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Abstract. Linear furrows have been documented in the crown cement of Mammuthus
primigenius molars from the late Pleistocene archaeological sites of Krakow Spadzista
Street (B), Poland and Vogelherd, Germany. The high frequency of cement defects on
these assemblages, 50% and 74% of the molars respectively, and on other fossil probos-
cidean teeth from Eurasia warrants investigation into their etiology. One possible cause of
the furrows is a developmental defect such as hypoplasia, due to periodic physiological
stress; such a causal factor could have broad implications for the life history of woolly
mammoths. Other potential origins of the furrows include cement decay from infection or
impaction of material in the gums and resorption of tooth cement. Apart from cause, the
morphology of the cement furrows reflects regular rhythms of seasonal or annual forma-
tion.
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I. INTRODUCTION

Cement furrows are exhibited in high frequencies in the molars of Mammuthus primigenius
(BLUMENBACH, 1799) from the archaeological localities of Krakéw Spadzista Street (B), Poland
and Vogelherd, Germany. These defects are visible as thin bands in the upper crown cement, lo-
cated most often on the lingual aspect of the tooth but often on other portions as well. Single furrows
predominate but as many as four have been documented. The exact cause of these cement furrows is
not clear but several possible causal factors are discussed here.

The mammoth dentition consisted of six sets of molars in their lifetime. New molars grew in and
pushed worn ones out, with each successive molar becoming larger and in use for longer amounts of
time. Constructed of enamel plates held together by cement, mammoth molars are characterized by
high crowns that are adapted to their abrasive diet. Cement is deposited around the crown as the
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tooth develops and like other dental tissues, cement is layered in seasonal, monthly, or annual incre-
ments (GUENTHER 1955; KOCH et al. 1989; FISHER 2001). The long development period and use of
the adult mammoth teeth in particular record a substantial window of the individual’s life history, a
detail that is applicable to this study.
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II. THE SITES AND MAMMOTH ASSEMBLAGES

The Krakow Spadzista Street (B) site is located on the top of Saint Bronistawa hill (252 m asl)
on the city limits. Discovered in 1967 and subsequently excavated in several campaigns over the
past thirty years, Krakow Spadzista Street (B) is part of a larger archaeological complex consisting
of five Upper Palaeolithic localities approximately 100 m from each other (KOZLOWSKI et al. 1974;
SOBCzYK 1995). Stone artifacts recovered in association with the mammoth assemblage belong to
the Kostenki-Avdeevo type and radiocarbon assays of ca. 21 ka B. P. place the site in the Gravettian
cultural complex of the Upper Palaeolithic (KOZLOWSKI et al. 1974).

The archaeofauna from the site is made up of the remains of woolly mammoth (NISP = 5860)
with the exception of 15 identified specimens from other Pleistocene taxa (LIPECKI & WOITAL
1996; WOJTAL 2001). All skeletal elements are represented, including small and fragile hyoids, foe-
tal limb bones, milk molars, and one milk tusk. A minimum number of individuals (MNI) was esti-
mated at 71 based on lower molars, with 42% of individuals in the youngest age class (0-12 years)
and other age classes represented in decreasing proportions (LIPECKI & WOITAL 1996; WOITAL
2001). Scarce butchery traces, extensive carnivore gnawing, and the representation of all skeletal
elements suggest that the Krakow Spadzista Street (B) mammoths died in the place of their deposi-
tion. It is not clear whether these mammoths perished through natural causes, human hunting, or a
combination of these factors.

The Krakow Spadzista Street (B) mammoth molar assemblage consists of 338 specimens in-
cluding 55 mandibles. Many of these mandibles contain two or more teeth in alveolar bone. Of this
total, 259 upper and lower molars were examined for the presence of cement furrows, while the re-
mainder either have no cement due to poor preservation or were fragments and therefore not in-
cluded in the quantification of defects. Cement furrows are visible on 50% (n = 130) of the molars
and were observed on examples from the second milk molar to the third permanent molar (Table I,
Figs. 1a, 1b). They are exhibited on both the lingual and buccal aspects of the teeth and notably, in
some cases, on both aspects of the same molar (Figs. 1c, 1d). Six lower molar examples (M; and M,)
show furrows on their posterior ends and several specimens that are unworn or just beginning to
wear also exhibit furrows (Fig. 2a). Overall, fewer upper molars contain cement furrows but this
might be due to the smaller sample size of these cheek teeth (n = 103).

