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ABSTRACT 

The origin of island endemics provides outstanding opportunities to investigate evolutionary 
adaptation and diversification. This study focuses on a little-known yet remarkable radiation of deer 
from the Pleistocene of Malta. A large sample of teeth, bones and antlers from Għar Dalam Cave was 
subjected to detailed analysis of metric variables and qualitative morphological traits. Based on 
comparisons with variation in extant deer plus cluster analysis, a minimum of three size groups was 
identified, corresponding approximately in size to modern roe, fallow and small red deer. Analysis of 
morphological characters on skeletal elements strongly indicates that the ancestry of all three groups 
derives from red deer (Cervus elaphus). All groups demonstrate allometric grade shifts in limb bone 
proportions (progressively stockier with size reduction), plus likely differences in antler-base 
morphology. The inclusion of juvenile bones illustrates the ontogenetic trajectory for each of the three 
taxa. A small but critical sample of fossils collected in situ at Għar Dalam during the study demonstrates 
probable contemporaneity of the size groups, which together with the presence of only a single red deer 
size-class on Sicily (the likely source area), implies cladogenetic speciation on Malta itself. The 
stratigraphic context of in situ bones in relation to recent dating of speleothem within Għar Dalam 
reveals the origin of the Maltese deer to be much earlier than previously thought, pre-dating 160 ka, 
with the majority of finds in the region 116-80 ka; this roughly corresponds to age estimates for the 
Sicilian population. However, although the largest size category on Malta is similar in size to the Sicilian 
red deer, it differs from them in antler and postcranial proportions, and the medium-size category on 
Malta may be the progenitor of the radiation. The stratigraphic relations and degree of divergence 
among the three Maltese size-groups is suggestive of species status. 
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1. INTRODUCTION 

 

1.1 General background and objectives 

 

Many of the key concepts which underpin evolutionary theory are, at least in part, based upon 

evidence from island endemics (e.g. Darwin, 1859; Wallace, 1869; Mayr, 1942, 1963; MacArthur and 

Wilson, 1967). Aside from the renowned observations which led to formulation of the theory itself 

(Darwin, 1859; Wallace, 1869), pioneering research into insular floras and faunas has revolutionised 

our understanding of some of its most basic principles, including the modes by which new species 

originate, adapt and diversify (Lack, 1947; Mayr, 1963; MacArthur and Wilson, 1967; Losos, et al. 

1998; Schluter, 2000). The intrinsic properties of island environments make them appealing ‘natural’ 

experiments with which to test evolutionary hypotheses (MacArthur and Wilson, 1967, p.3). 

Numerous studies of extant organisms have exploited the peculiarities of insular conditions to examine 

evolutionary drivers behind species’ origination and divergence from mainland ancestors, and adaptive 

radiations into endemic clades (e.g. see Schluter, 2000, for an overview). However, clearer 

interpretations can be derived when viewed in the context of past patterns detailed in the fossil record, 

and several island groups have yielded rich assemblages of Quaternary fossil mammals which are ideal 

for such investigations (e.g. van der Geer et al. 2010).  

One intriguing phenomenon widely seen in island mammals is known as the ‘Island Rule’ 

(Foster, 1964; Van Valen, 1973). This is the tendency for large animals to evolve smaller body sizes, 

while small animals evolve larger body sizes when compared to their mainland conspecifics. Although 

there are some exceptions (e.g. see Raia and Meiri, 2006; Herridge, 2010; and references therein), the 

‘rule’ has been shown to hold true as a graded trend within and between terrestrial taxa, and is 

particularly evident in the Cetartiodactyla (Lomolino, 2005). Several hypotheses have been proposed to 

account for body size change as an adaptive response to insular living (e.g. see Raia and Meiri, 2006). 

These include: release from predation, allowing herbivores to evolve smaller, less energetically-costly, 

body sizes as large size is no longer required as a defence against predators (Sondaar, 1977); competitive 

release, as a consequence of the depauperacy of insular communities, permitting each species to have a 

broader niche (Dayan and Simberloff, 1998); and reduced resource quality and/or availability (Heaney, 

1978; Lomolino, 1985).  

Some of the most remarkable examples of body size evolution on islands have been found in 

Quaternary deposits across the Mediterranean. Fossil mammalian remains, showing morphological 

variations and varying degrees of dwarfism or gigantism with respect to their presumed mainland 

ancestors, have been collected and described from numerous islands and palaeo-islands, including: 
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Cyprus, Crete, Gargano, the Dodecanese Islands, the Tyrrenian Islands, the Balearic Islands, Sicily and 

Malta (e.g. see Spoor, 1988; Marra, 2005; van der Geer, 2008; 2014; Lomolino et al. 2013; and 

Sections 1.4-5). Many insular faunal assemblages are unbalanced (i.e. lack major trophic groups such as 

top predators) and impoverished with respect to those found on the nearest continental mainland, and 

they often feature endemic species with unusual modifications (e.g. Myotragus balearicus; Spoor 1988) or 

body proportions (e.g. the dwarf elephant, Palaeloxodon falconeri; Busk 1868; Herridge, 2010). Poorly 

diversified and unbalanced insular fauna is thought to reflect the dispersal abilities of mainland ancestral 

forms (Sondaar, 1977) as well as the palaeogeography of the island system (Bonfiglio et al.  2002).  

Islands can be broadly classified into one of two zoogeographic categories. Continental islands 

form part of a continental shelf and become isolated through the collapse of an isthmus or a rise in sea 

level (Wallace, 1887; Darlington, 1957, in Sondaar and van der Geer, 2002).  They may still remain 

accessible via a narrow sea strait or partial land bridge during sea-level lowstands. Sardinia and Late 

Pleistocene Sicily can be considered as continental Mediterranean islands (Bonfiglio et al. 2002; Marra, 

2005; 2013; Masisni et al. 2008). Sicily originated as an oceanic island (see below) and only became 

connected to the mainland later in its geological history as its size increased due to tectonic activity (e.g. 

see Dewey et al. 1989; Bonfiglio et al. 2002; and Section 1.5). Oceanic islands emerge from beneath the 

sea as a result of tectonic or volcanic activity; surrounded by water from their origin, they have never 

been connected to the mainland (Wallace, 1887; Sondaar and van der Geer, 2002). Cyprus and, to 

some extent, Crete are considered to be examples of Mediterranean oceanic islands (Sondaar and van 

der Geer, 2002).  

 Evidence from Quaternary fossil assemblages throughout the Mediterranean indicates that 

deer, hippopotamuses and elephants, as well as some rodent species, are good dispersers across 

surprisingly large bodies of water, whereas large carnivores and other small mammals appear to be 

relatively poor dispersers over the same aquatic barriers (Masini et al. 2002; Marra, 2005). However 

the reduced number of large carnivore species generally recorded among vertebrate remains is partly 

due to their specific ecological requirements: many are solitary, thus would likely disperse in relatively 

low numbers, plus their survival depends on there being an adequate food source available (i.e. large 

herbivores; Alcover and McMinn, 1994).  

The composition of a faunal complex (i.e. a set of local faunal assemblages in a given time 

period, that have coherent taxonomic and ecological features; Marra, 2005; p. 5), in tandem with the 

palaeogeographic history of an island (if known) can aid interpretation about dispersal routes taken and 

methods of colonisation. For example, Marra (2005, p. 5) - based on work by Simpson (1965), 

Dermitzakis and Sondaar (1978) and Sondaar et al. (1996) - characterised the types of faunal complexes 

frequently described and likely modes of dispersal implied:  
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• A balanced fauna, similar to the mainland one (e.g. all trophic levels represented), results 

from a broad land connection, which acts as a corridor, allowing interchange from one 

region to another. 

• An impoverished but balanced fauna (e.g. with only one or two representatives from each 

trophic level), with absent or slight endemism, is related to a land connection with 

obstacles acting as a filter to dispersal, where spread is probable for some taxa only. 

• An unbalanced fauna (e.g. an absence of one or more trophic level such as top predators) 

with mainland elements is related to a ‘pendel’ route (“a route that is easily crossed both 

ways between regions by some mammals, but an insurmountable barrier for others” 

[Palombo, 2018; p.5]) such as a narrow sea strait, which is easily crossed by good 

swimmers and flyers. 

• An endemic fauna with [strongly] endemic features (e.g. with morphological modifications 

in comparison to presumed ancestral forms) is related to accidental (“sweepstake”) transit, 

as across a wide sea barrier; spread occurs only accidentally and only for some taxa 

 

Examples of all of the above have been recorded for Sicily (Bonfiglio et al.  2002); these are described in 

detail in Section 1.5, and implications for dispersal to the Maltese archipelago – the focus of the present 

study- are discussed.  

Although the majority of Mediterranean Pleistocene taxa are well documented, few studies 

have managed to successfully chart in detail the origin of insular endemic species and their radiation. 

One exception is the study of Mediterranean dwarf elephants by Herridge (2010). By use of taxonomic 

and allometric approaches to investigate their evolution, she demonstrated that dwarfism has evolved 

independently at least six times, resulting in at least seven species, which can be grouped into three 

broad size classes (Herridge, 2010, p.3). De Vos (1984; 2000) described an impressive example of an 

adaptive radiation of deer on Crete, with several size classes and unusual morphotypes arising and 

diverging during the Pleistocene (see Chapter 2, Discussion). Even though the material is meticulously 

recorded, it is still difficult to determine the likely mainland ancestor, and evolutionary patterns remain 

obscured by the fact that the remains come from several, poorly-dated localities (de Vos, 1984; 2000; 

van der Geer, 2018).  

The aim of the present study is to provide a comprehensive account of the origin and evolution 

of an island mammal radiation, taking as a case study the well-known but little-studied Pleistocene 

endemic deer of Malta. The cave at Għar Dalam, from which the majority of remains have been 

recovered, is celebrated for its abundant fossil remains, including elephants, hippopotamuses and deer; 
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it also contains evidence of the earliest human inhabitants on Malta (Zammit Maempel, 1989a; Section 

1.4.2). This project, funded by NERC and the Leverhulme Trust, forms part of a wider investigation 

into the evolution of large endemic mammals in the Mediterranean during the Quaternary and, as such, 

collaborators from different institutions with complementary fields of expertise have worked together 

to provide stratigraphic and chronological context using a suite of independent dating techniques 

including Uranium-series disequilibria and Optically-Stimulated Luminescence. Environmental records 

in Quaternary deposits are generally more accessible and have higher temporal resolution than those 

laid down at earlier geological times (Richards and Andersen, 2013). This means that the dramatic and 

rapid climatic and sea level fluctuations which characterise this period are extremely well documented 

(Shackleton and Opdyke, 1973; Shackleton, 1987; Woodward, 2014; Railsback et al. 2015), and so 

provide valuable information about the duration and extent of island isolation. Combining in-depth 

morphological and taxonomic analysis of the fossil remains with geochronological data and 

palaeoenvironmental proxies (e.g. oxygen isotope analysis or palaeopalynology), should allow us to 

elucidate the timing, tempo and environmental context of the observed evolutionary changes, thus 

demonstrating the origin and radiation of the Maltese deer, to provide a unique and well-supported case 

study. 

 

1.2 Questions and hypotheses 

 

Among the questions and hypotheses examined using this system were: 

 

• The identity of the Maltese deer, and whether all derived from red deer (Cervus elaphus)  

• The number of species represented on Malta 

• The differences in size and form of the various species 

• The manner in which changes in size and shape have come about by modification of growth 

(ontogeny) 

• The possible adaptive significance of those differences and concomitant niche-partitioning 

among the species 

• The hypothesis that rapid evolution is accompanied by the release of an unusual degree of 

phenotypic variation (seen in deer especially in the antlers) 

• The distribution of the species though the Għar Dalam sequence – whether a single lineage 

showing gradational size reduction, or an array of co-existing species formed by successive 

cladogenetic events. 
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• The chronological and taxonomic relationship of the Maltese deer to those of Sicily, and the 

likely pattern of colonisation and speciation in relation to Quaternary sea-level change 

 

1.3 A brief history of deer 

 

Deer (Cervidae) belong to the suborder Ruminantia (Cetartiodactyla), which consists of highly 

specialised even-toed ungulates characterised by specific dentition (an incisiform lower canine and 

upper horny pad) adapted to gathering plant food, and a digestive system (a multi-chambered stomach) 

for processing cellulose material (Janis and Scott, 1987; Hassanin and Douzery, 2003; Clauss and 

Rössner, 2014). Ruminant families rapidly diversified and expanded during the Neogene, until today 

they are represented by almost 200 extant species in six extant families: Cervidae (deer), Tragulidae 

(mouse deer or chevrotains), Giraffidae (giraffes and okapi), Antilocapridae (pronghorns), Moschidae 

(musk deer) and Bovidae (cattle, sheep, antelope and relatives) (Janis and Scott, 1987; Hassanin and 

Douzery, 2003; Hernández Fernández and Vrba, 2005). Within the Cetartiodactyla, the Ruminantia is 

the only suborder in which fossil and extant taxa are united by an apomorphic trait: the fusion of the 

cuboid and navicular bones of the tarsus (Webb and Taylor, 1980; Hassanin and Douzery, 2003). The 

consensus among many palaeomorphological studies is for a further broad subdivision within the 

Ruminantia, which distinguishes the more derived families in the infraorder Pecora (Cervidae, 

Giraffidae, Antilocapridae, Moschidae and Bovidae) from the more primitive infraorder Tragulina (of 

which Tragulidae is the only extant member) (Janis and Scott, 1987; Hassanin and Douzery, 2003; 

Clauss and Rössner, 2014).  

All Pecora except Hydropotes (Cervidae) and Moschus (Moschidae) possess cranial appendages, in 

the form of: deciduous antlers (Cervidae); permanent, unbranched keratinised horns (Bovidae); skin-

covered ossicones (Giraffidae); and deciduous branched horns (Antilocapridae) (Janis and Scott, 1987; 

Hassanin and Douzery, 2003; Bubenik and Bubenik, 2012). In the case of Hydropotes, antlers have been 

secondarily lost; this has been confirmed by molecular analyses that recovered the subfamily 

Hydropotinae as closely related to roe deer (Capreolus capreolus), rather than as sister group to the 

antlered deer as had previously been determined by morphological analyses (Randi et al. 1998, 2001; 

Pitra et al. 2004; Gilbert et al. 2006). 

Phylogenetic relationships within the Ruminantia have been hotly debated for more than a 

century; analyses based on behavioural, anatomical and genetic characters have produced conflicting 

results and, even with the advent of advanced molecular techniques, attempts to understand basic 

interrelationships at the family level still remain problematic (Kraus and Miyamoto, 1991; Hernández 

Fernández and Vrba, 2005). The lack of consensus is not simply the result of disagreement between 
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molecules and morphology; even among phylogenetic studies based on morphological characters alone, 

almost every evolutionary scenario has been proposed (these have been summarised succinctly by 

Hassanin and Douzery 2003; p. 208, Figure 1). Difficulties in resolving relationships among extant 

ruminant families have been attributed to the multiple periods of rapid radiation and diversification they 

experienced during the Oligocene, Miocene and Pliocene, plus the fact that certain morphological traits 

have evolved more than once (e.g. horns), obscuring the true phylogenetic signal with patterns of 

parallel or convergent evolution (Janis and Scott, 1987; Hernández Fernández and Vrba, 2005). 

 Janis and Scott (1987) conducted a preliminary analysis of a suite of 34 morphological 

characters used to define higher ruminant families (i.e. Pecora), along with an extensive review of 

historical attempts to resolve interrelationships among extant (e.g. p. 8, summarised in Figure 1) and 

extinct (e.g. p. 54, summarised in Figure 10) taxa. One of their many findings was the placement of the 

Early Miocene Lagomeryx as the earliest member of the Cervidae. They noted that it shared certain 

derived characteristics with the Cervidae, including a Palaeomeryx fold in the lower molars and a 

doubling of the lacrimal orifice (not confined to the Cervidae). Plus, also they identified antler-like 

cranial appendages - although it is thought that these structures were likely permanent, rather than 

deciduous (Janis and Scott, 1987). In 1994, Gentry proposed that the family Palaeomerycidae was the 

fossil sister group to the Cervidae. Whereas, in the earlier study by Janis and Scott (1987), an additional 

family, Hoplitomerycidae was recognised -for the genus Hoplitomeryx- as the fossil sister group of the 

Cervidae, but Gentry (1994) argued that this genus should be included in the Palaeomerycidae (Groves, 

2005). Hoplitomeryx was part of the highly endemic vertebrate fauna to evolve on the palaeo-island of 

Gargano (south-eastern Italy) during the Pliocene (van der Geer, 2005). This unusual deer-like 

ruminant (cervoid; see below) is characterised by, among other features, the possession of five horns - 

one emerging from the nasal bones centrally between the eyes, while the other four are paired above 

each orbit - and large sabre-like upper canines, similar to those of the Moschidae (van der Geer, 2005; 

2008; 2014). Of particular relevance to the current study is the identification of four different size 

classes among Hoplitomeryx skeletal remains, which have been diagnosed into four distinct species (van 

der Geer, 2014); further details are given in Chapter 2 (Discussion). 

The superfamily Cervoidea, (containing the extant Cervidae and ‘deer-like’ fossil relatives, 

including Hoplitomerycidae and Palaeomerycidae) likely diverged from the basal pecoran line in the 

Late Oligocene (Lister, 1984). The earliest cervoids were typically small-bodied, lacking in cranial 

appendages but possessing long, sabre-like upper canines and cranial evidence for pre-orbital glands; 

they resembled extant Hydropotes closely, and had certain characteristics that suggested an affinity with 

the musk deer (Moschidae; Webb and Taylor, 1980; Lister, 1984). The first clear evidence of true 

deciduous antlers, which characterise all extant deer except Hydropotes, appears in the fossil record of 
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the Middle Miocene in the form of shed antlers of Dicrocerus (Lister, 1984; Azanza et al. 2011). It is 

though that extant Muntiacini -the tribe containing muntjacs (Muntiacus spp.) and tufted deer (Elaphodus 

cephalophus ssp.; Leslie et al. 2013; Figure 1.1)- may be a relic of this ‘dicrocerine’ stage of deer 

evolution, and could be a direct descendant of Dicrocerus or one of its allies (Lister, 1984; Croitor, 

2014).  

Di Stefano and Petronio (2003) describe the rapid proliferation of a group of medium-sized 

deer, belonging to different genera, into large areas of continental Europe between the Middle Pliocene 

and Early Pleistocene (Petronio et al. 2007). The forerunners of this group were known as the 

pliocervines, which had evolved by the Late Miocene-Early Pliocene and, according to Lister (1984; p. 

208), have been considered as: “a phyletic intermediate between the dicrocerines and muntjacs on the 

one hand, and the Cervini, and possibly other living tribes, on the other”; (Cervini = tribe within the 

subfamily Cervinae, or ‘Old World deer’, consisting of the following genera: Cervus, Axis, Rucervus and 

Dama [Gilbert et al. 2006]; Figure 1.1). Morphologically, the pliocervines possessed antlers that were 

based on a 3-point plan; reduced, but still tusk-like, upper canines; complete lateral metacarpals (see 

below); and a larger body size than the dicrocerine predecessor (Lister, 1984). For a comprehensive 

historical review, description and discussion of Pliocervini systematics and morphology, refer to 

Petronio et al. (2007), and references therein. 

Dates for the origin of the crown clade of deer remain ambiguous because of a discrepancy 

between the ages of the fossil taxa selected to calibrate morphological or molecular phylogenies: 

molecular-based approaches tend to use the oldest occurrence of the extant Muntiacus in the Late 

Miocene (c. 9-7 million years ago [Dong et al. 2004]; e.g. Pitra, et al. 2004; also Gilbert et al.  2006, 

but see below); while some morphological studies recognise the Middle Miocene Euprox furcatus as the 

oldest crown deer (c. 13.8 million years ago; almost 5-7 million years older than the earliest Muntiacus; 

see Mennecart et al.  2017, and references therein). For the present study, the new classification 

proposed by Gilbert et al. (2006) is preferred, based on their rigorous testing of the use of various 

combinations of fossil taxa as calibration points to estimate cervid clade divergence dates, supporting 

their findings with biogeographic evidence in the fossil record (see below and Figure 1.1).    

 

1.3.1 An overview of extant cervid taxonomy 

 

 Extant cervids are united by derived morphological features, such as: the loss of the gall 

bladder, a doubling of the lacrimal orifice on the orbital rim, and the possession of deciduous antlers 

(Lister, 1984 and references therein; Janis and Theodor 2014). The absence of antlers in Hydropotes 

inermis (the Chinese water deer), considered by some early researchers to be primitive (rather than  



 8 

  

Figure 1.1 Synthetic tree of the family Cervidae (reproduced from Gilbert et al. 2006; p. 109, Figure 4). A 
consensus tree derived from Bayesian and maximum likelihood analyses of two rapidly evolving mitochondrial 
protein-coding genes (Cytochrome b and subunit II of cytochrome oxidase) combined with two slower nuclear 
markers (intron 2 of α-lactalbumin and intron 1 of the protein kinase C iota gene) for 25 species representing 15 
genera. All nodes shown have Bootstrap support values ≥ 70. The symbols indicate the distribution of different 
character states corresponding to: antlers  (   = one tine;       = two tines;     = three tines;      = four or more tines),      
oo= tusk-like upper canines, body size (S = small or minimum shoulder height < 650 mm; T = tall or minimum 
shoulder height > 650 mm), sexual dimorphism in body weight (      = monomorphism, i.e. males and females are 
similar body mass;     = dimorphism, i.e. males are larger than females), and habitat type (O = open, includes 
grasslands, marshlands and open forests; C = closed, includes dense forests and marshes with reeds). Refer to 
original text for date estimations, evolutionary model parameters and fossil calibrations. 
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secondary loss, as was demonstrated by Randi et al. 1998; 2001), meant that this group was often 

placed as the sister taxon to the rest of the extant Cervidae (Lister, 1994; Groves, 2005). This 

hypothesis has been refuted by several molecular studies, all of which have recovered Hydropotes as a 

clear sister group to Capreolus (roe deer; Randi et al. 2001; Hassanin and Douzery, 2003; Pitra et al. 

2004; Gilbert et al. 2006; Figure 1.1).  

 Approximately 40 species of deer are recognised today, divided into 16 genera, distributed 

across Eurasia, the Americas and the northernmost part of Africa (Groves and Grubb, 1987; 2011; 

Geist, 1999). Traditional subdivisions within the Cervidae were based on the separation of the 

antlerless, presumed basalmost, subfamily Hydropotinae (Chinese water deer), from the antlered 

group, which itself was divided into Old World (Cervinae) and New World (Capreolinae) deer, 

referring to their places of origin (Groves and Grubb, 1987; 2011; Gilbert et al. 2006; Figure 1.1). Old 

and New World deer can be distinguished from one another based on a morphological difference in the 

type of reduction seen in the second and fifth lateral metacarpals: in Old World deer the proximal ends 

are retained (plesiometacarpal condition); while in New World deer, the distal ends are retained 

(telemetacarpal condition; Figure 1.2) (Groves and Grubb, 1987; Geist, 1999; Groves, 2005; 

Gustafson, 2015). While not a formal classification, 

the subdivision of the Cervidae into two main clades, 

corresponding to the Plesiometacarpalia and 

Telemetacarpalia, was first proposed by Brooke in 

1878 and has since been corroborated by numerous 

molecular studies, which have also recovered 

Hydropotes nested within the Telemetacarpalia (e.g. 

Randi et al. 1998; 2001; Hassanin and Douzery, 

2003; Pitra et al. 2004; Gilbert et al. 2006). Below 

the level of this basic dichotomy, determining 

intergeneric relationships within the Cervidae has 

resulted in many inconsistencies among phylogenetic 

studies. Once again, these disagreements cannot be 

attributed solely to a difference in the types of 

characters used (e.g. morphological or molecular), 

as discrepancies among morphological analyses are 

common, most likely having arisen as a result of 

variations in the character matrices used and, as with 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2 Generalised diagram of deer feet 
illustrating telemetacarpal and plesiometacarpal 
conditions distinguishing ‘New World’ from ‘Old 
World’ Deer respectively. Reproduced from 
Gustafson (2015; p.6, Figure 2).  
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the ruminant phylogenies, because of high levels of homoplasy among morphological characters 

(Gentry, 1994; Janis and Scott, 1987; Hassanin and Douzery, 2003; Groves, 2005; Gilbert et al. 2006).  

 For the present study, the main cervid taxa of interest are the ‘Old World’ plesiometacarpalian 

deer, Cervus elaphus and Dama sp. (Cervinae), as they were both widespread throughout Italy, and 

present on Sicily (Cervus elaphus siciliae and Dama carburangelensis), during the Pleistocene, making them 

the most likely ancestral candidates to the Maltese deer. The accepted phylogeny for the Cervidae is 

that of Gilbert et al. (2006; summarised in Figure 1.1). Their combined analysis of both mitochondrial 

and nuclear markers provides a more robust assessment of cervid interrelationships than previous 

molecular studies based solely on maternally inherited mitochondrial genes (e.g. Randi et al. 1998; 

2001; Pitra et al.  2004). Plus, as mentioned earlier, Gilbert et al. (2006) used multiple fossil calibration 

points to estimate divergence dates for various clades, and the combined tree produced (presented here 

in Figure 1.1) integrates morphological character evolution of sexually-selected traits, with habitat 

preferences and body size, giving a good general overview of the Cervidae. 

 

Cervus elaphus L. 

 

 Red deer (Cervus elaphus L.) is probably the most familiar of all the deer species in the world, 

with, potentially, at least 23 subspecies widely distributed across the Holarctic (Table 1.1; Geist, 1999; 

Ludt et al. 2004; Zachos and Hartl, 2011; Meiri et al. 2013; 2018). In Europe, molecular analyses of 

mitochondrial DNA have identified three main red deer lineages: a western haplogroup, distributed 

from the Iberian peninsula, through France and northern Central Europe, including the UK, 

Scandinavia and parts of Eastern Europe; an eastern haplogroup: inhabiting the Balkans and parts of 

Eastern and Central Europe; plus an isolated ‘Mediterranean’ lineage restricted to Corsica, Sardinia and 

North Africa (Meiri et al. 2013; Zachos et al.  2016). The distinct lineages are likely the result of 

population expansions and contractions to and from different southern refugia, during repeated cycles 

glacial and interglacial conditions during the Pleistocene (Meiri et al.  2013). Thus, the western lineage 

is thought to have expanded from an Iberian refugium, the eastern lineage from a Balkan refugium, and 

the ‘Mediterranean’ lineage either from a refugium in North Africa or Sardinia (Skog et al. 2009; Meiri 

et al. 2013).  

Geist (1999) and Meiri et al. (2018) among others, recognise a broader subdivision within the 

red deer complex, in keeping with the genetic structuring described above: the western lineage 

(including the ‘Mediterranean’ lineage) is described as “elaphoid” (i.e. Cervus elaphus [red deer] 

subspecies) while the eastern lineage as “wapitoid” (Cervus canadensis [wapiti or elk] subspecies); they also 

recognise a third group from Central Asia of uncertain affinity (Table 1.1). The subdivision of red deer 
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into two distinct species (Cervus elaphus and Cervus canadensis) has long been recognised based on 

differences in morphological and behavioural traits, such as: neck manes (present in both sexes in wapiti 

but only in male red deer); vocalisations are low-pitched roars in red deer but high-pitched bugles in 

wapiti, and wapiti tend to form larger herds than red deer (Polziehn and Strobeck, 2002; and references 

therein). However, it must be noted that many of these traits are unreliable as they often vary according 

to habitat, environmental conditions and nutritional levels, as does body mass, antler size and shape, 

Table 1.1 Current status of red deer subspecies, table reproduced from Meiri et al. (2018; p. 369, Table 1). 
Consensus of morphological taxonomy of Holarctic red deer based on Groves and Grubb (1987) and Geist 
(1999), with mtDNA clades identified by Mahmut et al. (2002); Ludt et al. (2004); Pitra et al. (2004); Skog et al. 
(2009); Niedzialkowska et al. (2011); Lorenzini and Garofalo (2015). “Elaphoid’ = Cervus elaphus subspecies; 
“wapitoid” = Cervus Canadensis subspecies. Comments by Meiri et al. (2018). 
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coat colour, rump patch size and shape - all of which are frequently used to distinguish red deer from 

wapiti (Geist, 1999; Groves and Grubb, 2011). The division into two species is corroborated by 

molecular analyses (e.g. Polziehn and Strobeck, 1998); however their further subdivisions into the 

different subspecies is contentious, as is the assignment of the Central Asian subspecies to C. canadensis 

or C. elaphus (Geist, 1999; Polziehn and Strobeck, 2002; Ludt et al. 2004; Meiri et al. 2018). In the 

present study, ‘red deer’ refers to Cervus elaphus (the West European red deer) in accordance with 

Groves and Grubb (2011), who state that there is insufficient evidence for the designation of distinct 

subspecies for the Spanish, Swedish, Norwegian, British, and other continental European taxa within 

this species (e.g. see Table 1.1). This taxonomic grouping includes deer from mainland Western and 

Central Europe only, and is equivalent to the single subspecies C. e. elaphus (see first comment in Table 

1.1) suggested by Lowe and Gardiner (1974). 

Red deer (Cervus elaphus) most likely evolved from an Asian ancestor such as the Late Pliocene 

Cervus perrieri, which possessed similar antler morphology to extant Japanese sika deer (Cervus nippon): 

having a single basal tine, a distal ‘trez’ tine and a simple terminal fork with pearling as ornament (see 

Chapter 3, Figures 3.1.2 and 3.3.27) (Lister, 1984). The first occurrence of Cervus elaphus is recorded 

from the Mosbach and Mauer deposits of the early Middle Pleistocene in Germany, from which the 

remains of the subspecies C. e. acoronatus have been described (Lister, 1984; 1990; Abbazzi and 

Azzaroli, 1995; Geist, 1999; Di Stefano and Petronio, 2003). The antlers of C. e. acoronatus are very 

distinctive: the paired lower tines (the brow and bez tines), so characteristic of extant C. elaphus, make 

their first appearance, while the distalmost part of the antler terminates in a simple two-pronged fork, 

in transverse orientation relative to the sagittal plane (Lister, 1984; 1990; Abbazzi and Azzaroli, 1995; 

Geist, 1999; Di Stefano and Petronio, 2003). Little is known about the timing of the transition from 

acoronate to coronate antlers, but Abbazzi and Azzaroli (1995) suggest that there was a gradual change 

in orientation and morphology of the antler termination during the Middle Pleistocene. This resulted in 

the first well-dated occurrence of C. elaphus with multi-pointed three-dimensional crowns from the UK 

(Hoxnian Clacton Channel) and Italy (Riano, Rome) during the Anglian Stage of the Middle Pleistocene 

(Lister, 1986; refer to Figure 1.10 for dates).  

According to some authors (see Di Stefano and Petronio, 1993, for a discussion) another 

subspecies, C. e. priscus, identified from the Mauer deposits in Germany, should be considered as an 

intermediate form between C. e. acoronatus and C. e. elaphus, due to the rotation of the terminal part of 

the antler (now parallel with the sagittal plane) and supernumerary tines forming a primitive crown; 

however other workers believe this to be a “luxuriant” morphotype of C. e. acoronatus, typically 

reflecting optimal climatic conditions (Di Stefano and Petronio, 1993). Italian researchers also recognise 

another subspecies, C. e. eostaphanoceros, as the earliest red deer appearing in ‘Late Galerian’ deposits 
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(Middle Pleistocene? Refer to Petronio et al. 2019, for timing of Italian stages) of central and southern 

Europe; it was smaller than C. e. acoronatus with a “squatter” antler (Di Stefano and Petronio, 1993; 

2003, Abazzi and Azzaroli, 1995; Petronio et al. 2019). While there is no clear consensus in the 

literature about the validity of the various Pleistocene red deer subspecies described, particularly from 

the Italian peninsula, it is certain that an “elaphoid” type of red deer was widespread throughout 

southern Europe from the Middle Pleistocene onwards, giving rise to the insular dwarfed form first 

found on Sicily (C. e. siciliae) towards the end of the Middle Pleistocene to early Late Pleistocene (see 

later).  

 

Dama Frisch, 1775 

 

Several medium-sized deer species, of broadly fallow deer size, from the Pliocene and Early 

Pleistocene of Europe, were united in the genus Pseudodama (Azzaroli, 1992; Di Stefano and Petronio, 

2003; Lister et al. 2010; Breda and Lister, 2013; Breda, 2014). However, there are many differing 

opinions regarding the generic and specific taxonomy of this group, and their implication in the ancestry 

of modern fallow deer has been questioned (Azzaroli, 1992; see Lister et al. 2010, and Breda and Lister, 

2013, and references therein). Pseudodama share certain morphological features of the antlers with 

modern fallow deer, such as: an obliquely-oriented basal portion of the antler beam, a single basal tine 

set at a wide angle to the beam, and a lack of surface pearling on the beam and tines (Figure 3.1.2, 

Chapter 3; Lister, 1996; Breda and Lister, 2013). The main difference between the antlers of 

Pseudodama and those of later fallow deer species is a complete lack of palmation in the three to four-

pointed antlers of the former (Breda and Lister, 2013; Breda 2014). As absence of palmation is a 

primitive feature, Breda and Lister (2013) suggest that Pseudodama may be considered as a paraphyletic 

stem-group. 

 A fallow deer with palmate antlers first appeared in the late Middle Pleistocene of Italy, France, 

Spain and Britain during Marine Isotope Stage (MIS) 11 (refer to Figure 1.10 for MIS boundaries); this 

is Dama dama clactoniana (Falconer) (Di Stefano and Petronio, 2003; Breda and Lister, 2013; Breda 

2014). As the earliest form that can be definitely referred to the Dama genus, D. d. clactoniana differs 

from extant D. d. dama in the size of the antler palmation (narrower in D. d. clactoniana), and in the 

number, size and distribution of the tines on the palmation (Abbazzi et al. 2001; Breda and Lister, 

2013). Di Stefano and Petronio (2003) described D. d. clactoniana as being 15-20% larger than living D. 

d. dama, although they do not state explicitly to what this measure of ‘size’ is related (e.g. an increase in 

body mass, shoulder height, etc.). During the late Middle Pleistocene (MIS 7), D. d. clactoniana is 

followed/replaced by D. d. tiberina in Italy, and D. d. geiseliana from sites in Germany and Spain (Di 
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Stefano and Petronio, 2003; Breda, 2014). The Italian fallow deer subspecies (D. d. tiberina) is 

distinguishable from D. d. clactoniana by its antlers, which feature smaller, posteriorly directed tines; as 

well as by its limb bones appearing more gracile. Once again, Di Stefano and Petronio (2003) describe 

the ‘size’ as being 10-15% smaller than that of its ancestor (D. d. clactoniana), which would make it 

approximately intermediate in size between D. d. clactoniana and extant D. d. dama (Abbazzi et al.  

2001). 

 As the first appearance of the extant fallow deer (D. d. dama) does not occur until the early Late 

Pleistocene (MIS 5e, see Figure 1.10; Abbazzi et al. 2001; Breda and Lister 2013; Breda, 2014), and 

based on the distribution of D. d. tiberina throughout Italy including southern Calabria, the small sized 

Sicilian fallow deer, Dama carburangelensis, is most likely a descendant of D. d. tiberina (Abbazzi et al. 

2001; Bonfiglio et al. 2002). Lomolino et al. (2013) calculated that the Sicilian insular fallow deer (D. 

carburangelensis) had a body mass that was reduced to 0.65 (or just under two thirds) of the mass of its 

presumed ancestor D. d. tiberina. Previously referred to various different genera, (e.g. Cervus, Dama or 

Megaceros/Megaceroides [= Praemegaceros]; see Abbazzi et al. 2001 and Abbazzi, 2004, and references 

therein), D. carburangelensis is now recognised as a distinct species of fallow deer endemic to Pleistocene 

Sicily (Abbazzi et al. 2001). 

 Today, the genus Dama consists of the European fallow deer D. d. dama and the endangered D. 

d. mesopotamica from the Near East (Breda and Lister, 2013). A 2005 phylogenetic analysis, combining 

ancient DNA and morphological characters, supported a sister group relationship between the extant 

Dama clade and the Pleistocene giant deer Megaloceros giganteus (Lister et al. 2005) – a relationship 

proposed more than a century earlier based on the shared morphological feature of palmated antlers 

(e.g. Lydekker 1898). In contrast, the findings from a molecular study by Kuehn et al. (2005) support 

the monophyly of a Cervus-Megaloceros clade and reject the hypothesis that M. giganteus evolved from a 

Dama-like ancestor (e.g. Lister, 1994; Geist, 1999).  

