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ABSTRACT - At Neumark Nord 1 (NN1) (northern margin of Geiseltal, Sachsen-Anhalt, Germany) a stratigraphical succession 
documents the environmental evolution of a small endorheic basin during various Middle to Late Pleistocene glacial-interglacial climatic 
cycles. Although the age of the main lacustrine fossiliferous layers (Lower, Middle and Upper Gyttja) remains controversial (MIS 5e or MIS 
7), the elephant bones collected during more than ten years (1985-1996) in the deposits of NN1 basin represent one of the most outstanding 
samples of straight-tusked elephants in Europe. Herein we analyze the structural characteristics (age, body size, and gender) of the richest 
NN1 Palaeoloxodon sample (counting more than 50 individuals), found in the area exposed during the “second regression phase” (Middle 
Gyttja, 6.1 level), whose time of deposition has been estimated at about 250 years. The results obtained enhance our knowledge on body size, 
ontogenetic growth, sexual dimorphism, and morphological variation of European straight-tusked elephants, highlighting that the dimensional 
gap between males and females may have been increased by the different rate in epiphyseal fusion of limb bones. At the same time, the present 
results give little information on the averaged structure of  Palaeoloxodon populations. Although taphonomic signatures indicate that the sample 
mostly includes animals that died in situ, the extremely low number of young individuals, the high number of adult and old elephants and the 
presence of adult males in the bone assemblage, make this population different in structure from that of most living elephant populations. 
The mortality profile inferred for the NN1 sample from 6.1 level differs from both the catastrophic and attritional profiles known for extant 
elephants. The factors causing the peculiar composition of this elephant assemblage are difficult to ascertain, though protracted phases of 
reduced rainfall may have affected the skeletal input during the “second regression phase”. Nonetheless, it remains unclear to what extent 
(if any) the averaged structure of the NN1 population differed from that of the extant elephants. 

RIASSUNTO - [Struttura di popolazione nei paleoloxodontini: il caso di Neumark Nord 1 (tardo Pleistocene Medio?, Sachsen-Anhalt, 
Germania)] - Nel sito di Neumark Nord 1 (NN1) (margine settentrionale della valle del Geisel, Sassonia, Germania), una potente successione 
stratigrafica documenta l’evoluzione di un piccolo bacino endoreico durante diversi cicli climatici glaciali-interglaciali del Pleistocene Medio 
e Superiore. L’età dei principali depositi fossiliferi (Lower, Middle e Upper Gyttia) del bacino lacustre (estensione areale circa 24 ettari; 
profondità media 16 metri) è dibattuta (MIS 5e o MIS 7) ma, qualunque essa sia, i resti di elefanti recuperati tra il 1985 ed il 1996 fanno di 
NN1 uno fra i più ricchi siti a Palaeoloxodon fino ad ora noti in Europa (comprendente più di 50 individui). In questo lavoro sono analizzati 
età, massa corporea e sesso dei resti di elefanti ritrovati nei sedimenti del bacino lacustre che si sono deposti durante la “seconda fase di 
regressione” (Middle Gyttja, livello 6.1), la cui durata è stimata in circa 250 anni. I risultati ottenuti ampliano le nostre conoscenze circa 
i caratteri fisici (peso, statura), lo sviluppo ontogenetico, il dimorfismo sessuale e la variabilità morfologica dei paleoloxodontini europei, 
mettendo in evidenza come il notevole divario dimensionale tra maschi e femmine sia in parte dovuto anche ad una ritardata fusione delle epifisi 
delle ossa lunghe nei maschi. Le informazioni sulla struttura di popolazione degli elefanti di Neumark Nord sono di difficile interpretazione. 
Infatti, malgrado i dati tafonomici indichino una morte in situ degli esemplari esaminati, l’esiguo numero di giovani e l’alta percentuale 
di adulti e vecchi, fra cui anche individui di sesso maschile, non trovano corrispondenza nella maggior parte delle popolazioni di elefanti 
viventi e rendono il profilo di mortalità del tutto peculiare. I dati disponibili non consentono di indicare con sicurezza quali siano i fattori 
che abbiano determinato questa peculiare struttura, anche se il protrarsi di fasi climatiche a bassa piovosità nel bacino di Neumark Nord 
durante la “seconda fase di regressione” potrebbe aver avuto un qualche ruolo nel determinare una mortalità selettiva. Sulla base dei dati 
disponibili non è tuttavia possibile verificare l’entità delle differenze strutturali della popolazione di NN1 rispetto a quelle degli elefanti attuali.

INTRODUCTION

At Neumark Nord 1 (NN1,  northern margin of 
Geiseltal, Sachsen-Anhalt, Germany) a thick stratigraphical 
succession documents the environmental evolution of a 
small endorheic basin during various Middle to Late 
Pleistocene glacial-interglacial climatic cycles (Figs 1-2). 