Vogelherd is one of several Palaeolithic cave sites located in the extensive limestone karst sys-
tem of the Lone Valley in southwestern Germany. The cave was completely excavated in 1931 by
Gustav Riek (RIEK 1934) and produced an enormous stone, bone, and ivory tool industry, early
modern human remains, artwork in the form of ivory figurines, and a rich archaeofauna reflecting a
broad spectrum of Pleistocene species. The largest deposit dates to the Aurignacian cultural com-
plex with dates ranging from 29-36 ka B. P. (CONARD in press) and contains ~17,000 faunal speci-
mens. Mammuthus primigenius is abundant in this deposit, with 28 individual animals represented
by maxillary and mandibular molars (n = 147) and 12 individuals by skeletal bone (n = 770). Juve-
nile mammoths are most frequent, followed by relatively few old adults and smaller numbers of
prime aged adults (NIVEN 2001). The remains of mammoth were transported by humans to Vogel-
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Table I
Frequency and location of cement furrows on the Krakow Spadzista Street (B)
mammoth molars
N! with furrows  Lingual Buccal Lingual/buccal Proximal  Distal
n (%) n (%) n (%) n (%) n (%) n (%)
dpP; 18 7 (38,9) 1(14,3) — 6 (85,7) - -
dp, 28 16 (57.1) 6 (37.5) 7 (43,8) 3(18,7) - -
M, 45 25(55.6) 728) 11 (44) 6 (24) 1(4) -
M, 36 23 (63,9) 5(21,7) 5(21,7) 8 (34,9) 5(21,7) -
M, 14 10 (71,3) 5 (50) 1(10) 4 (40) - -
ap* 12 5(41,7) 3 (60) 1(20) 1 (20) - -
dp* 1 1 (100) - - - - -
M 17 13 (76,5) 10 (76,9) 1(7,7) 2(154) - -
M> 17 9 (52,9) 6 (66,7) - 2(22.2) 1(11,1) -
M’ 14 4(28,6) 2 (50) 1(25) 1(25) - -
unid. 57 17 (29.,8) 3 (17,6) 4(23.5) 10 (58,9) - -
Total 259 130 (50) 48 (36,9) 31 (23,8) 43 (33,1) 7(5.4) B

"N (of total assemblage) that were examined for cement furrows; this number does not include tooth frag-
ments or specimens lacking cement due to preservation or damage, first milk molar, or milk tusks.

herd cave, with the possible exception of infantile or juvenile individuals that also could have been
carried in by large carnivores. However, similar to Krakow Spadzista Street (B), the role of humans
in the deaths of these mammoths is not clear.

Nearly all of the Vogelherd mammoth molars are isolated with the exception of one complete
mandible and several specimens with portions of alveolar bone attached. Of the 147 molars, 61 were
coated with enough cement to potentially exhibit furrows; first milk molars, milk tusks, and highly
fragmented specimens were excluded. Of this total, cement furrows were documented on 74% (n =
45) of the specimens (Table II). The furrows are found in single or double bands ranging from well-

Table 11
Frequency and location of cement furrows on the Vogelherd mammoth molars
N with furrows  Lingual =~ Buccal Lingual/buccal Proximal Distal
n (%) n (%) n (%) n (%) n (%) n (%)
dp; 3 1(333) - 1(33,3) - - -
dp, 3 3(100) 1(33,3) - 2(66,7) - -
M, 5 5 (100) 3 (60) - 2 (40) - -
M, 2 1 (50) 1 (100) - - - -
M, 8 8 (100) 3(37,5) - 4 (50) - 1(12,5)
dap’? 3 1(33,3) 1 (100) - - - -
ap* 3 3 (100) 1(33,3) - 2 (66,7) - -
M 4 2 (50) 1 (50) 1 (50) - - -
M? 1 1 (100) 1 (100) - - - -
M 17 13 (76,5) 11 (84,6) 1(7,7) 1(7,7) - -
unid. 12 7(58.3) 3(42.,9) 2 (28,6) 1(14,3) 1(14.3) -
Total 61 45 (13,8 26 (57.8) 5111 12 26,7 12,2) 12,2