 

1.4 Primary Study Site: Malta 

 

1.4.1 The Maltese Archipelago 

 

The Maltese Archipelago is situated in the central Mediterranean, approximately 95 km to the 

south of Sicily and 290 km east of Tunisia, North Africa (Figure 1.3). It is made up of several small 

islands (total area: c. 316 km2), including:  Malta, the smaller islands of Gozo and Comino, and several 

surrounding islets (Alexander, 1988; Carroll, et al. 2012). The stratigraphy of the archipelago consists 

of a simple sequence of the following five Oligo-Miocene sedimentary strata (from uppermost): Upper  
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Coralline Limestone, Greensand, Blue Clay, Globigerina Limestone, and Lower Coralline Limestone 

(Trechmann, 1938; Pedley, House and Waugh, 1976). The islands emerged during the Messinian 

salinity crisis of the Late Miocene (c. 5.5 million years ago, mya), when the Mediterranean Sea was cut 

off from the Atlantic Ocean after progressive cycles of near-complete desiccation of its basin, following 

closure of the Straits of Gibraltar (Krijgsman, et al. 1999). The Maltese Islands probably remained 

connected to one another, and to Sicily, until the Miocene-Pliocene transition (c. 5.3 mya) when the 

Mediterranean basin refilled with water, isolating the archipelago for the first time (Krijgsman et. al 

1999). A submarine ridge links Malta with the Ragusa peninsula of Sicily, and the sea is less than 90 m 

in depth for the most part, and does not exceed 200 m at any point (Pedley, et al. 1976; Figure 1.3). It 

has been suggested that the ridge would have been partially exposed by a sea-level drop of around 150 

m or more, which has happened several times since Malta’s isolation, thereby allowing multiple 

colonisation events by Sicilian terrestrial taxa (Hunt and Schembri, 1999; see later). 

 

 

 

 

Figure 1.3 Map of the Maltese Archipelago and Sicily in the Central Mediterranean. Main map reproduced 
from Pedley et al. (2002; p. 15). Inset (top right): The Central Mediterranean; red dashed outline indicates 
approximate region enlarged in main map Inset (bottom left): The Maltese Archipelago with the location of 
the primary study site, Għar Dalam Cave, indicated (star). Inset maps provided by Google Maps.  
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1.4.2 Għar Dalam Cave and Museum: overview 

 

The cave at Għar Dalam is an extremely valuable site as it is one of the few in the 

Mediterranean to contain fossiliferous deposits which provide a multi-level sequence extending through 

the Late Pleistocene to modern times (Zammit Maempel, 1989a; Hunt and Schembri, 1999). The cave 

and its associated museum are located in the south eastern part of the island (Figure 1.3, inset bottom 

left) and both are open to the public, although only the first 80 m of the cave are accessible (total 

length: c. 145 m; Zammit Maempel, 1989a). Since its discovery by Arturo Issel 1865, the cave has been 

the subject of numerous excavations beginning with Cooke in 1892 and ending with Storch in 1970  

(see later and Figure 1.6). A large proportion of the fossils recovered from the cave deposits are now on 

display in the museum on site, while others are in storage at the national museum in Mdina and a small 

collection is housed in UK museums (the Natural History Museum, London, and the National Museum 

of Scotland). Until now, the best studied of all the remains are those of the dwarf elephants (e.g. 

Herridge, 2010, and references therein); while surprisingly little is known about the vast quantities of 

deer specimens recovered from successive excavations. The museum displays multiple examples of 

bones from different sized adult individuals; juveniles spanning a range of ages; many fragments of 

antlers, some of which show extremely unusual morphologies although others approach that of red deer 

(see Chapter 3), and jars upon jars of teeth and phalanges! They are an excellent, yet remarkably under-

studied resource with significant potential to enhance understanding about the mode and tempo of 

evolution in island mammals. 

While the majority of the in situ fossils were removed during the early excavations, along with a 

large proportion of the primary sediments, there are still certain regions inside the cave where the 

stratigraphic sequence is clearly visible, replete with fossils. These in situ  deposits are of immense value 

because stratigraphic information can now be integrated with morphological analyses for the first time. 

Figure 1.4 illustrates five key areas with fossiliferous deposits still intact and their relative positions 

within the cave. The stratigraphy, excavation history and faunal remains recovered are described in the 

following sections, and the remaining in situ deer remains are detailed in the Materials and Methods 

sections of Chapters 2 and 3. Terminology used to describe the main geological features and regions of 

interest within the cave, plus their precise locations, are given in Table 1.2. 
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Cave feature/ area Location within the cave Alternative names/ abbreviations 

SAMPLE PILLAR 
~ 70 ft. / 21 m from the cave 

entrance 
Sediment column 

Stratigraphic column 

SAMPLE WALL 
~ 85 ft. / 26 m from the cave 

entrance 
Stratigraphic wall 

LARGE STALAGMITE 
~ 115 ft. / 35 m from the cave 

entrance 

Stalagmite 1 
Stal. 1 
Boss 1 

SLOPING STALAGMITIC SHEET 

Directly beneath the large stalagmite 
(see above), further in to cave; 

sediments beneath it are adjacent to 
those in the “Green Wire” section 

Sloping Stal. sheet 
Broken flowstone 
Large broken flow 

SECOND LARGE STALAGMITE 
~ 138 ft. / 42 m from the cave 

entrance 

Stalagmite 2 
Stal. 2 
Boss 2 

“GREEN WIRE” SECTION 

From the cave entrance, on left hand 
side, underneath the public walkway 

and runs in a north-westerly 
direction following the cave wall. 
Commences perpendicular to the 

deposits under the sloping 
stalagmitic sheet, and terminates at 

the second large stalagmite, just 
before the “step” section (see below) 

None given. Named for the clearly 
visible green wire running 

horizontally along the base of part of 
the deposit and vertically through 

another section of it. 

“STEP” SECTION 

Situated between the public 
walkway and the second large 

stalagmite, marks the end of the 
“green wire” section (see above) 

when viewed from the cave 
entrance 

None given. Named for large 
angular rocks situated between Stal. 
2 and the public walkway that form 
natural steps down towards Stal.1 

from the more elevated section 
further into the cave, behind Stal. 2. 

 
Table 1.2 Terminology used in the present study to describe key features and regions of interest with fossil-bearing 
sediments in Għar Dalam cave, with precise locations. Refer to Figure 1.4. 

 

Cave formation and hypotheses of sediment deposition 

 

At approximately 15.5 m above sea level and oriented in a northeast-southwest direction 

(Figure 1.4), the cave runs perpendicular to a previously overlying, now extinct, river in the valley of 

Wied Dalam, the water from which is thought to have percolated through the beds of the Lower 

Coralline Limestone, carving out a subterranean solution tunnel to form the cave itself (Zammit 

Maempel, 1989a; Hunt and Schembri, 1999). The river continued to cut through eventually resulting 

two caves - Għar Dalam and the ‘Second Cave’ (Zammit Maempel, 1989a) – which are the two ends of 

the original solution tunnel, now on opposite sides of the Wied valley. The lower positon and relative 

shallowness of the Second Cave meant that it was immediately filled with boulders and detrital clay – 

the latter sediment most likely a product of the dissolution of the limestone during the tunnel’s 
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2.	“Green	wire”	sec.on	

3.	“Step”	sec.on	

4.	“Stal.	2”	

1.	“Stal.	1”	
5.	Stra.graphic	wall	
and	sediment	column	

5	

1	
2	

3	

4	

Cave	Wall	

C.	W.	

C.	W.	

N	

Figure 1.4 Plan of Għar Dalam Cave illustrating locations of certain key in situ deposits plus notable geological features. Plan reproduced from Shaw (1951, p. 307),  includes roof 
heights (feet) and shows only the first 500 ft. (approx.) of the cave.  Refer to Table 1.2 for alternative terminology for the highlighted structures and features above. C.W.  = Cave wall. 
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formation – which is the same material that makes up the most basal bone-free clay layer in Għar Dalam 

(Zammit Maempel, 1989a; Figure 1.5 and Tables 1.3-4).   

Opinions differ as to the processes that led to the deposition of the fossiliferous sediments still 

visible in the cave today. Cooke (1893) speculated that, given the observed height of the cave entrance 

above the bed of the small stream that still runs through the Wied valley plus the steep-sided nature of 

the valley itself, the cave contents must have been deposited during a time in Malta’s history when 

rainfall was much higher. This is because only torrential rains and massive inundations could have 

generated the force and volume of water required to carve out a gorge of such depth (c. 40 ft. or 12.0 

m). In addition, cutting through rock of that thickness would have been a relatively slow and gradual 

process, supporting his hypothesis that the cave sediments must be extremely old, since the carving out 

of the valley beneath the cave must have occurred after the last cave layer was deposited (Cooke, 1893; 

p. 278). He further suggests that during these much wetter periods, the hypothesized deluges likely 

drowned entire herds of herbivores, washing their carcasses into Għar Dalam and other caves and 

fissures on the island; which may explain early descriptions of fossil remains of “Hippopotamus and Cervus 

intermixed in pell-mell confusion” (Cooke, 1893; p. 277), or of “bones found in utter disorder” (Ashby 

et al. 1916; p. 17), particularly in the basalmost fossiliferous layer (see next section).  

Zammit Maempel (1989) proposed a less catastrophic scenario to explain the occurrence of the 

fossiliferous deposits in the cave, suggesting that the overlying river gradually ate through the limestone 

and deposited its bed load in a disorderly fashion into the solution tunnel below, including: “soil, 

pebbles, stones, carcasses, dismembered skeletal parts and other debris dragged by the river” (p. 33). 

However, Hunt and Schembri (1999) believe that this was an unlikely scenario based upon their 

observations of the oldest fossil-bearing layer: the bone breccia (layer VII; see below, plus Figure 1.5 a

Table 1.3 The stratigraphic sequence at Għar Dalam with the nomenclature used by various authors for the 
different layers and faunal stages. (Reproduced from Hunt and Schembri, 1999, p. 52) 
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Superficial	Stone/Boulder	Layer	
Cave	Earth	Layer	
Small	Stones/Pebble	Layer	

Upper	Red	Earth	Layers	

Lower	Red	Earth	Layers	
Pebble	Layer	

Bone	Breccia	Layer	

Detrital	Clay	Layer	

IV	

V	

IV	

V	

VII	
VI	

VI	

IV:	Deer	

V:	Deer,	hippopotamus,	
possible	elephant	+	
carnivores	(wolf,	fox,	bear)	

VII:	Hippopotamus,	
elephant,	possible	deer	

Macro-mammalian	fauna	
found	in	layers	highlighted	
in	(a):	

b	 c	

a	

GĦAR	DALAM	STRATIGRAPHY	

a
b
c

Figure 1.5 Correlation of stratigraphic layers with existing in situ deposits in Għar Dalam. a) Schematic diagram reproduced from Savona-Ventura and Mifsud, 1998, p. 8; 
Figure 2. with Pleistocene fossil-bearing deposits highlighted; b) Sample pillar and c) sample wall with approximate postions of layer IV-VII indicated. 
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and Tables 1.3-4). They noted that there was little evidence to indicate that the bone breccia had been 

deposited by fluvial processes, given the absence of bedding, sorting and imbrication (directional 

overlapping of particles) in this layer (Hunt and Schembri, 1999; Standish et al. in prep.). Instead, they 

suggested mass flows to be a more plausible explanation of sediment transportation and deposition in 

this case (Hunt and Schembri, 1999; Standish et al. in prep.). It is thought that the Upper and Lower 

Red Earth sediments (layers IV and V respectively; Figure 1.5 and Tables 1.3-4), from which the 

majority of deer fossils were recovered, were probably deposited via a combination of  “airfall dust, 

small-scale rockfall and granular disintegration of the cave roof…” (Hunt and Schembri, 1999, p. 14; 

Standish et al. in prep.). 

 

Stratigraphic sequence and fossil-bearing deposits 

 

The stratigraphic layers within the cave infill have been described by excavators since the first 

comprehensive account given by Cooke (1893). However, as various authors recognised different 

strata, a standard system of nomenclature was lacking (Hunt and Schembri, 1999). Several complicating 

factors make it extremely difficult to produce a universal scheme that correlates the stratigraphic 

divisions described by previous excavators, these include:  

 

(II)	

(III)	

(IV)	

(V)	

(VI)	

(VII)	

(VIII)	

a	

b	

(c.	7200-	
2700	BP)	

(c.	2700-	
BP)	

Neolithic	

Table 1.4 Schematic stratigraphy (a) and dating of Għar Dalam cave according to Zammit Maempel 1989, with 
summary of faunal history and dating evidence up to 1999 (Table courtesy of Dr. V. Herridge). b) Photograph of the 
cave entrance showing cross-sectional shape and position of key features (e.g. Sample column and sample wall). 
Photograph by the author. 
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i) The occupation of Għar Dalam by Neolithic and Bronze Age humans, as is evidenced by 

abundant pottery sherds, other human artefacts plus human skeletal elements recovered from 

the uppermost layers (e.g. see Cooke, 1893; and Despott, 1916; 1923; for descriptions). 

These artefacts coupled with skeletal elements from domestic animals indicate that the cave was 

probably used regularly as a shelter throughout the last 7000 years of the Holocene, by humans 

and animals alike, during which time original sediments may have been disturbed, cleared or 

relocated within the cave itself (Zammit Maempel, 1989a). It has even been postulated that 

Neolithic people may have burried their dead in the cave sediments (Hunt and Schembri, 

1999). 

ii) The use of Għar Dalam by modern humans as an air raid shelter during World War II, required 

space for storage of provisions, ammunition, and shelter, all of which would necessarily involve 

the movement and disturbance of sediments (Borg, 2014; pers. comm.). 

iii) Trenches dug in regions of the cave that had been excavated and refilled by previous 

excavators. This is known to have occured on several occasions, most notably one of Despott’s 

(1923) trenches was partly situated in the same region as that of Cooke’s (1892) refilled 

trenches, and two of Caton-Thompson’s (1923; 1925) trenches were on sites previously 

excavated and refilled by Cooke (1892); Ashby et al. (1914) and also by illegal excavators 

(Savona-Ventura and Mifsud, 1998; Hunt and Schembri, 1999). Caton-Thompson (1923) 

describes finding deposits that had clearly been disturbed while digging a trial trench close to 

Cooke’s original 1892 excavations (Figure 1.6); but she also intentionally dug her trenches to 

intersect those of Cooke’s, the original locations of which had been lost. The refilling of 

trenches with excavated material (e.g. Cooke) plus the discarding of spoil heaps inside the cave, 

most likely on top of primary in situ deposits (e.g. Despott) (Caton-Thompson, 1923) could 

easily have resulted in the unwitting mixing of sediments (and fossils) during subsequent 

excavations. 

iv) Early excavators did not always record precisely the positions of their trenches (Sinclair, 1924), 

the stratum from which fossil finds were recovered (Hunt and Schembri, 1999), or, where 

presented, the descriptions of the strata were ambiguous or confusing (see later). 

v) Common natural phenomena such as slumping, or predators digging dens, would cause 

disturbance and mixing of sediments, which may result in lateral inconsistencies in the 

stratigraphy; Hunt and Schembri (1999) note that the earliest workers may not have recognised 

such occurences in their restricted excavtions (p. 14). 

vi)  The irregularity of the cave floor and walls affected the number and arrangement of the strata 

encountered. The phreatic tube from which the cave is formed is not a uniform cylinder, but 
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has lateral constrictions such that the upper chamber is much wider than the true cave floor, 

which is found in a deep central channel, with a second broadening at its base (Zammit 

Maempel 1989a; refer to schematic cross-section diagram in Table 1.4). Caton-Thompson 

(1923) remarked that in one of her sections the sequence was dislocated due to rock, and while 

excavating down in a separate area her team struck the shelving walls of the cave. Numerous 

excavators also recorded variations between trenches in the sequence and depths of the layers, 

often characterised by missing the basalmost layer(s) (e.g. Caton-Thompson, 1923) or by large 

differences in the thickness of certain strata (e.g. Despott, 1916; 1923). 

 

In spite of the complexities listed above, Savona-Ventura and Mifsud (1998) carried out an 

extensive review of the literature relating to original excavations at Għar Dalam during the late 19th 

and early 20th centuries, in an attempt to cross-reference and integrate the stratigraphic information 

contained within the excavators’ notes  and publications with what little remains of the primary in situ 

deposit in the cave today (Figures 1.4-5 and Tables 1.3-4). They correlated the descriptions from 34 

formal excavations with the presently accepted stratigraphy of Għar Dalam (Zammit Maempel 1989a; 

Tables 1.3-4), excluding any that recorded clear evidence of disturbance. Sinclair (1924) also made an 

attempt to co-ordinate the strata based on the sample pillars still remaining at that time (see Figure 1.6, 

middle and bottom), and Savona-Ventura and Mifsud (1998) used Sinclair’s (1924) review to correlate 

these early descriptions to the few remaining geological features in the cave still showing the original 

stratigraphic succesion; namely, the sample pillar, sample wall and the large stalagmitic boss closest to 

the cave entrance (“Stal. 1”; Figures 1.4-5). However, for the latter structure and associated sediments, 

our collaborators have shown that some of the sediments beneath the large stalagmite, underneath a 

sloping stalagmitic sheet, are most probably redeposited infill rather than primary in situ deposits (see 

later and Figure 1.7). In this way, Savona-Ventura and Mifsud (1998) determined that the stratification 

at Għar Dalam can be subdivided into eight main strata (Table 1.3 and Figure 1.5), with numerous sub-

strata recognised, particularly within the Red Earth horizons. This is thought to have been the result of 

periodic drying out of the Red Earth Layers during their deposition, for long enough periods to allow 

stalagmitic sheets to form between the sub-strata, as well as for the surrounding floor deposits to 

acquire stalagmitic extensions (Savona-Ventura and Mifsud, 1998). 

In their review, Savona-Ventura and Mifsud (1998) correlated the eight strata identified with 

different faunal stages described by Storch (1970; 1974), who studied in detail the micro-mammalian 

faunal remains recovered from his own and previous excavations. The faunal stages and associated 

stratigraphic layers are given in Tables 1.3-4;  Table 1.4 also lists the macro-mammals that characterise 
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each stage. In the following section, the deposits are described from oldest to youngest, using the 

terminology of Savona-Ventura and Mifsud (1998), including the numbering system of Layers I-VIII. 

Data on the fossils recovered from each layer are taken from excavators’ publications and reflect 

identifications given at that time. 

The lowermost layer (VIII) is comprised of sterile detrital clay containing no organic remains; it 

is thought to originate from the Plio-Pleistocene transition and was likely formed from insoluble 

limestone residue in a closed cave system with minimal external environmental influences -the product 

of the solution tunnel formation (Zammit Maempel, 1989a).  

 

Bone Breccia Layer (VII) 

 

The oldest fossil-bearing deposit, the bone breccia or ‘Hippopotamus Layer” (Layer VII; Figure 

1.5 a and Tables 1.3-4), directly overlies the bone-free clay layer. The bones in Layer VII are mostly 

rolled, almost pebble-like, and heavily mineralised, appearing relatively dark in colour. Sinclair (1924) 

suggests that the rolled appearance of both the bones and the pebbles which appear together in the bone 

breccia “can only have been brought about by the action of water washing to and fro” (p. 264).  Among 

the macro-mammalian remains described are bones apparently belonging to at least two hippopotamus 

species: the small-sized Hippopotamus pentlandi and a dwarfed form H. melitensis (Hunt and Schembri 

1999) (NB. presence of H. minor is also mentioned by Despott, 1916); as well as three proboscidean 

taxa: the medium-sized Palaeoloxodon mnaidriensis, and dwarfed forms P. melitensis and P. falconeri 

(Savona-Ventura and Mifsud, 1998; Hunt and Schembri, 1999; but see and Ferretti, 2007; and 

Herridge, 2010, for a full taxonomic review of dwarf elephants). All five species are reduced in size in 

comparison with mainland ancestral forms. A few cervid remains were also described from this layer 

(Despott, 1918; 1923), but these most likely originate from the uppermost parts of this deposit, just 

beneath the pebble layer (Savona-Ventura and Mifsud, 1998; Layer VI, Figure 1.5 a and Tables 1.3-4). 

A single tooth of Ursus arctos (Carnivora) may also be associated with this layer, but this is a tentative 

association at best, because the excavator, J. G. Baldacchino, recovered it from an area within the cave 

that had previously been disturbed by both Cooke and Caton-Thompson; so it is more probable that this 

specimen, like the cervids above, belonged to the overlying deposits (Savona-Ventura and Mifsud, 

1998). The faunal stage correlated with Layer VII had been designated as the Leithia cartei Stage by 

Storch (1970) and includes two species of giant dormouse (L. cartei  and Eliomys gollcheri) and a giant 

swan (Cygnus falconeri) (See Table 1.6 for a list of taxa recovered from this stratum); however, 

identification of L. cartei  was uncertain so this faunal stage is now referred to as the Eliomys sp. Stage or 

Gliridae Stage (Savona-Ventura and Mifsud, 1998). The most notable trend in the remains of the fauna 
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recovered from this stage is the tendency towards dwarfism (e.g. elephants, hippopotamuses, deer?) 

and gigantism (e.g. dormice, swan) in large- and small-bodied taxa respectively. 

Electron Spin Resonance (ESR) dating techniques were applied to a molar of Hippopotamus 

pentlandi recovered from the bone breccia (Layer VII), giving a date of 180 000 ± 10 % BP; however, 

this was later revised by the same workers to 115 000 ± 10 000 BP based on additional Uranium-series 

disequilibria dating (Bouchez et al. 1988; unpublished) (see Hunt and Schembri, 1999, for a discussion). 

If this latter date is correct, then remains from Layer VII have been absolute dated to the earliest Late 

Pleistocene; but as the paper is unpublished, the reliability cannot be verified nor the accuracy of the 

methods employed confirmed (Standish et al. in prep.).  

 

Red Earth Layers (IV and V) 

 

The Upper and Lower Red Earth Layers (VI and V; Figure 1.5 and Tables 1.3-4) are the next 

fossiliferous sediments in the sequence, and are considered to be “...’normal’ cave earths of terrestrial 

origin” (Hunt and Schembri, 1999; p. 14). In Sinclair’s (1924) review of the cave floor stratigraphy, he 

subdivided the Red Earth Layers into four sections as follows (Sinclair, 1924, p. 266; summarised in 

Savona-Ventura and Misfud,1998, p.6): 

 

a) the upper three feet consisiting of red earth 

b) the middle well-defined bone layer a few inches thick, the principal remains being deer 

c) the lower layer consisting of red earth, and 

d) at the bottom another bone layer consisiting of deer, elephant and hippopotamus remains 

 

Sinclair (1924) noted that the elephant and hippopotamus remains found at the bottom of the 

red earth horizon, were partly intermingled with the underlying boulder layer (Layer VI)  and, even 

though the state of mineralisation differed from the bones found in the breccia underneath (Layer VII; 

Figure 1.5 a), he believed that these remains belonged to the bone breccia layer rather than the red 

earth layers above. Sinclair (1924) also described a “substantial bone layer” at the bottom of the Red 

Earth Layers, containing primarily deer remains (p. 266). In their more recent review, Savona-Ventura 

and Mifsud (1998) noted that all excavators seem to have recorded a variety of sub-strata within the red 

earth horizon, which was estimated to have reached up to 7 feet in depth (Sinclair, 1924). The broader 

sub-division into Upper and Lower Red Earth Layers (Layers IV and V respectively; Figure 1.5 a and 

Tables 1.3-4) was proposed by Savona-Ventura and Mifsud (1998) to reflect the presence of carnivore 

fossils in the lower ‘Carnivora Stage’, but not in the upper ‘Cervus Stage’ (Tables 1.3-4). The earlier 
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Carnivora Stage is characterised by macro-mammal taxa such as: Hippopotamus sp., Palaeoloxodon sp. 

(generally attributed to H. pentlandi and P. mnaidriensis; [Cooke, 1893; Despott, 1918; 1923; Caton-

Thompson, 1923]), Vulpes vulpes, Canis lupus, Ursus cf. arctos and “Cervus” sp.; whereas, the later Cervus 

Stage is notable for its abundance of deer fossils, some Bos sp. and small Equus sp. remains, but a distinct 

lack of carnivores and larger herbivores (Savona-Ventura and Misfud, 1998; and references therein). 

The fossil remains from the Red Earth Layers are readily distinguished from those found in the bone 

breccia (Layer VII) below, because they are much less mineralised and show very little evidence of 

being water-worn or rolled (Savona-Ventura and Misfud, 1989). 

 Layers IV and V correspond to Storch’s (1974) Pitymys melitensis Stage, which is characterised 

by numerous extant European mammal, reptile, amphibian and bird taxa that are now extinct on the 

Maltese archipelago (Savona-Ventura and Mifsud, 1998; and see Table 1.6 for a list of taxa recovered 

from Layers IV and V). This suggests a more balanced assemblage than that of the preceding Gliridae 

Stage associated with Layer VII. The carnivore remains show interesting variation in Layer V: the bear 

mandible is identical in size and shape to that of a brown bear (Cooke, 1893; p. 279); whereas the 

Vulpes remains are described as exhibiting much variation in size but representing a small race of foxes, 

with “weak dentition and slender limbs” (Bate, 1920; p. 210). 

Caton-Thompson (1923) describes the deer remains she recovered from the base of the Red 

Earth Layers (V) as being “highly mineralised and rolled fragments of antlers belonging to a larger 

species” (p. 11). However, she postulates that they must have been dislodged from their original 

position in the lower bone breccia (Layer VII), either by the action of water or by being squeezed out of 

position, given their preservational condition. Similarly, Cooke (1893) describes cervid remains with at 

least two distinct preservational types: some are rolled and too fragmentary for specific determination 

(although he does describes some antler fragments with the characteristic red deer [Cervus elaphus] 

morphology of two insertions for basal tines; see later); while others are relatively more complete, 

“consisting of small deer in all stages of growth, perhaps even from the unborn foetus onwards” (p.281). 

In contrast to the heavily mineralised and rolled fragments of antlers, some of which had partial skull 

attached, Cooke (1893) recorded that all of the antlers associated with the bones of the small sized deer 

were shed specimens. He also notes that these small sized bones show no signs of gnawing or of artificial 

fracture as would be expected if carnivores were present. Cooke’s (1893) descriptions of the strata 

from which these remains were recovered are somewhat confusing, but the present author has 

interpreted the “dry stalagmitic superficial layer” (p.281) as possibly forming part of the Upper Red 

Earth Layer (Layer IV). This interpretation is based on: previous excavators’ descriptions of the sub-

divisions within this stratum; the lack of evidence for the presence of carnivores; plus Cooke’s (1893) 

observation that cervid remains are plentiful in this layer. This hypothesis is further supported by 
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personal examination of Cooke’s specimens for sediment types adhering to bones excavated from, 

according to the labels: “surface breccia”, “red clay” and “bottom layer” (e.g. see images in Chapters 2 

and 3, Materials and Methods sections); and the fact that the rolled, fragmentary remains he described 

were found in separate underlying deposits: some were found together with Hippopotamus bones in the 

same condition (Layer VII?), while others were discovered associated with a bear (Ursus cf. arctos) 

mandible (Layer V).  

  Zammit Maempel (1989a) described the deer bones recovered from the Red Earth deposits as 

exhibiting: “a graduated sequence of sizes [...] suggestive of a local progressive stunting event” (p. 50). 

It is not clear from his description, however, whether all of the different sized deer appeared in the 

same horizon (i.e. the Upper [IV] or Lower [V] Red Earth Layer) as he does not recognise the sub-

dvision between Layers IV and V designated by later workers (Savona-Ventura and Mifsud, 1998), but 

instead refers to a single Cervus Layer which also incorporates the carnivore fossils recorded from the 

Lower Red Earth Layers.  

 Reliable absolute dates for the Red Earth Layers (IV and V) are lacking; nonetheless Zammit 

Maempel (1989a) gives a date for the Cervus Layer (i.e. Layers IV and V combined) as c. 18 000 years 

old (p. 42), but with no indication of the dating techniques used or on what this estimate is based. 

Preliminary findings from our collaborators, using Uranium-series disequilibria dating to determine the 

age of a stalagmitic sheet passing beneath the Lower Red Earth Layer, suggest that the base of the 

deposit could be much older (see later section).  

 

Holocene Layers (I, II and III) 

 

 The most recent fossiliferous deposits in the sequence at Għar Dalam date from the Holocene 

(see later) and are notable for the abundance of domestic animal bones, potsherds and other human 

artefacts, and human remains (e.g. see Ashby et al. 1916; Despott, 1916; 1923); they have been sub-

divided into two layers by Savona-Ventura and Mifsud (1998): an upper Cave Earth Layer (II) and Small 

Stones/Pebble Layer (III) (Tables 1.3-4, and Figure 1.5 a). Domestic animal remains recovered from 

these strata include: Bos taurus, Capra hircus, Ovis aries, Sus scrofa domesticus and Felis cattus (Savona-

Ventura and Mifsud, 1998). In addition, several excavators reported finding deer in these uppermost 

layers in association with the pottery and domestic animal remains. Cooke (1893) recorded finding 

several limb bones and teeth from a deer larger than the small-sized deer he uncovered from the Red 

Earth Layers, while Despott (1923) implied that the fragments of deer bones and antlers he recovered 

from a horizon consisting largely of red earth and stones, probably belong to two distinct species of the 

same genus (p.21). Despott’s (1923) description is somewhat cryptic as the mammalian remains he 
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described from the same layer include: humans, pigs and rats alongside the inorganic remnants of 

human origin, such as a large number of potsherds and some flint and stone implements.  The fact that 

human artefacts and some human remains have also allegedly been recovered from the older Pleistocene 

Red Earth horizon that underlies the Holocene sediments has lead some authors to dispute the 

provenance of deer from the uppermost deposits (Hunt and Schembri, 1999). An alternative scenario is 

that the deer bones were displaced from the lower layers during early human occupation of the cave or 

by previous excavators (see earlier discussion, p. 22-23); indeed, this would also account for the 

occurance of hippopotamus and elephant remains in the Upper Red Earth (Layer IV) deposits (e.g. 

Despott, 1923 and Baldacchino, 1935; Hunt and Schembri, 1998).  

 Savona-Ventura and Mifsud (1998) have identfied three sub-strata within the Upper Red Earth 

Layer (a, b and c; Figure 1.5 a), suggesting that the uppermost subdivison (IVa) marks the beginning of 

the Holocene deposits. Thus, they associated Layers IVa and III with Storch’s (1974) Apodemus sylvaticus 

Stage, and Layers II and I with his Rattus rattus Stage (Savona-Ventura and Mifsud, 1998). To determine 

the approximate age range of the Holocene deposits, Neolithic potsherds were compared with similar 

fragments that had been C14 dated from other sites (Savona-Ventura and Mifsud, 1998); also, changes to 

the pottery style and artefacts through the sequence were examined (e.g. Neolithic pottery was 

somewhat rudimentary: roughly-hewn impressed ware, while Bronze Age pottery used finer materials 

and was more skillfully made and engraved; Ashby et al. 1916; Despott; 1918; 1923). It is thought that 

the lower Apodemus sylvaticus stage dates from an early (Neolithic) phase in Malta’s prehistory up to the 

Bronze Age (c. 7200 to 2700 BP); while the later historic phase of Layers II and I date from the 

Phoenician to Modern times (c. 2700 BP; Hunt and Schembri, 1999; p. 13). The remains of non-

domesticated mammals recovered from the uppermost layers (see Table 1.6) resemble those found 

inhabiting the Maltese archipelago today, suggesting that ecological conditions were likely to have been 

quite similar (Savona-Ventura and Mifsud, 1998). 

 

Historical records of Għar Dalam stratigraphy and fossil samples  

 

As part of the wider project, Dr. Herridge and two volunteer collaborators (Neil Adams and 

Margrethe Johansen) undertook a thorough investigation of all published works, unpublished museum 

reports and archival photography relating to past exacavations of Għar Dalam Cave, to gain an 

understanding of the history of excavation in time (Figure 1.6, top) and space (Figure 1.6, middle and 

bottom), and to help resolve the unknown provenance of museum specimens, and make correlations 

between previously described and newly dated sections. Four excavators have been identified (J.H. 

Cooke, G. Despott, G. Caton Thompson and J.G. Baldacchino), whose excavations yielded the entirety 



	 29	

	

Figure 1.6 Excavation timeline for Għar Dalam Cave. Top: Historical excavations with dates (Photos courtesy of Heritage Malta.  Middle: Plan of Għar Dalam Cave (entrance to left), 
showing our Zones 1 and 2, plus location of historical excavations by Cooke 1892 (light green), Ashby & Despott 1914 (dark purple), Despott & Rizzo 1916, Despott, 1918 (pink), Despott 
1918-20 (brown), Sinclair 1921 (blue), Caton Thompson 1922 (light purple), Caton Thompson 1924 (orange), and Baldacchino 1934-6 (dark green). Middle and Bottom: Longitudinal 
sections of cave, with recorded stratigraphy of Sinclair (1924).  Grey box highlights region of chronological focus for this project (see Figure 1.7). Top: Figure by Neil Adams and 
Margrethe Johansen; middle and bottom: Figures modified from Sinclair (1924). Composite figure kindly provided by Dr V. Herridge. 
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of the Għar Dalam collections in London and Malta. By placing their published sections into the context 

of the existing cave sediments, the first highly localised comparison of cave stratigraphy was constructed 

– which was invaluable given its evident complexity. Where possible, these have been tied to dates and 

newly recorded sections (Figures 1.6-7) and, in doing so, likely redeposition events that were 

previously unrecognised have been identified. 

 

Uranium-series disequilibria dating and stratigraphic interpretation 

 

 As part of the wider project, Dr. David Richards (University of Bristol) in collaboration with 

Dr. Chris Standish (University of Southampton; previously University of Bristol) carried out a 

comprehensive assessment of Għar Dalam Cave to determine the most suitable areas for 

geochronological sampling. In particular, speleothem-associated material was targeted for detailed 

assessment of stratigraphy and Uranium/Thorium (U-Th) dating, especially in relation to fossiliferous 

deposits. Two zones of importance were identified: Zone 1 is the area around a large stalagmite (‘Boss 

1’) that stands 115 ft. (35 m) from the cave entrance; Zone 2 is the area of a second large stalagmite 

(‘Boss 2’) that stands 138 ft. (42 m) from the cave entrance (Figures 1.6 and 1.7). A total of 44 U-Th 

dates were produced, which enabled reconstruction of the history of sedimentation in the 

aforementioned zones (Standish et al., in prep.) 

The basal-most sedimentary layer visible in both sections, the bone breccia (Layer VII) (context 

401 & 301, Figure 1.7 [3]), could be traced from the base of Zone 1, around to the base of Zone 2, 

which is further into the cave and located more centrally. Based on U-Th ages on flowstone coatings 

(providing a minimum age), this layer must be older that 163 ka in Zone 1, while in Zone 2 it must be 

older than 132 ka. This indicates the presence of hippo and elephant on Malta before 163 ka. A higher 

fossiliferous layer, context 303 (Figure 1.7 [2a & 3]), lies directly beneath a large sheet of broken 

flowstone, however U-Th dates on broken stalagmitic inclusions prove that 303 is actually redeposited 

infill, either post-dating or contemporaneous with the breaking of the flowstone sheet. This further 

stresses the need for careful consideration of cave stratigraphy: published stratigraphies assume a simple 

timeline of deposition, and relative ages of faunas inferred from the principle of superposition of strata; 

the current work proves that this is not always the case and existing chronologies may therefore be 

wrong.  

The in situ deer material in the wall, column and at the base of the large stalagmite should be 

older than the overlaying thin flowstone floor growing out of the base of the large stalagmite (dated by 

U-Th to ca. 80 ka). A conservative lower bound for this depositional layer is provided by the 116-112 
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 Figure 1.7 Uranium/Thorium dating of Għar Dalam Cave. (Figure kindly provided by Dr. V. Herridge). (1) Region of chronological interest, showing position of stalagmitic 
bosses in relation to stratigraphical columns. Key as in Figure 1.6. Note differences in height of layers, requiring caution in reconstructing stratigraphy. (2) Position of U-Th samples 
taken in Zone 1, a: view of boss and broken flowstone sheet, looking into cave; b: sediment under flowstone sheet [=303] at the back of zone 1, viewed looking out of the cave. (3) 
Recorded sections: left, under broken flow below ‘Boss 1’, south-facing; right, below ‘Boss 1’, east facing. (4) Recorded sections: left and right, on face of sample wall, west- and 
south-facing, respectively. 
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ka flowstone veneer that underlies the sediment on the cave wall (DLM_16_Uth1; Figure 1.7 [2a]). 