The main lacustrine fossiliferous layers (Lower, 
Middle and Upper Gyttja) (Fig. 2), yielding extraordinary 
rich floras and faunas (Mania, 2010a, b; Mania et 
al., 2010; Meller, 2010 and references therein), were 
deposited during an interglacial phase, whose age remains 
controversial (Kolfshoten, 2000; Mania, 2010c for a 
discussion). Mania (1990, 1999, 2004, 2010b) correlated 
the NN1 interglacial deposits with an ”intra-Saalian” 

warm phase, post-dating the older Drenthe substage 
and pre-dating the younger Warthe ice advances. Some 
authors (e.g., Litt & Turner, 1993; Kolfshoten, 2000) 
considered the evidence for an “intra-Saalian”interglacial 
age not firmly supported by regional geo-stratigraphical 
data. Based on pollen record, Litt (1994) placed the NN1 
lacustrine layers in the Eemian interglacial, while Grübe 
(2003) considered the vegetation assemblage indicative 
of a late Middle Pleistocene interglacial. Recent ESR 
datings of three teeth of rhinoceros (Schüler, 2010) and 
climate inferences from stable isotope analysis (Böettger 
et al., 2009) indicate an Eemian age. Conversely, a late 
Middle Pleistocene age could be supported by aminoacid 
racemisation (Penkman, 2010), and thermoluminescence 
(L. Zöller unpublished, fide Braun & Pfeifer, 2002) datings, 
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as well as by some palaeontological evidence such as the 
presence of Apodemus maastrichtiensis Van Kolfschoten, 
1985 (Koenigswald & Heinrich, 1999; Heinrich, 2001, 
2010) and Coelodonta antiquitatis (Blumenbach, 1807) 
the later suggesting continental climate condition (see van 
der Made, 2010a, b for a discussion).

Although the age of fossiliferous beds is still under 
discussion, the elephant bones, collected for over ten 
years (1985-1996) in the lacustrine deposits exposed in the 
lignite mine of NN1, represent one of the most outstanding 
samples of straight-tusked elephants in Europe (Mania 
1990, 2004, 2010c; Fisher, 2003, 2010; Palombo et al., 
2010; Marano & Palombo, 2011; Palombo, 2012).

At NN1 more than 1,500 remains were retrieved 
from discrete and differently rich bone complexes 
(progressively named from E1 to E43: Mania, 2010d), 
found in five fossil-bearing layers (Lower Gyttja 4, Middle 
Gyttja 6, Lower shore zone 6.1, Upper shore zone 6.2, 
Upper Gyttja 7) (Fig. 2), deposited within the basin during 
subsequent episodes of rise and fall of the lake level, which 
lasted less than 9,000 years (Mania, 2004). The NN1 
elephant fossil record includes a number of well preserved, 
nearly complete skeletons found either in anatomical 
connection or slightly disarticulated. Some skeletons 
were damaged by diggers during the extraction mining, 
therefore the sample also includes several fragmented 
bones. Palombo et al. (2010) estimated that the minimum 
number of elephant individuals found at NN1 might be 
more than 70, each bone complex counting from one (e.g., 
E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E11... E43) to at 
least eight individuals (e.g. E24 herein indicate as E24A, 
E24B, E24C, E24D, E24E, E24F, E24G, E24H). 

The majority of elephant remains (about 70% of 
NN1 elephant record) was retrieved from sediments 
corresponding to the perilacustrine area exposed during 
the “second regression phase” (Middle Gyttja, 6.1 level, 

“lower shore zone”) (Fig. 2), whose time of deposition was 
estimated as lasting about 250 years (Mania, 2004). Due 
to the short time slice encompassed by these sediments, 
the samples from Middle Gyttja, 6.1 level, could be 
considered as a proxy of an elephant palaeopopulation. 
The aim of this paper is to analyse the main structural 
characteristics (age, body size and gender) of this 
Palaeoloxodon sample in comparison with the structure 
of extant elephant populations.

MATERIAL AND METHODS

The sample from Middle Gyttja, 6.1 level counts 839 
remains, stored in Landesamt fur Vorgeschichte (Halle, 
Germany) retrieved from 28 bone complexes. Each bone 
is signed with a code indicating the site of provenience, the 
number of bone complex, the number of the focal bone,  
and,  parenthetical, the year of the last signature and new 
inventory number, e.g., NN1 E23, 39 (2007:25:285).

Six, more or less complete skeletons were found in 
nearly anatomical connection. Among the other remains, 
long bones, scapula, pelvis, carpal and tarsal, ribs and 
vertebrae, and cranium fragments prevail. The minimum 
number of individuals (MNI) in each elephant bone 
complex was calculated by considering the number and 
side of each skeletal elements, their dimensions and 
ontogenetic age, according to well know and widely 
applied methods in archaeozoology.

We estimated the age, body size, and gender (the 
main structural characteristics of a population) of NN1 
elephants from 6.1 level by the following methods.