''N (of total assemblage) that were examined for cement furrows; this number does not include tooth frag-
ments or specimens lacking cement due to preservation or damage, first milk molar, or milk tusks.
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d
Fig. 1. a— Krakow Spadzista Street (B): right mm, with cement furrows on lingual aspect; b — Krakéw Spadzista Street (B):
left mm, with cement furrows on buccal aspect. This specimen belongs to the same individual as that shown in Fig. 1a; ¢ —
Krakéw Spadzista Street (B): right M, with cement furrows on both aspects of the tooth crown, lingual aspect shown
here; d — Krakow Spadzista Street (B): right M, (same as in Fig. 1¢) with cement furrows on both aspects of the tooth
crown, buccal aspect shown here.
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Fig. 2. a— Krakéw Spadzista Street (B): right M; with cement furrows on posterior aspect; b — Vogelherd: left M; with ce-
ment furrows on lingual aspect; ¢ — Vogelherd: left M* with cement furrows on lingual aspect; d — Krakéw Spadzista
Street (B): mm; and M in alveolar bone, with well-developed cement furrows on lingual aspects.
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Fig. 3. a — Krakow Spadzista Street (B): left M; with particularly wide cement furrow (~ 1 cm) on lingual aspect; b —
Closeup of molar in Fig. 3a; ¢ — Krakow Spadzista Street (B): closeup of molar with triple cement furrows; d — Krakéw
Spadzista Street (B): closeup of molar with double cement furrows.

formed grooves (~ 1,5 — 4 mm width) to wider, more subtle bands (~ 4,5 — 8 mm width) (Figs. 2b,
2¢). The furrows formed primarily on the lingual aspect of the teeth but are also visible on the buc-
cal, distal, and proximal aspects. Occasionally furrows are discernible around the entire tooth crown
but not always in equal distances from the occlusal surface. The defects do not seem to favor any
particular tooth (e.g., upper M?) but are more common on adult molars.

There are some notable differences in morphology and location of furrows between the Krakéw
Spadzista Street (B) and Vogelherd molars. Several of the Krakoéw Spadzista Street (B) molars ex-
hibiting furrows are unworn or just beginning to wear. The furrows appear more strongly developed
on many of the Krakoéw Spadzista Street (B) specimens (Fig. 2d, Figs. 3a-d) although this observa-
tion has not yet been methodically documented. It is not surprising that the Krakow Spadzista Street
(B) assemblage shows more variation in morphology and location of furrows than the Vogelherd
molars, since the former is a much larger sample. The distinct characteristics of each assemblage
might also be a factor of the etiology of the furrows.

III. TOOTH DEFECTS: FORMS AND ETIOLOGY

Hypoplasia is a defect in the growth of tooth tissue and is thought to represent a visual record or
general systemic stress and nutritional status of an individual or group of individuals (GOODMAN &
ARMELAGOS 1985; SKINNER 1996). Although numerous factors may be involved, such as disease,
vitamin or mineral deficiency, or ingestion of toxins (HILLSON 1986; NEIBURGER 1990), nutritional
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stress during the formation of the tooth is thought to be the most common cause. Hypoplasia is most
often seen in tooth enamel and is exhibited in linear furrows, small pits, or patches (HILLSON 1986).
Although these forms of hypoplasia can be seen with the naked eye or under minimal magnification,
these defects are also marked on a microscopic level (HILLSON & BOND 1997).

Most of what is known about hypoplasia comes from extensive research on human dentition but
a body of work conducted on fossil and extant nonhuman primates has expanded our knowledge of
these tooth defects (e.g., MACHO et al. 1996; SKINNER 1996; GUATELLI-STEINBERG 2001; LUKACS
2001). In addition, studies of enamel hypoplasia in domestic suids (DOBNEY & ERVYNCK 2000),
rhinoceros (7Teleoceras) (MEAD 1999), giraffe (Sivathere) (FRANZ-ODENDAAL et al. n.d.), and
North American bison (WILSON 1988; NIVEN 2000) have revealed information on the life histories
of these animals.