However, this could be narrowed to after 96 ka if it is assumed that continued growth of stalagmitic 

bosses on the surface of the flowstone indicates an absence of overlying sediment at that time. A block 

of conglomerate lying on top of the broken flowstone contained broken stalagmite fragments dated to 

between 83 ka and 80 ka (DLM_12_UTh17); this is consistent with a depositional event c. 80 ka. In situ 

deer material above the broken flowstone sheet therefore dates to between 116 ka and ca. 80 ka 

(possibly 96-80 ka). 

The sediments in the sample wall are no longer in contact with those in Zone 1, but two pieces 

of evidence suggest correlations can be hypothesised between these regions (both of which are rich in 

deer fossils): first, historical photographs show that the stratigraphy of the sample wall continued across 

to the left hand side of the cave (through Zone 1) with minimal height change (Figure 1.6; top); second, 

Sinclair (1924)'s sections show similar stratigraphy between the existing sample wall, and the one that 

once partially encompassed the stalagmitic boss in Zone 1. 

By comparing the layers observed in Zone 1 with published stratigraphies, it can be 

hypothesized that the red earth layers in the Sample Wall were deposited between 116 ka and 10 ka, 

with the lower red earth (including the in situ deer material) most likely between 80-116 ka. 

The age of ex situ fossils from earlier excavations is difficult to determine, but tentative 

stratigraphic correlations suggest that the bulk of the material dates from between ca.116-80 ka. It is 

not excluded that some of the material (e.g. Cooke’s layer E, a clay layer rich in deer), just above the 

cobble layer dated to >167 ka, could be older. Table 1.5 summarises the findings of Standish et al. (in 

prep.) and includes (very) approximate correlations to the stratigraphic layers, including the sub-strata 

defined within the Upper Red Earth Layers (IV a-c; Figure 1.5 a), described by Savona-Ventura and 

Mifsud (1998), plus the associated Marine Isotope Stages (MIS) for each depositional event. The oldest 

layers (V-VII) were likely deposited during the latter part of the Middle Pleistocene and the lower and 

middle sub-strata of the Upper Red Cave Earths (IVb-c) during the Late Pleistocene, while the most 

recent sediments (I-III, IVa) were laid down at some point during the period that includes the very end 

of the Late Pleistocene and the Holocene.  
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Stratigraphic layer 
(Savona-Ventura and 

Mifsud, 1998) 
Description 

U-series disequilibria 
derived deposition dates 
(Standish et al. in prep.) 

Marine Isotope Stage 
(MIS) 

(Railsback et al. 2015) 

IVa, III, II, I 

Domestic Animals/ Pottery 
Layers (I-III) plus Upper 

subdivision of Upper Red 
Earth (IVa) 

After c. 20-15 ka 1 

    

IVb 
Middle subdivision of 

Upper Red Earth 
Between 80.1 ka and 

c. 23/ 20 ka 
5a-2 

    

IVc 
Lowest (oldest) subdivision 

of Upper Red Earth 
Before 80.1 ka 5c-5a 

    

IV Upper red Earth 
After 116.3 ka and/or 

103.8 ka 
5d or later 

    

V Lower Red Earth 
Between 167.3 ka -151.2 

ka 
6c or 6b 

    

VI - VII 
Pebble Layer- Bone 

Breccia 
Before 165.9 ka 6d or older 

 
Table 1.5 Approximate dates derived from U-series disequilibria for the deposition of Għar Dalam stratigraphic 
layers VI-I with associated Marine Isotope Stages (MIS). All data and MIS correlations in Standish et al. (in prep.); 
stratigraphic layers and descriptions from Savona-Ventura and Mifsud (1998). 
 

 

Original description of deer material excavated by Cooke (1892) 

 

In Cooke’s 1893 paper on his excavations at Għar Dalam, there included a report on the cave’s 

fossiliferous contents by Sir Arthur Smith Woodward in which the deer material is described in detail 

for the first time. Based upon the morphology of the antlers and also on the dimensions of some of the 

post-cranial skeletal elements, Woodward determined that there were at least two cervid species 

represented, one of which showed antler characteristics of the adult Cervus elaphus; while the other “may 

be assigned with certainty to the small variety of Cervus elaphus which now lives in Northern Africa, and 

is known as the Barbary Deer (Cervus barbarus of Gray)” (Cooke, 1893, p. 283). In addition, he noted 

that the remains were very small, and some had similar proportions to the common fallow deer 

(“Cervus” [Dama] dama), thus they might be closely allied with the southern European form identified by 

Busk in the Genista Cave of Gibraltar (Busk and Falconer, 1865; Cooke, 1893). However, a 

comparison of limb bones with those from similar sized fallow deer revealed the Maltese specimens to 

be more robust. This finding, together with the observation that among the antler material he had seen 

no evidence of palmation or an expanded crown, led Woodward to conclude that the majority of the 

remains could not be assigned to fallow deer (Cooke, 1893). In subsequent excavations carried out in 
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the early 20th century, the deer material recovered was referred to as “Cervus elaphus v. barbarus” (Ashby, 

Zammit and Despott, 1916, p.19) and, somewhat more ambiguously, as “probably belonging to two 

distinct species of the genus” –with no mention of which genus. (Despott, 1923, p.21 and p. 28).  

Though not widely accepted (Zammit Maempel, 1989a), it is not completely implausible that 

the ancestors of the Maltese deer recolonized from the African continent (e.g. Azzaroli and Guazzone, 

1979); in fact, Sinclair (1924) hypothesized that a sea-level drop of c. 550m would be sufficient to 

expose a ‘Eurafrican’ land bridge. However, the majority of Late Pleistocene-Early Holocene North 

African deposits contain remains of Megaceroides algericus, an extinct species from which C. e. barbarus 

could not have arisen (Hadjouis, 1990, cited in Hajji, et al. 2008). So it is likely that Barbary deer are 

actually descended from late Holocene human introductions (Kowalski and Rzebik-Kowalska 1991, 

cited in Hajji, et al. 2008), and therefore cannot be ancestral to the Maltese populations. Cooke (1893) 

and Ashby, et al.’s (1916) observations indicate that perhaps Malta was a stepping-stone –natural or 

otherwise- for migration to North Africa from Europe. A more probable scenario for the origin of the 

Maltese deer is that their predecessors came from mainland Europe via Italy, through Sicily to become 

isolated on Malta during sea-level highstands. This hypothesis has been supported by numerous studies 

of Sicilian faunas (see Marra, 2013, and references therein for an overview, but also Bonfiglio, 2013, for 

a critique of that paper), as well as by research into the origin of the endemic Corsican red deer (C. e. 

corsicanus) –previously shown to be closely related to the Barbary deer (e.g. Ludt, et al. 2004), but more 

recently confirmed to have even closer ties to the only remaining autochthonous Italian red deer (‘C. e. 

hippelaphus’) from Mesola (Hajji, et al. 2008; Sommer, et al. 2008).  

 

1.5 Fossiliferous sites on Sicily 

 

Sicily is the largest island in the Mediterranean and, with an approximate area of 25 711 km2 

(Regione Sicilia official website, 2017), is around 80 times larger than the island of Malta. It is situated 

to the southwest of the Italian peninsula from which, today, it is separated by only c. 5 km by the 

narrow Straits of Messina (Figure 1.3); although this distance varied during the Pleistocene according to 

fluctuating sea-levels (Antonioli et al. 2006). During the Early Pliocene to the Early Pleistocene Sicily 

was made up of two separate islands: the northern and central regions formed one island, while the 

southeastern part formed the other (Bonfiglio and Insacco, 1992; Antonioli et al. 2006). During the 

Middle and Late Pleistocene, Sicily was recognisable in its present form but was periodically connected 

to Malta due to low sea level stands (Thake, 1985). By the Late Pleistocene, vertebrate colonisers of 

Sicily from mainland Italy would have had to overcome two geographical barriers: the isthmus of 
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Catanzaro between the northern and southern parts of Calabria and Straits of Messina (Bonfiglio et al. 

2002). 

Several sites on Sicily have yielded remains of Quaternary deer (Gliozzi et al. 1993). These 

include material attributed the endemic fallow deer, Dama carburangelensis (De Gregorio, 1925), but 

also substantial samples referable to red deer, Cervus elaphus L, that have been named C. e. siciliae 

(Pohlig, 1893). The principal localities are Puntali (Pohlig, 1893) and Zà Minica (Fabiani, 1934) caves 

in the north west of the island; and Fata Donnavilla (Gliozzi and Malatesta, 1982), and San Teodoro and 

Acquedolci lacustrine deposits (Bonfiglio, 1992) in the northeast (Figure 1.8). According to Gliozzi et 

al. (1993), all the red deer samples are consistent with a single size-category, somewhat smaller than, 

but not ‘dwarfed’, in comparison to mainland red deer. However, Lomolino et al. (2013) calculated the 

body mass of Sicilian red deer to be just less than half the mass of a red deer ancestor (Cervus elaphus). 

This contrasts with the apparent multiple size-categories on Malta, and suggests the interesting 

hypothesis that the Sicilian samples represent a link in the chain of size reduction to Malta, but that 

diversification into a range of size categories, including genuinely dwarfed forms, happened only on 

Malta. This will be explored by a morphometric analysis of available Sicilian samples preserved in 

museum collections, in comparison with the Maltese remains.  

Estimated dates for individual cave sites bearing Sicilian cervid remains are scant, but based on a 

comprehensive assessment of the abundant fossil record on Sicily, approximate dates have been 

Figure 1.8 Location of large mammal bearing fossiliferous deposits across Sicily with key faunal localities 
indicated. Map after Bonfiglio and Burgio (1992; p. 225). 
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suggested for the presence of red (Cervus elaphus siciliae) and fallow (Dama carburangelensis) deer on 

Sicily, by the correlation of vertebrate-bearing deposits with marine deposits (Bonfiglio et al.  2002). 

Bonfiglio et al. (2002) identified five faunal complexes (FC), each of which was characterised by the 

occurrence of a distinct assemblage of vertebrates, for which certain taxa are diagnostic (Table 1.6 see 

next section; Herridge, 2010; Bonfiglio et al. 2002). According to this scheme, Sicilian red and fallow 

deer first appear in the “Elephas mnaidriensis” FC, along with the small hippopotamus Hippopotamus 

pentlandi (Table 1.6). Based on the epimerisation of isoleucine from H. pentlandi molars from San 

Teodoro, Bada et al. (1991) assigned an age of 200 ± 40 ka to this FC; while dating the remains of 

‘Elephas’ (Palaeoloxodon) mnaidriensis collected from a different deposit inside San Teodoro cave, gave an 

approximate age of 450 ± 90 ka (in Bonfiglio, 1992). Conversely, by dating tooth enamel of H. 

pentlandi and ‘E’. (P.) mnaidriensis from the site of Contrada Fusco by Electron Spin Resonance (ESR) 

Rhodes (1996) estimated the age range of this FC to between 146.8 ± 28.7 ka and 88.2 ± 19.5 ka (in 

Bonfiglio et al. 2002). Although, these dates should be treated with caution because the methods used 

are not as reliable as newer radiometric techniques (see Herridge 2010; and Bonfiglio, 2013), plus the 

‘Faunal Complexes’ of Sicily are almost certainly time-transgressive, the deposits containing these 

species are likely to be of broadly late Middle to Late Pleistocene in age (Herridge, 2010 & pers. 

comm). In a more recent study, Bonfiglio et al. (2008) provide a tentative date for the latest occurrence 

of elephants in San Teodoro cave, on the north coast of Sicily (Figure 1.8). Based on Uranium-series 

disequilibrium dating of a flowstone layer between deposits, they suggested that Palaeoloxodon 

mnaidriensis may have been present on Sicily up to 32 ± 4 ka; if corroborated with further investigations 

(as the authors propose), this would represent the latest recorded elephant survival in the western 

Mediterranean islands (Bonfiglio et al. 2008). In another study, Masini et al. (2008) give very 

approximate estimates for all of the Sicilian FCs, based on previously published work in which data 

were derived using a variety of dating techniques (Masini et al. 2008; Appendix p. 75-76, and 

references therein). The estimated dates are included in Table 1.6 to provide a very approximate 

comparison with Malta and, once again, should be treated with caution.  

 

1.6 A synopsis of Maltese and Sicilian Pleistocene vertebrate fauna 

 

 Keeping in mind the aforementioned issues, Table 1.6 presents the five Sicilian faunal 

complexes (FC) described by Bonfiglio et al. (2002) with estimated dates; together with Maltese faunal 

lists of species identified from historic excavations at Għar Dalam, plus associated faunal stages (Storch, 

1970; 1974) and preliminary dates for the deposition of each stratigraphic layer (Standish et al. in 

prep.). It must be noted that the list of Maltese taxa is by no means exhaustive: the present author has 
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compiled it from excavators’ descriptions and summary publications (refer to legend for Table 1.6), 

focusing on relevant comparisons with Sicilian fauna. Therefore, not all of the taxa described for each of 

Storch’s (1970; 1974) faunal stages appear on the list, only those that were historically recorded from 

Għar Dalam in the cited publications. In addition, while the presence of certain taxa is confirmed (e.g. 

Chiroptera; Aves), detailed species lists are not presented here (refer to original publications, and Hunt 

and Schembri, 1999; p. 16, Table 4). A final point to note is that a more recent publication (Marra, 

2013) reviews and critiques the classification of Sicilian assemblages into faunal complexes (FC), 

amends the out-dated nomenclature (e.g. “Elephas” falconeri and  “E.” mnaidriensis are correctly assigned 

to the genus Palaeoloxodon), and provides new site-specific denominations for some of the five faunal 

complexes identified by Bonfiglio et al. (2002) (also see Bonfiglio’s [2013] response to Marra’s [2013] 

review).   

The Late-Pliocene-Early Pleistocene fauna of Sicily’s “Monte Pellegrino” FC is poorly 

diversified, but contains species of small mammals that show differing degrees of endemism, originating 

from distinct geographical regions and different time periods (Bonfiglio, et al. 2002). For example, 

Pellegrina panormensis, (rodent) and possibly Asoriculus burgioi, (shrew) are likely derived from North 

African forms during the Messinian (Late Miocene), as P. panormensis in particular shows strong 

endemism and features typical of the African Ctenodactylids (Masini et al. 2008). Conversely, Hypolagus 

sp.and Pannonictus arzilla derived from relatively more recent species arriving from Europe, and display 

only moderate endemism in terms of size and morphology when compared with mainland ancestral 

forms (Bonfiglio et al. 2002; Marra, 2005). Of the Maltese faunal stages described by Storch (1970; 

1974), none is directly comparable to the extremely impoverished “Monte Pellegrino” FC (Table 1.6). 

The hypothesized dispersal of taxa from northern Africa likely occurred during the Late Miocene, at 

which time Malta was emergent and probably connected to Sicily and other small islands until the Early 

Pliocene; fossils of this age have not been recorded on Malta (Marra, 2013). 

The diagnostic taxon for the succeeding Sicilian FC, Palaeoloxodon falconeri, is highly endemic, 

and is an example of the most extreme form of insular body size change recorded: it dwarfed to 

approximately 1-2 % of the body mass of its European mainland ancestor, Palaeoloxodon antiquus 

(Herridge, 2010; Lomolino et al.  2013). The early Middle Pleistocene FC in which it first appears is 

impoverished and unbalanced, and is described by Bonfiglio et al. (2002) as even poorer in mammalian 

biodiversity than the preceding FC (“Monte Pellegrino”). Among the small mammals are a few relict 

taxa enduring from the previous FC (e.g. the dormice: Leithia sp. and ‘Maltamys’ (Eliomys) gollcheri; 

Table 1.6) and a giant shrew (Crocidura esuae), which is an endemic species of uncertain biogeographic  
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Island	 SICILY	 SICILY	 SICILY	 MALTA	 SICILY	 MALTA	 MALTA	 SICILY	 MALTA	 SICILY	
Faunal	

Complex	or	

Stage	

“Monte	

Pellegrino”	

“Elephas	
falconeri”	

“Elephas	
mnaidriensis”	

Maltamys/	
Gliridae	

“Grotta	San	

Teodoro	

Pianetti”	

Pitymys	melitensis	
“Castello”	

Apodemus	
sylvaticus	/	
Rattus	rattus	

Holocene	
Carnivora	 Cervus	

Stage	(ICS)	

Late	Pliocene-
Early	

Pleistocene	

Early	Middle	
Pleistocene	

Late	Middle	
Pleistocene	–	

Late	Pleistocene	

Late	Middle	
Pleistocene	–	

Late	
Pleistocene	

Late	
Pleistocene	

Late	
Pleistocene	

Late	
Pleistocene	

Late	
Pleistocene	

(‘Late	Glacial’)	

Late	
Pleistocene	-	
Holocene	

Holocene	

GDM	

stratigraphy	
NA	 NA	 NA	

VII	–	VI	

Pebbles	-	Bone	
Breccia		

NA	
V	

Lower	Red	
Earth	

IVc-b	

Upper	Red	
Earth	

NA	

IVa,	III	-	I	

Upper	Red	
Earth	–	Pebbles	
–	Cave	Earth		-	

Boulders	

NA	

*Approximate	

dates	
c.	1.6	ma	 From	c.	900	ka	

a)	200	±	40	ka	or	
b)	146.8	±	28.7	to	
88.2	±	19.5	ka	

Before	165.9	ka	
Between	c.	70	
ka	and	c.	32	ka	

Between	167.3	
ka	and	151.2	ka	

Between	80.1	
and	c.	23/20	ka	

Either	c.	20	ka	
or	c.	14-11	ka	

After	c.	20	–15	
ka	

After	c.	10	ka	

CARNIVORES	 	 (?)	Vulpes	sp.	 Panthera	leo	 	 Vulpes	vulpes	 Vulpes	vulpes	 	 Vulpes	vulpes	 Felis	catus	 Vulpes	vulpes	
	 	 	 Canis	lupus	 	 Canis	lupus	 Canis	lupus	 	 Canis	lupus	 	 Canis	lupus	
	 	 	 Ursus	cf.	arctos	 	 Ursus	cf.	arctos	 Ursus	cf.	arctos	 	 	 	 Felis	silvestres	
	 	 	 Crocuta	crocuta															

cf.	spelaea	
	 Crocuta	crocuta	

cf.	spelaea	
	 	 	 	 Ursus	sp.	

	 Pannonictis	
arzilla	

Nesolutra	
trinacriae	

Nesolutra	
trinacriae	

	 	 	 	 	 	 Mustela	cf.	
nivalis	

	 	 	 	 	 	 	 	 	 	 Martes	sp.	
	 	 	 	 	 	 	 	 	 	 Monachus	

monachus	
	 	 	 	 	 	 	 	 	 	 	

‘LARGE’	

HERBIVORES	

	 “Elephas”	
falconeri	

“Elephas”	
mnaidriensis	

Palaeoloxodon	
mnaidriensis	

“Elephas”	
mnaidriensis	

P.	mnaidriensis	 Bos	sp.	 Sus	scrofa	 Bos	taurus	 Sus	scrofa	

	 	 	 Hippopotamus	
pentlandi	

P.	melitensis	 Sus	scrofa	 H.	pentlandi	 Equus	sp.	 Equus	
hydruntinus	

Capra	hircus	 Bos	primigenius	

	 	 	 Bos	primigenius	
siciliae	

P.	falconeri	 Bos	primigenius	
siciliae	

Cervus	cf.	
elaphus	

Cervus	cf.	
barbarus	

Equus	caballus	 Ovis	aries	 Cervus	sp.	

	 	 	 Bison	priscus	
siciliae	

Hippopotamus	
pentlandi	

Equus	
hydruntinus	

Cervus	cf.	
barbarus	

(?)	Dama	sp.	 	 (?)	Cervus	sp.	 	

	 	 	 Cervus	elaphus	
siciliae	

H.	melitensis	 Cervus	elaphus	
siciliae	

	 	 Cervus	elaphus	 Sus	scrofa	
domesticus	

	

	 	 	 Dama	
carburangelensis	

(?)	Cervus	sp.	 	 	 	 	 Equus	sp.	 	

	 	 	 Sus	scrofa	 (?)	Equus	sp.	 	 	 	 	 	 	
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‘SMALL’	

MAMMALS	

Asoriculus	
burgioi	

Crocidura	esuae	 Erinaceus	
europaeus	

Eliomys	
(Maltamys)	
gollcheri	

Erinaceus	cf.	
europaeus	

Pitymys	
melitensis	

Pitymys	
melitensis	

Erinaceus	
europaeus	

Apodemus	
sylvaticus	

	

Erinaceus	
europaeus	

	 Apodemus	
maximus	

Leithia	cartei	 Crocidura	aff.	
esuae	

Eliomys	
(Maltamys)	

wiendincitensis	

Crocidura	cf.	
sicula	

Crocidura	sp.	 Crocidura	sp.	 Crocidura	cf.	
sicula	

Crocidura	
russula	

	

Crocidura	sp.	

	 Leithia	sp.	 Leithia	
melitensis	

Leithia	cf.	
melitensis	

Crocidura	cf.	
russula	

Apodemus	cf.	
silvaticus	

	 	 Apodemus	sp.	 Rattus	rattus	 Apodemus	sp.	

	 Maltamys	cf.	
gollcheri	

Maltamys	
gollicheri	

Maltamys	cf.	
wiendincitensis	

	 Microtus	
(Terricola)	ex.	

gr.	savii	

	 	 Microtus	
(Terricola)	ex.	

gr.	savii	

Mus	musculus	 Microtus	
(Terricola)	cf.	

savii	
	 Pellegrinia	

panormensis	
	 	 	 	 	 	 Lepus	

europaeus	
Oryctolagus	
cuniculus	

Arvicola	
terrestris	

	 Hypolagus	sp.	 	 	 	 	 	 	 	 	 Mioxus	glis	
	 	 Chiroptera	

(several	
species)	

	 Chiroptera		
(10	species)	

Chiroptera	 Chiroptera		
(5	species)	

Chiroptera		
(5	species)	

Chiroptera	
indet.	

Chiroptera		
(5	species)	

Chiroptera	
indet.	

‘REPTILES”	and	

AMPHIBIA	

Testudo	graeca	 Emys	orbicularis	 Emys	orbicularis	 	 Podarcis	sp.	 Emys	
orbicularis	

Emys	
orbicularis	

	 Testudo	sp.	 Turtle	indet.	

	 	 Testudo	
hermanni	

Testudo	
hermanni	

	 Gekkonidae	 Bufo	bufo	 Bufo	bufo	 	 Discoglossus	
pictus	

Emys	orbicularis	

	 	 Geochelone	sp.	 Lacerta	
siculomelitensis	

	 Testudo	sp.	 	 	 	 Chalcides	
ocellatus	
tiligugu	

Lacerta	viridis	

	 	 Lacerta	
siculomelitensis	

	 	 Anura	 	 	 	 Bufo	viridis	 Bufo	bufo	

	 	 Lacerta	sp.	 	 	 	 	 	 	 	 Bufo	viridis	
	 	 Coluber	cf.	

viridiflavus	
	 	 	 	 	 	 	 	

	 	 Natrix	sp.	 	 	 	 	 	 	 	 	
OTHER	TAXA	 	 Aves:	60+	

species	
Aves:	50+	

species,	incl.	
Cygnus	falconeri	

Aves:	12	
species,	incl.	C.	

falconeri	

Aves:	14	species	 Aves:	3	species	 Aves:	3	species	 Aves:	30+	
species	

Aves:	3	species	 Aves	

	 	 	 	 	 	 	 (?)	Homo	sp.	 (?)	Homo	sp.	 H.	sapiens	 Osteichthyes	
 
Table 1.6 Comparison of Sicilian faunal complexes (FC) (Bonfiglio et al. 2002) and Maltese faunal stages (Storch, 1970; 1974) with representative taxa excavated from Għar Dalam (GDM). All 
Sicilian taxonomic data reproduced from Bonfiglio et al. 2002 (Table 1, p. 31; Table 2, p. 32; and text). *Preliminary dates for “Elephas falconeri” FC given by (a) Bada et al. (1991) and (b) Rhodes, 
(1996), but refer to text for reliability. Estimated dates for remaining Sicilian FCs reproduced from Masini et al. and references therein (2008, Appendix; p. 75-76). Maltese faunal lists compiled from: 
Cooke (1893), Despott (1916; 1918; 1923), Caton-Thompson (1923; 1925), Baldacchino (1934-38), Storch (1970; 1974), Savona-Ventura and Mifsud (1998), and Hunt and Schembri (1999). GDM 
stratigraphy and Pitymys melitensis subdivisions after Savona-Ventura and Mifsud (1998). *Approximate dates for GDM depositional events derived from Uranium-series disequilibria (Standish et al. 
in prep.). Deer genera are highlighted in red (Cervus) and green (Dama). (?) = Uncertain; ICS = International Commission on Stratigraphy. 
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(African or European) affinity (Bonfiglio et al. 2002; and references therein); the other small mammals 

recognised in the earlier “Monte Pellegrino” FC, now appear to be extinct. The presence of only two 

carnivores is recorded, one of which (Vulpes sp.) is considered to be uncertain, whereas the avifauna is 

diverse, and includes five endemic species (Bonfiglio et al. 2002). Like the preceding FC, the 

composition of the “Elephas falconeri” FC suggests a polyphasic origin, with dispersal from the mainland 

occurring through a strong filtering barrier; this is supported by biogeographic evidence. (Bonfiglio et 

al. 2002; Marra 2005; 2013). According to Bonfiglio et al. (2002) such a barrier was comprised of 

extremely geographically isolated small islands with intermittent and challenging connections with the 

mainland, as is evidenced by the palaeogeography of Sicily and Southern Italy (Calabria) at that time, 

which consisted of a series of small islands (Figure 1.9 image A, reproduced from Bonfiglio et al. 2002; 

p. 33, Figure 2A). Even though all of the endemics from this Sicilian FC have been recorded in Malta 

(Bonfiglio et al. 2002), none of Storch’s (1970; 1974) faunal stages are so profoundly impoverished, 

particularly in terms of the large herbivores. Historic records suggest that the occurrence Palaeoloxodon 

falconeri in Malta may be associated with two other elephant species, plus hippopotamus as well as 

possible deer and a small horse (Table 1.6, Maltamys/Gliridae stage). This diversity of large herbivores 

is similar, but not identical, to the subsequent Sicilian FC: “Elephas mnaidriensis”.  

On Sicily, during the late Middle Pleistocene to Late Pleistocene, there was a major renewal of 

the large-bodied mammalian fauna, illustrated by the composition of the next FC, “Elephas mnaidriensis”, 

which is relatively more balanced than the preceding FC, and includes large social predators (e.g. 

Panthera leo, Crocuta crocuta cf. spelaea and Canis lupus) as well as a variety of large herbivores (Table 1.6; 

Bonfiglio et al. 2002; Ferretti, 2008). Bonfiglio et al. (2002) suggest that the endemic large herbivores 

demonstrate only moderate body size reduction when compared with their mainland ancestral forms. 

For example, Lomolino et al. (2013) calculated that Hippopotamus pentlandi is reduced to approximately 

three quarters of the body mass of its ancestor H. amphibius. On the other hand, as previously noted, 

they also demonstrate that Sicilian red deer (Cervus elaphus siciliae) were reduced to just under half of the 

body mass of the red deer (C. elaphus) mainland progenitor (Lomolino et al. 2013). Two Sicilian 

endemic deer taxa (C. e. siciliae and Dama carburangelensis) are first recognised from the “E. mnaidriensis” 

FC: the fallow deer (D. carburangelensis) is thought to derive from the Late Middle Pleistocene D. dama 

tiberina that was recorded throughout central and southern Italy at that time (Abbazzi et al. 2001; 

Bonfiglio et al. 2002); while the red deer subspecies (C. e. siciliae) is a descendent of continental red deer 

(C. elaphus); according to Caloi et al. (1986), of the Middle Pleistocene subspecies C. e. acoronatus. The 

“E. mnaidriensis” FC is also characterised by an unusually low relative diversity of small mammal taxa 

(Table 1.6), generally comprising survivors from the preceding FC (e.g. Crocidura esuae, Leithia melitensis 

and ‘Maltamys’ (Eliomys) sp.; although the latter taxon is represented by different species in each FC 
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(Bonfiglio et al. 2002). Overall, the “E. mnaidriensis” FC is quite similar to, but still impoverished in 

comparison with, the assemblages found on the mainland of southern Italy at that time; this suggests 

that Sicily was a large single island, with plentiful resources and a well developed trophic-chain 

(Bonfiglio et al. 2002; Marra 2005). It is likely that larger bodied mammals reached the island of Sicily 

from the Italian peninsula through a filtering barrier that may have prevented smaller mammals from 

dispersing, such as a partially emerged sea floor or swampy lagoon system (Bonfiglio et al. 2002).  

On Malta, taxa from the “E. mnaidriensis” FC have been identified in two of Storch’s (1970; 

1974) faunal stages: the ‘Maltamys’/ Gliridae Stage (hereafter referred to as the ‘Gliridae Stage’ for 

simplicity) and the Pitymys melitensis Stage (Table 1.6). The earliest Maltese stage (Gliridae) is 

unbalanced in terms of a notable lack of carnivores, contrasting with the abundance of large herbivores 

identified. The small mammal taxa resemble those of Sicilian “E. mnaidriensis” FC, except for the absence 

of one of the giant dormouse genera, Leithia sp. (NB. This is based on the reassessment of Leithia cartei 

being present in Malta’s oldest faunal stage, see previous discussion; Storch, 1974, and Savona-Ventura 

and Mifsud, 1998). Eliomys sp. show moderately endemic features (e.g. they are larger in size than 

European ancestral forms, but not as large as Leithia melitensis; Petruso, 2004; Lomolino et al. 2013), 

however they differ in degrees: Eliomys wiedincitensis is approximately the same size as L. cartei  

(identified from the Sicilian “Elephas falconeri” FC), but larger than its sister taxon Eliomys gollcheri 

(Petruso, 2004). Similarly, some of the large herbivores recognised from the Maltese Gliridae Stage 

exhibit differing degrees of body size reduction relative to their mainland ancestors: according to 

Savona-Ventura and Mifsud (1998; and references therein), the genus Palaeoloxodon is represented by 

one medium-sized (P. mnaidriensis) and two small-sized (P. melitensis and P. falconeri) species, P. falconeri 

being considerably smaller than P. melitensis (but refer to Herridge, 2010, for taxonomic discussion); 

while the Hippopotamus genus includes the medium-sized H. pentlandi and small-sized H. melitensis (Table 

1.6; Lomolino et al. 2013). The presence of Equus sp. and Cervus sp. is uncertain during Malta’s Gliridae 

Stage; equids do not appear in Sicily until the subsequent FC (“Grotto San Teodoro/Pianetti”) but in 

Malta they may be represented by a single small size-class during the Gliridae Stage. There is scant 

information about the size of the deer, if present, on Malta at this time other than the remains may 

belong to a ‘larger’ species than those recovered from overlying sediments (but see earlier discussion). 

One other similarity between the fauna from Sicily’s “E. mnaidriensis” FC and Malta’s Gliridae Stage can 

be seen in the Avifauna: presence of the endemic giant swan Cygnus falconeri has been recorded for both 

(Table 1.6; Hunt and Schembri, 1999; Bonfiglio et al. 2002).  

Certain taxa that appear in Malta during the Late Pleistocene Pitymys melitensis Stage (Storch, 

1974) have also been identified in Sicily’s “E. mnaidriensis” FC. The Maltese stage of Storch (1974) was 

divided by Savona-Ventura and Mifsud (1998) into two sub-stages, Carnivora and Cervus, to reflect the 
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presence of carnivores in the former, and abundant remains of deer in the latter. Separately, both are 

impoverished relative to the Sicilian “E. mnaidriensis” FC, as well as to the preceding Maltese Gliridae 

Stage; however on Malta, the composition of the Carnivora sub-stage is more balanced than both the 

Cervus sub-stage and the Gliridae Stage in terms of having representative taxa from all trophic levels 

(Table 1.6). The carnivores described in Malta consist of a small-sized fox (Vulpes vulpes), plus a wolf 

(Canis lupus) and probable brown bear (Ursus cf. arctos) that do not appear to be reduced in body size in 

comparison to mainland forms (see previous discussion). The fox is not found in the Sicilian “E. 

mnaidriensis” FC, but appears later in the “Grotta San Teodoro-Pianetti” FC, after which it is present 

throughout the Quaternary on Sicily. Among the large herbivores in the Carnivora sub-stage, only the 

medium-sized hippopotamus and elephant species (H. pentlandi and P. mnaidriensis) have survived from 

the preceding Maltese stage, and possibly two distinct size-classes of deer have been recognised. 

Whereas in the later Cervus sub-stage, the hippopotamus and elephant are extinct and perhaps two 

distinct genera of deer are now present, one of which (named “Cervus elaphus cf. barbarus” by Cooke, 

1893) may endure from the previous sub-stage (Table 1.6). Even though the presence of Dama sp. from 

Għar Dalam is uncertain (e.g. Cooke, 1893), it was recorded from limestone fissure fills on Malta by 

Leith-Adams (1875). In addition, Bonfiglio (2013) mentions that Dama carburangelensis remains have 

been recovered from Sicilian cave deposits that are relatively young, dating to after MIS 5e (see Figure 

1.10), which would correlate with their potential discovery on Malta from the younger Cervus Stage 

only (Table 1.6). Two new large herbivore genera are also recorded in the Maltese Cervus sub-stage, Bos 

sp. and Equus sp.; neither of which is present in the preceding Maltese Carnivora sub-stage nor the earlier 

Gliridae Stage, only one of which (Bos primigenius siciliae) was identified in the Sicilian “E. mnaidriensis” 

FC, and both of which (B. primigenius siciliae and Equus hydruntinus) are present in the later “San 

Teodoro-Pianetti” FC. The small mammal taxa on Malta have been described from the Pitymys melitensis 

Stage together (i.e. Carnivora and Cervus sub-stages combined) and consist of a pine vole (Hunt and 

Schembri, 1999), for which Storch (1974) renamed the stage and which has not been recorded in any 

Sicilian FC; plus a shrew (Crocidura sp.) whose genus has been recorded in all Maltese faunal stages and 

all but the earliest (“Monte Pellegrino”) Sicilian FC (Table 1.6). According to Hunt and Schembri 

(1999) all Quaternary records of the shrew in Malta most likely refer to the Sicilian endemic Crocidura 

esuae, (now considered to be a subspecies, C. sicula esuae; see Vogel et. al.  1989), based on Vogel et al. 

(1989) and Hutterer’s (1991) taxonomic synthesis of various Siculo-Maltese populations. The diversity 

of small mammals on Malta during this stage is relatively low in comparison to the preceding Gliridae 

Stage, and more impoverished than both the “E. mnaidriensis” and “San Teodoro-Pianetti” FCs on Sicily.  

As mentioned above, much of the fauna reported from the Maltese Pitymys melitensis stage is 

present in the Late Pleistocene Sicilian “Grotta San Teodoro-Pianetti” FC. This Sicilian FC is 
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characterised by the extinction of certain endemic taxa, such as: Hippopotamus pentlandi, Dama 

carburangelensis, Leithia cf. melitensis and ‘Maltamys’ (Eliomys) wiedincitensis; the persistence of others from 

the preceding FC (e.g. Palaeoloxodon mnaidriensis, Bos primigenius siciliae, Cervus elaphus siciliae and 

Crocidura cf. sicula), and the arrival of certain non-endemic taxa from the mainland – species that are still 

present on Sicily today- including: Erinaceus cf. europeaus, Apodemus cf sylvaticus, Microtus (Terricola) (Table 

1.6; Bonfiglio et al. 2002). All of the endemic mammals that survived from the “E. mnaidriensis” FC have 

been described as showing only moderate body size change in comparison to ancestral forms; except for 

the deer which, as discussed, Lomolino et al. 2013 calculated to exhibit more extreme size reduction 

than earlier workers had estimated. Interestingly, Lomolino et al. (2013) also calculated a body size 

index of 0.27 for the Maltese deer (“Cervus elaphus”), in comparison to a C. elaphus ancestor; this is much 

smaller than the index calculated for C. e. siciliae (0.45, Table 1; p. 1430). However, the Maltese 

specimens used for their body mass reduction estimates came from the Natural History Museum, 

London (NHM; Lomolino et al. 2013; Supplementary Information) which, the present author knows 

having measured the same specimens for this study, are of unknown stratigraphic provenance. The 

hypothesis that a fully exposed land-bridge connecting Sicily to the mainland, generated by sea-level 

lowstand, was proposed based on evidence derived from the composition of the “San Teodoro-Pianetti” 

FC, such as: the ability for small mammal taxa, such as the fossorial vole (Microtus (Terricola) ex. 

gr.savii), to reach Sicily from the Italian peninsula, as well as for large mammals preferring open habitats 

(e.g. Equus hydruntinus) to disperse; and the arrival of smaller terrestrial predators (e.g. Vulpes vulpes), 

which may also have contributed to the extinction of the endemic small mammals on Sicily (Bonfiglio et 

al. 2002; Masini et al.  2008). 