Ontogenetic growth and age estimates
The peculiar progression in displacement of 

molariform teeth characterizing elephants provides 

Fig. 1 - Location of the site of Neumark Nord 1 (Geiseltal, Sachsen-Anhalt, Germany).
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a particularly useful tool for determining their age. 
Laws (1966) established thirty age groups based on the 
progress of eruption and degree of wear of the lower 
molariform teeth observed in a large sample of Loxodonta 
africana Blumenbach, 1797. The dental progression 
shown by Elephas maximus Linneus, 1758 fi ts into an 
analogous scale (Roth, 1982; Roth & Shoshani, 1988). 
This method has been largely applied for inferring the 
age of fossil Elephantini specimens. We compared the 
progress of eruption and degree of wear of lower and 
upper molariform teeth in several African and Indian 
individuals of different ages (material stored at the 
American Natural History Museum, New York; Museo 
Civico di Zoologia, Roma; Museo La Specola, Firenze), 
fi nding them signifi cantly consistent each other. Therefore, 
we estimated the age of the elephants from NN1 6.1 level 
by means of both lower and upper molariform teeth. The 
age inferred on the basis of the sequence of these teeth 
gives a fundamental contribution for ranking the age 
of fusion of the epiphyseal-diaphyseal junction of long 
bones. This was particularly important, because even if the 

endochondral ossifi cation, typical of mammalian growth, 
is a common tool in inferring age from fossil bones, it 
could be of little help with regards to elephants. Studies 
carried out on the chronology of ossifi cation in elephants 
evidenced some difference in the time and progression of 
epiphysis fusion of long bones not only among species, 
but also between males and females (Roth, 1984; Haynes, 
1991; Maschenko, 2002). Hence, we compared each other 
the degree of wear of molariform teeth and the status of 
the epiphyseal-diaphyseal junction of long bones in the 
nearly complete skeletons from NN1. According to this 
comparison, we estimated the age of individuals lacking 
molariform teeth, as well as that of isolated long bones. 

Gender determination
The features taken into account as indicative of 

the sex of an elephant generally refer to body size, 
morphology and size of crania, tusks and molariform 
teeth, morphology of atlas, epistropheum, pelvis and 
carpal bones (Deraniyagala, 1955; Kornietz, 1962 fi de 
Haynes, 1988; Azzaroli, 1977; Baryshnikov et al., 1977; 

Fig. 2 - Neumark Nord 1 basin, sediment succession. On the left, the lake at the time of the deposition of Lower (4), Middle (6), and Upper 
(7) Gyttja. Dots indicate the main fi ndings of elephant remains. On the right, the hypothetical number of female (black) and male (grey) and 
individuals whose sex was not determined (white) collected from each fossiliferous horizon. The level considered in this study is the 6.1 level 
(“lower shore zone”, second regression phase, Middle Gyttja), represented in the central lake profi le whose elephant remains are indicated 
with black dots, while the grey ones indicate the elephant fi ndings in the Middle Gyttja level 6.
Gm, Moraine substrate from Saalian period; 1, Fine sands and varved sediments; 2, Basin silt; 3, Humus band with peat sediments; 4, Fine 
debris with mud and vertebrate deposits of Lower Gyttja; 5, Sands and muds deposited in the perilacustrine-littoral zone; 6, Silt of Middle 
Gyttja; 6.1 (“lower shore zone”, second regression phase) and 6.2 (“upper shore zone”), sands and muds with peat bands and vertebrate 
assemblage in the perilacustrine-littoral zone; 7, Fine debris with mud and vertebrate deposits of lacustrine phase with algae horizons of 
Upper Gyttja. From Mania et al., 2010, modifi ed. See Mania et al. (2010) and Mania. (2010b) for discussion on geological genesis of the lake.
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Palombo, 1986; Dubrovo & Jakuboswski, 1988; Haynes, 
1990, 1991; Averianov, 1996; Lister, 1996; Palombo & 
Villa, 2003; Todd, 2010).

In particular, the morphology and proportion of pelvis 
has been demonstrated to be the most reliable feature in 
determining the gender of Elephantini representatives 
(e.g., Lister, 1996; Göhlich, 2000; Palombo & Villa, 2003; 
Todd, 2010). The shape of pelvic aperture (relatively 
larger birth canal in females) has been largely used to 
determine the gender in various proboscideans, such 
as Elephas maximus (Deraniyagala, 1955), Loxodonta 
africana (Haynes, 1991), Mammuthus Burnett, 1830 
species (Lister, 1996), Palaeoloxodon antiquus (Falconer 
& Cautly, 1847) (Göhlich, 2000; Palombo & Villa, 2003). 
After Lister (1996), the ratio between the maximum 
diameter of the pelvic aperture and the minimum width of 
the ilium gives the best index to determine the sex in the 
genus Mammuthus, being a ratio > 2.8 typical of females.

Some morphological traits of the mandible described 
by Todd (2010) (e.g., shape of symphysis, longer and more 
massive, and condyles, larger and anteriorly bended in 
males) seem to differentiate males from females in both 
extant African and Asian elephants. Before applying this 
method on the specimens found in the 6.1 level, we verified 
the soundness of these characters in inferring the gender of 
straight-tusked elephants by analyzing the morphology of 
all mandibles from NN1 fossiliferous layers, which belong 
to individuals whose gender was confidently established by 
means of other dimorphic features (E9, E10, E22, E23). A 

preliminary comparison is advisable because it is known 
that the morphology of the mandible greatly changes 
during the ontogenetic growth (Ambrosetti, 1968).