Tooth cement is a bone-like tissue (HILLSON 1986:9) that is layered in increments from the up-
per crown moving towards the roots of a proboscidean molar, a process that continues throughout
the life of the molar resulting in a rugged jacket (GUENTHER 1955). Deposition of cement in all
mammals seems to follow an annual rhythm although increments are not necessarily of the same
amount, which might be related to the degree of tooth wear or other systemic factors (GUENTHER
1955; HILLSON 1986). Proboscidean dental tissues reflect seasonal variation, repeated annually, in
their deposition and these increments in tusk and tooth dentine have been successfully analyzed for
their life history information (KOCH et al. 1989; FISHER 2001).

Defects of various types are relatively common in mammalian teeth, including such forms as de-
velopmental defects, caries, malformations, and malocclusions. Detailed discussions of tooth de-
fect forms and etiology can be found in HILLSON (1986) and MILES and GRIGSON (1990), the latter
focusing on animals. Tooth defects in mammoths have been discussed primarily by GUENTHER
(1955, 1956) and KUBIAK (1965) with much attention given to deformities, tumors, and malocclu-
sion. In addition to these authors, other researchers have noted the presence of furrows in Eurasian
mammoth molars (Table III). German paleontologist Ekke Guenther documented linear furrows in
the cement on molars of several species of fossil proboscideans and discussed their morphology and
possible causes (GUENTHER 1955, 1956). He noted that the furrows varied in width, depth, and
length as well as location on the tooth; that in some cases, multiple furrows were exhibited but sel-
dom more than four; there were differences in distance from the furrow to occlusal surface, depend-
ing on which side of the molar; and that a series of pits, as opposed to furrows, were sometimes
present. Guenther remarked that the furrows appear in rhythmic, regular distances on the majority
of examples, which he thought could be caused by physiological changes such as infectious disease
of the intestine that inhibits metabolism of calcium and results in persistent deficiency of this
needed mineral; stress of pregnancy and associated metabolic changes; or general nutritional defi-
ciency (GUENTHER 1955:30-32). The influence of climate on both biological rhythms and food
availability/quality is also discussed. For instance, cold periods would have brought sand and dust
that was ingested with forage and resulted in a faster rate of tooth wear in mammoths. According to
GUENTHER (1955:35), the teeth respond to this abrasion through an increase in cement deposition,
but when the forage quality improves during another season, tooth wear decreases and so does ce-
ment deposition. Such cycles might be one cause of irregularities in the layering of cement that
Guenther saw in thin sections of Palaeoloxodon antiquus molar (GUENTHER 1955:30).

Using Guenther’s ideas as a foundation, we suggest additional factors that might have caused
physiological changes in mammoths, which in turn affected cement deposition on their molars. A
dietary dependence on several macro- and microelements, especially sodium, is known to drive
large herbivores to locations where they can replenish their deficiencies (MILEWSKI & DIAMOND
2000); modern African elephants are often found around sodium sources (REDMOND 1982; MOSS
1988; HAYNES 2001) and connections between fossil proboscidean bone deposits and mineral
sources have been demonstrated (ABRACZINSKAS 1994; DEREVIANKO et al. 2000; LESHCHINSKIY
2001). Such evidence suggests that mammoths did suffer from occasional — probably seasonal —
mineral deficiencies, a condition that can lead to metabolic and reproductive disorders and even
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Table II1
Paleontological and archaeological localities with reference to cement furrows
in proboscidean molars
Site Taxon Reference(s)

Achenheim-Hangenbieten Mammuthus primigenius GUENTHER 1971
Bilzingsleben Palaeoloxodon antiquus GUENTHER 1991b
Burgtonna Palaeoloxodon antiquus GUENTHER 1978
Ehringsdorf Palaeoloxodon antiquus GUENTHER 1975
Karlich Palaeoloxodon antiquus TURNER 1990; GAUDZINSKI 1997
La Brea Mammuthus primigenius GUENTHER 1987
La Brea Mammuthus imperator GUENTHER 1987
La Brea Mammuthus columbi GUENTHER 1987
Mosbach Mammuthus trogontherii GUENTHER 1968, 1969a
Mosbach Palaeoloxodon antiquus GUENTHER 1968, 1969a
Piedmosti Mammuthus primigenius MUSIL 1968
Salzgitter-Lebenstedt Mammuthus primigenius GUENTHER 1981, 1991a
San River — Jarostaw Palaeoloxodon antiquus KUBIAK 1965
Stilenborn Mammuthus trogontherii GUENTHER 1969b
Taubach Mammuthus primigenius GUENTHER 1977

death in other ungulates (JONES & HANSON 1985; MILEWSKI & DIAMOND 2000). Enamel hypopla-
sia in fossil and modern humans has been attributed to vitamin and mineral deficiencies (SKINNER
1996; GUATELLI-STEINBERG 2001), suggesting that similar deficiencies in needed nutrients could
disrupt tooth development in other mammals.