The final vertebrate assemblage to occur in the Late Pleistocene of Sicily, “Castello” FC, is very 

similar to that found on the Italian peninsula at that time but less diversified (Bonfiglio et al. 2002). The 

endemic large herbivores from the preceding FC are now extinct (P. mnaidriensis, B. p. siciliae and C. e. 

siciliae) and have been replaced by new, larger mainland forms (C. elaphus and Equus ‘caballus’ [ferus]; 

Table 1.6). The continental type of fauna that characterizes this FC, plus a greater abundance of small 

mammals and the arrival of humans, indicates that the dispersal route between Sicily and the mainland 

may have become less difficult than earlier in the Pleistocene (Bonfiglio et al. 2002).  However, the 

lower diversity of large herbivores in comparison to the previous FC (“San Teodoro-Pianetti”) may 

reflect either taphonomic or sampling biases, or the reduced biodiversity of the southern-most part of 

western Italy during the Last Glacial (Bonfiglio et al. 2002; Palombo, 2009). 

On Malta, the two most recent faunal stages described by Storch (1970; 1974), the older 

Apodemus sylvaticus Stage and younger Rattus rattus Stage, include very Late Pleistocene to Holocene 

assemblages; these are presented together in Table 1.6. Domesticated animals dominate the large 
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mammal taxa, a result of the arrival of Neolithic and later human populations, and endemics such as 

“Cervus cf. barbarus” are now extinct, possibly having been replaced by larger continental forms that 

dispersed naturally from the mainland via Sicily, or were anthropogenically introduced (Savona-Ventura 

and Mifsud, 1998). Although the presence of deer in the uppermost layers at Għar Dalam is still 

contentious, it has been noted that deer remains recovered from these deposits strongly resemble those 

excavated from Maltese Neolithic tombs (Pike, 1971; in Savona-Ventura and Mifsud, 1998), and are 

much larger than the remains recovered from lower deposits (Cooke, 1893). The presence of man is 

documented throughout both faunal stages by the abundance of pottery sherds, tools and other 

artefacts, but differences in their quality and style demonstrate that multiple colonization events 

occurred during this period.  

 

1.6.1 Summary and hypothesized dispersal to Malta 

 

The synopsis above provides a general comparison of Maltese and Sicilian vertebrate fauna 

during the periods relevant to the present study, with the aim of better understanding the biogeographic 

implications of the resultant faunal assemblages on Sicily and how this may have affected dispersal to 

Malta. The repeated cycles of extinctions and renewals that characterise each successive Sicilian FC, 

results in an overall change in the composition of the assemblages through time, the general trend being 

towards fewer endemic, more continental-like species, moving forwards in time through the 

Pleistocene. The changing composition of the Sicilian FCs also reflect the different types of barriers 

(e.g. archipelagos, lagoons, partial land bridge) that may have prevented or allowed dispersal from the 

mainland at various points in time, as well as the differential dispersal abilities of each taxon.  Differing 

degrees of endemism recorded within the same FC or stage between Sicilian and Maltese taxa, may 

indicate differences in the length of time of isolation for one or both islands. For example, deer 

ancestors dispersing from the Italian peninsula during the late Middle Pleistocene may have been 

isolated for varying lengths of time on one or more of several palaeo-islands that made up Calabria and 

Sicily (e.g. see Figure 1.9 A), before eventually making it to Malta, where again they may have been 

isolated from the source of the founding population (i.e. Sicily). During this time different populations 

would likely experience different ecological conditions leading to differing degrees of body size 

reduction. Such a process may explain the multiple size classes of elephant and hippopotamus species 

described from Malta’s Gliridae Stage, or of deer in the Pitymys melitensis Stage (Table 1.6).  

The hypothesis of multiple dispersals from mainland Europe via Sicily to Malta is supported by 

the taxonomic and biogeographic evidence outlined in the previous section, however the timing of these 

dispersals is still relatively uncertain. In a single figure, Marra (2013; p. 134, Figure 9; but see original
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Figure 1.9 Summary of Sicilian colonisation events during the Pleistocene, showing the relationship between δ18 
oxygen isotope record, geochronology, Sicilian faunal 

complexes and palaeogeographic events. Figure reproduced from Marra (2013, p. 134; Figure 9; but refer to original figure in Bonfiglio et al. 2000, p. 173; Figure 2). 
Palaeogeographic maps of Sicily reproduced from Bonfiglio et al. (2002, p. 33; Figure 2). Green dashed lines denote approximate dates derived from U-series disequilibria for 
the deposition of Għar Dalam stratigraphic layers VI-VII, V, IV c and IV b (Standish et al. in prep.); black upward arrows denote that layers were deposited at some point before 
the time indicated by the green dashed lines (Refer to Tables 1.5-6 for dates). Lines and arrows added by the author.  
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 figure by Bonfiglio et al. 2000; p. 173, Figure 2), correlated the Sicilian FCs with important ‘bioevents’ 

(e.g. extinctions, renewals) and Marine Isotope Stages (MIS), described the degrees of endemism for 

each faunal complex, and summarised their hypothesized routes and modes of dispersal. This has been 

reproduced here (Figure 1.9) with some modifications: the original names of the FCs described by 

Bonfiglio et al. (2002) have been inserted, palaeogeographic maps of Sicily and southern Calabria have 

been added (Bonfiglio et al. 2002; p. 33, Figure 2), and the preliminary dates (Standish et al. in prep.) 

for the deposition of Pleistocene fossiliferous layers, relating to Storch’s (1970, 1974) have been 

superimposed (upward arrows indicate that the respective layers were deposited at some time before 

the time indicated by the green dashed lines; refer to Tables 1.5-6). During the Pleistocene, two 

extinctions and two or three dispersal events from mainland Europe have been hypothesised (Bonfiglio 

et al. 2000; Marra, 2013).  

 

1.7 Chronostratigraphy and terminology  

 

 In Figure 1.10, the chronostratigraphic chart for the Quaternary is partially reproduced to 

include Marine Isotope Stages (MIS), names for British stages and approximate dates for MIS 

boundaries. Certain historical datasets examined in the present study (e.g. Lister’s 1979 thesis data), are 

referred to by British Stage names (e.g. Hoxnian, Ipswichian), which have since been subdivided into 

separate interglacials (refer to Figure 1.10 and Table 3.3.3, Materials and Methods, Chapter 3). In 

addition, historic and prehistoric Holocene time periods in Malta are given, the dates for which have 

already been discussed in Section 1.4.2). Dates for the early Mesolithic site of Star Carr, from which 

comparative deer material is analysed, come from the Star Carr Archaeology Project.  

 

 

  



2.588	Ma	

0.781	Ma	

0.126	Ma	

0.117	Ma	 c.	37	–	29	ka	(MIS	3)		
c.	130	–	123	ka	(MIS	5e)		

c.	240	-	191	ka	(MIS	7)		

c.	337	-	300	ka	(MIS	9)		

c.	424	-	374	ka	(MIS	11)		

c.	700	-	500	ka	(MIS	17-13)		

  HOLOCENE 
 
Bronze	Age	/	Phonoecian	(e.g.	Għar	Dalam,	Malta):																	

c.	2.7	ka 
	Neolithic	(e.g.	Għar	Dalam,	Malta):								c.	7.2-2.7	ka	
	Early	Mesolithic	(e.g.	Star	Carr,	UK):               c.	9	ka	
 

Figure 1 .10 Chronos t ra t i g raphy and 
terminology for the Pleistocene and Holocene. 
Chroronostratigraphic chart with Marine Isotope 
curve, boundary dates and British stages 
modified from Global Chronostratigraphic table 
for the last 2.7 million years (International 
Commission on Stratigraphy). 
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1.8 Museum collections studied 

 

 Table 1.7 lists the museums where faunal remains of deer have been studied, and the 

abbreviations that are used throughout the thesis. Museum information for specimens included from 

published sources is given in the cited literature as indicated (Materials and Methods, Chapters 2 and 3). 

 

Collection Location Abbreviation Site Species 
Għar Dalam Cave and 

Museum 
Birżebbuġa, 

Malta 
GDM Għar Dalam Cave "Maltese" 

National Museum of Natural 
History 

Mdina, Malta MM Għar Dalam Cave "Maltese" 

Natural Histury Museum London, UK NHMUK Għar Dalam Cave "Maltese" 
National Museum of 

Scotland 
Edinburgh, UK NMSZ Għar Dalam Cave "Maltese" 

Museo della Fauna 
University of 

Messina, Sicily 
MdF 

Grotta di San 
Teodoro 

Cervus elaphus 
siciliae 

   
Acquedolci 
Lacustrine 
Deposits 

C. e. siciliae 

Museo di Paleontologia e 
Geologia Gaetano Giorgio 

Gemmellaro 

Palermo, Sicily GGG Grotta dei Puntali C. e. siciliae 

  
Grotta di San 

Teodoro 
"Praemegaceros 

carburangelensis" 

   
Grotta della 

Cannita 
Dama 

carburangelensis 
Museo Civico di Storia 

Naturale 
Comiso, Sicily MCSN 

Cotrada Cimilla' di 
Ragusa 

D. carburangelensis 

   Pianetti C. e. siciliae 

 
Table 1.7 Museums where faunal remains of deer were studied. Abbreviations were designated for the present 
study and do not necessarily correspond to official acronyms. 
 

 

1.9 Structure of thesis 

 

Chapter 2. Size and shape variation in an endemic radiation: fossil deer on Malta compared to 

Sicily and the mainland 

  

This chapter presents the metric and morphological character analyses of bones and teeth to 

establish the number of size groups (putative species) present on Malta and their likely taxonomic 

identity.  The magnitude of linear and body mass size differences of the taxa identified are quantified, 

and changes in shape and proportion assessed and described. By the inclusion of data from juvenile 

bones, insights into ontogenetic shape change are obtained, in particular the manner by which growth 

has been modified to bring about any observed changes in size and form. Similarities and differences 

among Maltese groups in the relative size and morphology of teeth and skeletal elements are examined 



 49 

and compared with those of Sicilian red and fallow deer plus Late Pleistocene Italian mainland red deer 

(likely progenitors). 

 

Chapter 3. Weird and wonderful: antler variation and growth in a radiation of endemic island 

deer    

 

 In Chapter 3, the impressive variation in Maltese antler size and form is described and 

measured, and potential size groups and morphotypes are identified by way of a detailed morphometric 

analysis of primarily ex situ fossil specimens. This allowed investigation into whether the Maltese antler 

morphology is consistent with having derived from red deer, and additionally whether it supports the 

division into more than one size class. This was achieved by comparisons with Sicilian red deer plus 

British Pleistocene, Holocene and Recent red deer populations.  

 

Chapter 4: Synthesis 

   

This chapter summarises the results from the previous two chapters and discusses their broader 

implications, highlighting the links between the findings from bones, teeth and antlers, as well as 

contextualising them within the remit of the wider investigation, with particular focus on the pattern of 

evolutionary change. The findings from a small but highly informative sample of in situ fossils are 

examined in light of new dating information from Għar Dalam as part of the wider project. Theories on 

the chronology and contemporaneity for different sized Maltese taxa, and their relation to Sicilian red 

deer in time and space, are suggested and discussed. Finally, proposals for the direction of future 

research are given. 
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CHAPTER 2. Size and shape variation in an endemic radiation: fossil deer on 

Malta compared to Sicily and the mainland 

 

2.1 Introduction 

 

This chapter provides detailed metric and qualitative morphological analysis of deer bones and 

teeth from Għar Dalam in comparison with fossil remains from of Sicily and mainland Italy. The 

material studied and measurement methods are first described.  For Għar Dalam this includes both the 

large ex situ collection from earlier excavations, and a small but important sample collected in situ in the 

cave during the present project.  Juvenile remains have been included as well as those of adults, to 

address the third hypothesis in particular.  Data on deer from Sicily were collected directly in the 

present project, with the addition of some published measurements. Published data was also utilised for 

Pleistocene red deer from mainland Italy. The most important comparative material comprises large 

samples of modern UK red and fallow deer of known sex, age and body weight at death, from the 

collection of Norma and Donald Chapman and now housed at the National Museum of Scotland in 

Edinburgh. Other comparative material is from British Pleistocene and Holocene samples of red deer.  

Statistical methods will be described at relevant points within the Results section. The modern 

comparative samples have been taken as standards against which to assess whether multiple taxonomic 

entities are likely within the Maltese assemblage, using equiprobability ellipses and comparing 

coefficients of variation. Cluster analysis of the Għar Dalam sample in isolation was also explored. 

Extensive use was made of bivariate plots, fitting lines of best fit to adult data to explore static 

allometric differences among taxa, and to juvenile scatters to compare with those of adults and to 

interpret ontogenetic change. These analyses were performed on log-transformed data because, firstly, 

this allows direct comparison of the proportional size difference between groups irrespective of their 

absolute sizes; and secondly, the slopes of the bivariate lines of best fit are directly interpretable as 

allometric or isometric growth rates (Warton et al. 2006).  Intercepts provide evidence of ‘grade shifts’ 

between growth trajectories, and both parameters were tested for significance using Analysis of 

Covariance (ANCOVA). All graphing and statistical testing was done in the R package (R Core Team, 

2013). 

Finally, the taxonomic identity of the deer was investigated by scoring an array of qualitative 

characters previously established for separating bones and teeth of red deer (Cervus elaphus), fallow deer 

(Dama dama) and giant deer (Megaloceros giganteus) (Lister, 1996; Lister, et al. 2005).  
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2.2 Questions and hypotheses 

 

Four main questions and hypotheses will be addressed: 

 

1. How many different size groups are there on Malta? 

• H0: A single size class is present on Malta 

• H1: Several distinct size classes are present on Malta 

 

2. Do the groups differ from one another in form as well as size? 

• H0: Different groups do not differ from one another in form, for example in limb bone proportions 

• H1: Different groups do differ from one another in form, for example in limb bone proportions  

 

3. In what manner have changes in size and shape come about by modification of 

growth? 

• H0: All species have the same growth rate/trajectory, truncated at different times  

• H1: Species have evolved different growth rates/trajectories 

 

4. What is the taxonomic identity of the Maltese deer? 

• H0: All the Maltese fossil deer derive from a red deer (Cervus elaphus) ancestor  

• H1: The Maltese fossil deer derive from other deer species than red deer, possibly from more than one species. 
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2.3 Materials and Methods 

 

2.3.1 Adult postcranial material 

 

Postcranial material examined in the present study includes long bones of the cervid forelimb 

(humerus, radius and metacarpus), and hindlimb (femur, tibia and metatarsus), plus one tarsal (ankle) 

bone (astragalus) (Figure 2.3.1). The ulna (partially fused to the radius [forelimb]) and fibula (fused to 

the tibia [hindlimb]) are non weight-bearing bones that are rarely preserved intact in fossil collections 

owing to the extreme slenderness of their respective diaphyses, thus both were excluded from analyses.  

In addition to the Maltese sample, data were collated from several sources for both fossil and Recent 

taxa: measurements for Late Pleistocene Cervus elaphus from the Italian mainland and Middle Pleistocene 

European C. e. acoronatus are taken from Di Stefano et al. (2015); data from Gliozzi et al. (1993) were 

added to my own measurements to augment the Sicilian red deer (C. e. siciliae) sample; while the British 

Holocene C. elaphus and Recent British fallow deer (Dama dama) datasets were kindly provided by Lister 

(1978-79; 1981, PhD Thesis; Tables 2.3.1 and A1 [Appendix]).  

Figure 2.3.1 Relative positions of the long bones in the cervid fore- and hindlimb plus one tarsal bone. 
Forelimb: a – Humerus and b – Radio-ulna (right, lateral view), c – Metacarpus (right, dorsal view); Hindlimb: d 
– Femur and e – Tibia (left, medial view), f – Metatarsus (left, dorsal view), plus g – astragalus (left, anterior 
view). All bones are from the articulated skeleton of a female red deer (Cervus elaphus) (NHMUK Palaeontology 
Reference Collection, no number) Illustration of male red deer skeleton reproduced from Lydekker c. 1901, The 
New Natural History vol. II; p. 926). Not to scale. 
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In situ Maltese long bones 

  

Ten of the 511 Maltese postcranial elements were long bones measured in situ in Għar Dalam 

Cave; a further six were recovered from the sediment by Lister in 2012, after precisely recording their 

in situ positions (Table 2.3.2 and Figures 2.3.2-8).  All four fossils in the stratigraphic wall, are located 

within the region defined as the ‘deer layer’, visible in Figure 2.3.2 a as a darker band of red earth 

beginning approximately halfway down the wall (refer to Chapter 1 for more accurate details of the 

stratigraphic boundaries and definitions). The proximal metacarpus (LCD14_RW2) and distal femur 

(LCD14_RW3; Figure 2.3.2 b) are in a shallow recess (c. 10.0 cm below a partial cervid mandible 

containing a likely lower 4th premolar; specimen LCD14_RW1, detailed in section 2.3.4), situated at 

the junction between the stratigraphic and cave walls, c. 100.0 cm above the large cobbles of the pebble 

layer. The proximal tibia (LCD16_RW8; Figure 2.3.2 d) and distal humerus (LCD14_RW4; Figure 

2.3.2 c) are embedded c. 40.0-50.0 cm below these specimens; the tibia is situated quite centrally 

within the wall approximately 10.0 cm above the humerus, which is closer to the stone steps leading to 

the public walkway, c. 30.0 cm above the pebble layer (Figure 2.3.2 a). 

Of the four measurable long bones in the sediment column, the distal tibia (LCD14_RC3) is 

the only one embedded within the column’s southern face (facing towards the cave entrance), c. 25.0 

cm above the uppermost cobbles in the ‘pebble layer’ and just over 50.0 cm above the cave floor  

LOCALITY AGE SPECIES Hum. Rad. MC Fem. Tib. MT Astr. 
Sample 
TOTAL  

Malta LP "Maltese" 28 56 71 45 44 67 200 511 

Sicily LP Cervus elaphus 
siciliae 

40 24 24 6 28 33 38 193 

Sicily LP Dama 
carburangelensis 

- - 154 - - 63 - 217 

Italy LP Cervus elaphus - 33 48 - 32 28 49 190 

Germany MP C. e. acoronatus - 13 30 - 13 46 27 129 
UK H C. elaphus 41 71 83 16 58 82 41 392 

Eurasia & N. 
Africa 

R C. elaphus ssp.* 17 6 6 6 6 6 - 47 

UK R C. elaphus - - 60 - - 60 - 120 
UK R Dama dama 8 9 60 15 7 60 6 165 

Unknown R D. dama 5 5 21 5 4 13 - 53 

  Element TOTAL 131 208 557 93 192 458 355  

 
Table 2.3.1 Number of postcranial elements included in the present study. Summary of data collated from 
different sources for comparative analyses with the Maltese sample. Details of the relevant literature are 
presented in Table A3.2.1 (Appendix). *Subspecies information for ‘Cervus elaphus ssp.’ is given in Table A3.2.2 
(Appendix). Abbreviations are as follows: LP = Late Pleistocene, MP = Middle Pleistocene, H = Holocene, R = 
Recent, Hum. = Humerus, Rad. = Radius, MC = Metacarpus, Fem. = Femur, Tib. = Tibia, MT = Metatarsus, and 
Astr. = Astragalus. 
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In situ location in Għar 
Dalam Cave 

Specimen 
number 

Bone Preservation 
type1 

Available 
measurements2 

Stratigraphic Wall: “Deer 
Layer” 

LCD14_RW2 METACARPUS 
(right, proximal) 

Medium c) Proximal Width 
d) Proximal Depth 

 LCD14_RW3 FEMUR (distal) Medium f) Distal Depth3 
 LCD14_RW4 HUMERUS (left, 

distal) 
Light-
Medium 

c) Distal Width 

 LCD16_RW8 TIBIA (right, 
proximal) 

Light-
Medium 

c) Proximal Width 

Sediment Column: “Deer 
Layer” 

LCD14_RC3 TIBIA (right, distal) Medium d) Distal Width 
e) Distal Depth 

 LCD14_RC6 RADIUS (left, 
proximal) 

Medium-
Dark 

c) Proximal Width 
d) Proximal Depth 

 LCD14_RC7 TIBIA (right, 
proximal) 

Medium c) Proximal Width 

Sediment Column:  
Base below cobbles in 
pocket of red clay 

LCD14_RC9 METATARSUS 
(fragments) 

 
 

d) Proximal Depth 
 

Section 3:  
Underneath sloping 
stalagmitic sheet beneath 
‘Stal. 1” adjacent to ‘Green 
Wire’ Section 

LCD16_SSH1 TIBIA (distal) Dark c) Distal Width 
d) Distal Depth 

 
 

LCD16_SSH4 FEMUR (distal) Medium-
Dark 

e) Distal Width 

     
In situ specimens recovered by Lister in 2012 & 2014 (now in storage at GDM) 
 
Section C: Base of “Stal. 1” 
between stalagmitic sheet 
and public walkway 

AL/C/2014/2 RADIUS (right, 
proximal) 

Medium-
Dark 

c) Proximal Width 
d) Proximal Depth 

 AL/C/4 HUMERUS (right, 
distal) 

Light-
Medium 

d) Diameter of distal 
condyle 
f) Distal Depth 
 

 AL/C/10 METATARSUS 
(right, proximal) 

Medium 
 

b) Diaphysis Width 
c) Proximal Width 
d) Proximal Depth 

Section A: “Found in situ 
above Stal. on far side” 
(Section 3, as above) 

AL/A/3 METATARSUS 
(right, distal) 

Dark b) Diaphysis Width 
c) Distal Width 
d) Distal Depth 

Section B: “Found in situ 
10 cm below Stal.” Far side 
of Stal. Sheet (Section 3, as 
above) 

AL/B/X3 METATARSUS 
(left, proximal) 

Light-
Medium 

b) Diaphysis Width 
c) Proximal Width 
d) Proximal Depth 

‘Green Wire Section’ AL/G/14/6 METATARSUS Not recorded b) Diaphysis Width 
 
Table 2.3.2 In situ long bone specimens in Għar Dalam Cave. All specimen numbers with an “LCD” prefix 
remain in situ within the cave sediment, while those with an “AL” prefix are now in storage at GDM (see text 
for details). 
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Figure 2.3.2 a-d Location of in situ long bones in the stratigraphic wall at Għar Dalam Cave. a) Shallow 
recess (red dashed circle) in the stratigraphic wall on the west side in which b) a distal femur (LCD14_RW3) 
and a right proximal metacarpus (LCD14_RW2) are embedded in red earth sediment; c) a left distal humerus 
(LCD14_RW4; yellow dashed circle in a) is partially exposed and measurable in the sediment and d) the 
proximal end of a right tibia (LCD16_RW8; blue dashed outline) is well concealed within the red earth of the 
‘deer layer’. 

Figure 2.3.3 a-b Position of in situ distal tibia in the southern face of the sediment column at Għar Dalam 
Cave. a) The only measurable long bone in the column’s southern face, a distal tibia (LCD14_RC3; red 
dashed circle), is situated with in the “deer layer” approximately 0.25 m above the large cobbles of the 
“pebble layer”. b) The distal epiphysis of the tibia was the only exposed part of the bone. 
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(Figure 2.3.3 a-b). The three remaining 

long bones are in situ in the northern 

face of the sediment column, opposite 

the stratigraphic wall (Figure 2.3.4 a). 

The proximal radius (LCD14_RC6; red 

dashed outline, Figure 2.3.4 b) and 

proximal tibia (LCD14_ RC7; yellow 

dashed outline, Figure 2.3.4 b) are 

situated close together, approximately 

40.0 cm above the pebble layer 

(estimated from the top of the large flat 

cobble furthest from the cave wall on 

the westernmost edge of the column; 

Figure 2.3.4 a). Perhaps the most 

intriguing in situ long bone fossil is the 

small metatarsus (LCD14_RC9) located 

directly below these bones in an 

unexpected position almost at the base 

of the column, beneath the uppermost 

layer of large cobbles that form the 

‘pebble layer’ (green dashed oval, 

Figure 2.3.4 a). Discovered and 

removed for safekeeping by Lister in 

2016, the context of this bone within 

the sediment column is critical because of its low situation between what appear to be two 

hippopotamus bones: a potential vertebra above it and a possible scapula below, and in very close 

proximity, to it (Figure 2.3.5; light and dark blue dashed outlines respectively). The exact identity of 

each hippo bone is uncertain due to damage (‘scapula’) or concealment within the sediment 

(‘vertebra’); however, from the size and form of the available parts, it is clear that both are too large to 

be deer. In addition, the ‘scapula’ is clearly within the ‘hippo layer’ as is evidenced by the 

conglomeration of miscellaneous hippo bones and bone fragments in the immediate vicinity. However 

the metatarsus was found surrounded by red clay, the sediment more typically associated with the ‘deer 

layer’, and appeared to lie within a pocket of red clay extending down into the pebble layer, rather than 

Figure 2.3.4 a-b Position of in situ specimens in the 
northern face of the sediment column at Għar Dalam Cave. 
a) White dashed circle shows the position of the proximal 
radius and tibia in situ within the ‘deer layer’ (enlarged in b); 
green dashed oval shows position of the tiny, fragmentary 
metatarsus (LCD14_RC9) low in the column, beneath the top 
cobbles of the pebble layer (see Figure 3.2.5) b) Proximal 
radius (LCD14_RC6; red dashed outline) and proximal tibia 
(LCD14_RC7; yellow dashed outline) situated close together. 
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contemporaneous with it. Unfortunately, the metatarsus was extremely fragile and almost disintegrated 

when removed; nevertheless, its small size was noted and all possible measurements were recorded. 

The remaining two measurable long bones in situ are located in ‘Section 3’: underneath the 

sloping stalagmitic sheet below the large stalagmitic boss (‘Stal. 1’) in a large conglomeration of 

sediment, bones and broken flows, beneath the public walkway (Figure 2.3.6 a; plus see Chapter 1 for 

further details). The distal femur (LCD16_SSH4) is firmly embedded beneath the sloping stalagmitic 

sheet, in red clay sediment c. 1.25 m above the cave floor (red dashed outline Figure 2.3.6 a-b). While 

the distal tibia (LCD16_SSH1; yellow dashed circle Figure 2.3.6 a and c) is in a much lower position, 

about 0.60 m from the floor of the cave, directly above a large cobble overlying an elephant molar in 

situ (green dashed square, Figure 2.3.6 a and d) within the ‘hippo layer’. 

Measurements taken on all in situ fossils were limited by the availability of exposed bone and its 

position within the sediment, in almost all cases the measurements were estimated  (Table 2.3.2).  

 

 

Figure 2.3.5 Enlarged view of sediment column base (northern face) showing relative positions of in situ 
specimens. The proximal radius (red dashed outline) and tibia (yellow dashed outline) are embedded deep 
within the red earth of the ‘deer layer’, above a probable hippo vertebra (turquoise dashed outline). The 
position of the small metatarsus (green solid outline) is unusually low, beneath the upper cobbles of the 
pebble layer in a pocket of red earth, directly above a (likely) hippo scapula (blue dashed outline), which 
itself is embedded within the ‘hippo layer’. All specimen information as in Figure 3.2.4; hippo bones are not 
numbered.  
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In situ Maltese long bones recovered by Lister in 2012 & 2014 

  

 Three long bone specimens were recovered by Lister from a rich deposit of deer bone 

fragments packed tightly together in red earth sediment, found between the base of ‘Stal. 1’ and the 

sloping stalagmitic sheet, adjacent to the public walkway facing towards the cave entrance (Figure 2.3.7 

a; and refer to Chapter 1). All are incomplete therefore only two or three measurements were available 

on each. The proximal radius (AL/C/2014/2) is missing the whole diaphysis and distal end; while the 

distal humerus (AL/C/4) lacks at least two thirds of the diaphysis as well as the proximal articulation, 

has a damaged distal epiphysis plus a thick attachment of sediment craniomedially (Figure 2.3.7 b).  

Only the proximal metatarsus (AL/C/10) had sufficient shaft length remaining to take a tentative 

diaphysis width measurement.  

 The distal metatarsus (AL/A/3; Figure 2.3.8; left) was found “in situ above stal. on  far side” 

(field notes, Lister, 2012) which corresponds to a position in ‘Section 3’ above the sloping stalagmitic 

Figure 2.3.6 a-d Positions of in situ specimens beneath the large stalagmite (Stal. 1) in Għar Dalam Cave.  
a) Section 3 refers to the region beneath Stal. 1 and below the sloping stalagmitic sheet, made up of a large 
conglomeration of sediment and bones. The red dashed circle shows the location of the distal femur 
(LCD16_SSH4, enlarged in b) tucked underneath the stalagmitic sheet; the yellow dashed circle indicates 
the position of the distal tibia (LCD16_SSH1, enlarged in c), much lower down in the section, directly 
above a large cobble that overlies d) an elephant tooth (green dashed square) and two hippo molars 
(turquoise dashed squares).  
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sheet beneath which the distal femur (LCD_SSH4) was embedded (refer to Figure 2.3.6 a). The 

proximal metatarsus (AL/B/X3; Figure 2.3.8; right) was located approximately 10.0 cm below the 

sloping stalagmitic sheet in the same section, close to the distal femur. Both specimens had sufficient 

diaphysis length remaining to estimate shaft width.  

 

Ex situ Maltese fossils: Maltese and British museum collections 

 

By far, the largest proportion of Maltese postcranial material examined ex situ was held in the 

collections at GDM and MM (457 of 499 bones or 91.6 %; Table 2.3.3). At GDM, all of the 

metapodia, all except one radius, and all except two tibiae are fixed securely to display boards in the 

public gallery. This meant that certain measurements (e.g. proximal and distal depths; described in 

Section 2.3.2, this chapter) were either estimated, or omitted when estimations were unreliable or 

impossible. All other bones measured in the Maltese museum collections (GDM humeri and femora and 

all postcrania at MM) were loose, thus all possible measurements were taken as accurately as their 

preservational conditions permitted. 

 Thirty-seven Maltese long bones were measured from UK collections (24 from NHM and 13 

from NMSZ), the majority of which came from Cooke’s 1892 excavation of Għar Dalam Cave (N = 

34); while only three specimens could be attributed to one of Despott’s excavation (c. 1916-1920: a  

Figure 2.3.8 In situ distal 
(left) and proximal (right) 
metatarsi recovered by 
Lister (2012 & 2014) from 
‘Section 3’ (refer to text for 
details). Left; AL/A/3; right 
AL/BX/3. Scale = 40.0 mm. 

Figure 2.3.7 a-b In situ specimens recovered by Lister (2012 & 2014) from 
deposit beneath the large stalagmitic boss (Stal. 1). a) Rich deposit of 
bone embedded in red earth sediment, situated between the public 
walkway and sloping stalagmitic sheet, from which Lister recovered b) a 
proximal radius (AL/C/2014/2; top), a distal humerus (AL/C/4; bottom left) 
and a proximal metatarsus (AL/C/10; bottom right). See table 3.2.2 for full 
specimen details. Scale bar = 40.0 mm (approx.) 



 61 

Museum Location Excavation Hum. Rad. MC Fem. Tib. MT Astr. 

GDM Malta NA 2 31 44 22 12 29 - 
MM Malta NA 17 15 22 16 20 27 200 

Maltese Collections Total: 19 46 66 38 32 56 200 
NHM UK Cooke 4 7 3 4 4 3 - 
NMSZ UK Cooke 2 1 1 1 3 2 2 
NMSZ UK Despott 1 - - - 1 1 3 

UK Collections Total: 7 8 4 5 8 6 5 

 
Table 2.3.3 Number of Maltese postcranial elements from Għar Dalam Cave measured from museum collections 
in Malta and the UK.  Excavation information for bones held in Maltese collections was unavailable (i.e. specimens 
did not have labels and many did not have registration numbers). Museum abbreviations are given in Chapter 1. 
Hum. = Humerus, Rad. = Radius, MC = Metacarpus, Fem. = Femur, Tib. = Tibia, MT = Metatarsus, and Astr. = 
Astragalus. 
 
humerus, radius and metatarsus; Table 2.3.3). In total, the UK Cooke Collection long bone sample 

consists of: six humeri, eight radii, four metacarpi, five femora, seven tibiae and five metatarsi; all of 

which can be clearly distinguished from the three ‘Despott’ specimens by the characteristic red earth 

sediment and/or greyish white breccia attached to the former (e.g. cf. Figures 2.3.9 a and b with c). 

The reddish stain on the exterior of the Despott small humerus (NMSZ 1948.49.24; Figure 2.3.9 c) 

indicates that it was likely preserved in red earth or clay, however no particles of sediment remain 

adhered to the bone itself. In contrast, the Despott distal tibia is completely clean and very pale while 

the metatarsus is also entirely devoid of sediment but extremely dark in colour (NMSZ 1948.49.27 & 

26 respectively; Figure 2.3.9 c). This suggests that each specimen was likely subjected to distinct 

preservational environments, and that Despott may have applied a post-excavation treatment to clean 

the specimens. Many of the Cooke specimens are in a very poor condition, with visible evidence of the 

somewhat clumsy attempts to repair past breaks in the diaphyses (e.g. Figure 2.3.9 a-b); conversely, 

restorations to the Despott metatarsus have been undertaken rather more sympathetically (Figures 

2.3.9 c).  

 In addition to long bones, there were five astragali present in the NMSZ collection: two from 

the Cooke (1892) excavation and three potentially from Despott (c. 1916-1920). In Figure 2.3.10, the 

aforementioned differences in sediment attachment are evident between the two excavator’s finds; 

plus, the Despott astragali are smaller and a much darker colour than those of Cooke.  
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 a 

b 

c 

Figure 2.3.9 a-c Preservational differences between deer bones excavated from Għar Dalam by Cooke (1893) and Despott (c.1916- 1920). a) NMSZ Cooke specimens: Humeri 1- 
1893.18.35 (R) and 2- 1893.18.36 (R); 3- Radius 1893.18.37 (L); 4- Metacarpus 1893.18.38 (L); 5- Femur 1893.18.45 (R); Tibiae 6- 1893.18.46 (L), 7- 1843.47 (R) and  8- 1893.18.48 
(L); Metatarsi 9- 1893.18.53 (L) and 10- 1893.18.54. b) Selected NHMUK Cooke specimens (hindlimb only): Femora 1- M4749 (R), 2- M9844 (L), 3- M4725 (L; distal end only) and 
4- M4726 (R); Tibiae 5- M4570 (R), 6- M4751 (L) and 7- M98616 (R); Metatarsi 8- M4755 (R); 9- M98617 (R) and 10- M98648 (L). All Cooke specimens are shown in cranial/dorsal 
view except the humeri which are in caudal view c) NMSZ Despott specimens: 1- Humerus 1948.49.24 (R, caudal view); 2- Tibia 1948.49.27 (R; medial view); 3- Metatarsus 
1948.49.26 (L, dorsal view).  Scale bars = 40.0 mm (approx.). 
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Sicilian fossils: Cervus elaphus siciliae and Dama carburangelensis 

 

 The Sicilian red deer (Cervus elaphus siciliae) sample comprises measurements taken on 67 

postcranial elements for the present study combined with a dataset of 125 measurements published by 

Gliozzi et al. in 1993 (Table 2.3.4). Consistency of measurements between the two studies is discussed 

in the next section (Section 2.3.2). Duplication of measurements (i.e. each author measuring the same 

specimen independently) was not a possibility, given that the museum collections visited for each fossil 

locality were different for each study.  

 The Sicilian fallow deer (Dama carburangelensis) sample consists solely of measurements taken on 

metapodia (Table 2.3.4), the majority of which (N = 199) were recovered from the fissure filling 

deposits of Contrada Cimillà in south-eastern Sicily (MCSN Collection, Camarina off-site storage 

facility; also, a map of Sicilian fossil localities is presented in Figure 1.6, Chapter 1). In addition, 

thirteen metapodia were measured from the Grotta della Cannita locality in north-eastern Sicily (GGG 

Collection); however, only minimal associated metadata was available for each specimen (cave site and 

bone type), and species had not been determined.  Based on a preliminary assessment of their general 

size and shape, plus a more detailed examination of the morphological characters established by Lister 

(1996) to separate red, fallow and giant deer species reliably, the metapodia were identified as most 

likely belonging to fallow deer (Dama sp.). A simple bivariate analysis of the dataset revealed that these 

thirteen metapodia consistently plotted with known D. carburangelensis individuals for all dimensions of 

both the metacarpi and metatarsi (Figure 2.3.11 a & b and Appendix Figure A2). Thus, for all 

subsequent analyses these individuals are included as part of the D. carburangelensis sample and are not 

labelled or colour-coded separately in plots.  