The consistency of dimorphic morphological traits 
of atlas, epistropheus, mandible and the ratio between 
the maximum diameter of pelvic aperture and minimum 
width of the ilium was first verified in single individuals 
of different age. This enabled us to determine the gender 
of isolated bones.

Body size estimates
A number of physiological variables and ecologically 

significant characteristics of mammals correlate with 
body size (e.g., metabolic rates, growth and reproduction, 
population density, home range, life-history traits). 
Therefore, in recent years there has been growing interest 
in the palaeobiological implications of body size in 
extant and fossil mammals. The body-mass of extant 
mammals is roughly correlated with their bone and teeth 
dimensions, but, despite the number of different uni- and 
multi-variate equations proposed for large and small 
mammals, the accurate estimation of the body-mass of 
extinct species is not an easy task. The peculiar dental 
anatomy and replacement pattern of elephantids makes 
it imperative to focus on either the shoulder height or 
long bones dimensions (Roth, 1990; Christiansen, 2004; 
Palombo & Giovinazzo, 2005). The body-mass of extant 
elephants has been proved to be strictly correlated to the 
shoulder height (Palombo & Giovinazzo, 2005). The 
shoulder height of fossil elephants can be calculated 
either adding the functional length of foreleg bones of 
nearly complete skeletons or using the Osborn’s (1942) 
equation based on the length of scapula. In the elephant 
sample from the 6.1 level, it was possible to apply these 
methods only for 13 individuals. Therefore, since also 
the long bones dimensions of large mammals appear 
to have a good predictive consistency in estimating the 
body mass, as they support the body weight in static and 
dynamic conditions, we estimated the body-mass of NN1 
elephants using selected linear dimensions of long limb 
bones. We used the equations that provide the highest 
correlation coefficient and lowest percentage of predict 
error among those proposed by Christiansen (2004) and 
Roth (1990) (Tabs 1-2).

RESULTS

We estimated that the remains found in the 
perilacustrine zone exposed during a marked lowering 
of lake level (6.1 level, “lower shore zone”, second 
regression phase in the Middle Gyttja of the NN1 

Christiansen, 2004 
Log BM = a+b (Log X) % PE R a b

Humerus
maximum length 6.74 0.99 -4.145 2.635
minimum circumference 5.54 0.997 -1.598 2.062
antero-posterior diameter 3.62 0.997 -0.503 2.009
width distal articular surface 16.72 0.96 -5.2 3.872
diaphysial diameter in lm plane 8.56 0.989 -0.66 2.124
Radius
maximum length 6.64 0.992 -3.838 2.634
minimum circumference 12.3 0.972 -0.754 2.001
Ulna
maximum length 5.34 0.995 -4.135 2.674
minimum circumference 4.42 0.995 -1.349 2.022

diaphysial diameter in the 
lateromedial plane 7.88 0.992 -0.185 1.743

diaphysial diameter in the 
anteroposterior plane 11.79 0.974 -0.872 2.304

Femur
maximum length 6.15 0.985 -5.568 3.036
antero-posterior diameter 11.40 0.980 -0.912 2.315
circumference 11.52 0.976 -1.602 2.073
Tibia
maximum length 6.93 0.988 -3.064 2.378
minimum circumference 6.57 0.991 -2.724 2.647

Tab. 1 - The predictive equations and limb parameters used 
to estimate the body mass of  Neumark Nord 1 elephants. 
Measurements were selected among those proposed by Christiansen 
(2004) regarded as the most reliable in body mass estimation of 
continental elephants because of their low per cent prediction error 
(PE%) and high correlation coefficient (R). 
X = bone variable (mm); a: intercept; b angular coefficient.

Roth (1990) % PE

Mass (kg) = 3.790 x 10^-4 x femur circ. (mm) ^ 2.827 37

Mass (kg) = 1.774 x 10^-5 x femur length (mm) ^ 2.654 63

Mass (kg) = 9.448 x 10^-4 x humerus circ. (mm) ^2.612 30

Mass (kg) = 2.767 x 10^-5 x humerus length (mm) ^2.675 41

Tab. 2 - The predictive equations from Roth (1990) are unreliable 
in the samples from Neumark Nord 1, due to the weights greater 
than 2,000 kg and to their high error (PE%).
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stratigraphic succession) belong to 55 individuals, 
though the calculated MNI would be overestimated, 
because of the diffi culty to assess skull fragments, and 
largely incomplete bones from the “bone beds” seriously 
damaged by quarry works. The studied sample includes 
about the 70% of all individuals of straight-tusked 
elephants (more than 70) found at NN1 in the sediments 
deposited during the whole interglacial phase (Palombo 
et al., 2010). Nearly 90% were found in the Middle Gyttja 
laminated silty, organic sediments deposited shortly 
before/after (11 individuals) and during (55 individuals) 
the second regression phase (6.1 level) (Fig. 2).