Stress of pregnancy would have affected both cows and calves. Pronounced physiological stress
is thought to be the cause of enamel hypoplasia formation in Miocene rhinoceros (7eleoceras) at the
time of birth or just before birth (MEAD 1999). Such stress on mammoth calves might only be visible
ata microscopic level, since the milk molars would not yet be coated in cement, but microscopic ex-
amination of mammoth milk teeth for defects in the enamel would be a worthwhile pursuit. Other
reproductive factors that could induce systemic stress are periods of musth, when male proboscid-
eans seek mates and often fight and decline in physical condition (MOsS 1988).

Poor food availability/quality or shortage of water during periods of drought, severe cold, or
normal seasonal fluctuations during both glacial and interglacial periods were likely factors behind
periodic metabolic stress in mammoths. Both cold and warm stage mammoths exhibit cement fur-
rows on their teeth (see Table III) although we have little to no data from North American taxa (see
GUENTHER 1987). Paleoclimatic data indicate a wildly fluctuating climate during much of the late
Pleistocene. For example, OIS 3, the climate interval in which the Vogelherd mammoth assemblage
was deposited, included frequent (~100-1000 years) cycles of warm to full glacial conditions (VAN
ANDEL 2002:2) and aridity was especially severe during glacials (HOPKINS et al. 1982; GUTHRIE
1990, 2001; GUTHRIE & VAN KOLFSCHOTEN 2000). Although the “mammoth steppe” vegetation
communities of the glacials were productive, it underwent seasonal periods when it was less so
(GUTHRIE 1990) and such intervals might have been occasionally severe enough to cause nutritional
stress in mammoths and other large grazing mammals. Climate conditions during the last intergla-
cial were often marked by warmer and drier summers (VAN ANDEL & TZEDAKIS 1996; ZAGWIIN
1996), which might have resulted in periodic drought in localized areas. Whether mammoths mi-
grated long distances (300 km) is not clear (GUTHRIE 1990; HAYNES 1991), but it is possible that
seasonal fluctuations in food, water, and mineral availability spurred them to travel outside their
home ranges to localities where these resources could be found (HAYNES 1991:96). Such nomadic
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movements would have put additional strain on weak animals, particularly pregnant or lactating fe-
males and young. Seasonal or semi-annual changes in climate and subsequent effects on health ap-
pear to play a role in many examples of enamel hypoplasia formation in both human and nonhuman
primates (MACHO et al. 1996; GUATELLI-STEINBERG 2001), bison, (WILSON 1988; NIVEN 2000)
and pigs (DOBNEY & ERVYNCK 2000) and might well have contributed to or caused the cement fur-
rows on mammoths. Additional support for this argument can be found in studies of proboscidean
tusk dentine, which reflect seasonal reduction in growth rates that might be environmentally related
(KOCH et al. 1989; FISHER 2001).

The possibility of some sort of psychological stress affecting tooth development has only been
speculated upon but it warrants further investigation. The strongest example is the Miocene Teleo-
ceras (MEAD 1999), which exhibits enamel hypoplasia that formed at three to five years of age, an
age that is not associated with a severe nutritional transition such as weaning. MEAD (1999:396)
suggests cow-calf separation or exclusion from the herd (males) as possible stressors behind defects
of the p4, but remains cautious in his interpretations. Offspring-mother separation and other dra-
matic social changes in the lives of nonhuman primates were shown to affect enamel development
(GUATELLI-STEINBERG 2001:143). Predation pressure by humans or other predators might have
been severe enough to cause distress in herd mammals such as mammoths, both in terms of separat-
ing closely related members such as cows and calves but also in disrupting feeding.

