%, 17.5% and 69.3% in dentine; they are 2.3% (H20), 1.7% (organic matter) and 96%
(mineral phase) in enamel. Moreover, the chemical composition differs between these
hard tissues. The data on bones are numerous, but they are often based on captive or
laboratory animals. The current opinion is that the chemical composition of hard tissues
is partly dependent on diet. Captive and laboratory animals have a special diet, so they
can hardly be used as reference. Therefore, we have established new references for the
chemical composition of fresh killed wild rodents using the punctual analytic method
(DAUPHIN & DENYS 1988).

The chemical composition of recent rodent bones and teeth are summarized in Table I.
The highest contents of Ca and P are in enamel, the lowest in molar dentine. The incisor
and molar enamels are rich in Cl and Na. The incisor dentine is characterized by a very
high content of Mg (higher than 1%). The Ca/P weight ratio varies from 1.59 (incisor
dentine) to 1.83 (bone and molar enamel) (Table II). According to the weight ratio
100Sr/Ca (referred to as Sr/Ca further in the text), recent rodents are herbivorous animals
if the data from SILLEN (1981) are used. In this respect the molar enamel is on the boundary
between herbivores and carnivores (Table II). According to the data published by BYRNE
& PARRIS (1987), the 100 Mg/Ca weight ratio is about 1.603 in deer bone and 0.852 in

Table I

Chemical content of fresh recent bones and teeth (in ppm). m: average,

s: standard deviation, mi: minimum, M: maximum, IE: incisor enamel, ID:
incisor dentine, ME: molar enamel, MD: molar dentine

Na Mg Cl S Fe Zn Sr K Mn P Ca
BONE [m| 3784| 4181 629| 2179| 790/ 1091| 456| 564 279| 141578| 259512
S 951 769 141 742 759 516 311 464 332 10519 18896
mi 2100 2760 450 1100 117 200 172 60 0 126600 240200
M 5547 5150 913| 3290 2917 2150 1130 1513 904 163000 304600
IE Im|[ 7311 1438| 3974 65| 561 966 401| 384 2| 189846 340741
S 604 206 900 7 67 404 209 330 5 17944 30753
mi 6790 1290 2711 0 467 630 114 200 0 166033 299456
M 8156 1742 4783 175 610 1510 611 878 9 205650 366500
ID Im| 4941| 13442 583| 1244| 533| 1234 1219| 1074| 883 162602| 257906
s 1405 2096 146 336 117 554| 1159 1089 119 18498 37740
mi 3420 11260 400 690 450 670 178 93 0 141379 205364
M 7080 16786 733| 1550 730 2090{ 3200] 2678 267 179800 291900
ME |m| 6471 3225 2077| 465/ 605| 1659 284 378 99| 156344/ 287030
S 1086 3011 481 475 141 694 133 300 104 26497 62362
mi 5030 1030 1690 10 500 1120 140 0 0 128736 219300
M 7490 7440] 2780 1020 810| 2670 450 660 236 190900 350000
MD |m| 4243| 2359 704| 1488| 541| 1122 552| 774 123| 124986 213732
S 263 1266 225 1103 175 413 199 565 156 55721 117875
mi 3900 1064 450 322 283 700 365 200 0 65645 88909|"
Lo M 4483 3920 922| 2436 670 1642 809 1308 345 179400 328000
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Table II

Weight ratios of hard tissues in fresh wild recent (REC) and Bir Tarfawi
rodents (BIR). Sr/Ca is 100Sr/Ca, as Mg/Ca, Zn/Ca and Na/Ca. Same
abbreviations as in Table I

Ca/P | Sr/Ca | Mg/Ca| Zn/Ca | Na/Ca
BONE | 1.833 | 0,176 | 1,611 | 0,420 | 1.458

R |IE 1,795 | 0.118 | 0.422 | 0.283 | 2.146
E |ID 1,586 | 0.473 | 5.212 | 0,478 | 1.916
C |ME 1,836 | 0.099 | 1.124 | 0.578 | 2.254

MD 1,710 | 0.258 | 1,104 | 0.525 | 1.985

BONE | 1.951 | 0,342 | 1.331 | 0.325 | 2.171
B |IE 1,827 | 0.200 | 0.395 | 0,303 | 2.498
I {ID 1.625 | 0.185 | 5,772 | 0,335 | 2.944
R [ME 1.768 | 0.083 | 0.339 | 0.036 | 2,240
MD 1.797 | 0.071 | 1.181 | 0.298 | 2.034

cat bone. Our data on rodent bones indicate, as expected, a herbivorous diet. This is also
true of the 100 Na/Ca weight ratio, while the 100 Zn/Ca weight ratio is lower than the data
published previously.

These new approaches to fresh bones have also been extended to the skeletal elements
extracted from owl pellets or from fossil accumulations (DAUPHIN et al. 1989, DAUPHIN
& DENYS in press). The presented studies have been undertaken to characterize the
changes in the bone and other skeletal tissue contents resulting from digestion or from
fossilisation. If the chemical effects on the bone composition resulting from digestion by

owls are now known (DAUPHIN et al. 1989), that is not yet the case as regards mammalian
predators.

II. MATERIAL AND METHODS
A. Material

Fresh recent rodent specimens originated from France: Rattus rattus, Mus musculus,
Apodemus sylvaticus, Arvicola terrestris and from Tanzania : Arvicanthissp. Four molars,
5 incisors (one devoid of enamel) and 11 bones were used for chemical analyses. All the
animals used were collected in wildlife environment. This sample was prepared with

animals from different geographical regions and different taxonomic groups to eliminate
some problems related to the diet or local geochemical variability.

The scats frf)n.l which the material studied here originated were collected in an
uninhabited oasis in the southern part of Egyptian Western desert (22°55’ N, 28°53 E)
by one of us (K. KOWALSKI). This region is very arid with scarce vegetation. 634 scats of