Age profi le
The age was confi dently estimated for 18 individuals, 

about 33% of elephants coming from the 6.1 level. The 

age ranges from six to 53 years, but most are adult or 
old individuals (Fig. 3). 33% are older than 25 years, 
40% older than 40, while the youngs or young adults 
(less than 24 years) individuals are only 11%, roughly 
matching the percentage of very old (over 50 years) 
individuals. Although the age was estimated only for 
about one third of the individuals, it is worth noting that 
most elephant bones from the 6.1 level likely belong to 
fully adult individuals. The proportions among classes of 
age obtained for all NN1 elephants are similar to those 
obtained for the 6.1 level, because 94.3% of individuals 
are older than 20, 40% are over 40 and 5.7% over 50 
(Palombo et al., 2010).

Dimorphic features and sex determination
In the 6.1 level the sex has been inferred for 21 

individuals (Fig. 2) (about 38% of the individuals found 
in this level), which are 15 males (71%) and 6 females 
(28%). The dimorphic traits observed in the mandible of 
extant elephants were confi rmed also in the morphology 
of the mandible of two NN1 adult males (E23 and E24). 
Even in the case of a young individual (E22A, a male 
according to the morphology of the well preserved pelvis 
and the ratio between the maximum diameter of pelvic 
aperture and minimum width of the ilium) (Fig. 4), the 
mandible shows a quite wide and robust, tough not 
elongated, symphysis as typically found in males of L. 
africana and E. maximus (Todd, 2010) (Fig. 5). Therefore 
we used these features to infer the gender of two isolated 
mandibles, which belong to two females, about 47 (E24-
62 B), and 39 years old (E24-110 D). 

The comparison between atlas and epistropheus 
of individuals already ascribed to females and males, 
according to the morphology of their mandibles and 
pelvis, enabled us to confi rm that males had a more robust 
dorsal tubercle on the arcus dorsalis of the atlas, with 

Fig. 3 - Age distribution in 28 bone complexes found in the 6.1 level 
(“lower shore zone”, second regression phase, Middle Gyttjia) of 
the Neumark Nord 1 stratigraphical succession.

Fig. 4 - Dimorphic features of pelvic girdle: a) NN1 E23, 112, 115, 110, 84, 85 (2007:25:285) posterior view of a 45 years old large male 
(E23A) showing relatively narrow pelvic aperture and wide ilium shaft, compared with that of an adult female (b), NN1 E10, 6, 17, 133 
(2007:25:272) (= E10B) about 39 years old, which likely gave birth several times. c) Values of the ratio between the maximum diameter 
of pelvic aperture and minimum width of the ilium of the elephants from Neumark Nord 1. The ratio > 2.8 regards as typical of females. 
Elephants from the 6.1 level  are indicated by larger font.
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more evident muscle scars, and a more robust odontoid  
process of the epistropheus than females (Fig. 6).

Body size 
In the sample from the 6.1 level, the height was 

calculated only for six individuals. A shoulder height of 

about 288 cm was directly measured on the limb bones 
of the young male E22A, while the shoulder height of the 
other five individuals (E24A, E24B, E23A, E43, E30) 
was estimated through Osborn’s (1942) equation. The 
specimens from the 6.1 level, as the other few individuals 
from NN1 for which it has been possible to estimate the 
height, are taller than the extant African elephants (Fig. 
7). It is worth noting that in the females from NN1 the 
decrease in growth rate possibly took place shortly after 
the time of sexual maturity, like in extant African elephants 
(Figs 7-8). Conversely it seems that the NN1 adult males 
further increased their size. The differences in the growth 
pattern of males and females from NN1 might explain 
the great dimensional differences between the two sexes 
shown by straight-tusked elephants (Fig. 7). Nonetheless, 
this hypothesis has to be further investigated in a more 
consistent sample.

The body mass was estimated for 11 specimens, about 
20% of the individuals found in the 6.1 level. The body 
mass was calculated by means of nearly all the predictive 
equations here selected as the most reliable in body 
mass estimation of continental elephants (Tab. 1). For 
two largely incomplete individuals the body mass was 
estimated by predictive equations using a single or few 
measurements (Fig. 8).

Fig. 5 - Comparison among the morphological traits of mandibles at different ontogenetic stage in four elephants found in the level 6.1. a) 
Mandible number NN1 E22, 48 (2007:25:277) belonging to the individual E22, 26 years old; b) mandible number NN1 E24, 110 (2003:566) 
belonging to the individual E24D, 39 years old; c) right emimandible number NN1 E24, 108 (2003: 566) belonging to the individual E24E 
of 30 years old; d) mandible number NN1 E9, 26 (2007:25:271) belonging to specimen E9, older than 45 years, found in level 6 (Middle 
Gyttja sediments) deposited shortly after the second regression phase.

Fig. 6 - Atlas NN1 E23, 40 (2007:25:285) (a) showing a robust 
dorsal tubercle and marked muscle scars and epistropheus NN1 
E23, 39 (2007:25:285) (b) with a prominent and robust odontoid 
of the adult male E23 both found in the 6.1 level of the Neumark 
Nord 1 stratigraphical succession.
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Comparing the values estimated by predictive 
equations using all the measurements selected as the 
most consistent among those proposed by Christiansen 
(2004), the range of variation sensibly increases (Fig. 8). 
The body mass estimated ranges from 3,775 to 13,714 kg 
in adult males, and from 1,828 kg to 7,809 kg in a young 
male 26 years old (E22A). In contrast in an adult female 
approximately 39 years old from the Middle Gyttja 6 
(E8), considered here as a comparison, the estimated 
body mass ranges from 1,762 to 12,903 kg (Marano & 
Palombo, 2011).