The above discussion shows that numerous factors can potentially affect the development of
teeth in mammals, particularly in the formation of enamel. Deposition of tooth cementum on pro-
boscidean molars occurs in increments and appears to be susceptible to changes in the animals’
physiology (GUENTHER 1955). Although hypoplasia formation occurs at a microscopic level (HILL-
SON & BOND 1997), much of the time these defects are identified with the naked eye or minimal
magnification on the visible surfaces of the tooth. Because of the unique morphology and develop-
ment of proboscidean dentition, the most visible surface is the cement-jacketed crown, which is the
location of the furrows. Developmental defects might well be in the enamel lamellae and dentine of
proboscidean molars, but that possibility remains to be addressed in future microscopic studies.
Whether the furrows seen in the Krakow Spadzista Street (B) and Vogelherd mammoth molars are
cementum hypoplasia is not yet clear but there is acceptable support for this possibility.

An alternate possible cause of the furrows might be cement decay from bacterial infection or im-
paction of material in the gums. Such demineralization of tooth cement results in caries, which can
be discernible in lesions, spots, bands, or cavities and is caused by low pH levels in dental plaque af-
ter the introduction of certain sugars (HILLSON 1986:283-287) or acidic substances (BAKER &
BROTHWELL 1980:146-147). LISTER and BAHN (1994:90) mention dental decay that resulted from
gumline bacterial buildup, but it is not clear whether these authors are referring to cementum fur-
rows similar to what is seen on the Krakow Spadzista Street (B) and Vogelherd specimens. LISTER
and BAHN (1994:90) discuss the low amount of sugars in mammoths’ grass diet and hence the low
frequency of gumline decay in a sample of mammoth teeth from Pleistocene Britain. If sugars in the
diet caused the cement furrows, this would suggest that other mammoths such as those from conti-
nental Europe, including Krakéw Spadzista Street (B) and Vogelherd, at times consumed different
forage that was higher in sugar content and caused tooth decay. The diet of Siberian mammoths in-
cluded grasses, sedges, mint, legume pods, poppies, moss, willow, birch, alder, and larch twigs
(OLIVIER 1982:296-297; VERESHCHAGIN & BARYSHNIKOV 1982), evidence which shows that diet
varied depending on availability and nutritional needs. Studies of extant elephant feeding strategies
(OLIVIER 1982; Moss 1988) also lend support to dietary variability in mammoths.

Another dental disease that afflicts mammals is periodontitis, which can affect cement, gums,
and alveolar bone (HILLSON 1986:305-312). In most cases, periodontitis results in the loss of alveo-
lar bone and tooth loss (HILLSON 1986:308), but we have seen no evidence of the former situation in
the Krakéw Spadzista Street (B) and Vogelherd assemblages, suggesting that periodontitis is not
the cause of the cement furrows. Perhaps factors specific to proboscidean dentition and diet during
the Pleistocene are responsible for cementum decay. For example, during the more arid stages,
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mammoths would have ingested more dust and grit, which could cling to the molars or get impacted
between the tooth and gums. Additionally, if mammoths consumed bits of minerals or rocks in the
process of replenishing their mineral deficiencies, as shown by the presence of minerals in the di-
gestive tract of a Siberian mammoth and other fossil mammals (LESHCHINSKIY 2001), it is possible
that traces of this material wedged along the gumline. Impaction of vegetal debris between the tooth
and gum is not uncommon in animals but usually causes infection of the soft tissue and not the teeth
(BAKER & BROTHWELL 1980); perhaps this situation had different effects in the mouths of mam-
moths. If the furrows in the mammoth teeth were caused by decay or disease, they would have
formed in periodic stages, as the furrows appear to show a seasonal or annual cycle one or more
times. This scenario is possible, considering the pronounced seasonality during much of the late
Pleistocene and the likelihood of fluctuating forage quality and availability.

The furrows might reflect resorption of tooth cement. This possibility was also proposed by
GUENTHER (1955) and KUBIAK (1965) who both attributed it to metabolic disturbances. Although
all mammoth teeth begin to be resorbed as they wear, starting with the roots and followed by ante-
rior lamellae, the fact that we do not see furrows on every molar suggests that they did not form
through resorption of the cement. Resorption of the lamellae progresses with a seemingly regular
pattern and amount, while the cement furrows are formed through brief or restricted periods. We
also see furrows on unworn molars that show no other signs of normal resorption. Perhaps in some
cases the furrows are actually the first trace of tooth resorption or are occasional occurrences related
to an unknown physiological process or external factor. As discussed by GUENTHER (1955:30),
even if the furrows are formed through resorption, they developed in a seasonal or annual cycle.
This points to some kind of disturbance in cement formation in general, which in turn suggests
metabolic changes.