Figure 2.3.10 NMSZ astragali excavated from Għar Dalam Cave by Cooke (1892) and Despott (c.1916-1920). 
Cooke specimens: a) 1893.18.49 (L) and b) 1893.18.50 (L). Despott specimens: c) 1948.49.29 (R); d) 1948.49.30 (L) 
and e) 1948.49.35 (R). Scale = 40.0 mm. 
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Figure 2.3.11 a-b Example bivariate plots of logged metapodial dimensions to determine the identity of 
unknown Sicilian metapodia from Grotta della Cannita (GGG Collections). a) The unknown metacarpi (Dama 
sp., dark blue asterisks) most closely resemble those of Dama carburangelensis (yellow squares) in proximal 
width and total length dimensions, and b) The unknown metatarsi plot clearly within the D. carburangelensis 
group for proximal width and depth (antero-posterior diameter; refer to Table 2.3.10) dimensions. The same is 
true for all metapodial dimensions (See Appendix, Figure A2 for all bivariate plots). Subsequent analyses 
combine these two samples to form a single dataset of D. carburangelensis. 
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Collection Fossil Locality Hum. Rad. MC Fem. Tib. MT Astr. 

THIS STUDY:  Cervus elaphus siciliae 
MdF Acquedolci 2 - 4 - 4 2 - 
MdF San Teodoro 14 8 6 - - 3 18 

MCSN Pianetti - - - - - 6 - 
 TOTAL 16 8 10 - 4 11 18 

GLIOZZI et al. 
(1993): 

 Cervus elaphus siciliae 

GGG, URLS & UP Puntali 9 5 7 4 18 13 - 
URLS Fata Donnavilla 5 4 7 2 3 4 11 
GGG Zà Minica 1 1 - - - 1 - 
GGG San Teodoro 9 6 - - 3 4 - 

Not stated Cannita - - - - - - 2 
Not stated Cava dell’Arena - - - - - - 6 

 TOTAL 24 16 14 6 24 22 19 
 TOTAL: C. e. siciliae 40 24 24 6 28 33 37 

THIS STUDY:  Dama carburangelensis 
MCSN (Camarina) Cimillà - - 145 - - 54 - 

GGG Cannita - - 9 - - 4 - 
 TOTAL: D. 

carburangelensis 
- - 154 - - 58 - 

 
Table 2.3.4 Number of postcranial elements in the Sicilian sample.  The Sicilian C. e. siciliae dataset consisted 
of measurements taken for the present study combined with those from a published source: Gliozzi et al. (1993). 
Museum collection abbreviations and details of Sicilian fossil localities are given in Chapter 1. Hum. = 
Humerus, Rad. = Radius, MC = Metacarpus, Fem. = Femur, Tib. = Tibia, MT  = Metatarsus, and Astr. = 
Astragalus. 

 

European mainland fossils: Cervus elaphus and C. e. acoronatus 

 

Postcranial measurements of Late Pleistocene red deer (Cervus elaphus) from the Italian 

Peninsula were published by Di Stefano et al. in 2015. Much of the material was measured directly by 

the authors themselves following the same standard protocol used in the present study (von den 

Driesch, 1976; details to follow in Section 3.3.2). However, some of their measurements were 

compiled from the literature, with the assurance that: “in these cases, we pay … careful attention to 

verify that our data are consistent with the others” (Di Stefano et al. 2015; p. 106). Therefore, all data 

taken from this source are assumed to have been measured using the same methodology as the present 

study. The published dataset also includes measurements of postcranial material from the Middle 

Pleistocene red deer, Cervus elaphus acoronatus, from Mosbach, Germany. The authors selected this 

material as the standard sample, against which to compare the Italian C. elaphus postcrania, because the 

Mosbach population is: “large, homogeneous and far from the other remains considered from the [sic] 

geographical and chronological point of view”  (Di Stefano et al. 2015; p. 106). Here, the Mosbach 

material is included as a comparative sample of the earliest known red deer subspecies to appear in 

Europe (Lister, 1986; Abbazzi & Azzaroli, 1995; Geist, 1999). Table 2.3.5 summarises the number of  
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Species Fossil Locality Age Rad. MC Tib. MT Astr. 

Cervus elaphus 
acoronatus 

Mosbach II ‘Cromerian’ 13 30 13 46 27 

Cervus elaphus Avetrana MIS 5 5 7 2 6 4 
(Italy) Sora- Valle Radice MIS 5 11 9 11 9 6 

 Ingarano MIS 4/3 4 6 4 4 14 
 Grotta del Fossellone MIS 3/2 - 3 1 4 4 
 Riparo di Fumane MIS 3/2 - - 1 - - 
 Grotta Romanelli MIS 2 13 23 13 5 16 
 Palidoro MIS 2 - - - - 5 
        
 TOTAL: C. elaphus (Italy) 33 58 32 28 49 

 
Table 2.3.5 Number of European mainland red deer postcranial elements included from Di Stefano et al. (2015). 
Measurements of Late Pleistocene Italian Cervus elaphus and Middle Pleistocene C. e. acoronatus (Mosbach, Germany) 
were published in the appendix of the Di Stefano et al. (2015, p. 114-120) paper, which also provides full details of the 
museum collections visited. For further information on each of the Italian fossil localities above, please refer to Table 1 
(p.106) in the same publication. Rad. = Radius, MC = Metacarpus, Tib. = Tibia, MT = Metatarsus, and Astr. = 
Astragalus. 
 

postcranial elements in each sample. Measurements on the humerus and femur are absent from both 

samples because, according to the authors, these bones were least frequently recovered from (Italian?) 

deposits (Di Stefano et al. 2015).  

 

British Holocene fossils: Cervus elaphus  

 

 As part of his PhD research, Lister (1978-9) took measurements on a large number of Holocene 

red deer (Cervus elaphus), excavated from two British localities -Star Carr and the Cambridgeshire Fens-

which he kindly made available as a comparative dataset for the present study (Table 2.3.6).  

Perhaps the most extraordinary, and certainly the best-documented locality of its type (Legge 

and Rowley-Conwy, 1998), the Early Mesolithic settlement of Star Carr in North Yorkshire, has 

produced an exceptionally valuable and remarkably well-preserved sample of red deer remains. The 

bones derive from a homogeneous population, recovered from a well-stratified and accurately dated site 

(Lister, 1993), and were included in Lister’s (1993) study as a standard against which to compare the 

fragmentary remains of Middle Pleistocene red deer (C. elaphus) from Hoxne, Suffolk (this method is 

discussed in Section 2.3.3 in the context of its use in the current work).  Unfortunately, intact long 

bones are severely underrepresented among the finds at Star Carr, with only a single complete 

metatarsus recorded (NHM 1958.12.12.148); the remainder consists of proximal or distal epiphyses 

attached to partial diaphyses. The preponderance of incomplete bones in the collection can likely be 

attributed to the actions of the Mesolithic occupants of the site, who were known to break apart 

diaphyses mid-shaft to gain access to the protein-rich marrow within (Noe-Nygaard, 1977; Legge and  
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Fossil Locality Humerus Radius Metacarpus Femur Tibia Metatarsus Astragalus 

Star Carr 21 46 55 - 28 55 24 
Cambridgeshire Fens 20 25 28 16 30 27 17 

Holocene Red Deer Total: 41 71 83 16 58 82 41 
 

Table 3.3.6 British Holocene red deer (Cervus elaphus) postcranial material measured by Lister (1978-79; 1981; 
PhD Thesis) 
 

Rowley-Conwy, 1988). Another striking feature of the Star Carr sample is that femora are entirely 

absent; according to Legge and Rowley-Conwy (1988), this may be due to the type of settlement in 

which they were found. The authors assert that Star Carr was probably used as temporary lodgings for 

hunters rather than as a site of permanent residence; therefore, they hypothesize that the uneven 

representation of limb bones reflects the type of meat consumed on site, with the best portions (on the 

proximal hindlimb, i.e. femur), likely to have been transported off-site still attached to the bone, for 

later consumption (Legge and Rowley-Conwy, 1988). 

For the present study it was important to choose a standard sample with a good representation 

of every bone, against which Maltese postcranial dimensions can be compared; for this reason, the 

Cambridgeshire Fens sample was favoured over the sample from Star Carr (Table 2.3.6), and also 

because bones recovered from the former locality are mostly complete, unlike those excavated from the 

latter. The Fens span a large area within Cambridgeshire, Lincolnshire and Norfolk, but the material 

measured by Lister (1978-79) originated largely from Burwell and Reach Fens, Cambridgeshire, where 

postglacial accumulations formed layers of peat (Lister, 1981, PhD Thesis, p.118-119). Unlike the Star 

Carr sample, which has been chronicled with meticulous stratigraphic detail, finds from the Fens 

locality tend to be recorded geographically rather than stratigraphically (Lister, 1981). Nonetheless, the 

traces of peat and dark-coloured staining of the bones measured (noted by Lister 1978-79), suggest that 

they were most likely to have been recovered from Late Holocene peat deposits (For further details 

refer to Lister, 1981, PhD Thesis, p. 118-119). 

 

Recent postcranial material 

 

Datasets on Recent British red (Cervus elaphus) and fallow (Dama dama) deer come from 

postcranial material in the Chapman Collection (CC; now held at the NMSZ) and the NHM Zoology 

Collections (NHM). Dama dama measurements (CC) were taken by Lister in 1978-79, while C. elaphus 

bones were measured by the author for the present study. The datasets largely consist of metapodial 

measurements; the remainder of the D. dama sample includes six complete skeletons (i.e. associated 

limb bones from six individuals) plus a handful of additional proximal limb bones (Lister 1978-79; 

Table 2.3.7). Unfortunately, in this collection there were no other postcranial elements available to  
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Collection Locality Species Hum. Rad. MC Fem. Tib. MT Astr. 

CC1 UK Cervus elaphus - - 60 - - 60 - 
NHM Multiple2 C. elaphus ssp. 17 6 6 6 6 6 - 
CC1 UK Dama dama 8 9 60 15 7 60 6 

NHM Unknown D. dama 5 5 21 5 4 13 - 
  D. dama Total 13 14 81 20 11 73 6 

 
Table 3.3.7 Recent red (Cervus elaphus) and fallow (Dama dama) deer postcranial material included in the 
present study.  1CC = Chapman Collection (NMSZ); 2For species/subspecies locality information refer to Table 
A3 (Appendix). UK CC D. dama measured by Lister (1978-79). 
 

measure for C. elaphus. However, six complete skeletons (excluding astragali) were measured from the 

NHM, which belong to the following red deer subspecies/species: C. elaphus, C. e. scoticus, C. e. 

barbarus, C. e. maral, C. canadensis. songaricus and Cervus hanglu hanglu (Table A3, Appendix), plus 11 

separate C. elaphus humeri. In the same collection (NHM), the author measured five D. dama specimens 

(of unknown origin) with associated postcrania, including: three complete skeletons (excluding 

astragali), one partially complete with just the femur and astragalus absent, and one individual with a 

complete forelimb only; and, separately, 16 metacarpi and 8 metatarsi (Table 2.3.7).  A major 

advantage of the CC postcranial material is that it derives from managed populations in the UK (e.g. 

Richmond Park and Epping Forest); thus, all the bones come replete with a comprehensive set of 

metadata which generally includes: age, sex, weight, shoulder height, date and cause of death. Such 

detailed information allows for fine scale analyses that would not otherwise be possible using fossil 

collections alone (e.g. sexually dimorphic differences and age related variability). 
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2.3.2 Adult postcranial measurements 

 

Diaphysis width (Measurement b for all long bones in this study; Figures 2.3.12-16) was 

measured as the minimum diameter of the shaft in the present study and in Lister’s work (1978-9; 1981 

PhD Thesis) after von den Driesch (1976). In contrast, Gliozzi et al.  (1993) measured the diameter at 

the “half length of the shaft” (p.333), which may not correspond with the minimum width; whereas Di 

Stefano et al. (2015) fail to mention whether or not their “transversal diameter of the shaft” (p. 114) is a 

measure of the minimum diameter. Therefore, shaft diameters are interpreted with caution from both 

studies.  

Depth of distal epiphysis (Measurements f for humerus and femur, and e for tibia and metapodia; 

Figures 2.3.12 & 2.3.14-16) was measured medially on the humerus, femur and tibia, and laterally on 

metapodia (this measurement was not taken on the radius). However, Gliozzi et al. (1993) and Di 

Stefano et al. (2015) give no indication as to whether their measurements were taken on the lateral or 

medial side, or from a different position entirely; therefore, once again, these measurements are 

considered with care (Table A4, Appendix). 

Depth of proximal articular head (femur only, measurement c; Figures 2.3.15) was the selected 

measurement of proximal depth on the femur in the present study and in Lister (1978-79; 1981, PhD 

Thesis) after von den Driesch (1976). Di Stefano et al. (2015) did not measure the femur at all, while 

Gliozzi et al. (1993) measured the “antero-posterior diameter of the proximal epiphysis”  (p.333; and 

‘DPAP’ in Table 8, p.334), but do not clarify where on the proximal part of the femur the 

measurement was taken. For this reason, proximal depth measurements on the femur from the Gliozzi 

et al. (1993) paper were excluded from analyses.  

 

Humerus 

 

 Four of the six humerus measurements (a, b, c & e; Figure 2.3.12 and Table 2.3.8) were 

based on the standard protocol. However, measurement e: ‘Maximum width of the humeral head’ was 

modified from von den Driesch’s (1976; p.77) ‘(Greatest) breadth of the proximal end’ after noting the 

amount of proximal medio-lateral damage sustained by a large proportion of the Maltese fossils, 

rendering it almost impossible to take the standard proximal width measurement with any degree of 

precision. In contrast, the relatively robust head of the humerus, when present, tended to be less 

severely affected by medio-lateral damage, thus its diameter was the preferred proxy for proximal 

width. Measurements d: ‘Minimum depth of distal articulation’ and f: ‘Maximum depth of distal medial 

condyle’ were taken from Lister’s work (1978-79; 1981 PhD Thesis; Table A4, Appendix).  
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Code Description Additional Information 
a Articular length Maximum distance between the proximal humeral head and 

central articular facet of the trochlea distally 
b Width of diaphysis (minimum) Medio-lateral width 

 
c Width of distal articulation 

(maximum) 
Maximum medio-lateral diameter of the trochlea 

d Depth of distal articulation 
(minimum) 

Minimum diameter of the central articular facet of the 
trochlea (articular surface with ulna) 

e Width of humeral head (maximum) Maximum medio-lateral diameter of the humeral head only 
f Depth of distal medial condyle 

(maximum) 
Maximum antero-posterior diameter of the distal medial 
condyle 

 
Table 2.3.8 Measurement scheme for the humerus. Measurements a to e are based on von den Driesch (1976) with 
some modifications (see text); while f is an extra measurement included for the present study, after Lister’s (1978-79) 
work.  
 

Radius 

 

Four measurements on the radius (a, b, c & e; Table 2.3.9 and Figure 2.3.13) followed von 

den Driesch (1976); while measurement d: ‘Maximum depth of proximal articulation’ was based on 

Lister (1978-79; 1981 PhD Thesis). One unique measurement was added to the protocol for the 

present study (f: ‘Minimum width of central facet of distal articulation’), after examination of a small 

Figure 2.3.12 Measurements taken on the humerus (Descriptions given in Table 2.3.8).  Maltese left humerus 
(GH.D 117; MM) shown in: 1) Lateral, 2) Cranial, 3) Proximal (humeral head), 4) Distal (trochlea) and 5) Medio-
cranial views. Scale = 40.0 mm (approx.). Proximal and distal ends are not to scale. 
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number of Recent individuals (NHMUK 

Zoology) revealed notable variation in this 

feature among red deer species and subspecies 

(N= 6; Mean = 12.3 ± 0.9 mm [standard 

error]; Coefficient of variation = 18.7 %). 

 None of the Maltese or Sicilian fossil 

radii (measured for the present study) had 

ulnae attached; however, two of six Recent 

red deer and all five of the Recent fallow deer 

specimens (from associated skeletons in the 

NHMUK Zoology Collection) did have the 

ulnae present. This meant that proximal 

depth (measurement d; Figure 2.3.13) could 

not be taken on these individuals due to 

obstruction by the proximal extension the 

olecranon process of the ulna. No information 

about ulna attachment was available for radius 

data taken from published sources.  

Code Description Additional Information 

a Total length (maximum) Maximum distance between the proximalmost point of the 
coronoid process and the distalmost point of the styloid process 

b Width of diaphysis (minimum) Minimum medio-lateral diameter within the middle third of the 
shaft 

c Width of proximal articulation 
(maximum) 

Maximum medio-lateral diameter  

d Depth of proximal articulation 
(maximum) 

Maximum antero-posterior diameter 

e Width of distal articulation 
(maximum) 

Maximum medio-lateral diameter  

f Width of central facet of distal 
articulation (minimum) 

Minimum diameter of the central facet (articular surface with 
the lunate bone) of the distal articulation 

 
Table 2.3.9 Measurement scheme for the radius. Measurements a, b, c, and e are based on von den Driesch (1976); 
d is after Lister (1978-79; 1981 PhD Thesis, while f is an extra measurement included for the present study (see text). 

 

In addition, all 31 of the Maltese radii held at GDM were attached to display boards in the museum; this 

precluded measurement of proximal depth on these specimens only, but not on the 15 loose radii 

stored at MM. 

 

 

Figure 2.3.13 Measurements taken on the radius 
(Descriptions given in Table 2.3.9. Maltese right 
radius (GHD.130; MM) shown in 1) Cranial, 2) 
Proximal and 3) Distal views. Scale = 40.0 mm 
(approx.). Proximal and distal ends are not to scale. 
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Metapodia 

 

 All metapodial measurements are taken from the standard protocol (Table 2.3.10 and Figure 

2.3.14). Proximal and distal depth measurements (d and e) were not possible for any attached 

specimens at GDM (44 metacarpi and 29 metatarsi; refer to Table 2.3.3). 

 

Code Description Additional Information 
A Total length (maximum) Maximum distance between the highest point of the proximal 

surface (at the junction of the articular facets for the unciform 
and trapezoid carpal bones in the metacarpus, and the 
medial cuneiform and cubonavicular tarsal bones in the 
metatarsus) and the distal epiphysis 

B Width of diaphysis (minimum) Minimum medio-lateral diameter  
 

C Width of proximal articulation 
(maximum) 

Maximum medio-lateral diameter  

D Depth of proximal articulation 
(maximum) 

Maximum antero-posterior diameter  

E Depth of distal epiphysis (maximum) Maximum antero-posterior diameter of the lateral side of the 
distal epiphysis 

F Width of distal epiphysis (minimum) Maximum medio-lateral diameter  
 

Table 2.3.10 Measurement scheme for the metapodia. All measurements are based on von den Driesch (1976). 

Figure 2.3.14 Measurements taken on the metapodia (Descriptions given in Table 2.3.10). Maltese 
left metacarpus (GH.D 211, MM; 1, 2 & 3 above) and right metatarsus (GH.D 229, MM; 4, 5 & 6 
above) shown in: 1 & 4) Dorsal, 2 & 5) Proximal, and 3 & 6) Distal views. Scale = 40.0 mm (approx.), 
for whole bones only; proximal and distal ends not to scale. 
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Femur 

 

 Five of the six measurements on the femur (a-e; Table 2.3.11 and Figure 2.3.15) follow von 

den Driesch (1976); while measurement f: ‘Maximum depth of distal medial epiphysis’ is based on 

Lister (1978-79; Table A4, Appendix). 

 

Code Description Additional Information 
a Articular length Maximum distance between the proximalmost point of the 

femoral head and the distalmost point of the medial condyle 
b Width of diaphysis (minimum) Minimum medio-lateral diameter within the middle third of 

the shaft 
c Depth of proximal articular head 

(maximum) 
Maximum antero-posterior diameter of the femoral head  

d Width of proximal articulation 
(maximum) 

Maximum medio-lateral diameter from femoral head to the 
greater trochanter  

e Width of distal epiphysis (maximum) Maximum medio-lateral diameter between the condyles of 
the distal epiphysis 

f Depth of distal medial epiphysis 
(maximum) 

Maximum antero-posterior diameter of the medial condyle of 
the distal epiphysis 

 
Table 2.3.11 Measurement scheme for the femur. Measurements a to e are based on von den Driesch (1976); while 
f is taken from Lister (1978-79; refer to Table A3.2.3, Appendix). 

 

Figure 2.3.15 Measurements taken on the femur (Descriptions given in Table 2.3.11). Maltese right 
femur (GH.D 164; MM) shown in: 1) Cranial, 2) Caudal, 3) Proximal (femoral head) and 4) Medial 
views. Scale = 40.0 mm (approx.). Proximal end is not to scale. 
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Tibia 

 

 Four of the five measurements 

on the tibia (b-e; Table 2.3.12 and 

Figure 2.3.16) are based on von den 

Driesch (1976), while measurement a 

(total length) follows Lister (1981, 

PhD Thesis; Table A4, Appendix). 

Lister’s measurement is more reliable 

than the standard protocol for fossil 

specimens because the proximalmost 

point from which the length is taken 

lies between the two eminences rather 

than at their apices (as in von den 

Driesch, 1976), a position that is far 

less susceptible to wear and/or 

damage. Distal depth (measurement e) 

was not measured on 10 of the 12 

Maltese tibiae at GDM as they were 

fixed to boards. 

 

Code Description Additional Information 
a Total articular length (maximum) Maximum distance from midpoint between lateral and 

medial eminences (intercondylar tubercles) of the proximal 
articular surface to the distalmost central point between the 
medial malleolus and fibula notch of the distal articulation 

b Width of diaphysis (minimum) Minimum medio-lateral diameter within the middle third of 
the shaft 

c Width of proximal articulation 
(maximum) 

Maximum medio-lateral diameter across the proximal 
articular facets of the tibial plateau  

d Width of distal articulation 
(maximum) 

Maximum medio-lateral diameter from the medial malleolus 
to the lateral edge of the distal articulation 

e Depth of (medial) distal articulation 
(maximum) 

Maximum antero-posterior diameter of the medial edge of the 
distal articulation  

 
Table 2.3.12 Measurement scheme for the tibia. All measurements are based on von den Driesch (1976).  

 

 

 

Figure 2.3.16 Measurements taken on the tibia (Definitions 
given in Table 2.3.11). Maltese left tibia (GH.D 140; MM) 
shown in: 1) Caudal, 2) Proximal and 3) Distal views. Scale = 
40.0 mm (approx.). Proximal and distal ends are not to scale. 
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Astragalus 

 

 Only two measurements were taken on the 

astragalus: the minimum length of the bone (Min L) 

and the maximum distal width of the articular facet 

(Dist W; Figure 2.3.17). The minimum length was 

selected preferentially over measurements of lateral 

or medial height (as in von den Driesch, 1976, and Di 

Stefano et al. 2015; see Table A4, Appendix) because 

the internal minima of the anterior surface are much 

less vulnerable to damage and/or wear than are the 

external maxima (i.e. the lateral and medial 

extremities). Therefore, minimum length could be 

taken consistently, and with a much higher degree of 

accuracy. This measurement is based on Lister’s work 

(1978-79; 1981, PhD Thesis). The distal width 

measurement follows von den Driesch (1976). 

 

 

Phalanges (I, II and III) 

 

 All measurements taken on the phalanges followed the standard protocol (Table 2.3.13 and 

Figure 2.3.18). Distal width (measurement d) was measured for phalanx I only because medial and 

lateral maxima could not be located reliably on phalanges II or III to ensure consistency of 

measurements. Determination of the limb to which each specimen belonged (left, right, fore or hind) 

was not attempted at this time. 

 

Code Description Additional Information 
a Articular length Maximum distance between the proximal and distal facets 
b Proximal width Maximum medio-lateral diameter of the proximal facet 
c Proximal depth Maximum antero-posterior diameter of the proximal facet 
d Distal width Maximum medio-lateral diameter of the distal articulation 

 
Table 2.3.13 Measurement scheme for the phalanges (I, II and III) All measurements are based on von den Driesch 
(1976). 
 
 

 

Figure 2.3.17 Measurements taken on the 
astragalus. Maltese left astragalus (GD 
11353; MM) shown in anterior view. Min L 
= Minimum length of anterior surface; Dist 
W = Distal width of articular facet. Scale = 
40.0 mm.  



 76 

 

Figure 2.3.18 Measurements taken on the phalanges (I, II and III). All in situ Maltese specimens 
recovered from GDM: phalanx I (AL/G/14/3), phalanx II (AL/G/14/4), and phalanx III (AL/G/14/5) 
shown in: top row- side view; middle row- proximal view and, bottom row- distal view (phalanx I 
only) . Scale = 40.0 mm (approx.). 
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2.3.3 Juvenile postcranial material and measurements 

 

In addition to the Maltese adult postcranial material, a number of juvenile metapodia were also 

on public display at GDM. The immature bones were readily identifiable by their unfused diaphyses and 

lack of distal epiphyses, indicating that these individuals had yet to complete the growth phase of their 

development (Figure 2.3.19).  

 

Meaningful analyses of datasets that include both adults and juveniles can only be carried out 

when homologous measurements are taken on both samples. Therefore, it was necessary to modify the 

standard protocol used for adult metapodia (Figure 2.3.14 & Table 2.3.10) so that the diaphysis length, 

distal width and distal depth measurements taken on fully developed adult specimens possessing distal 

epiphyses would correspond with those taken on juvenile bones without epiphyses. The protocols for 

diaphysis width, proximal width and proximal depth remain unchanged because the morphological 

features from which these measurements are taken on adults, are also present on juvenile bones. All 

Figure 2.3.19 Examples of Maltese juvenile metapodia at GDM. Juvenile specimens were only found in the 
collection at GDM, usually fixed to boards with the adult metapodia on display in the museum. a) Board 
D16 (Cabinet 6, GDM) with mixed adult and juvenile metacarpi (MC) and metatarsi (MT). From top left, 
horizontal adult specimens are: GD1088 & GD10884  (both left MCs), GD10885 & GD10866 (both right 
MCs). Vertical juveniles in the centre (enlarged in b), from left: GD10889 & GD10890 (both left MCs), 
GD10936 (right MT), GD10891 (left MT, possible bovid), GD10892 (MC). From top right, horizontal adults 
are: GD10987 (right MT), GD10887 (left MC), GD10949 (left MT) and GD 10888 (right MT). b) Juvenile 
specimens enlarged from a, showing unfused distal ends of diaphyses with no epiphyses present. 
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juvenile specimens were measured, and as many adults as possible were re-measured, using the 

amended scheme. The changes made to the standard protocol were as follows:-  

Total length (Measurement a) was adjusted to account for the lack of distal epiphyses in the   

immature Maltese individuals. Instead, length was measured distally to the unfused end of the diaphysis 

for juveniles, or to the suture between the diaphysis and epiphysis for adults (Figure 2.3.20). More 

precisely: the distal end of the diaphysis shows a relatively symmetrical, shallow ‘w’ shaped undulation 

on either side of the central canal in dorsal view. The lowest points of the ‘w’ form the distalmost part 

of the unfused diaphysis/ diaphysis-epiphysis suture, to which the new length was measured 

(Measurement a juv. Figure 2.3.20). If the distal suture was not visible, then its likely position was 

estimated based upon observations made on similarly sized specimens with visible sutures.  

Distal Width (Measurement f) was amended to the maximum medio-lateral diameter of the 

unfused end of the diaphysis for juveniles, or of the suture between the diaphysis and distal epiphysis for 

adults (Measurement f juv. Figure 2.3.20). Again, the position of the suture was estimated if it was not 

visible.  

Figure 2.3.20 Adjustments made to metapodia measurement protocol for juvenile specimens. 1) Adult 
total length measurement (a) based on the standard protocol (Von den Driesch, 1976). 2) Modified 
diaphysis length measurement (a juv.) excludes distal epiphysis. 3) Adult width of distal epiphysis 
measurement (f) after standard protocol. 4) Amended distal width of diaphysis measurement (f juv.); see text 
for details. Associated metapodia are from a Recent British female Cervus elaphus (Specimen E49; CC); 1 & 
2 are left and right metacarpi, 3 & 4 are left and right metatarsi. Scale = 40.0 mm.  
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Distal depth (Measurement e) could not be taken on the majority of juvenile or adult specimens 

that were attached to display boards at GDM, therefore it was not re-taken on any Maltese specimen. 

Table 2.3.14 gives the total number of Maltese adult metapodia measured from museum 

collections; the number of those adults that were re-measured using the modified protocol for 

measurements a and f; plus the total number of juvenile specimens measured. There were no juvenile 

specimens in the collections at MM in Malta, nor were there any in the UK collections at the NHM or 

NMSZ; also, none were found in situ at Għar Dalam Cave.  

Maltese Ex Situ Collections GDM MM NHM NMSZ TOTAL 
METACARPI      
Total number of adults measured 44 17 3 1 65 
Number of adults re-measured with modified protocol 38 17 2 1 58 
Unfused juveniles measured (excluding epiphyses) 19 - - - 19 
METATARSI      
Total number of adults measured 29 27 3 3 62 
Number of adults re-measured with modified protocol 23 17 3 3 46 
Unfused juveniles measured (excluding epiphyses) 11 - - - 11 
 
Table 2.3.14 Total number of Maltese adult and juvenile metapodia measured in museum collections. Adult 
metapodia were measured following a standard protocol (Von den Driesch, 1976; Table 2.3.10) and subsequently 
re-measured following a modified scheme which excluded distal epiphyses (see text for details and Figure 2.3.20). 
Maltese juveniles were only present in the GDM collections, and none had distal epiphyses. Museum abbreviations 
are given in Chapter 1.  
 

The Chapman Collection (CC) samples of Recent British red (Cervus elaphus) and fallow (Dama 

dama) deer also include a large number of associated juvenile metapodia (i.e. metacarpi and metatarsi 

belonging to the same individuals), some of which come with valuable ontogenetic age data. Both 

juvenile samples could be broadly categorized into three distinct developmental growth stages:- 

 

i) Unfused metapodia - epiphyses are detached but often present with the diaphyses (e.g. 

right metacarpus in Figure 2.3.20/2) 

ii) Fusing metapodia - the distal epiphysis is attached but only partially fused to the diaphysis, 

with a visible gap often evident laterally or medially (e.g. right metatarsus in Figure 

2.3.20/4) 

iii) Recently fused metapodia - the distal epiphysis was firmly attached but the suture between 

it and the epiphysis was clearly visible (e.g. left metacarpus in Figure 2.3.20/1) 

 

The Chapman Collection (CC) red deer dataset represents a random sample of a very large 

collection of bones, only some of which have known age associated metadata (individuals were tagged at 

birth). Unfortunately, very few of the randomly selected red deer measured here were of known age. 

However, in 2012 MSc student Karen Banton measured a much larger sample of the same collection (N 
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= 514 associated red deer metapodia); this dataset included a record of fusion stages and known ages in 

months where available, but did not include measurements on all six metapodial dimensions used in the 

present study. Therefore, the known age ranges for each growth stage of the red deer sample in Table 

2.3.15 are derived from this larger dataset, with the number of individuals of known age in each 

category as follows: adult males (M), n = 9; adult females (F), n = 12; unfused M, n = 2; unfused F, n 

= 3; fusing M, n = 7; fusing F, n = 5. No distinction was made by Banton between recently fused 

juveniles and fully fused adults, thus the age range given for the former includes the latter. The known 

age ranges for the fallow deer subset come from Chapman records tabulated by Lister (1978-79); all 

individuals measured were of known age. The adult ages for both samples are simply the age range of all 

individuals with completely fused metapodia. The age ranges given are the same for metacarpi and 

metatarsi because the two sets of bones are associated (i.e. belong to the same individual) and, due to 

the large age ranges observed for each stage of development, fine scale information about differences in 

the timing of fusion between metacarpi and metatarsi, are obscured.  

A subset of immature red deer bones was selected at random to be measured following the 

amended protocol; while red deer adults were re-measured using the new scheme (Table 2.3.15). The 

new measurements were not available for the immature fallow deer metapodia because this dataset was 

Recent British Samples Protocol Cervus elaphus Known age 
(m) C. elaphus 

Dama dama Known age (m) 
D. dama 

METACARPI  M F Total M F M F Total M F 
            
Total number of ADULTS  Standard 30 30 60 18+ 18+ 30 30 60 18+ 18+ 
Number of adults re-measured  Modified 30 25 55   - - -   
            
Total number of JUVENILES  16 16 32   56 31 87   
Unfused juveniles  Modified 6 9 15 5-18 6-15 - - -   
Fusing juveniles  Modified 3 4 7 18 5-27 - - -   
Recently fused juveniles  Modified 7 3 10   - - -   
Unfused juveniles  Standard - - -   37 15 52 0.1-10 0.1-19 
Fusing/ recently fused 
juveniles 

Standard - - -   19 16 35 6-18 4-19 

            
METATARSI            

            
Total number of ADULTS Standard 31 29 60 18+ 18+ 30 30 60 18+ 18+ 
Number of adults re-measured  Modified 30 24 54   - - -   
            
Total number of JUVENILES  16 16 32   53 29 82   
Unfused juveniles  Modified 9 9 18 5-18 6-15 - - -   
Fusing juveniles Modified 2 3 5 18 5-27 - - -   
Recently Fused juveniles Modified 5 4 9   - - -   
Unfused juveniles Standard - - -   34 14 48 0.1-10 0.1-19 
Fusing/ recently fused 
juveniles 

Standard - - -   19 15 34 6-18 4-19 

 
Table 2.3.15 Total number of adult and juvenile Recent British red (Cervus elaphus) and fallow (Dama dama) metapodia 
measured with standard and modified protocols, with known age associated metadata. (See text). M = males;  F = females; 
m = age in months.  
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provided by Lister (1978-1979). The fallow juveniles had been measured following the standard 

protocol (Von den Driesch, 1976; Figure 2.3.14 & Table 2..3.10), with unfused epiphyses held in place 

on the ends of their respective diaphyses for total length measurements; distal width was taken as 

normal on the detached epiphyses (Lister, 2017, pers. comm.). Also, there was no distinction made 

between ‘fusing’ and ‘recently fused’ metapodia in the fallow deer dataset (Table 2.3.15).  

Having measured the Recent British red deer juveniles, 

all Maltese adult metapodia were reassessed (from photographs) 

to ensure that they could all be confirmed as adults (i.e. 

complete fusion of the distal epiphysis to the diaphysis, suture 

not prominently visible) rather than fusing or recently fused 

juveniles as described. On re-examination, only two metatarsi 

were reclassified from adult to either being fusing or recently 

fused juveniles (the ambiguity exists because both were missing 

the lateral halves of their respective distal epiphyses; Figure 

2.3.21); all other metapodia were confirmed as adults. One 

interesting point to note is that a relatively small proportion of 

the Maltese metapodia (16/70 or 22.9 % of metacarpi and 

11/62 or 17.7 % of metatarsi) could be unequivocally classed as 

adults in dorsal view. This is because the large majority of 

Maltese fossils were damaged or worn precisely at the sutural 

junction between the distal epiphysis and diaphysis on the dorsal 

side; this is probably a result of abrasion during the depositional 

process, affecting the most prominent extensions of an 

otherwise relatively level dorsal surface. In such cases of damage 

or wear, adult status of the metapodia was determined by 

examining alternative views of each specimen where possible 

(i.e. lateral, medial, ventral) to assess the relative recentness of 

the fusion between the distal parts.  

Figure 2.3.21 Maltese metatarsi 
reclassified from adult to fusing/ 
recently fused juveniles. Re-
evaluation of all Maltese metapodia 
previously measured as adults led 
to the discovery that two left 
metatarsi (GH.D 246, MM, above 
left; and 1948.46.26, NHMZ 
Despott Collection, above right) 
may have been misclassified. They 
were subsequently categorized as 
fusing/recently fused juveniles 
(ambiguity due to both specimens 
missing the lateral half of the distal 
epiphysis). Scale = 40.0 mm 
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2.3.4 Dental material 

 

 For the present study, cervid dental material was restricted to the permanent (adult) cheek 

teeth of the mandible (lower jaw) and maxilla (upper jaw) only (Figure 2.3.22). Adult canines and 

incisors were excluded because, when compared with molariform teeth (i.e. premolars and molars), 

their small size and fragility means that they are less often preserved in fossil samples, while the relative 

simplicity of their morphology makes it difficult to determine species identity (Klein et al. 1981). 