The obtained results indicate that the equation based 
on the distal breadth of the humerus articular surface, 
which actually has a quite high percentage prediction error 
(PE% = 16.72), is not suitable because it overestimates the 
body mass of straight-tusked elephants. For instance, in 
the young male E22A, for which both the antero-posterior 
diameter of the shaft and the distal breadth of the humerus 
are available, the body mass estimated is respectively 
about two and three times the body mass obtained by 
using the antero-posterior diameter of the shaft of the 
humerus. The body mass is also overestimated by the 
predictive equations based on the maximal breadth of the 
lateral condylus of femur (PE% = 13.21; r = 0.987 mean 
estimated body mass = 19,000 kg), and it results instead 

underestimated by using the diaphyseal minimal antero - 
posterior breadth of ulna (PE% = 10.48; r = 0.992 mean 
estimated body mass = 80 kg). 

Based on the most reliable predictive equations, which 
give a PE% < 7 and a r => 0.99, the body mass estimated 
for seven adult males from the level 6.1 (E10A, E43A, 
E30, E1, E24A) and one (E9) from Middle Gyttja 6, ranges 
from 8,167 to 11,226 kg, with an average value of 9,150 
kg; the body mass of two adult females was 4,592 (E34) 
and 5,086 kg (E8, both, from Middle Gyttja 6 and here 
considered as a comparison), while the male E22, about 26 
years old had a body mass of 3,966 kg and the individual 
E23B, perhaps a slightly younger female, of 2,669 kg. 

The body mass obtained using the regression equations 
proposed by Roth (1990) are only partially consistent with 
those resulting from Christiansen’s equations, confi rming 
they are not adequate enough for estimating the body mass 
of elephants weighing more than 2,000 kg (see discussion 
in Roth, 1990). 

All in all, body mass estimates of NN1 elephants 
suggest a body size pattern broadly consistent with the 
estimated shoulder height, suggesting for the straight-
tusked elephants from NN1 an average size larger than 
that of the extant African elephants. Indeed, the body 
mass estimated by using the antero-posterior diameter of 
the shaft of the humerus (which gives the best prediction, 
PE% 3.62; r 0.997), ranges from 5,545 kg to 7,591 kg, 
in adult males, while the body mass for an adult female 
is about 3,015 kg.

DISCUSSION

Taphonomical signatures shown by elephant remains 
from the 6.1 level demonstrate that the NN1 sample mostly 
comprises animals that died in situ (Palombo et al., 2010). 
The majority, if not all, of the bones showed neither signs 
of abrasion nor evidence of reworking and post-burial 
disturbance. Moreover, in a number of cases anatomical 
elements belonging to the same individual were found 
close together, sometimes even articulated or slightly 
displaced but in a manner still refl ecting their anatomical 
relations. A few bones appeared to be weathered at 
different stages. Some weathering modifications are 
present only on one bone surface, further suggesting that 
the carcasses were probably exposed after death for only a 
brief period before being completely buried into the damp, 
muddy sediments of the lake shore. This hypothesis is at 
least partially supported by some trampling marks on the 
surface of a few bones. Moreover, tooth marks identifi ed 
on several elephant bone surfaces (mainly pelvis, scapulas, 
one humerus and foot bones) suggest that carcasses, 
lying along the margin of the palaeo-lake, were actively 
scavenged by some carnivores, i.e. hyenas and wolves 
(Diedrich, 2010, 2013). 

The NN1 palaeo-lake provided a water source which 
was perhaps particularly attractive and regularly visited by 
herbivores especially during periods of increasing aridity 
due to protracted time of defi cient precipitation (drought) 
resulting in a period that caused the lowering of the palaeo-
lake level as documented by the second regression phase 
(Mania et al., 2010). Therefore, we should presume that 
the structure of the elephant bone assemblage found in 

Fig. 7 - Comparison among the shoulder height at different ages 
of a) female and b) male elephants. Big dots: calculated shoulder 
height of six individuals, two females and four males, from 
Neumark Nord 1. Square: shoulder height of African elephants from 
the Amboseli National Park, Kenya. Small dots: shoulder height of 
elephants from Addo Elephant National Park, South Africa. Data 
of extant elephants are from Shrader et al. (2006).
Note that the Neumark Nord 1 sample includes four individuals 
(E22A, E24B, E23, E49) from the 6.1 level, as well as two 
specimens from level 6 (Middle Gyttja), the female E8 and the 
male E9, whose age, sex and body mass were more confi dentially 
determined.
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the 6.1 level (age/mortality profile) represents the average 
population structure of elephants that died at the site 
during the average time of the accumulation of bones. 
Although the age (mortality) profile of elephants found 
in the 6.1 level was inferred only for about one third of 
the individuals, it has to be noted that the size and bone 
structure of most specimens, whose completeness did 
not allow any age determination, are not consistent with 
that of young elephants, confirming an average mortality 
profile strongly unbalanced in favor of fully adult and 
old individuals.