Regardless of the cause of the cement furrows, their morphology reflects fairly regular rhythms
of formation. This could be explained by most of the possible causal factors discussed above: fluc-
tuations in both water and forage availability/quality, or vitamin or mineral deficiency; ingestion of
grit or debris that was impacted along the gumline and caused erosion of the cement; additions in the
diet of forage with a chemistry that resulted in gumline infections and decay of tooth cement; and lo-
calized resorption of cement. Considering the studies done on other mammalian dentition showing
that multiple dynamics can be involved in developmental defects, a combination of causal factors
should not be ruled out.

IV. DISCUSSION

Developmental defects such as enamel hypoplasia affect the teeth of many, if not all mammals
and undoubtedly affected mammoths as well; the problem lies in determining whether the cement
furrows are a type of hypoplasia or if these defects are recorded elsewhere. Thin sections of tooth
enamel and dentine could be examined microscopically to answer this question. Mammoth molars
are unique in their morphology and therefore unique in how they record systemic stress. Since the
last three molars develop over longer periods of time and are in use for substantial portions of the
animal’s adult life, they record broad windows of the individual’s life history in their hard tissues.

If these cement furrows are a developmental defect caused by systemic stress brought on by en-
vironmental conditions, their presence and frequency could have broad paleoecological implica-
tions. Defects such as hypoplasia are unique in that they reflect short-term conditions that affected
populations in a localized area. Although large-scale paleoenvironmental data allow us to model, at
least in a general sense, how animals might have responded to changing climatic conditions in the
past, they do not necessarily apply to specific animal groups at specific times (BRYSON 1994). If
such factors as drought, severe cold or seasonal fluctuations in forage availability/quality were re-
sponsible for single or recurrent episodes of nutritional stress in mammoths, then they are informa-
tive about regional paleoecology on a fine-grained timescale.
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Such tooth defects also have implications for interactions between mammoths and hominids.
For example, systemic stress from nutritional or vitamin and mineral deficiencies could have influ-
enced the location of mammoth herds on the landscape. If mammoths were concentrated near
patches of vegetation, water, or needed minerals, this would have presented prehistoric hunter-
gatherers with possibilities for opportunistic hunting and access to natural death sites where bones
could be collected. Hunting of proboscideans or scavenging of carcasses from natural deaths at such
locations have been proposed at numerous prehistoric sites in both Eurasia and North America (e.g.,
ABRACZINSKAS 1994; HAYNES 1999; DEREVIANKO et al. 2000; LESHCHINSKIY 2001) and such sce-
narios might be reflected at Krakow Spadzista Street (B) and/or Vogelherd. Age profiles and skele-
tal element frequencies at both sites support this idea of animals tethered to localities where humans
opportunistically foraged (WOJTAL 1997, 2001; NIVEN 2001).

The Krakéw Spadzista Street (B) and Vogelherd mammoth molar assemblages provide a unique
opportunity to examine cement furrows in detail. Although these two assemblages contain cement
furrows in high frequencies, these defects are found in other fossil proboscidean dentitions, many of
which were documented and thoughtfully discussed by Guenther (see especially GUENTHER 1955,
1956). But two critical questions remain: 1) why do some assemblages show cement furrows in high
frequencies but not others? and 2) are the furrows exhibited in similar frequencies and morphology
on North American mammoth assemblages? We have built upon Guenther’s insightful work by ex-
panding his arguments with data from fossil and modern primate or other mammalian dentition re-
search, extant proboscidean behavior and biology, paleoecological studies, and the archaeological
record in hopes of elucidating the morphology and causes of these tooth defects. In spite of our at-
tempts at exploring this issue, a proper and thorough survey of both fossil and extant proboscidean
molar assemblages worldwide would be the ideal approach towards understanding the etiology of
these defects and in turn the implications for the life histories of these animals.
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