Mandibular dimensions were measured based on a standard protocol (Von den Driesch, 1976; refer to 

Figure 2.3.27 in Section 2.3.5 for details), but maxillary measurements were excluded from the 

present analyses because no specimens were available in the Maltese collections. 

Like the postcranial material, dental datasets for fossil and Recent taxa were made up of 

measurements taken from several sources: all Maltese fossils, Sicilian Dama carburangelensis fossils 

(including some labelled as “Praemegaceros” carburangelensis), plus all Recent British Cervus elaphus 

specimens were measured by the author for this study; dental measurements taken on Sicilian C. e. 

siciliae fossils were published by Gliozzi et al. (1993); while measurements of Late Pleistocene and 

Holocene C. elaphus, plus Recent C. e. scoticus and Dama dama were all provided by Lister (1981; PhD 

Thesis) (Tables 2.3.16-17 and A10 [Appendix]).  

Figure 2.3.22 Maxillary (upper) and mandibular (lower) adult dentition of a Recent red deer (Cervus elaphus), 
right side, buccal view. Mandibular regions and anatomical features are labelled in orange. Tooth abbreviations 
are given in Table 2.3.19 Incisors and canines were not included in the present study (see text). Scale = 40.0 
mm (approx.). Lingual and occlusal views are illustrated in Figures A5-9 (Appendix). 



 83 

LOCALITY AGE SPECIES LP2 LP3 LP4 LM1/LM2 LM1 LM2 LM3 Total No. 
Teeth 

Total No. 
Mandibles    Loose In situ Loose In situ Loose In situ Loose In situ In situ Loose In situ 

Malta LP “Maltese” 13 3 36 11 78 13 37 16 21 103 15 346 31 
Sicily LP Dama carburangelensis - - - - - - - 3 14 - 19 36 20 
Sicily LP “Praemegaceros” carburangelensis - 1 - 1 - 1 1 1 - - - 5 1 
Sicily LP Cervus elaphus siciliae - 4 - 9 1 11 - 14 19 2 13 73 24 
UK LP Cervus elaphus - 1 2 2 7 2 2 6 5 11 3 41 6 
UK H C. elaphus 2 37 1 41 1 48 2 50 50 3 44 279 59 
UK R C. elaphus - 47 - 50 - 50 - 50 50 - 43 290 50 
UK R C. e. scoticus - - - - - 68 - - - - 69 137 72 
UK R Dama dama - 14 - 16 - 16 - 16 16 - 16 94 94 
UK ? D. dama - 1 - 1 1 2 2 3 3 1 3 17 3 

 
Table 2.3.16 Number of lower teeth and mandibles included in the present study. Summary of data collated from different sources (see text for details, and Tables A11 [Appendix]) for 
comparative analyses with the Maltese sample. ‘Loose’ refers to isolated teeth, while ‘In situ’ refers to teeth still in place within the mandible. LP2-LP4 = Lower Premolars; LM1-LM3 = Lower 
Molars (see Figure 2.3.22) ‘Total number of mandibles’ refers to complete and fragmentary specimens. Species and subspecies information is given in the text. Abbreviations are as follows: LP = 
Late Pleistocene, H = Holocene, R = Recent, ? = Unknown age.  

 
 

LOCALITY AGE SPECIES UP2 UP3 UP4 UM1/UM2 UM1 UM2 UM3 Total No. 
Teeth 

Total No. 
Maxillae    Loose In situ Loose In situ Loose In situ Loose In situ In situ Loose In situ 

Malta LP “Maltese” 27 - 50 - 76 3 54 6 6 137 3 362 7 
Sicily LP Cervus elaphus siciliae - - - 1 - 3 1 3 2 - 4 14 4 
UK LP Cervus elaphus 4 - 6 - 7 - 34 - - 22 - 73 - 
UK H C. elaphus 2 1 2 1 4 2 4 2 2 2 1 24 3 
UK R Dama dama - - - - - - - - - 13 - 13 - 

 
Table 2.3.17 Number of upper teeth and maxillae included in the present study. Refer to caption for Table 2.3.16 above. UP2-UP4 = Upper Premolars; UM1-UM3 = Upper Molars. ‘Total 
number of maxillae’ refers to complete and fragmentary specimens.  
 

 



 84 

Tooth identification, standard notation and nomenclature 

 

 Table 2.3.18 summarises the juvenile and adult dental formulae for the Cervidae. By 

convention, the figures presented are for one side only and therefore must be doubled to give the total 

number of teeth per animal. It is usual for an individual to grow approximately 52-54 teeth over the 

course of its lifetime in two successive dentitions: 20 deciduous (“milk”) teeth plus 32 – 34 permanent 

(adult) teeth (Chapman and Chapman, 1970; Whitehead, 1972; Putman, 1988). Secondary loss of the 

sexually dimorphic, prominent maxillary (upper) canine ‘tusks’ in males of all deer tribes except 

Hydropotini (Chinese water deer) and Muntiacini (muntjacs; Lister, 1984; Geist, 1988) accounts for 

the difference in the upper canine number. However, vestigial upper canines in other deer tribes are 

not uncommon; when present, these teeth tend to be small, peg-like and are often found embedded 

within the alveolus making them harder to detect in living animals. (Heffelfinger, 2010; ‘DeerNut’s 

Blog’). Tooth replacement, eruption and wear sequences are discussed in detail Section 2.3.6. 

DENTITION Incisors (I) Canines (C) Premolars (P) Molars (M) TOTAL (per side) 

Permanent (Adult)      
Upper (Maxillary) 0 0 or 1 3 3 6 or 7 
Lower (Mandibular) 3 1 3 3 10 
Deciduous (Juvenile)      
Upper (Maxillary) 0 0 3 0 3 
Lower (Mandibular) 3 1 3 0 7 

 
Table 2.3.18 Cervid dental formulae Normal dentition for all deer (Cervidae) is either 32 to 34 permanent teeth plus 
20 deciduous (milk) teeth (figures given in table are for one side only).  

 

Conventional abbreviations for the upper and lower cheek teeth are presented in Table 2.3.19. 

For clarity, those used in the present study will be in the style of the first two notation column 

examples for maxillary and mandibular cheek teeth: thus, an upper third molar would be abbreviated as 

either UM3 or M3. In the latter example the superscript or subscript is used to denote an upper or 

lower tooth respectively; while in the former, the tooth – the third molar or M3- is preceded by ‘U’ for 

‘upper’ and ‘L’ for ‘lower’. In the third notation column for both sets of teeth in Table 2.3.19, upper 

and lower case letters are used to represent upper or lower dentition, but this difference can be difficult 

to discern and sometimes ambiguous in print, so it will not be used here. Premolars are labelled 

(anterior to posterior) 2nd, 3rd and 4th (Figure 2.3.22) rather than 1st, 2nd and 3rd as one might 

expect because 1st premolars, like maxillary canines, were also lost in the Cervidae during the course of 

their evolution (Riney, 1951; Chapman and Chapman 1970). 

 Tooth identification is clearly a much simpler task when teeth are still  in their original postions 

within the maxilla or mandible. Without the context of adjacent teeth, determining the difference 

between isolated (loose) UM1s and UM2s or LM1s and LM2s in particular, is extremely challenging  
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Maxillary Cheek Teeth Notation Mandibular Cheek Teeth Notation 

Upper 2nd Premolar UP2 P2 P2 Lower 2nd Premolar LP2 P
2 

p2 
Upper 3rd Premolar UP3 P3 P3 Lower 3rd Premolar LP3 P

3 
p3 

Upper 4th Premolar UP4 P4 P4 Lower 4th Premolar LP4 P
4 

p4 
Upper 1st Molar UM1 M1 M1 Lower 1st Molar LM1 M

1
 m1 

Upper 2nd Molar UM2 M2 M2 Lower 2nd Molar LM2 M
2
 m2 

Upper 3rd Molar UM3 M3 M3 Lower 3rd Molar LM3 M
3
 m3 

 
Table 2.3.19 Dental notation for upper and lower cheek teeth.   
 

especially when more than one size class is present in the sample. For this reason, preparatory studies 

examining the shape and distinctive features of each tooth were conducted using the NHM collections 

of Recent and fossil teeth, loose and in place in the mandible, prior to embarking on fieldwork. In 

addition, photographs of Recent cervid upper and lower dentition were taken, enlarged, labelled (based 

upon Heintz, 1970, and  Lister, 1981) and printed onto card to aid identification in the field (Figures 

A5-9 [Appendix]). The labels include the standard nomenclature for the anterior and posterior, buccal 

and lingual cusps for each tooth plus other salient features, with their anatomical positions given in 

Table A12 (Appendix). Despite thorough preparations, more often than not it was impossible to 

distinguish 1st from 2nd molars when loose; instead they were categorised as ‘M1/M2’ for both upper 

and lower dentition (Tables 2.3.16-17), which precluded separate analyses for these teeth.  

 

In situ Maltese teeth and mandibulae 

 

 Four of the 31 Maltese mandibles and a single lower molar (cf. M2) were measured in situ in 

Għar Dalam Cave: three of the mandibles plus the isolated tooth were located in the stratigraphic wall, 

while the fourth mandible was embedded within the southern face of the sediment column (Figures 

2.3.23-24). No upper teeth nor maxillae were found in situ within the cave itself.  

Figure 2.3.23 a shows the locations of every measurable deer fossil in the stratigraphic wall, 

including the relative positions of the four long bones previously described and illustrated in Figure 

2.3.2. The isolated lower right molar (LCD16_RW14) is the highest positioned fossil at c. 1.5 m above 

the cave floor, at the boundary between the distinctive red clay layer and the overlying light grey 

sediment (Figure 2.3.23 a). This tooth also has the darkest preservation of all of the fossils found in the 

wall  (Figure 2.3.23 b). Due to the friable nature of the encasing sediment, the molar was removed for 

safe-keeping after its position had been recorded and photographed. Continuing down the wall, the 

next highest fossil is a partial mandible with a premolar in place (cf. P4; Figure 2.3.23 c). Its situation in 

a shallow recess adjacent to the cave wall meant that accurate measurements were virtually impossible, 

with overhanging sediment preventing proper access to the specimen with calipers. Instead, tooth width 
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was estimated, but length could not be taken because the specimen’s anterior-posterior axis is oriented 

at right angles to the wall. The remaining two mandibles are located relatively close to one another in 

the stratigraphic wall, at approximately the same height (c. 50.0 cm) above the pebble layer (Figure 

2.3.23 a; green and pink solid outlines). The partial right mandible (LCD16_RW16) is buried 

anteriorly in the sediment perpendicular to the face of the wall, and is broken off at the posterior root 

of the M2 leaving only part of the M1 and M2 exposed (Figure 2.3.23 d; green dashed outline). Once 

again, inaccesibility of the specimen due to overhanging sediment meant that only M2 length could be 

recorded. The other partial right mandible (LCD16_RW6) is oriented almost at right angles to the 

previous specimen, so that the posterior part of the horizontal ramus is flush with the face of the 

stratigraphic wall, revealing the lingual sides and occlusal surfaces of the M2 and M3 (Figure 2.3.23 

e).This meant that the lengths and widths of both teeth could be measured without obstruction. The 

Figure 2.3.23 a-e In situ cervid mandibles and teeth in the stratigraphic wall at Għar Dalam Cave. a) The 
locations of in situ specimens are illustrated with solid colour outlines (enlarged in b-e), together with the 
relative positions of the four in situ long bones (red, blue and yellow dashed circles) detailed in Figure 2.3.2 
a-d. b) A lower 2nd molar (LCD16_RW14) is the highest positioned measurable deer fossil (purple square 
in a), with the darkest preservation of all in situ material in the wall. c) A partial mandible with probable 
lower 4th premolar (LCD14_RW1) is embedded in a shallow recess very close to the cave wall (turquoise 
square in a), just above a slightly deeper recess containing the distal femur and proximal metacarpus (red 
dashed circle; see Figure 2.3.2 b). d) A partial right mandible with lower 1st and 2nd molars 
(LCD16_RW16; green dashed outline) protrudes posteriorly, perpendicular to the face of the wall in close 
proximity to e) another partial right mandible with lower 2nd and 3rd molars present (LCD16_RW6; pink 
rectangle in a). Directional terms: A = Anterior, P = Posterior, L = Lingual and B = Buccal.  
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specimen also appeared to have an intact 

vertical ramus trapped between two 

pebbles which,  unfortunately, precluded 

measurement of this feature.  

The partial left mandible in the 

sediment column (LCD14_RC1) is deeply 

embedded with only the occlusal surfaces 

of the teeth (P4 – M3) exposed (Figure 

2.3.24). It is situated close to the cave wall 

and, although it appears to be in a higher 

position than the distal tibia, it is actually 

located at approximately the same height 

above the pebble layer (c. 25.0 cm), 

because the pebble layer is upwardly 

inclined towrds the cave wall (Figure 

2.3.24; compare green rectangle with red 

dashed circle). The friable nature of the 

sediment column coupled with limited 

accessibility to measurable parts of the 

teeth meant that only estimations of  P4 

length and the length of the molar row 

(M1-M3) were possible.  

 

Ex situ Maltese dental material: Maltese and British museum collections 

 

The Maltese museum collections contained thousands of loose teeth either in jars on public 

display at GDM, or in mixed bags in the storerooms at MM. The material in both collections was 

unsorted: upper and lower permanent and deciduous teeth were randomly jumbled together, 

sometimes with non-cervid specimens (e.g. bovids and equids) recovered from relatively more recent 

strata in the cave (when evidence for the presence of humans and their domestic animals is prevalent; 

refer to Chapter 1 for stratigraphic details of Għar Dalam Cave). Therefore, the first step towards data 

collection in Malta involved identifying and sorting the teeth into groups (deer or non-deer, adults or 

juveniles), and categorising them according to type (upper and lower molars, premolars, incisors and 

canines) and their relative positions in the mandible or maxilla. To aid identifiation and subsequent 

Figure 2.3.24 Position of in situ partial mandible in 
the sediment column in Għar Dalam Cave. Top: The 
sediment column’s southern face showing the 
location of a partial left mandible (LCD14_RC1; green 
solid outline), plus the relative postion of the distal 
tibia (LCD14_RC3; red dashed circle) illustrated in 
Figure 2.3.3. Bottom: The partial mandible enlarged 
revealing the presence of a single premolar (lower P4) 
and all three molars. Directional abbreviations: A = 
Anterior, P = Posterior, B = Buccal, and L = Lingual. 
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elimination of similarly-sized, non-cervid teeth from the sample, comparative dental material from 

known Recent bovids (sheep and goat) was made available on site at GDM and MM, plus any 

ambiguous teeth were compared to the cervid tooth identification cards previously described. 

By far, the largest proportion of teeth measured in the Maltese sample were loose (86.3 % or 

611 of  708 upper and lower teeth; Tables 2.3.16-17), and all but two came from the Maltese museum 

collections (one UM3 and one LM3 were from the NMSZ ‘Despott’ collection). In total, 31 adult 

mandibles or mandible fragments were measured: 24 from Maltese (GDM & MM) and 7 from British 

(NHM & NMSZ Cooke Collections) museums. All of the fossil mandibulae were incomplete, exhibiting 

varying degrees of damage, wear, sediment attachment and tooth loss, with only a single specimen 

posessing all six cheek teeth in situ: NHM Cooke specimen M4683 (left mandible; Figure 2.3.25 a). 

This specimen is important for several reasons: not only is it in possession of a full set of molariform 

teeth, it is also the most complete mandible in the sample and is in exceptional condition having been 

sympathetically repaired in the past (a horizontal break is visible on the vertical ramus at the condylar 

process). It is the only example of an intact and measurable vertical ramus and coronoid process, in fact 

the only damage sustained, other than the expected wear for a fossil of this age, is at the point of the 

original break so that all that is missing is the condylar process. Fortunately, during the course of 

measuring the NHM specimens, the author noted another less complete mandible (with an intact 

condylar process) that bore a striking similarity to the aforementioned Cooke fossil, in size, shape, 

general appearance, preservation and wear (NHMUK Cooke specimen M4684; Figure 2.3.25 b). This  

specimen was also collected by Cooke during the same excavation from the same layer in Għar Dalam 

Cave, and, rather pleasingly, it is a right mandible – the opposite side to the more complete left 

mandible previously described. After careful examination of both specimens and a review of their tooth 

and mandibular dimensions, it can be said with relatively certainty that specimens NHMUK M4683 and 

M4684 belonged to the same individual. Only one other pair of Maltese mandibles was discovered in 

the collections: specimen(s) AAC_013 (MM; Figure 2.3.25 c and d - left and right halves share the 

same specimen number) were bagged together in the collection, with a note stating that they were a 

pair. The right mandible is in a more complete state, with all molars present and a larger part of the 

horizontal ramus intact (Figure 2.3.25 c). The left mandible has a single M2 and a partial M3  in place; 

the posterior cusp of the M3 is broken off in the alveolus after which point the entire posterior part of 

the mandible is missing (Figure 2.3.25 c). Therefore, after ensuring sufficient correspondence between 

available measurements on each half (to check that they formed a genuine pair), the left side was 

excluded from further analyses. Almost all of the remaining mandibular specimens were fragments of 

the horizontal ramus that included all or part of the alveolar tooth row, but very few anterior or 

posterior features of the mandible itself. Rarity of intact mandibles in the Maltese sample resulted in the 
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omission of several mandibular measurements, particularly those pertaining to the vertical ramus (see 

Figure 2.3.28 in Section 2.3.5).  

The seven ‘maxillae’ can only be described as fragments of bone holding upper premolars or 

molars in place; no morphological features were evident therefore, no maxillary measurements were 

taken on any of the Maltese specimens. Four of the maxillae were in the collections at MM, two were 

Figure 2.3.25 a-d Two pairs of Maltese mandibles excavated from Għar Dalam Cave. a) NHMUK (Cooke 
Collection) M4683 and b) M4684, left and right mandibles, respectively, in lingual view. Both were excavated 
by Cooke in 1892 were subsequently found to belong to the same individual (see text). M4683 is the most 
complete specimen in the Maltese sample. c) MM specimen AAC_013 (right) and d) left (same number) 
mandibles in buccal view, form the only other pair in the sample. Scale = 40.0 mm.   

a 

b 

c 

d 
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NHM Cooke specimens and one 

was a Despott fossil from the 

NMSZ. The most intact 

specimens were found in British 

collections only: a Cooke left 

maxilla with P4-M3 in situ 

(NHMUK M4731; Figure 2.3.26 

a) and a Despott right maxilla 

with P4-M2 in place (NMSZ 

1948.49.32; Figure 2.3.26 b). 

The Cooke specimen is heavily 

encrusted with sediment, but the 

teeth and the roots are very light in colour; in contrast, the Despott specimen is relatively clean in 

comparison, with darker teeth and roots. These preservational differences are identical to those seen in 

the postcranial material described in Section 2.3.1 (Figure 2.3.9 a-c).  

 

Sicilian dental material: Cervus elaphus siciliae and Dama carburangelensis 

 

 The sample of Dama carburangelensis dental material solely consisted of molars in situ in 20 

mandibular fragments (Table 2.3.16 & Figure 2.3.27 a) recovered from the Contrada Cimillà di Ragusa 

site, held in the collections at MCSN (Comiso – Camarina off-site storage facility). Time constraints 

only permitted measurement of 20 specimens from the much larger collection of dental material which 

did not appear to contain any maxillae or loose upper or lower teeth.  

An intriguing box of specimens was hidden among the collections in Palermo (GGG) containing 

mandibular fragments of two adults and one juvenile plus a single loose M1 or M2, all labelled as 

“Praemegaceros carburangelensis”, excavated from Grotta di San Teodoro (Figure 2.3.27 b). According to 

the curator (di Patti; Nov 2015; pers. comm.) these remains represent the type material of P. 

carburangelensis; however this information was not recorded on any of the labels associated with the 

specimens (e.g. Figure 2.3.27 c). For the present analyses, the two measurable specimens (mandible 

fragment ST403, and loose M1/M2 ST405c) retain the P. carburangelensis species identity. 

Figure 2.3.26 a-b Maltese maxillary fragments with in situ teeth. a) 
Cooke left maxilla with UP4-UM3 (NHMUK M4731, buccal view). 
b) Despott right maxilla with UP4-UM2 (NMSZ 1948.49.32, buccal 
view). NB specimens are inverted 180°.  Scale bars = 40.0 mm.  
 

a 

b 
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All measurements on the dental material of the Sicilian red deer (Cervus elaphus siciliae) were 

published by Gliozzi et al. (1993; p. 332, Tables 2-4); the majority of which were taken on teeth in situ 

within the mandible or maxilla (Tables 2.3.16-17; refer to Tables A11 [Appendix] for Sicilian fossil 

localities and museum collections) 

 

British Late Pleistocene and Holocene dental material: Cervus elaphus 

 

 Meaurements on British Late Pleistocene and Holocene red deer (Cervus elaphus) dental material 

are taken from Lister (1978-79; 1981, PhD Thesis; Table 2.3.20). The Holocene fossil localities of Star 

Carr and the Cambridgeshire Fens have been discussed in Section 2.3.1. All of the teeth in the Fens 

sample were in place within the mandible or maxilla, as were 88.8 % (182 out of 205 total teeth 

measured) of the Star Carr sample; in contrast, the majority of the teeth measured from Kent’s Cavern 

were loose (83.3 % or 95 of a total of 114 upper and lower teeth) (Table 2.3.20). In addition, the 

Holocene sample (Star Carr and Fens) largely consists of lower teeth and mandibles; while the Late 

Pleistocene sample contains more upper than lower teeth but no maxillae at all (Table 2.3.20). 

 

 

 

 

 

Figure 2.3.27 a-c Examples of Sicilian fossil mandibles included in the present study. a) Partial Dama 
carburangelensis mandible with LM1-LM3 in situ (specimen CIM MD 078d, left mandible, lingual view; 
MCSN collection). b) Fragment of “Praemegaceros” carburangelensis mandible with complete premolar row 
(LP2-LP4) and a damaged LM1 in situ (specimen ST403, right mandible, lingual view; GGG collection). c) 
Label information for specimen ST403, with no information on type status (refer to text). Scale bars = 40.0 
mm (approx.). 

a b 

c 
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Tooth Kent’s Cavern (LP) Star Carr (H) Cambridgeshire Fens (H) 
 Loose In situ Loose In situ Loose In situ 

LP2 - 1 2 26 - 11 
LP3 2 2 1 28 - 13 
LP4 7 2 1 31 - 17 
LM1 2* 6 1* 32 - 18 
LM2 - 5 1* 33 - 17 
LM3 11 3 3 28 - 16 

Total Teeth (N) 41 187 92 
Mandibles (N) 6 41 18 

UP2 4 - 2 - - 1 
UP3 6 - 2 - - 1 
UP4 7 - 4 1 - 1 
UM1 15* - 3* 1 - 1 
UM2 19* - 1* 1 - 1 
UM3 22 - 2 1 - 1 

Total Teeth (N) 73 18 6 
Maxillae (N) - 2 1 

 
Table 2.3.20 British Late Pleistocene (LP) and Holocene (H) red deer (Cervus elaphus) dental material measured 
by Lister (1978-79; 1981, PhD Thesis). *Lister’s designation of loose molar type, noting uncertainty with ‘cf.’  

 

Recent dental material 

 

 Samples of Recent Britsh red (Cervus elaphus) and fallow deer (Dama dama) come from the 

Chapman Collection (NMSZ). The C. elaphus sample was measured for the present study and consists of 

50 mandibles with in situ teeth, of known gender (27 females and 23 males), some of which were also 

of known ontogenetic age (four females and six males). Metapodia associated with five female and seven 

male mandibular specimens form part of the postcranial dataset previously described in Section 2.3.1. 

There were no maxillae nor upper teeth in this sample. The D. dama sample is made up of 16 mandibles 

with teeth in situ plus 13 loose UM3s measured by Lister (1978-79) (Tables 2.3.16-17). Lister (1978-

79) also measured a large collection of C. e. scoticus (Scottish red deer) of known gender from the Isle of 

Rùm, Scotland; this sample consisted lower dentition only: 72 mandibles with measurements taken on 

in situ LP4s and LM3s. Finally there is also a small sample of miscellaneous British D. dama mandibles 

and loose teeth of different geological ages included from Lister’s datasets  (Tables 2.3.16-17 & Tables 

A11 [Appendix]). 
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2.3.5 Measurements on teeth and mandibulae 

 

Teeth 

 

Two dimensions, length and width, were measured on each tooth as standard. A third 

dimension, crown height, was also taken when the tooth in question was judged to be completely 

unworn or only slightly worn in accordance with the criteria set out in Table 2.3.21.  

Abbreviation Meaning Notes 
U UNWORN No wear at all on the cusp being measured and/or no dentine 

exposure 
V. EW VERY EARLY WEAR Only anterior OR posterior slope of cusp being measured show 

any sign of wear; enamel thicker than exposed dentine 
EW EARLY WEAR Both slopes (anterior AND posterior) of cusp being measured 

show signs of wear; enamel thicker than exposed dentine on at 
least one slope 

TW TOO WORN Exposed dentine thicker than enamel in this case; cusp judged 
too worn for accurate measurement 

NB: Crown height is not measured in specimens estimated to be too worn 
 

Table 2.3.21 Qualitative cusp wear criteria used to assess whether or not crown height can be measured. 
 

The measurement protocols for all tooth dimensions strictly followed those of Lister (1981, 

PhD Thesis); these are reproduced in full in Table A13 and Figure A10 a-b (Appendix). In summary: all 

tooth lengths were measured at the dentine-enamel junction between crown and root, on the buccal 

face for upper teeth or the lingual face for lower teeth; all width measurements were taken on the 

anterior lobe for molars or anterior half of the tooth for premolars; and all crown heights were 

measured on the unworn/partially worn anterior buccal cusp for upper molars and anterior lingual cusp 

for lower molars, or parallel to the central buccal cone/lingual conid for upper or lower premolars 

respectively.  

 

Mandibulae 

 

 Measurements on the mandible were based on a standard protocol (von den Driesch, 1976). 

Table 2.3.22 lists all dimensions measured plus the original descriptions and numbers given in von den 

Driesch (1976); these are illustrated in Figure 2.3.28. A subset of 12 measurements was selected from a 

longer list of 18 dimensions (von den Driesch, 1976; p. 57), to capture variation in size and shape 

across all regions of the mandible. 

Unfortunately, given the fragmentary nature of the Maltese and Sicilian fossils, many 

measurements could not be taken, or even estimated on the majority of specimens. In particular, 

dimensions of the vertical ramus (measurements 6-9) and the full length of the horizontal ramus 
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THIS STUDY (Figure 2.3.28) VON DEN DRIESCH (1976; p. 52-57 & Figure 21a) 

Number Description Number Description 

1 Horizontal ramus length 1 Length from the angle: Gonion caudale (Goc)– Infradentale (Id) 

2 Diastema length 11 Length of the diastema: oral border of the alveolus of P2 – aboral border of the alveolus of I
4 
 (=C) 

3 Alveolar tooth row length: P2 – M3 

7 Length of the cheektooth row, measured along the alveoli on the buccal side 

4 Premolar tooth row length: P2 – P4 9 Length of the premolar row, measured along the alveoli on the buccal side 

5 Molar tooth row length: M1 – M3 8 Length of the molar row, measured along the alveoli on the buccal side 

6 Depth of vertical ramus 3 Length: Gonion caudale (Goc) – aboral border of the alveolus of M3 

7 Height of condylar process (maximum) 12 Aboral height of the vertical ramus: Gonion ventrale (Gov) – highest point of the condyle process 

8 Height of vertical ramus (minimum) 13 Middle height of the vertical ramus: Gonion ventrale – deepest point of the mandibular notch  

9 Height of coronoid process (maximum) 14 Oral height of the vertical ramus: Gonion ventrale (Gov)– Coronion (Cr) 

10 Height of horizontal ramus posterior to M3 

15a Height of the mandible behind M
3 
from the most aboral point of the alveolus on the buccal side 

11 Height of horizontal ramus anterior to M1 

15b Height of the mandible in front of M1. Measured at right angles to the basal border 

12 Height of horizontal ramus anterior to P2 

15c Height of the mandible in front of P2. Measured at right angles to the basal border 

 
Table 2.3.22 Measurement protocol for the mandible used in the present study (purple) based on a standard protocol, Von den Driesch (1976; green) 
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Figure 2.3.28 Measurements taken on the mandible, reproduced from von den Driesch (1976; p. 56, Fig. 21a). Definitions and abbreviations are 
given in Table 2.3.22.  Different colours are used for clarity. Recent British red deer (Cervus elaphus) mandible, left side, buccal view. Specimen is 
from author’s own collection; origin: Cairngorms National Park, Scotland). Scale = 40.0 mm. 
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(measurement 1) were rarely available (maximum Maltese sample size for any of these dimensions: N = 

2). The mandibular features that were most frequently intact and measurable were those associated with 

the tooth row (measurements 3-5). Datasets from other sources (e.g. Gliozzi et al. 1993, and Lister, 

1978-79) gave information for a small subset of the mandibular dimensions listed in Table 2.3.22, and 

these were restricted to tooth row lengths only (measurements 3-5; Table A14 [Appendix] lists all 

samples with mandibular measurements taken). For these reasons, size-based comparative analyses will 

necessarily focus on tooth row proportions.  

 

2.3.6 Assigning age classes based on mandibular tooth eruption, replacement and wear 

To make an accurate assessment of the ontogenetic age of an individual based on dentition 

alone, it is essential to know the chronology of key events associated with tooth growth and 

development, such as: eruption, replacement and wear. The tooth eruption sequences for red (Cervus 

elaphus) and fallow deer (Dama dama) are well studied and have been shown to follow broadly similar 

patterns from birth until adulthood, when the full sets of permanent teeth are in place (Lowe, 1967; 

Chapman and Chapman, 1970; Brown and Chapman, 1990; 1991a; 1991b). Lower teeth are most 

commonly used in studies of age determination, so the following information relates to mandibular 

dentition only, unless otherwise stated. 

According to Chapman and Chapman (1970) fallow deer are usually born with a full 

complement of deciduous lower teeth: three deciduous incisors (3 x dI), one deciduous canine (1 x dC) 

and three deciduous premolars (1 x dP). In red deer, Lowe (1967) states that only 3 x dI and 1 x dC are 

present in the mandible at birth, the subsequent eruption of the 3 x dP occurs postnatally after a few 

days (refer to Table 2.3.18, Section 2.3.4 for adult and juvenile cervid dental formulae). The next stage 

of development for both species is the eruption of the first permanent (adult) tooth, the M1, which is 

fully erupted in fallow deer by 3-5 months (Chapman and Chapman 1970; Brown and Chapman, 1990) 

and by 5 months of age in red deer (Lowe, 1967; Mitchell, 1967; Brown and Chapman, 1991a). The 

order in which each permanent tooth appears is presented in Table 2.3.23, with approximate age ranges 

given for each species according to the different sources cited. Generally, the pattern of tooth eruption 

is the same for both species until the appearance of the mandibular canines after which, for D. dama, the 

final permanent molar (M3) emerges before the replacement of the deciduous premolars by their 

permanent counterparts (Chapman and Chapman, 1970; Brown and Chapman, 1990); while, for C. 

elaphus the permanent premolars erupt and are functional before the M3 (Mitchell, 1967). Brown and 

Chapman (1990; 1991a) also provide the ages (in months) by which each tooth (excluding incisors and  
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Dama dama (Chapman & Chapman, 1970) 

Tooth M
1 

I
1
 M

2
 I

2
 I

3
 C M

3
 P

4
 P

3
 P

2
 

Age in 
months 

3-5 7-9 9-13 13-16 13-17 13-17 13-21 17-21 17-21 21-25 

D. dama (Brown & Chapman, 1990) 

Tooth M
1 

- M
2
 - - - M

3
 P

4
 P

3
 P

2
 

Age in 
months 

5 - 18 - - - 26 22 26 27-43 

Cervus elaphus (Mitchell, 1967) 

Tooth M
1 

I
1
 M

2
 I

2
 I

3
 C P

2
 P

3
 P

4
 M

3
 

Age in 
months 

5 12 12 18 21 24 24 24 24 c.33 

C. elaphus (Brown & Chapman, 1991a) 

Tooth M
1 

- M
2
 - - - P

2
 P

3
 P

4
 M

3
 

Age in 
months 

0-5 - 13 - - - 26 26 26 26 

 
Table 2.3.23 Tooth eruption sequences for fallow (Dama dama) and red deer (Cervus elaphus). Chapman & 
Chapman (1970) determined the chronology of tooth eruption for D. dama (shown from left to right), with the age 
given in months to full eruption. Brown & Chapman (1990) give the ages by which the permanent molars and 
premolars come into wear; these ages will be slightly later than the time taken to full eruption (see text). Mitchell 
(1967) gives the age in months to tooth functionality for C. elaphus. Brown & Chapman (1991a) give the ages by 
which molars and premolars of C. elaphus come into wear; again these will be later than the age by which the teeth 
are fully erupted. Brown & Chapman (1990; 1991a) do not give data for incisors (I) or canines (C). 

 

canines) comes into wear, which occurs slightly after full eruption when they have emerged sufficiently 

to occlude against teeth in the upper jaw (maxilla; Table 2.3.23). 

Thus, in a known species, the chronology of tooth eruption can be used with relative precision 

to estimate ontogenetic age, until all the adult teeth have fully erupted. Once an individual has reached 

this key stage (roughly in the third year for both species), using teeth as indicators of age becomes less 

reliable because there are fewer obviously identifiable events on which to base estimations. To resolve 

this issue, different researchers have employed a variety of techniques with varying degrees of success, 

and in 1967 Lowe published a comprehensive assessment of four of the methods frequently used to 

determine ontogenetic age in red deer (Cervus elaphus), based solely on dentition. Each method was 

tested for reliability on a known-aged sample from a wild population on the Isle of Rùm, Scotland, and 

the results were compared. Of the four methods examined by Lowe (1967), only two – ‘linear 

measurements of growth and wear’ and ‘stages of tooth replacement, eruption and wear’- are relevant 

to the present study.  

Lowe (1967) found that using linear measurements of growth and wear to construct an index of 

age, resulted in inconsistent and often unreliable predictions, particularly in samples where individual 

variation in tooth size was large (e.g. in the Rùm population on which he was testing the methods, and 

also in the Maltese fossil sample which shows clear evidence of multiple size classes). Earlier researchers 

(e.g. Eidmann, 1932; and Severinghaus, 1949; in Lowe, 1967) had focused on finding an association 
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between ontogenetic age and individual measurements, such as: crown height (decreases with age, as 

teeth are worn down over time); or, in partially-erupted teeth, the amount of tooth visible above the 

alveolar rim (increases with age, as teeth continue to erupt upwards and anteriorly in the mandible 

throughout adulthood). However, variation between individuals in tooth size meant that these 

measurements were not found to be reliable indicators of age (Lowe, 1967). Instead, Lowe (1967) 

modified the technique whereby he combined different measurements taken on the mandible and teeth 

(e.g. measurements 1-3, 6 and 11 in Table 2.3.20 & Figure 2.3.28, plus M1 crown height) in an 

attempt to devise a function that would increase with age from which a more precise predictor of age 

could be derived. Although this modified protocol was moderately more successful than the earlier 

single measure versions on which it was based, accuracy in predicting the correct age class for known-

age individuals was still just under 50.0 % (14 of 29 mandibles; Lowe, 1967).  

 Perhaps the simplest method assessed by Lowe (1967) was, at the time of writing, considered 

to be the most reliable way to estimate ontogenetic age. The mandible of unknown age is compared 

against a set of mandibles that are numbered and serially arranged according to successive stages of 

tooth replacement, eruption and wear, to see which stage it most closely resembles.  Lowe (1967) 

tested this method by using a ranked series of mandibles taken from unmarked C. elaphus stags shot 

during the annual culls on Rùm, numbering each one according to the year class (0-18) it was thought 

to represent. Next, he compared the mandibles of known-age males and females with the unmarked, 

numbered set without reference to the birth records of the former, to see how well the assigned year 

classes (0-18) corresponded with known-age classes based only on stages of tooth eruption, replacement 

and wear. He found that only 3/28 (10.7 %) of the known-age individuals did not agree with the series 

of unmarked mandibles, making this technique the most reliable predictor of ontogenetic age tested 

(Lowe, 1967). In addition, he suggested that the close correspondence between known ages and 

assigned age classes meant that the differences separating the classes were likely annual in character. In 

his paper, Lowe (1967) provides detailed descriptions of the diagnostic features for each of the different 

age classes to accompany photographs of the series of mandibles – these were used in the present study 

to assign age classes to the Maltese mandibles.  