The mortality profiles are a useful tool in investigating 
the accumulation pattern of bones in fossil and historical 
assemblages as in inferring factors (if any) that modified 
the structure of the fossil sample in comparison with the 
structure of the corresponding living population (see 
e.g., Levine, 1983; Haynes, 1985, 1987, 1988, 2005; 
Margerison & Knüsel, 2002; Haynes & Klimowicz, 2003; 
Steele, 2003, 2005; de Castro et al., 2004; Gowland & 
Chamberlain, 2005; Schepartz & Miller, 2010; Bai et al., 
2011; Godefroit et al., 2011; Pesquero et al., 2013). The 
structure of the NN1 bone assemblage makes difficult to 
ascertain the actual differences between the composition 
of the bone assemblage and that of the populations of 
elephants that inhabited this area. 

Since the second half of the last century archaeo-
zoologists, palaeobiologists and palaeoanthropologists 
have been using two models of idealized mortality profiles 
(catastrophic and attritional) to infer factors causing bone 
accumulations and the fidelity of mortality profiles with 
respect to the age structure of living populations (Kurten, 
1954;Van Valen¸1964; Binford & Bertram, 1977; Klein, 
1982a, b; Lyman, 1987, 1994). In a catastrophic mortality 
profile, which indicates a mono-episodic burial event, 
young animals are the most abundant while other age 
groups contain fewer individuals (as in a living population, 

with a high calf mortality). An attritional profile, 
characterized by a high number of individuals from the 
youngest and oldest age classes, indicates “normal” 
accumulated deaths (gradual attrition) in the course of 
time of individuals dead because of natural causes (e.g., 
old age, predation, disease, starvation, accidents).

The mortality profile shown by the elephants from 
the 6.1 level markedly differs from both the so-called 
‘‘catastrophic’’ and “attritional” profiles. No similar age 
spectrum, dominated by adult individuals, have been 
reported neither for “stationary” elephant populations 
(populations whose size, survival and mortality rates, and 
fecundity are not changing) nor for accumulations through 
time of their skeletal remains. 

Scholars generally agree in assuming that fossil 
species of the Elephantidae family had a social structure 
broadly similar to that of extant elephants, whose social 
behavior is mainly constrained by the abundance and 
distribution of resources in natural environments (Haynes, 
1991). The size of herds varies from nine to 29 members, 
the optimal number of members being about 15. The 
herds have a matriarchal structure and include a number 
of females from young to old, and a few young males. 
Young males, as they get older, gradually go on their 
own herd for progressively longer time slices, eventually 
leaving the herd when they reach the maturity age to 
form the so-called “bachelor herds”. Adult males live 
mostly solitary existences. Accordingly, an accumulation 
of elephant bones resulting from a “catastrophic” event 
has to include mainly young individuals and a number 
of adult/old females. A catastrophic event to explain 
the accumulations of so many mammal individual at 
NN1 was hypothesized by Braun & Pfeiffer (2002). 
These authors suggested that the accumulation at NN1 
of an extraordinary large number of mammal skeletons 
results from a selective mass mortality event caused by 

Fig. 8 - Box plot showing the variation of body mass calculated for the straight-tusked elephants from the 6.1 level of the Neumark Nord 1 
stratigraphical succession by the predictive equations proposed by Christiansen (2004). The estimated body mass of 3 specimens from level 
6 (E9, E8 and E34) are also illustrated for comparison. M: male; F: female.
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increased water toxicity after seasonal cyanobacterial 
blooms. These authors explained the exclusive presence 
of adult individuals in the deer sample suggesting that 
“the stags, being especially thirsty after the rut fights, 
would have been tempted to drink profusely from the 
lake” (e.g., Braun & Pfeiffer, 2002, p. 152). Although 
cyanotoxins, especially acutely toxic neurotoxins and 
hepatotoxins, have been demonstrated as dangerous for 
extant wild animals and, perhaps, responsible for some 
fossil “Lagerstätten” (Stewart et al., 2008), little is known 
about the effect of such poisoning on very large animals 
such as adults/old elephants. Moreover, the theory put 
forward for deer hardly accounts for the structure of the 
elephant bone assemblage that for instance includes a 
number of females. Although it is reasonable to presume 
that at NN1 the poisoning possibly affected elephants, 
other causal factors likely contributed to shape the peculiar 
structure of their bone assemblage. 

The structure of African elephant bone assemblages 
and specific post-mortem processes were widely studied 
by Haynes (1991) who described four mortality profiles 
for the extant African elephants, two of which, type 
A (showing a progressive decrease of the number of 
individuals in successively older age groups due to 
nonselective mortality in stable populations) and B 
(characterized by a dominance of very young and a high 
number of old adults due to selective mortality events) 
match the catastrophic and attritional ones. A third, type 
C, dominated by prime-age adults, results from selective 
mortality of males, maybe hunted because of their ivory, 
or from non-selective mortality affecting declining 
populations. The fourth distribution, type D, showing no 
clear patterning, may depend on various causes, including 
an inadequate sample size (Haynes, 1991).