On the whole, this technique was relatively simple to use to categorise the fossil specimens up 

to age class 5, when permanent teeth are still erupting and coming into wear. However, from age class 

6 onwards, diagnostic features are dependent on comparing the wear patterns of several teeth in the jaw 

simultaneously, which was not always possible for incomplete Maltese mandibles. Consequently, some 

of the Maltese specimens were assigned age classes tentatively, based on the minimum criteria (i.e. 

whichever teeth were available). Also, this technique was specifically designed for use with red deer (C. 

elaphus), and even though the diagnostic features described for the Rùm population were found to 
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closely resemble those previously used to assign age classes to European mainland red deer in Germany 

(see Lowe, 1967), the Maltese population is not only dwarfed by comparison (ontogenetic changes may 

occur at different rates), but may be comprised of multiple species. For this reason, the age classes 

assigned would be better defined as ‘eruption and wear’ stages for the time being, until further analyses 

have been completed. 

 

2.3.7 Body mass estimation based on postcranial dimensions 

 

 Many dimensions of the body show a general relationship with body mass, but those of the 

postcranial bones are highly correlated with body weights for important biomechanical reasons: they 

need to be sufficiently thick to endure increases in compressive and bending forces that result from 

increases in body weight (Scott, 1983; 1990). It follows that for a sequence of animals of increasing size 

but of similar shape, their skeletal dimensions should increase in size consistently to account for 

increasing body mass (Scott, 1990). It has also been demonstrated that until a weight of about 300 kg, 

bone diameters remain relatively constant and larger animals compensate by a change in locomotor limb 

posture to a more upright position (Biewener, 1989; Dick and Clemente, 2017).  Previous studies on a 

variety of ungulate taxa (e.g. African bovids, cervids, suids and tayassuids; Scott, 1990, and references 

therein) have found that it is the non-length dimensions of the proximal limbs, that generally show 

higher correlations with body mass than the lengths of the distal bones; although, in less varied taxa 

(e.g. cervids) distal limb bones can be highly correlated with body mass also (Scott, 1990).  

To ensure the accuracy of body mass prediction equations for use on fossil taxa, it is essential 

that they are derived from a good dataset of weights and measurements taken from an extant taxon that 

is as closely related to the fossil group as can be determined. Here, body mass estimations for fossil taxa 

were calculated from equations derived from a sample of Recent British fallow deer (Dama dama; 

Chapman Collection, UK) with associated known weights (provided by Norma Chapman) and 

metapodial measurements (from Lister, 1981). The methodology used to construct the prediction 

equations follows that of Scott (1983; 1990), whereby an Ordinary Least Squares regression analysis is 

performed on the relationship between the chosen metapodial dimension and body mass (known 

weight). The Recent UK D. dama dataset comprised weights and metapodial dimensions for 95 males 

and 126 females (N = 221); this included 43 juvenile specimens (unfused epiphyses; all were 13 months 

old or younger) to allow predictions to be made for fossil taxa with body proportions that were reduced 

in comparison to adult D. dama. The data were log-transformed, with body mass as the dependent 

variable, as it was the quantity to be estimated. In this way, a series of body mass predictive equations 

were derived from the individual measurements of each metapodial dimension, in the form of: 
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Log body mass = b log X + m 

 

Where b is the slope and m is the intercept of the regression model, and X is the measurement taken on 

the bone (Scott, 1990). For the present study, new prediction equations were constructed by Lister 

(2018) because when Scott’s original equations (in Damuth and Macfadden, 1990; Appendix, p. 370-

77; Table 16.7, cervids only) were tested with the UK Recent D. dama metatarsal (MT) dataset with 

known weights, the resultant body mass predictions consistently overestimated the true weight by an 

average of: 48.6 % for MT distal width; 80.8 % for distal depth; 44.6 % for MT proximal width and 

72.1 % for MT proximal depth. This because Scott’s equations were derived from the known weights 

of multiple members of the Cervidae rather than a single genus, therefore the range of known weight 

was relatively large. The Coefficient of Determination (r2) gives an indication of how close the data are 

to the fitted regression line, with higher values indicating a better fit of the model to the data. The 

predictive equations derived from log weight on log diaphysis width had the highest r2 values for both 

the metacarpi and metatarsi (Table 2.3.24) so they were used to estimate body mass for adult Maltese 

and Sicilian fossil taxa. Using diaphysis width had the additional advantage of allowing the inclusion of 

many more incomplete fossils that had either the proximal or distal epiphysis missing, but had sufficient 

shaft length remaining for width to be measured.  

 

 

 

 

   

 

 

 

 

 

2.3.8 Model-based cluster analysis  

 

The definition of ‘cluster analysis’ as: “the partitioning of data into meaningful subgroups, when 

the number of subgroups and other information about their composition may be unknown” (Fraley and 

Raftery, 1998; p. 579), made clustering algorithms seemingly the methods of choice for initial attempts 

to determine the number of groups present in the Maltese sample. Conventional hierarchical clustering 

Bone dimension Slope Intercept r2 

Metacarpus    
Proximal Width 4.3969 -4.7224 0.6093 
Diaphysis Width 3.3361 -2.3613 0.6667 

Distal Width 3.6925 -3.7311 0.4280 
Metatarsus    

Proximal Width 5.4268 -6.0294 0.6380 
Diaphysis Width 3.9043 -3.0134 0.7269 

Distal Width 3.4741 -3.5214 0.3966 
 

Table 2.3.24 Body mass prediction equations generated 
(by Lister, 2018) from Ordinary Least Squares regression 
analysis of log body weight on log metapodial dimension 
for Recent UK Dama dama. See text. 
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methods proceed by the stepwise division of data into a series of partitions, each of which corresponds 

to a different number of clusters, by either merging (‘agglomerative’) or splitting (‘divisive’) groups in 

order to optimise a particular criterion (e.g. agglomerative methods can use: ‘nearest neighbour’, 

‘farthest neighbour’ or ‘sum of squares’ as heuristic criteria; Fraley and Raftery, 1998). However, a 

limit on the number of subdivisions (i.e. clusters) must be set prior to performing the cluster analysis, 

making this methodology somewhat circular and thus ill-suited to the task of discovering the number of 

groups present in a sample. A more promising approach is to use a probability model-based clustering 

algorithm, which assumes that “data are generated by a mixture of underlying probability distributions 

in which each component represents a different group or cluster” (Fraley and Raftery, 1998; p. 580). 

The Gaussian mixture model is commonly preferred which means that, for multivariate distributions, 

clusters are ellipsoidal, centred at the mean vector and, along with features such as volume, shape and 

orientation, are determined by the covariance matrix (Scrucca, et al. 2016). 

 The ‘mclust’ package (version 5.4) in R offers users the choice to perform ‘unsupervised’ or 

‘supervised’ model-based cluster analyses.  The unsupervised option simply runs the analysis on a 

dataset, without the model parameters or the number of components being preselected, and fits a 

Gaussian finite mixture model using the Expectation-Maximization (EM) algorithm (Fraley and Raftery, 

1998; Fraley et al. 2003; Scrucca et al. 2016).  There are 14 possible Gaussian models that may be 

obtained by constraining the volume, shape and orientation of the covariances to be equal or variable 

across groups (e.g. see Scrucca, et al. 2016, Figure 2 and Table 3 for all model parameters and graphical 

representations of their geometric features). The output from an unsupervised analysis will display the 

three most likely models (of the 14) that best ‘fit’ the data based upon the Bayesian Information 

Criterion (BIC). In the mclust package, the BIC is defined as “the value of the maximized loglikelihood 

with a penalty on the number of parameters in the model, and allows comparison of models with 

differing parameterizations and/or differing numbers of clusters. In general the larger the value of the 

BIC, the stronger the evidence for the model and number of clusters” (Fraley and Raftery, 2003; p. 

266). An important point to note is that, for this type of analysis, it is the model with the highest BIC 

value that is considered to be the most appropriate fit for the data; this is opposite to the more typical 

use of the BIC in model selection (e.g. in phylogenetic analysis) in which the best-fit model is the one 

with the lowest BIC (see Posada and Buckley 2004 for a good explanation of the use of the BIC for 

phylogenetic model selection). The BIC values for each different model, with up to nine components 

(clusters/groups), can be viewed and compared so that if, for example, a specific number of groups is 

expected or known, then the analysis may be run by choosing the best model for the specified number 

of groups based upon the BIC (NB. this is similar to a ‘supervised’ analysis, but see Scrucca et al.  2016, 

for a full description). The results can be visualised on bivariate plots, with ellipses overlaid by mclust 
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to represent the geometric features of the best model (i.e. their volumes, shapes and orientations are 

either equal or variable depending on the model parameters), and points colour-coded according to 

classification (group membership). 

Before applying the model-based clustering algorithm to the unknown Maltese dataset, a test of 

its effectiveness to discern distinct clusters within a dataset consisting of known groups was carried out. 

Using a combined sample of metacarpal measurements from the sexually dimorphic Recent British red 

(Cervus elaphus) and fallow (Dama dama) deer (i.e. a dataset with four groups: two species with males 

and females in each), an unsupervised model-based cluster analysis was implemented, analysing all six 

MC measurement variables simultaneously (total length, diaphysis width, proximal and distal widths, 

proximal and distal depths). The findings were reassuring: the top model based on the BIC indicated 

that the dataset consisted of four components (clusters), with covariances having different (variable) 

volumes but the same (equal) shape and orientation (VEE model). This is illustrated in Figure 2.3.29 b 

by the comparatively small size of the ellipse superimposed onto the D. dama females (red triangles) 

compared with the sizes of those on the other three groups. Where within-species overlaps exist 

between the MC dimensions of males and females, individuals were only misclassified on three 

occasions: two red deer males were classed as females, and one fallow deer female was classified as male 

(Figure 2.3.29 cf. a with b; misclassified specimens are outlined in green, with the true classification 

given in Figure 2.3.29 a). The adjusted Rand index (ARI; Hubert and Arabie, 1985, cited in Scrucca et 

al.  2016) provides a means by which the reliability of the result can be evaluated for a sample in which 

the groups are known. It is a measure of the extent of agreement between the true classification and the 

groups derived by the model-based cluster analysis, with a maximum value of 1.0 –whereby the cluster 

analysis has classified every individual into the correct group (i.e. 100% agreement; Scrucca et al.  

2016). For the combined red and fallow deer MC analysis the ARI = 0.93, suggesting strong agreement 

between the groups identified by the clustering algorithm and the true subdivisions in the data; 

therefore the use of model-based clustering techniques was considered to be a viable option for 

determining the grouping structure in a dataset with an unknown number of subdivisions, such as 

Maltese sample. Unsupervised cluster analyses were carried out on Maltese adult metapodia but 

specimens with missing data had to be removed for mclust to function properly, so both datasets (MC 

and MT) were reduced. Proximal and distal depth measurements were removed entirely because a 

large proportion of the specimens (all of those attached to boards at GDM) had no data for either 

variable; plus all specimens with one or more measurement missing from the remaining four variables 

(total length, diaphysis width, proximal and distal widths) were also excluded. The Maltese MC sample 

was reduced from N = 70 to n = 47, while the MT sample decreased from N = 62 to n = 32, and only 

four variables were included for both in the analyses. The unsupervised analysis indicated that the MC 
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dataset was made up of two components (groups) based on the highest BIC value (top model = VEE – 

variable volume, equal shape and orientation of covariances); whereas for the MT dataset, three 

components were suggested based on the BIC (top model = VVE = variable volume and shape, equal  

  

Figure 2.2.29 a-b Bivariate plots of log metacarpal distal width against log total length for Recent 
British red (Cervus elaphus) and fallow (Dama dama) deer to illustrate the effectiveness of 
model-based clustering algorithms in determining groups.  Samples from two known populations 
(Recent, UK; CC) of red and fallow deer were combined and analysed with ‘mclust’ -a model-
based cluster analysis package in R- to see how closely the clustering solution (b) resembled the 
true group identities (a). a) The true identity of individuals in the test dataset, which consisted of 
four groups: males (blue) and females (red) of C. elaphus (circles) and D. dama (squares). b) The 
groups identified by the model based cluster analysis are almost identical; only three individuals 
(green outlines) were misclassified (true identities in a). Refer to text for full results. 

a 

b 
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orientation). The discrepancy between the number of groups for MCs and MTs remained even when 

variables were removed (e.g. both samples were reanalysed with diaphysis width measurements 

excluded, or with alternative combinations of three or fewer variables). To determine whether the 

smaller sample sizes, due to removal of missing data, may have affected the outcome of the cluster 

analyses, two different Maltese datasets with much larger sample sizes were tested. For the astragali (N 

= 200) with only two measurement variables (length and width), the unsupervised analysis detected 

only a single cluster (!) with 8 of the 14 models having the same (highest) BIC value. Similarly, for the 

upper third molar (UM3; N = 148), with three measurement variables (length, anterior and posterior 

width), the top model  (VVE = variable volume and shape, equal orientation) based on the BIC 

indicated the dataset was made up of two components, which decreased to a single component (with 8 

models with equally high BIC values) when one of the three measurements was excluded. The results 

from the astragali and UM3 unsupervised analyses highlight two important issues, i) for continuous 

overlapping data (i.e. where there is no clear division between clusters), the clustering algorithm is not 

sensitive enough to detect any underlying grouping structure and, ii) this type of analysis cannot be 

parameterised to limit the range of variation allowable for any one cluster, for example to a maximum 

value plausible for a single species of the taxon in question.  

One final test of the model-based clustering algorithm was conducted on the original combined 

Recent British red and fallow deer MC dataset with a known number of groups (two species x two 

sexes). Two measurement variables were removed (proximal and distal depth measurements), so that 

the number and type of variables included were equivalent to those analysed for the Maltese metapodia, 

then the analyses were re-run. With only four variables, the algorithm could detect the two different 

species groups (red and fallow deer) but could not distinguish the males from the females within each 

one (top model based on BIC = EEE -equal volume, shape and orientation). In light of these findings, 

the unsupervised clustering methods were deemed to be too unreliable and inconsistent for use on their 

own to determine the underlying group structure of the unknown Maltese sample. Instead, the use of 

these methods was restricted to providing a corroborative test for any grouping patterns discovered by 

alternative techniques (e.g. analysis of juvenile bones, Section 2.4.1). In this way the cluster analyses 

could be carried out with a predetermined number of components, and the grouping patterns could be 

directly compared between methods. 

 

2.3.9 Taxonomic assessment of fossil samples based on bones and teeth 

 

Mainland genera and species of deer in the Middle and Late Pleistocene of the Mediterranean 

region that form plausible ancestors for island species are the red deer Cervus elaphus, fallow deer Dama 
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dama  and D. mesopotamica, and various species of giant deer of the genera Megaloceros and Praemegaceros 

(= Megaceroides).  Qualitative characters for the separation of teeth and bones of C. elaphus, D. dama and 

M. giganteus were given by Lister (1996) and Lister et al. (2005), and these have been scored on the 

Għar Dalam sample.  

As an example of long bone characters, character scores and analysis for the radius (the skeletal 

element with the largest number of characters, 17) are given in Appendix A15, and for the dentition, 

scores and analysis for upper P4, M1/2 and M3 are given in Appendix Table A16.  

The scoring system for bones (Appendix Table A17) is, for a character distinguishing Dama 

from Cervus, for example, C or c = Cervus character state (more or less strongly expressed), D or d= 

Dama character state. For the purposes of the analysis C, c and D, d were treated equivalently. The 

reliability of the characters in the original Lister (1996) and Lister et al (2005) test samples is given in 

rows 2-4 of Appendix Table A17.  The way in which individual characters are assessed for identification 

varies with the reliability of the character. Taking, for example, radius character 1 (columns H-I in 

Appendix Table A17), 95% of the Dama test sample showed the ‘D’ character state but only 51% of the 

Cervus test sample showed the ‘C’ character state (the other 49% showed ‘D’). A Għar Dalam radius 

showing ‘C’ is therefore given an identification of ‘C’ on this character, but a radius showing ‘D’ is 

marked ‘N’, i.e. not identifiable. By contrast, for radius character 2, 88% of the Dama test sample 

showed the ‘D’ character state and 81% of the Cervus test sample showed the ‘C’ character state (a Għar 

Dalam radius showing ‘C’ is therefore given an identification of ‘C’ on this character). The ‘D’ 

character state is also shared by Megaloceros (100% of the test sample), so a radius showing the ‘D’ state 

is marked as ‘D/M’, i.e. it could pertain to either Dama or Megaloceros on this character.   

Columns AP-AV in Appendix Table A17 sum the number of characters for which the given 

radius shows each identification, and the total number of characters (n) that could be scored. As a 

simple way to assess the likely overall identity of the bone, species scores are calculated in columns 

AW-BA. These columns sum the total number of characters for which an identity as each genus is 

possible. Hence ‘C’, ‘D’ and ‘M’ each give one ‘point’ for the respective genus. ‘C/M’ gives one point 

to C and one to M, and ‘C/D’ and ‘D/M’ likewise.  The proportion of the total score can then be 

calculated for any of the three genera. In column BA the proportion for C. elaphus (‘C’) is shown. A 

value greater than or equal to 0.67 (i.e. two-thirds or more support among the characters) is arbitrarily 

taken to indicate identification as Cervus.  Values less than 0.67 are considered indeterminate, unless one 

of the other species has a value of >0.67.  Specimens on which less than half (8) of the characters could 

be scored are considered to have insufficient data for determination.  
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For teeth, a similar procedure is followed (Appendix Table A18). However, in the Lister (1996) and 

Lister et al (2005) data, character states are not marked with percentage expression in test samples, but 

simply as present in one or more species.  Identifications based on individual characters in Appendix 

Table A18 are marked directly according to this presence/absence criterion. Calculation of likely 

identity of the tooth as a whole is given in columns AN-AZ, and follows the same procedure as for 

bones, except that because the number of characters is smaller than for radii, a higher threshold of 0.75 

expression of a species’ character-states was used for identification as that species. An additional factor 

when assessing some tooth characters was the wear state of the specimen. For one character (character 

2 for UM1/2 and UM3), the relevant feature (a fold inside the anterior wing of the protocone) is visible 

only in the upper part of the tooth crown, so the character is used for identification only on unworn, 

very early wear or early-wear. Column N in Appendix Table A18 indicates the wear stage of the tooth 

(U, V.EW and EW, respectively). Those marked ‘TW’ are too worn for reliable assessment on this 

character. 

 

2.3.10 Statistical Analysis 

 

All analyses were performed using the statistical software and graphics package R (version 

3.3.2; 2016). Data were tested for normality with the Shapiro-Wilk Test and, depending on the 

outcome, significant differences between sample means were tested using either the two-sample 

Wilcoxon Rank Sum Test (non-parametric), or the two-sample Student’s t-Test (parametric). The 

default setting for the t-test in R is to assume that the sample variances are not equal, and therefore the 

Welch-Satterthwaite correction to the degrees of freedom is automatically applied (i.e. it calculates the 

variance for each sample independently and does not use the pooled variance to estimate; R Core Team, 

2016). To determine whether or not the sample variances were equal, the F-Test was carried out 

before the t-test to ensure the correct parameters were set. Model II regression methods were selected 

to estimate the parameters of the functional linear relationships between variables, because all variables 

were random – in the sense of not being controlled by the experimenter- and were measured with 

error  (Legendre, 2013). Reduced Major Axis regression analyses (RMA; known as ‘Standard Major 

Axis’ or SMA in the R package) was the preferred method as it minimised the errors on both ‘x’ and 

‘y’, unlike the Ordinary Least Squares regression which assumes that the independent variable ‘x’ is 

measured without error (Harper, 2014; but, see Smith (2009) about incorrect use of RMA instead of 

OLS). In the Model II Regression package in R, the correlation coefficient ‘r’ is automatically 

computed, along with the r2 value and a p-value to determine whether or not the correlation is 

significant. As far as possible, analyses were carried out on untransformed data because many variables 
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included 0.0 mm or 0° as valid and informative measurements that could not be log-transformed 

without the addition of a large constant to all values. Sample means are presented ± the standard error 

(SE) of the mean, and p-values presented are 2-tailed unless otherwise stated. 
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2.4 Results 

 

2.4.1 How many different size groups are there on Malta? 

 

Length of diaphysis and the coefficient of variation 

 

 The length of the diaphysis was compared across taxa to determine whether the observed range 

of Maltese adult bone lengths fell within the expected range boundaries for a single taxon population 

(e.g. Fens and Richmond Park samples), or for a multi-taxon group (e.g. Cervus species and subspecies 

in the Recent NHM sample). For all six long bones, the Maltese sample has the widest range of lengths 

when compared with each single taxon sample, and the shortest minimum length (i.e. the smallest 

bone) for each element across all samples, including the Recent multi-taxon group (Figures 2.4.1 a-f 

and Table 2.4.1). The latter sample comprises the associated skeletons of three Cervus elaphus subspecies 

(C .e. barbarus, C. e. scoticus and C. e. maral), plus Cervus canadensis songaricus, Cervus hanglu hanglu, which 

together represent a large proportion of the known range of red deer body sizes, from the very small 

(C. e. barbarus) to the extremely large (C. c. songaricus). Within this group, the greatest variation in 

lengths is recorded for the bones of the proximal forelimb (humerus and radius) and of the proximal 

hindlimb (femur and tibia), while differences in the lengths of the distal limb bone (metapodia) appear 

to be less extreme. In contrast, within the Maltese sample the humeri are the least variable, having a 

relatively conservative range of lengths that is almost identical to the range observed for the single taxon 

Fens C. elaphus humeri (Table 2.4.1). The Maltese distal limb bones, or metapodia, show the most 

diversity when compared with the sample with the next largest range of lengths (the Recent multi-

taxon group): the ranges for Malta are 66.7 % and 48.8 % greater, for metacarpi and metatarsi 

respectively, than those observed for metapodia in the multi-taxon group (Table 2.4.1). 

 A comparison of Maltese and Sicilian postcranial bone lengths reveals that, for every bone, the 

range for Malta is more than twice as broad as the ranges observed for C. e. siciliae and D. carburangelensis 

separately and, in some instances, more than four times as broad (e.g. length ranges of Maltese 

metapodia vs. D. carburangelensis, or of Maltese tibiae vs. C. e. siciliae; Table 2.4.1 and Figures 2.4.1 a-f). 

Unfortunately, sample sizes are small for C. e. siciliae bone lengths but, even when the ranges for both 

Sicilian species are combined to give a bone length range for a multi-taxon group of Sicilian deer, not 

only are the Maltese ranges still broader than the combined length ranges for Sicilian deer, the Maltese 

samples also contain bones that are longer and shorter than those of all Sicilian deer combined. This was 

calculated for metapodia only because no other D. carburangelensis bones were measured: the length 

ranges for combined Sicilian deer span the shortest D. carburangelensis to the longest C. e. siciliae bones,  
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a b 

c d 

e f 

Figure 2.4.1 a-f Univariate plots of long bone lengths to compare the range of sizes expected for a single taxon 
population against the Maltese sample (green). Total length for radius and metapodia; articular length for humerus, 
femur and tibia. Summary data are given in Table 2.4.1, vertical lines indicate sample means. a) Humerus, b) Femur, c) 
Radius, d) Tibia, e) Metacarpus and, f) Metatarsus. 
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Bone Sample Species N 
Minimum 

Length 
(mm) 

Maximum 
Length 
(mm) 

Range 
(mm) 

Mean 
(mm) 

SE 
(mm) 

CV 
(%) 

Humerus 

Malta “Maltese” 18 127.0 184.0 57.0 155.5 4.2 11.5 

Sicily Cervus elaphus 

siciliae 
8 172.1 197.0 24.9 186.7 3.0 4.5 

Fens Cervus elaphus 15 216.0 271.0 55.0 246.1 3.9 6.1 

Recent1 C. elaphus 11 188.0 198.0 10.0 192.7 1.0 1.7 

Recent2 Cervus sp. 5 193.0 295.0 102.0 247.2 17.8 16.1 

Recent3 Dama dama 13 143.0 165.0 22.0 154.8 2.0 4.7 

Radius 

Malta “Maltese” 45 121.0 240.0 119.0 195.1 4.1 14.3 
Sicily C. e. siciliae 10 206.0 259.0 53.0 222.5 5.1 7.2 
Fens C. elaphus 24 271.0 332.0 61.0 297.7 3.5 5.8 

Recent2 Cervus sp. 6 225.0 370.0 145.0 284.0 22.6 19.5 

Recent3 D. dama 14 138.0 198.0 60.0 180.86 4.2 8.7 

Metacarpus 

Malta “Maltese” 56 110.0 230.0 120.0 185.2 4.3 17.5 
Sicily C. e. siciliae 11 192.0 226.0 34.0 208.4 3.7 5.9 

Italy C. elaphus 6 244.0 265.0 21.0 250.3 3.5 3.4 
Fens C. elaphus 28 245.0 292.0 47.0 268.7 2.1 4.1 

Recent2 Cervus sp. 5 209.0 281.0 72.0 249.8 12.7 11.4 

Recent4 C. elaphus (all) 60 211.0 262.0 51.0 239.2 1.6 5.3 

Recent4 C. elaphus (m) 30 220.0 262.0 42.0 248.3 1.7 3.7 

Recent4 C. elaphus (f) 30 211.0 243.0 32.0 229.9 1.5 3.6 

Recent5 D. dama (all) 87 164.0 206.0 42.0 179.1 1.0 5.3 

Recent4 D. dama (m) 30 164.0 198.0 34.0 181.9 1.7 5.1 

Recent4 D. dama (f) 30 164.0 181.0 17.0 172.7 0.7 2.2 

Sicily6 Dama 

carburangelensis 
25 137.0 157.0 20.0 146.8 1.2 4.2 

Femur 

Malta “Maltese” 15 141.0 251.0 110.0 196.2 8.8 17.5 

Sicily C. e. siciliae 3 234.0 261.0 27.0 243.3 8.8 6.3 
Fens C. elaphus 12 292.0 347.0 55.0 316.0 5.3 5.8 

Recent2 Cervus sp.  6 253.0 380.0 127.0 308.3 20.4 16.2 

Recent3 D. dama 12 199.0 225.0 26.0 215.0 2.5 4.1 

Tibia 

Malta “Maltese” 28 163.0 299.0 136.0 226.6 6.9 16.1 

Sicily C. e. siciliae 8 271.0 291.0 20.0 281.0 2.3 2.4 
Italy C. elaphus 3 325.0 375.0 50.0 345.5 15.1 7.6 

Fens C. elaphus 24 326.0 416.0 90.0 367.2 4.4 5.9 

Recent2 Cervus sp.  6 300.0 434.0 134.0 360.2 22.2 15.1 

Recent3 D. dama 11 230.0 263.0 33.0 248.2 3.7 4.9 

Metatarsus 

Malta “Maltese” 41 131.0 259.0 128.0 192.9 5.5 18.3 
Sicily C. e. siciliae 14 214.0 247.0 33.0 226.6 2.3 3.8 
Italy C. elaphus 3 276.0 282.0 6.0 279.1 1.7 1.1 
Fens C. elaphus 26 276.0 330.0 54.0 302.4 2.3 3.9 

Recent2 Cervus sp.  6 232.0 318.0 86.0 275.8 14.6 12.9 

Recent4 C. elaphus (all) 60 238.0 291.0 53.0 267.7 1.8 5.3 

Recent4 C. elaphus (m) 31 245.0 291.0 46.0 278.0 1.8 3.6 

Recent4 C. elaphus (f) 29 238.0 271.0 33.0 256.7 1.5 3.2 

Recent5 D. dama (all) 78 182.0 222.0 40.0 199.8 1.1 4.8 

Recent4 D. dama (m) 30 184.0 222.0 38.0 204.5 2.1 5.5 
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Bone Sample Species N 
Minimum 

Length 
(mm) 

Maximum 
Length 
(mm) 

Range 
(mm) 

Mean 
(mm) 

SE 
(mm) 

CV 
(%) 

Metatarsus 
(Continued) 

Recent4 D. dama (f) 30 182.0 206.0 24.0 194.0 1.0 2.7 

Sicily6 Dama 

carburangelensis 
21 157.0 181.0 24.0 166.4 1.3 3.7 

 
Table 2.4.1 Summary statistics for all long bone lengths. Total length for the radius and metapodia, articular length 
for the humerus, femur and tibia. SE  = Standard Error; CV = Coefficient of Variation (%): (standard deviation/mean) 

x 100. Bold type indicates higher CV values and a wider range of bone lengths than the Maltese sample. 1Recent C. 

elaphus from NHM Zoology Collection. 2Recent Cervus sp. multi-taxon sample (NHM) includes: C. e. barbarus, C. 

e. scoticus, C. e. maral, C. c. songaricus and C. h. hanglu. 
3Recent D. dama sample combined from NHM Zoology 

collection and UK Chapman Collection (CC; NMSZ). 4Recent D. dama/ C. elaphus from UK CC only. 5Recent D. 

dama sample combined from 3 & 4. 6D. carburangelensis sample includes ‘unknown’ Sicilian Dama sp. from Cannita 

(see Section 3.3.1 Materials and Methods). 
 

giving a combined Sicilian metacarpus length range of 226.0 – 137.0 = 89.0 mm; and a combined 

Sicilian metatarsus length range of 247.0 – 157.0 = 90.0 mm. Also, it is worth noting that the 

metapodia of the two distinct Sicilian species do not overlap in lengths, in other words there is clear 

separation between the shortest C. e. siciliae and the longest D. carburangelensis metapodia; thus the 

combined Sicilian deer length range encompasses this ‘space’ and yet is still narrower than the Maltese 

range for both bones (Figures 2.4.1 e & f). 

 Small sample sizes for length measurements on mainland Italian C. elaphus long bones meant 

that the expected range boundaries for this Pleistocene species could not be determined with 

confidence. However, from the scant data available, it is clear that metapodial and tibial bone lengths all 

fall within the range of the single taxon Holocene C. elaphus (UK Fens, [purple] compare with Italian 

deer [light blue] in Figures 2.4.1 b, e & f), at the shorter end of the range.  

 Metapodial length measurements from the Recent C. elaphus and D. dama samples of known sex 

(Chapman Collection [CC], NMSZ) demonstrate the overlapping ranges recorded for the two sexes 

within each species; these appear to be relatively narrow when compared with the exceptionally wide 

ranges of the Maltese metapodia Table 2.4.1 and Figures 2.4.1 e & f). The longest male red deer (C. 

elaphus) metacarpus (MC) is 24.2 % longer than the shortest female MC, and for fallow deer (D. dama) 

the longest male MC is 20.7 % longer than the shortest female; whereas for Maltese deer, the longest 

MC is a more than twice as long (109.1 %) as the shortest MC. Similarly for the metatarsi (MT), the 

longest red and fallow male MTs are 22.3 % and 22.0 % longer than the shortest red and fallow female 

MTs respectively; while the longest Maltese MT is almost twice as long (97.7 %) as the shortest MT.  

 The length measurements alone strongly suggest the presence of more than one size group in 

the Maltese sample: the range observed is far broader than would be expected for a single, sexually 

dimorphic species as well as being wider than the combined multi-taxon group of Sicilian deer. These 
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observations are confirmed by the Coefficient of Variation (CV) values given in Table 2.4.1, which 

provide a measure of relative variability by allowing direct comparison of samples with very different 

means (Marwick, 2016). The CV values for each of the different bone samples in Malta are substantially 

higher than for all other single taxon samples, and are only exceeded by the CV values for the humerus 

and radius in the Recent multi-taxon group. Corroborative evidence is provided by calculating the CV 

values for all Sicilian metapodia (i.e. C. e. siciliae and D. carburangelensis combined): as individual species, 

both have low CV values for the metapodia, in keeping with the expected variability for a single taxon 

group (Table 2.4.1); however when these datasets are combined, the new CV values are much higher 

(reflecting increased variability in the multi-taxon group), and more closely approximate the figures 

calculated for Maltese metapodia (e.g. All Sicilian MCs: N = 36, CV = 18.1 %; all Sicilian MTs: N = 

35, CV = 16.2 %).  

While diaphysis length measurements together with CV values do provide compelling evidence 

to support the presence of more than one size class in Malta, these data alone are not sufficient to enable 

the number of groups to be determined, nor to permit the upper and lower size boundaries for each 

group to be delimited. For more detailed evaluation of the Maltese dataset, results from analyses of 

adult and juvenile metapodia were compared with the findings from model-based cluster analyses to 

allow identification of the minimum number of potential groups present plus the likely size range of 

each. 

 

Maltese adult and juvenile metapodia 

 

In this section, Maltese metacarpi (MC) are used as an example to demonstrate how the analysis 

of juvenile metapodia allowed the initial determination of the number of size groups present. Identical 

analyses were undertaken separately on metacarpal and metatarsal datasets and the resulting bivariate 

plots strongly resembled one another in terms of the overall spread of the data and of the subdivisions 

within the sample (Figure 2.4.7 a-c in Section 2.4.2 shows adult metatarsal groups). This resulted in the 

same number of groups being identified independently for each bone. Here, only the findings from the 

adult and juvenile metacarpi are described in detail, because more juvenile MCs than MTs (metatarsi) 

were measured (due to availability in the Maltese collections) and, for the present purposes, a greater 

number of juvenile specimens permits clearer visualisation of the underlying grouping structure. 

 Bivariate plots of combined adult and juvenile metacarpal datasets reveal, with startling clarity, 

the unmistakable signal of multiple size groups on Malta: several distinct ‘lines’ of unfused juveniles 

(open circles) can be readily distinguished in the plot of distal width against diaphysis length (Figures 

2.4.2 a & b). By their very nature, unfused juvenile bones are not yet fully grown and therefore tend to  
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Figure 2.4.2 a-b Bivariate plots of log distal width against log diaphysis length for Maltese adult and 
juvenile metacarpi with potential size groups illustrated. a) Three distinct ‘lines’ of unfused juveniles 
(green open circles) are evident, indicating the positions of at least three potential groups of adults (green 
closed circles).  b) The three potential groups are colour-coded according to size: large = green, medium 
= purple, and small = pink. Two juveniles (orange open circles) might belong to either ‘small’ or 
‘medium’ groups based on their dimensions. Asterisks indicate damaged specimens that could not be 
categorised as juvenile or adult (refer to text for details). 
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be smaller than adults which have completed this stage of the developmental process; so the simplest 

interpretation of the data in Figure 2.4.2 a would be that the three ‘strands’ of juveniles belong to three 

different size groups (colour-coded in Figure 2.4.2 b). However, in a sexually dimorphic species such as 

red deer, the juvenile (unfused) bone dimensions of some males may exceed those of fully-grown 

(fused) adult females in the same population (e.g. Figure 2.4.3). To determine whether or not the size 

differences in Malta, between the largest juveniles (i.e. green open circles) and smallest adults (i.e. pink 

filled circles; Figure 2.4.2 b), could be accounted for by sexual dimorphism within the sample, the size 

of the differences between the largest juvenile and smallest adult MC in a known, single taxon 

population (Recent UK Cervus elaphus; CC; Figure 2.4.3) were quantified and compared with Malta 

(Table 2.4.2). The ‘percentage increase’ figures for red deer MCs (Tables 2.4.2) illustrate how much 

larger the largest juvenile bone dimensions are when compared with those of the smallest adult MC, 

and were used as a means of direct comparison with Malta. In the British red deer sample, the largest  

Figure 2.4.3 The largest observed size difference between an adult and unfused juvenile metacarpus in a 
known population of a single, sexually dimorphic species. Red deer (Cervus elaphus) adult (closed circles) 
and unfused juvenile (open circles) metacarpal dimensions were plotted to illustrate the magnitude of the size 
difference that can be expected within a single taxon population (Richmond Park, UK; CC). The blue open 
circle with measurements indicates the largest unfused male while the red closed circle shows the smallest 
(although not the shortest) fused female (see text for explanation). Size differences are given in Table 2.4.2. 
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Sample 
Metacarpal 
dimension 

Largest 
unfused 

juvenile (mm) 

Smallest 
fused adult 

(mm) 

Difference 
(mm) 

Percentage 
increase 

(%) 

Percentage 
difference 

(%) 
Recent UK 

Cervus elaphus 
Diaphysis Length 226.0 190.0 36.0 18.9 17.3 
Diaphysis Width 22.3 17.9 4.4 24.6 21.9 
Proximal Width 38.3 35.4 2.9 8.2 7.9 

Distal Width 38.8 30.2 6.6 21.9 19.1 
       

Malta Diaphysis Length 170.0 96.0 74.0 77.1 55.6 
 Diaphysis Width 15.3 11.4 3.9 34.2 29.2 
 Proximal Width 28.4 19.3 9.1 47.2 38.2 
 Distal Width 30.7 19.3 11.4 59.1 45.6 

 
Table 2.4.2 Maximum size differences between large juvenile and small adult metacarpi in a sexually dimorphic 
sample of Recent Cervus elaphus compared with Malta. For Recent UK C. elaphus (CC; NMSZ) the largest 
unfused juvenile was male and the smallest fused adult was female, the ‘percentage increase’ indicates how much 
larger the juvenile bone is in comparison to the adult, and was calculated as follows: (difference/ fused adult 
measurement) x 100. The ‘percentage difference’ shows the magnitude of the size difference between the two 
bones and was calculated as follows: (difference/ mean of adult + juvenile) x 100. For the Maltese sample, the 
largest unfused juvenile is illustrated in Figure 3.4.2 b by a green open circle while the smallest fused adult is 
represented by a pink closed circle.  
 

male juvenile MC is no more than 25.0 % larger than the smallest female adult for all dimensions; 

whereas in Malta the differences are far greater, and all exceed the 25.0 % threshold observed in the 

red deer sample (Table 2.4.2). The most extreme differences between the Maltese adult and juvenile 

specimens are for diaphysis length and distal width measurements -where the largest juvenile is 77.1 % 

longer and 59.1 % wider, respectively, than the smallest adult. These differences are more than three 

times longer and two times wider than the observed difference between adult and juvenile length and 

distal width in the sexually dimorphic red deer sample. For proximal width, the difference between the 

Maltese adults and juveniles is more than five times as large as those recorded for the same dimension in 

red deer MCs; and even though the magnitude of the difference in Maltese diaphysis width dimensions 

between the largest juvenile and smallest adult is smaller than all other size differences recorded 

(because diaphysis width continues to increase after epiphysis fusion), it is still larger than the difference 

observed in the red deer sample (Table 2.4.2). The ‘smallest’ red deer adult female MC used in these 

calculations was the smallest individual in all dimensions except diaphysis length, where there were two 

individuals with shorter MCs than this specimen (Figure 2.4.3). To ensure that the comparisons 

between the smallest fused adult and largest unfused juvenile were truly accurate, the shortest adult 

female’s diaphysis length measurement (187.0 mm; Figure 2.4.3) was also compared with that of the 

largest unfused male, and the percentage difference ((226.0 – 187.0/187.0) x 100 = 20.9 %) was still 

found to be much lower than the differences observed in the Maltese sample. Thus, it can be surmised 

with relative confidence that the size differences observed in the Maltese sample between large juveniles 
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(green open circles) and small adults (pink filled circles; Figure 2.4.2 b) are substantially larger than 

could be accounted for by sexual dimorphism alone.  