Although the Haynes’ profiles are particularly 
adequate to infer the depositional dynamics of fossil 
proboscidean assemblages (Haynes & Klimowicz, 
2003), they are of a little help in deciphering the pattern 
shown by the assemblage from the 6.1 level because no 
one contains a proportion of adult and old individuals as 
high as that calculated for the NN1 sample. Moreover, as 
highlighted by Haynes (2005), “recent sites containing 
multiple elephant skeletons are likely to have been scenes 
of mass deaths clustered in time, rather than localities 
where individual elephants died one at a time over many 
years” (e.g., Haynes, 2005, p. 6) as might have happened 
at NN1, where individuals could die by chance in the 
same locality for hundreds of years. Although the large 
number of individuals found in the 6.1 level may result 
from the accumulation of animals belonging to a number 
of herds that inhabited the area during the time estimated 
for the deposition of these layers, the unbalanced age 
spectrum seems to contradict the hypothesis that the bone 
assemblage actually results from the stochastic, scattered 
accumulation of elephant individuals over such extended 
period of time. 

Assuming that the mortality profile obtained for 
the elephant remains of level 6.1 could depends on the 
environmental context, we verify the hypothesis that the 
structure of the elephant bone assemblage was affected 
by a long period of population disturbance, i.e. prolonged 
phases of reduced rainfall as suggested by the decrease 
in extension of the NN1 palaeo-lake (Mania et al., 2010). 

Long-term aridity and even short periods of drought 
are among the factors having a major impact on the 
population structure of African elephants (Moss, 2001) 
affecting, in particular, the fecundity rate, the inter-
calving periods and the puberty onset (Leggett, 2012). 
Accordingly, we can suppose that protracted periods of 
regionally reduced rainfall, which caused the lowering 
of the level of the endorheic lake might have cut down 
the number of new born and juvenile individuals in the 
herds inhabiting the Neumark Nord area at the time of 
the second regression phase. This can only partially 
explain the peculiar structure of the NN1 mortality profile, 
because during protracted periods of chronic drought 
conditions, the skeletal input of African elephants at water 
sources mainly consists of individuals that range in age 
from half-grown to adults, being the so-called prime age 
individuals the last to die during serious environmental 
stress (Haynes, 1991). 

In living populations the percentage of adults increases 
markedly surpassing that of young individuals in a state of 
decline of the population but in such case the percentage 
of the over forty-aged individuals is usually lower than 
in the NN1 sample.

The structure of the NN1 elephant assemblage is 
peculiar even because of the presence of a number of 
adult males, making reasonable the hypothesis that mixed 
herds were present in the Neumark Nord basin because of 
a productive area during periods of population disturbance 
due to environmental stress. Habitat degradation (i.e., 
drought, starvation), indeed, may promote the temporary 
aggregation of a number of African elephant herds, as 
well as of adult males and free-roaming local populations, 
in more productive territories were water sources are 
available (Haynes, 1991). All in all, the hypothesis that 
protracted phases of reduced rainfall could have affected 
the structure of elephant bone assemblage from 6.1 level 
cannot be rejected.

CONCLUSIONS

The elephant bone assemblage found in the sediments 
deposited at NN1 during the second regression phase (6.1 
level, Middle Gyttja), which includes at least 54 elephants 
(Tab. 3) that died in situ, shows a peculiar composition 
making the mortality profile different from both the 
catastrophic and attritional ones. Indeed, though the age 
was estimated only for 18 specimens, the size and bone 
structure of most specimens whose preservation status did 
not allow any age determination, are not consistent with 
that of young elephants, confirming the high percentage 
of adults and over 40 year old individuals. Moreover, even 
if the gender was determined only for 21 specimens, the 
presence of a number of adult males is undoubted. The 
factors causing the peculiar composition of this elephant 
assemblage are difficult to ascertain, though protracted 
phases of reduced rainfall may have affected the skeletal 
input during the “second regression phase”. Nonetheless, 
to which extend (if any) the averaged structure of the 
NN1 population differed from that of the extant elephants 
remains unclear. 

Whatever the causal factors behind the peculiar 
structure of the NN1 elephant assemblage, the sample 
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from the 6.1 level enhances our knowledge of the 
body size, sexual dimorphism, ontogenetic growth and 
morphological variability of European straight-tusked 
elephants. The height of the NN1 adult females is higher 
than (but falls in the range of) the average height of living 
African elephants. This may suggest that the growth 
progression (and the epiphyseal fusion of bones as well) of 
the NN1 females roughly matches that of extant elephants, 
while that of males was relatively longer, as would be 
suggested by the not completely fused distal epiphysis 
of the ulna in an over 45 male (E10A). If true, this fact 
could confirm that the gap in size between elephant 
males and females is mainly related to the different rate 
in epiphyseal fusion of limb bones (Roth, 1984; Haynes, 
1991). Evidence from the NN1 sample demonstrated 
that the sexual dimorphism of straight-tusked elephants 
relates not only to the size but also to some morphological 
traits, confirming the usefulness of mandible, atlas and 
epistropheus in determining the gender, especially when 
skull and pelvis are either missing or not adequately 
preserved, as it often occurs in elephant bone assemblages.
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