 Differences between the largest unfused juvenile in the large size group (green open circle) and 

the smallest fused adult in the medium size group (purple filled circle; Figure 2.4.2 b) also exceeded 

those observed in the Recent red deer sample for all dimensions except diaphysis width (Table 2.4.3). 

Although the juvenile MC diaphysis is almost 20 % wider than that of the smallest adult MC in the 

medium group, a greater difference in diaphysis width was observed between the largest male juvenile 

and smallest female adult in the sexually dimorphic red deer group (Table 2.4.2). Nonetheless, the 

magnitude of the differences in length, proximal and distal width dimensions, are greater than can be 

explained by sexual dimorphism alone and therefore lend support to the separation of the medium 

(purple) and large (green) groups based on size. On this basis, sexual dimorphism cannot be ruled out 

entirely when accounting for the differences between the largest juvenile in the medium size group 

(purple open circle) and the smallest adult in the small size group (pink, filled circle; Figure 2.4.2 b) 

because for diaphysis width and proximal width, the size differences between the two MCs are less than 

those observed in the red deer group (Table 2.4.2). Given the very small sample size for adults in the 

smallest Maltese size group (N = 4), coupled with a potential bias towards the preservation of younger 

juveniles in the medium size group (e.g. in Figure 2.4.2 b, the largest juvenile in the medium size group 

is shorter and narrower than all but one of the medium adults [purple]; in contrast, the largest juvenile 

Sample 
Metacarpal 
dimension 

Largest 
unfused 

juvenile (mm) 

Smallest 
fused adult 

(mm) 

Difference 
(mm) 

Percentage 
increase 

(%) 

Percentage 
difference 

(%) 
  Large (green) Medium 

(purple) 
   

MALTA: large 
vs. medium size 

groups 

Diaphysis Length 170.0 125.0 45.0 36.0 30.5 
Diaphysis Width 15.3 12.8 2.5 19.5 17.8 
Proximal Width 28.4 22.5 5.9 26.2 23.2 

Distal Width 30.7 22.0 8.7 39.5 33.0 
       
 
 

 Medium 
(purple) 

Small (pink)   
 

MALTA: 
medium vs. 
small size 

groups 

Diaphysis Length 121.0 96.0 25.0 26.0 23.0 
Diaphysis Width 11.0 11.4 -0.4 -3.5 -3.6 
Proximal Width 22.6 19.3 3.3 17.1 15.8 

Distal Width 22.8 19.3 3.5 18.1 16.6 
 
Table 2.4.3 Maximum size differences between large juvenile and small adult metacarpi in different Maltese size 
groups. The ‘percentage increase’ indicates how much larger the juvenile bone is in comparison to the adult, and 
was calculated as follows: (difference/ fused adult measurement) x 100. The ‘percentage difference’ shows the 
magnitude of the size difference between the two bones and was calculated as follows: (difference/ mean of adult 
+ juvenile) x 100. For the Maltese sample, large, medium and small size groups are represented by green, purple 
and pink points respectively in Figure 2.4.2 b, with open circles for unfused juveniles and filled circles for adults.  
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in the large size group is larger and wider than several of its large size adult counterparts [green]), the  

evidence for the separation of the medium and small groups would be equivocal on the basis of this 

analysis alone. However, based on the totality of the data, a working hypothesis of three potential size 

groups was accepted for further investigation.  

 Using the plot of log distal width against log diaphysis length as a template, the three different 

size groups were identified (small, medium and large), and members of each group were colour-coded 

according to size (Figure 2.4.2 b). Uncertain specimens (asterisks; Figure 2.4.2 a-b), such as those that 

could not be categorised unambiguously as adults or juveniles (due to damage or loss of distal parts), 

were assigned to one of the three size group based upon their individual dimensions relative to the 

upper and lower size limits of the known adults within each group. Adult dimensions were used in these 

cases for consistency, because the wide range of juvenile sizes reflects variation in the span of ages 

preserved. Therefore, the medium and small sized uncertain MCs (purple and pink asterisks 

respectively) both have the potential to be medium-sized juveniles (purple open circles) or small sized 

adults (pink closed circles). In addition, there are two juveniles (orange open circles) with uncertain 

size group affiliations: based on their dimensions they could be assigned to the small (pink) or medium-

sized (purple) group with equal plausibility (Figure 2.4.2 b).  

 

Comparison with extant population variation  

 

 To understand the extent of variation expected for adult MC distal width and total length 

proportions in a typical population of one species, and thus to visualise the shape and spread of the data 

in relation to the three potential Maltese size groups identified, Recent UK red deer MC dimensions 

were plotted together with those of the Maltese deer (Figure 2.4.4 a). A 95% range ellipse was fitted 

around the red deer adults only, and oriented according to the slope of the Reduced Major Axis (RMA) 

regression model (Table 2.4.4). A range ellipse is of fixed size and “the length of its horizontal and 

vertical projection onto the x- and y-axis (respectively) is equal to the mean ± (Range * I)/2 where the 

mean and range refer to the X or Y variable, and I is the current value of the coefficient field” (Statistica 

13.0, 2015; Plot: Ellipse help page). Regression models were then calculated for adult MCs in each of 

the Maltese size groups separately, and an ellipse of equal size and shape to that of the Richmond red 

deer 95% range ellipse (white) was manually superimposed upon each Maltese size group and oriented 

according to their respective RMA slopes (Figure 2.4.4 b and Table 2.4.4). Superimposition of the 

range ellipse for a single, sexually dimorphic species onto the different Maltese groups allows a number 

of important observations to be made: - 
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a a 

Figure 2.4.4 a-b Visualisation of the extent of metacarpal size variation expected for a known, sexually 
dimorphic population of a single species (Recent British Cervus elaphus), compared with the Maltese sample. On 
bivariate plots of log distal width against log diaphysis length a) Adult and juvenile metacarpi of British C. elaphus 
males (blue) and females (red) are plotted together with Maltese adults and juveniles from the large (green), 
medium (purple) and small (pink) potential size groups. b) A 95% range ellipse was fitted to the C. elaphus  adults 
only (white; see text for detailed explanation), and then superimposed onto the adults of each Maltese size group 
separately, oriented according to their respective Reduced Major Axis (RMA) regression slopes (equations given in 
Table 2.4.4).  

b 
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Sample N Slope Intercept r r2 p-value 
(2-tailed) 

Recent UK 
red deer 

55 0.70 1.24 0.73 0.54 < 0.001 

MALTA:       
Large 36 1.05 0.70 0.77 0.60 < 0.001 

Medium 12 0.78 1.04 0.61 0.37 < 0.05 
Small 4 0.50 1.34 0.77 0.59 0.23 (n.s.) 

 
Table 2.4.4 Reduced Major Axis (RMA) regression equations for metacarpal log distal width on log diaphysis 
length for Recent UK red deer (Cervus elaphus) and potential Maltese size groups. Refer to Figure 2.4.4 b 

 

i) The shape and dispersion of the adult data points in each of the three potential size groups 

closely resemble that of the single taxon red deer sample; this is most clearly demonstrated in 

the large size group which has the biggest sample size (green closed circles; Figure 2.4.4 b). 

ii) The size difference between the medium (purple) and small (pink) group is evidently more 

than can be accounted for by intra-specific sexual dimorphism alone: the 95% range ellipse for 

the modern red deer, which comfortably spans the size ranges for both males (blue) and 

females (red; Figure 2.4.4 b) in the sample, could not be superimposed onto the Maltese data 

to encompass the majority of both sets of medium and small adults simultaneously, irrespective 

of its orientation.    

iii) The angles of the RMA regression slopes for each Maltese group broadly approximate the 

angle of the British red deer slope, indicating that within-group sexual dimorphism largely 

replicates the pattern observed in the known population of UK red deer. 

 

 These observations hold true when other MC dimensions are plotted against length (e.g. 

proximal width and diaphysis width), and support the hypothesis that there are three separate size 

groups on Malta (e.g. Figure 2.4.6 & Table 2.4.8 in Section 2.4.2); detailed descriptions of the 

morphological characteristics of each Maltese group, plus the differences between them, are given in 

Section 2.4.2. 

 

Model-based cluster analysis 

  

For continuity, metacarpi are used to illustrate the findings of the model-based cluster analysis. 

As with the juvenile bones, identical analyses were also carried out on the MT dataset, the findings from 

which corroborate those described here. 

 Model-based cluster analyses were performed, as described in Section 2.3.8, on a reduced 

Maltese adult MC dataset (specimens with missing data removed), with the number of components 
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(clusters) initially set to three, in line with the number of groups determined by the juvenile bone 

analyses. The top model based on the Bayesian Information Criterion (BIC) was ‘VEE’ – i.e. 

covariances had variable volumes but equal shapes and orientations. To compare the clustering solutions 

produced by the model-based algorithm directly with the findings from the juvenile analyses, the cluster 

classification data were visualised on bivariate plots of log distal width against log total length (these are 

adult metapodial measurements, see Figure 2.3.19, Materials and Methods, for a comparison of adult 

and juvenile measurement protocols).  

 The three-component classification plot (Figure 2.4.5 a) reveals an interesting and unexpected 

pattern: the small size group (pink in Figures 2.4.2 a-b, 2.4.4 a-b, 2.4.5 b) is not distinguishable by the 

model-based clustering algorithm: it appears as part of the medium (purple) size group. Instead, a three 

cluster solution is given by a split in the large (green) size group (closed circles and squares, Figure 

2.4.5 a-b), which subdivides the group in a way that strongly resembles the male-female split in the 

sexually dimorphic British red deer sample (Figure 2.4.4 a). There are five individuals that have been 

assigned to the medium size group based on the model based cluster analysis, which appeared as part of 

the large size group derived by juvenile MC analysis (purple triangles with green outlines, Figure 2.4.5 

a-b; cf. Figure 2.4.2 b). Some disagreement between the two methods is to be expected because i) there 

may be individual variation between the adult and juvenile dimensions measured on the same bone and, 

ii) cluster analysis was carried out on a reduced dataset but with all four variables contributing to the 

clustering solution. All superimposed ellipses have the same shape and orientation because of the VEE 

model parameters; therefore, they do not reflect the true lines of best fit for each group independently 

(represented by the RMA regression slopes in Figure 2.4.4 b). The variable volume parameter of the 

VEE model is illustrated by the comparatively larger ellipse superimposed over the combined small-

medium size group (purple) when compared to the sizes of both ellipses on the split large (green) size 

group (Figure 2.4.5 a).  

Even more fascinating is the four component clustering solution (with the model parameters 

again set by the VEE model based on the highest BIC value for four groups): the classification plot 

reveals the small (pink) size group as separate from the medium (purple) group, and the split in the 

large (green) size group remains (Figure 2.4.5 b). This four-group pattern determined by the clustering 

algorithm can be compared to the three potential size groups determined by the analysis of juvenile 

MCs (Figure 2.4.2 b), where it suggests male and female groupings within the largest size group. 

Allocation of specimens is otherwise identical, bar the five ambiguous individuals (purple triangles with 

green outlines) that may belong in either the medium or the large size group depending on the method 

used.   
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Figure 2.4.5 a-b Model-based cluster analysis classification plots for Maltese adult metacarpi with three and 
four component solutions. The cluster analysis was run with VEE (variable volume, equal shape and 
orientation) model parameters, based on the BIC values for three or four cluster options. a) For the three 
cluster solution, the smallest size group (pink in b) is combined with the medium (purple) group, while the 
large (green) group is split into two smaller groups (filled circles and open squares). b) When four components 
are preselected, the smallest size group (pink ‘+’ symbols) is distinguishable, but the split in the large sized 
(green) group remains. Purple triangles with green outlines indicate individuals classified as medium sized by 
the model-based cluster analysis but as large sized (green) by the juvenile metapodia analysis (cf. Figure 2.4.2 
a). 

a 

b 
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 The model-based cluster analysis in tandem with the combined analysis of adult and juvenile 

MCs provide compelling evidence for the presence of three distinct size groups on Malta, with evidence 

to suggest that the within group variation observed, particularly for the large size group (green), is 

likely to be driven by sexual dimorphism, as it is in the single species population of British red deer (e.g. 

Figure 2.4.4 a-b). In addition, the separation between the size groups comfortably spans the range of 

three putative taxa, based upon the range of variation observed in the single species population of 

sexually dimorphic red deer.  

 

2.4.2 How do the Maltese groups differ from one another in size and form, and how are 

these differences achieved through growth? 

 

 The size ranges, morphological features and relative proportions of adult distal limb bones are 

described here for each of the three Maltese metapodial size groups, highlighting any distinctive 

characteristics that may help to distinguish one putative taxon from another. Proximal limb elements 

(humerus, radius, femur and tibia) cannot be allocated to small, medium or large size groups with the 

same degree of precision as the metapodia because no juvenile proximal limb bones were measured, nor 

were any of these elements available to measure in the known single species population of Recent red 

deer. Nonetheless, size-related patterns can be clearly discerned in the proportions of the Maltese 

humeri, radii, femora and tibiae, and allocation of the smallest and largest specimens of each bone type 

to the small and large size groups respectively, can be undertaken with comparative confidence. This 

permits the more general characteristics of each taxon’s postcranial morphology to be described, in 

terms of the relative proportions of their respective limb bones. 

 

Morphological differences among metapodial size groups 

 

 For clarity and consistency the terminology in Table 2.4.5 will be adopted and used throughout 

when referring to the three Maltese size groups. 

Maltese Size Group Taxon Name Plotting Symbol Plot Symbol Description 
Small Malta 1  Pink Triangle 

Medium Malta 2  Purple Triangle 
Large Malta 3  Green Triangle 

 
Table 2.4.5 Terminology used for the three Maltese size groups defined by metapodial dimensions. New taxon 
names are given to each size group for clarity, and the symbols used to graphically represent each taxon are shown. 
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 Table 2.4.6 presents summary statistics for each taxon, including their respective upper and 

lower size range boundaries for all adult metapodial dimensions measured, based on the samples 

available. Proximal and distal depth dimensions are excluded from further analysis due to small sample 

sizes and unreliability of the measurements taken on attached GDM specimens; nevertheless it is 

notable that, even with the smallest sample sizes, MC proximal depth and MT distal depth dimensions 

for Malta 1 span a broader range of sizes than those observed for Malta 3 (Table 2.4.6). Groups do not 

overlap at all in the observed ranges of metapodial lengths but there is substantial overlap in diaphysis 

width size ranges, with some Malta 1 individuals possessing metapodial shafts that are the same 

thickness as, or even thicker than, most of the Malta 2 population and several of the Malta 3 individuals. 

Shaded rectangles in Figure 2.4.6 c and 2.4.7 c illustrate the extent of the overlap in diaphysis width 

dimensions across groups (NB. There are fewer Malta 3 MTs than MCs in the sample, which may mean 

that the true extent of MT diaphysis width range overlaps between Malta 1/ Malta 2 with Malta 3 is 

obscured). For MC proximal and distal width dimensions, Malta 1 is the least variable with the 

narrowest range of sizes, while Malta 2 shows more variation than Malta 3 in proximal width and Malta 

3 has a broader range of distal width dimensions than Malta 2 (Table 2.4.6). For MT proximal width, 

the range of sizes observed is broadest for Malta 2 and identical for Malta 1 and 3; while for MT distal 

width, the size range for Malta 1 is almost twice that of Malta 3, however Malta 2 still shows the 

greatest variation (Table 2.4.6).  For Malta 1, proximal and distal width dimensions for both metapodial 

bones never reach the same magnitude as those of Malta 3, but do overlap with those of Malta 2; 

whereas Malta 2 and Malta 3 have a greater overlap in size ranges for both aforementioned metapodial 

dimensions. 

 To determine whether the mean size for each of the four variables (excluding proximal and 

distal depths) differ significantly between taxa, a series of 2-sample t-tests were carried out, which 

systematically compared each group with every other group for both bones. The distributions of 

proximal width measurements for the Malta 2 population were found to deviate from normality for 

both the metacarpus (Shapiro-Wilk W = 0.87; p = 0.04) and the metatarsus (Shapiro-Wilk W = 0.89; 

p = 0.01), therefore the non-parametric Wilcoxon rank sum test was used to test whether the 

difference in means between Malta 2 and the two other populations were significant.  Results are 

presented in Table 2.4.7: despite the size range overlaps described, the three groups were found to 

differ significantly from one another for every metapodial dimension except one, MT diaphysis width, 

where the difference between the Malta 1 and Malta 2 means was not found to be significant at the 0.05 

level (Table 2.4.7).   

Allometric growth trajectories were quantified for the three groups separately: Reduced Major 

Axis (RMA) regression models were calculated for total length against each width dimension (distal,  



 125 

 MALTA 1 (small) MALTA 2 (medium) MALTA 3 (large) 

Metacarpus N Min. Max. Range Mean SE N Min. Max. Range Mean SE N Min. Max. Range Mean SE 
Total 

Length 
4 110.0 126.0 16.0 117.0 3.3 12 140.0 163.0 23.0 150.4 2.1 37 170.0 230.0 60.0 205.3 2.5 

Diaphysis 
Width 

5 11.4 16.4 5.0 13.0 0.9 15 12.8 17.2 4.4 14.5 0.3 38 13.2 21.3 8.1 17.3 0.2 

Proximal 
Width 

5 19.3 23.3 4.0 20.8 0.7 15 22.5 30.8 8.3 25.0 0.5 35 27.3 33.9 6.6 30.7 0.3 

Proximal 
Depth 

3 14.5 17.9 3.4 15.6 1.1 7 16.8 23.1 6.3 19.4 0.8 8 20.9 23.9 3.0 22.2 0.4 

Distal 
Depth 

3 13.5 16.5 3.0 14.7 0.9 7 15.8 19.0 3.2 17.1 0.4 8 17.6 23.1 5.5 20.8 0.7 

Distal 
Width 

3 21.1 26.1 5.0 22.8 1.7 9 24.0 30.6 6.6 26.6 0.7 35 28.0 36.6 8.6 32.7 0.4 

 MALTA 1 (small) MALTA 2 (medium) MALTA 3 (large) 

Metatarsus N Min. Max. Range Mean SE N Min. Max. Range Mean SE N Min. Max. Range Mean SE 
Total 

Length 
5 131.0 146.0 15.0 138.4 2.4 23 156.0 200.0 44.0 179.3 2.4 12 227.0 259.0 32.0 239.3 2.7 

Diaphysis 
Width 

6 11.7 15.6 3.9 13.4 0.6 27 12.6 17.5 4.9 14.5 0.3 20 15.5 20.5 5.0 18.2 0.2 

Proximal 
Width 

6 19.0 23.2 4.2 20.4 0.7 26 21.5 28.3 6.8 23.9 0.4 18 26.6 30.8 4.2 29.0 0.3 

Proximal 
Depth 

4 19.1 22.8 3.7 20.9 0.8 15 22.7 30.5 7.8 25.6 0.5 6 27.0 32.2 5.2 30.8 0.8 

Distal 
Depth 

2 14.2 16.3 2.1 15.3 1.1 14 17.1 19.8 2.7 18.0 0.3 4 21.0 22.2 1.2 21.5 0.3 

Distal 
Width 

3 21.6 25.4 4.8 23.5 1.1 21 24.6 30.1 5.5 27.4 0.3 10 32.1 34.6 2.5 33.5 0.3 

 
Table 2.4.6 Summary statistics for all adult metapodial dimensions measured for individual Maltese size groups. N = number of specimens in sample; Min. = Minimum; Max. = 
Maximum; SE = Standard Error. Minimum, maximum, range, mean and standard error values are given in mm. 
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MALTA 3 vs. MALTA 2 

Large vs. Medium 
MALTA 3 vs. MALTA 1 

Large vs. Small 
MALTA 2 vs. MALTA 1 

Medium vs. Small 
METACARPUS    
2-sample t-test t df p-value t df p-value t df p-value 

Total Length 13.47 47 < 0.001 14.51 39 < 0.001 8.87 14 < 0.001 

Diaphysis Width 6.91 51 < 0.001 6.51 41 < 0.001 2.35 18 < 0.05 
Distal Width 8.00 42 < 0.001 8.36 36 < 0.001 2.73 10 < 0.05 

Proximal Width - - - 13.95 38 < 0.001 - - - 

Wilcoxon W - p-value W - p-value W - p-value 
Proximal Width 508.0 - < 0.001 - - - 73.0 - < 0.01 

          
METATARSUS          
2-sample t-test t df p-value t df p-value t df p-value 

Total Length 14.03 33 < 0.001 26.24 15 < 0.001 8.42 26 < 0.001 

Diaphysis Width 10.21 45 < 0.001 9.43 24 < 0.001 1.92 31  0.064 (n.s.) 
Distal Width 13.54 28.9 < 0.001 7.51 2.1 < 0.05 4.21 22 < 0.001 

Proximal Width - - - 10.25 5.7 < 0.001 - - - 

Wilcoxon W - p-value W - p-value W - p-value 
Proximal Width 460.5 - < 0.001 - - - 142.5 - < 0.01 

 
Table 2.4.7 Testing the difference in means between Maltese groups. 2-sample t-tests were used to test whether the 
difference between sample means (Table 2.4.6) were significant for four metapodial variables. ‘t’ = 2-sample t-test test 
statistic; ‘df’ = degrees of freedom; ‘W’ = Wilcoxon rank sum test statistic.  

 
proximal and diaphysis), for MCs and MTs, by group (Table 2.4.8). All variables were log-transformed 

prior to analysis. Visualisation of the relative metapodial shape changes with size was effected by 

overlaying the models for each group onto the same bivariate plots and comparing the angles of their 

respective slopes (Figure 2.4.6 a-c and 2.4.7 a-c). Significant differences (tested with ANCOVA) in 

steepness between model slopes indicate that the rate of allometric shape change differs between taxa, 

while differences in y-axis intercepts denotes differences in magnitude (i.e. one taxon is relatively larger 

in that dimension than the other). Specimens 1-6 in Figure 2.4.6 and 2.4.7 are examples of individuals 

with the largest or smallest distal width dimensions in each of the three groups, which may represent 

size and shape differences due to within-group sexual dimorphism.  

As the proximal and distal epiphyses of Malta 3 metapodia decrease in width, their lengths 

decrease at a much faster rate (i.e. length changes with positive allometry, Table 2.4.8; NB excludes 

MT distal width on length because the correlation is not significant at the 0.05 level). This results in 

relatively long and gracile distal limb bone proportions for the largest individuals and relatively short 

and stocky distal limb bone proportions for the smallest in this group (e.g. Specimens 6 and 5, 

respectively, in both Figures 2.4.6 a-b and 2.4.7 a-b). In contrast, Malta 2 metapodia show a different 

trend in shape change with size: as MC proximal epiphyses decrease in width, their lengths decrease at a 

much slower rate (i.e. length changes with negative allometry); while as MT proximal and distal 

epiphyses decrease in width, their lengths reduce at approximately the same rate (i.e. isometric size 

change with shape, Table 2.4.8). For all three size groups, the relationship between MT diaphysis width  
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Figure 2.4.6 a-c Bivariate plots of metacarpal log total length on (a) distal width, (b) proximal width and (c) 
diaphysis width with RMA regression models for each Maltese group. Numbers 1-6 on plots show positions 
of MCs 1-6 figured in (a): 1 - LCD14_12 (L); 2 – LCD14_11 (R); 3 – GHD_270 (L); 4 – LCD14_6 (L), all MM 
specimens; 5 - M_98618 (L; NHM Cooke Col.); 6 – GD_10906 (L; GDM). Scale = 40.0mm, legend for all 
plots given in (b). RMA regression equations are given in Table 2.4.8. Shaded rectangles in (c) illustrate the 
extent of diaphysis width range overlap between groups. 
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Figure 2.4.7 a-c Bivariate plots of metatarsal log total length on log (a) distal width, (b) proximal width and 
(c) diaphysis width with RMA regression models for each Maltese group. Numbers 1-6 on plots show 
positions of MTs 1-6 figured in (a): 1 – GHD_247 (R); 2 – GHD_243 (R); 3 – GHD_241 (R); 4 – GHD_235 (L); 
5 – GHD_232 (L), all MM specimens; 6 – GD_10938 (L; GDM). Scale = 40.0mm. RMA regression equations 
are given in Table 2.4.8. Shaded rectangles in (c) illustrate the extent of diaphysis width range overlap 
between groups. 
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Taxon N Slope Intercept r r2 p-value  
(2 –tailed) 

METACARPUS 
Log total length vs. log DISTAL width (Figure 2.4.6 a) 

MALTA 3 (large) 37 1.13 0.59 0.91 0.82 < 0.001 
MALTA 2 (medium) 10 0.73 1.14 0.58 0.34 0.078 (n.s.) 

MALTA 1 (small) 3 0.57 1.29 0.94 0.88 0.220 (n.s.) 
Log total length vs. log PROXIMAL width (Figure 2.4.6 b) 

MALTA 3 36 1.27 0.43 0.82 0.68 < 0.001 
MALTA 2 13 0.61 1.32 0.57 0.33 < 0.05 
MALTA 1  4 0.68 1.18 0.61 0.37 0.389 (n.s.) 

Log total length vs. log DIAPHYSIS width (Figure 2.4.6 c) 
MALTA 3 39 0.90 1.20 0.70 0.49 < 0.001 
MALTA 2 13 0.58 1.50 0.36 0.13 0.226 (n.s.) 
MALTA 1  4 0.34 1.69 0.81 0.66 0.191 (n.s.) 

METATARSUS 
Log total length vs. log DISTAL width (Figure 2.4.7 a) 

MALTA 3 10 1.26 0.50 0.59 0.35 0.074 (n.s.) 
MALTA 2 20 0.99 0.83 0.61 0.37 < 0.01 
MALTA 1  3 0.67 1.22 0.99 0.99 0.068 (n.s.) 

Log total length vs. log PROXIMAL width (Figure 2.4.7 b) 
MALTA 3 12 1.14 0.71 0.61 0.37 < 0.05 
MALTA 2 22 1.05 0.87 0.58 0.33 < 0.01 
MALTA 1  5 0.43 1.58 0.86 0.75 0.059 (n.s.) 

Log total length vs. log DIAPHYSIS width (Figure 2.4.7 c) 
MALTA 3 12 0.73 1.45 0.75 0.56 < 0.01 
MALTA 2 23 0.75 1.37 0.60 0.36 < 0.01 
MALTA 1  5 0.37 1.72 0.92 0.84 < 0.05 

 
Table 2.4.8 Reduced Major Axis (RMA) regression equations for adult metapodial variables: log total length 
against log distal, proximal and diaphysis widths for individual Maltese size groups. (Refer to Figures 2.4.6 a-c and 
2.4.7 a-c). Total length and distal width measurements are adult dimensions (i.e. they include the distal epiphysis).  
P-values are given for the significance of the correlation coefficient ‘r’. 
 

and length is negatively allometric (i.e. as diaphysis width decreases, length reduces more slowly), thus 

the differences in MT lengths between the largest and smallest individuals in each group are not as 

dramatic as the differences in shaft width (Figure 2.4.7 a-c and Table 2.4.8). Tests for significant 

differences in RMA models between groups are presented in Table B1 (Appendix). 

The most obvious distinction between the three size groups revealed by Figures 2.4.6-7 a-c, 

however, is a displacement or ‘grade shift’, i.e. differences in intercepts. As a result, Malta 1 individuals 

have proportionally shorter diaphyses for their widths than the other two groups for both bones, while 

Malta 2 MCs are proportionally shorter than those of Malta 3 (Table 2.4.8). RMA model intercepts 

tested with ANCOVA reveal that Malta 3 and Malta 2 MCs are significantly offset as, are all RMA 

models for MT length against diaphysis width (Table B1, Appendix). In summary, Malta 1 metapodia 

tend to be short for their width, i.e. robust, while Malta 3 metapodia are most likely to be long for their 

width, i.e. slender; Malta 2 metapodia are relatively shorter and wider than those of Malta 3 but not to 
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the extreme extent of those seen in Malta 1, though this medium sized group does contain individuals 

that share relative proportions with both the large and small size groups. 

 

Allometry of juvenile metacarpi for different Maltese size groups 

 

To determine how changes in size and shape were achieved through modification of growth, 

individual Reduced Major Axis (RMA) regression models were calculated for unfused juvenile 

metacarpus (MC) diaphysis length against distal, proximal and diaphysis widths, for each of the three 

Maltese size groups and the models were overlaid onto bivariate plots of both adult and juvenile MC 

dimensions (Table 2.4.9 and Figures 2.4.8 a-c). There was no significant correlation between diaphysis 

width and length for any of the Maltese groups (Table 2.4.9); therefore, Figure 2.4.8 c simply shows 

the distribution of the data for these variables. 

Taxon N Slope Intercept r r2 p-value  
(2-tailed) 

METACARPUS 
Log length vs. log DISTAL width 

Malta 3 (juv.) 8 0.45 1.56 0.81 0.65 < 0.05 
Malta 2 (juv.) 5 0.40 1.53 0.97 0.93 < 0.01 
Malta 1 (juv.) 3 1.44 0.12 1.00 1.00 < 0.05 

Log length vs. log PROXIMAL width 
Malta 3 (juv.) 9 0.76 1.12 0.72 0.52 < 0.05 
Malta 2 (juv.) 5 0.84 0.95 0.90 0.82 < 0.05 
Malta 1 (juv.) 2 1.54 -0.01 1.00 1.00 NA 

Log length vs. log DIAPHYSIS width 
Malta 3 (juv.) 9 0.65 1.45 0.58 0.34 0.100 (n.s.) 
Malta 2 (juv.) 5 0.86 1.17 0.30 0.09 0.629 (n.s.) 
Malta 1 (juv.) 3 1.65 0.28 0.96 0.92 0.177 (n.s.) 
 
Table 2.4.9 Reduced Major Axis (RMA) regression equations for Maltese juvenile metacarpal variables: log 
diaphysis length against log distal, proximal and diaphysis widths. Refer to Figures 2.4.8 a-c. P-values are given for 
the significance of the correlation coefficient ‘r’. 
 

For juveniles of the medium (Malta 2; purple) and large (Malta 3; green) size groups, diaphysis 

length increases with strong negative allometry as distal width increases, resulting in the oldest (i.e. 

largest sized) juveniles of both groups having MCs with proportionally shorter epiphyses for their distal 

width than their younger counterparts (Figure 2.4.8 a and Table 2.4.9).  

There is no significant difference between Malta 2 and 3 in the rates at which MC diaphysis 

length increases with increasing width (difference in slopes), however the offset between the model 

slopes is significant, and may correspond to a grade shift often observed between separate species 

(Figures 2.4.8 a & b and Tables 2.4.9 & 10). Comparing the changes that occur to the proximal MC as 

size increases for the same two groups (Malta 2 and Malta 3), a similar pattern is evident: diaphysis 

length increases with negative allometry, but for both groups it is not as strong as the negatively 

allometric changes to length associated with distal epiphyseal growth (Table 2.4.9). The difference  
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Figure 2.4.8 a-c Bivariate plots of metacarpal log diaphysis length on (a) distal width, (b) proximal 
width and (c) diaphysis width. RMA regression models with significant correlations are shown for 
juveniles of each Maltese group (equations are given in Table 2.4.9). Legend for all plots as (a). 
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METACARPUS 
MALTA 3 vs. MALTA 2 

JUVENILES 
MALTA 3 vs. MALTA 1 

JUVENILES 
MALTA 2 vs. MALTA 1 

JUVENILES 
Model angle 
or elevation 

ANCOVA F df p-value F df p-value F df p-value  

Distal Width x 
Length 

0.06 1,9 
0.807 
(n.s.) 

25.38 1,7 < 0.01 42.09 1,4 < 0.01 Slope 

86.05 1,10 < 0.001 25.93 1,8 < 0.001 20.98 1,5 < 0.01 Intercept 

Proximal 
Width x Length  

0.54 1,10 
0.480 
(n.s.) 

NA NA NA NA NA NA Slope 

15.3 1,11 < 0.01 NA NA NA NA NA NA Intercept 
 

Table 2.4.10 Testing the difference between juvenile RMA regression model slopes with Analysis of Covariance 
(ANCOVA). F = ANCOVA test statistic; df = degrees of freedom; n.s. = not significant at the 0.05 level. NA’ (Not 
Available) indicates that the correlation coefficient (r) for one or both regression models being compared was not 
significant (refer to Table 2.4.9). ‘ 
 

between the model intercepts is significant for MC diaphysis length on proximal width, again 

highlighting a potential grade shift between putative taxa (Table 2.4.10 and Figure 2.4.8 b); but there is 

no significant difference between Malta 2 and Malta 3 in the rates at which diaphysis length increases 

with increasing proximal width (i.e. no difference in slopes; Table 2.4.10).  

Understanding the allometry of the juvenile MCs belonging to the smallest bodied taxon on 

Malta (Malta 1) is complicated by two ambiguous juvenile specimens which, potentially, could belong 

in either Malta 2 or Malta 1 size groups (orange open circles; Figure 2.4.8 a-c). All regression models 

were calculated based on the assumption that these two uncertain individuals were members of Malta 1, 

but this means that interpretation of the allometric growth trajectory is tentative. The only significant 

correlation between variables for Malta 1 was for distal width and diaphysis length (Table 2.4.9). For 

MC diaphysis length against distal width, Malta 1 juvenile MCs show positively allometric shape change 

with size, so that the oldest (largest) juveniles tend to have proportionally longer diaphyses relative to 

their distal epiphysis width than younger (smaller) members of the same group (Figure 2.4.8 a and 

Table 2.4.9). The rate at which this shape change with size occurs differs significantly from the negative 

allometry described for the juvenile MCs of Malta 2 and Malta 3, plus there is a significant grade shift 

evident (Table 2.4.10). Juvenile MC proximal and diaphysis width allometry could not be determined 

for Malta 1 because of very small sample sizes  (N = 2 for both). For Malta 2 and 3, the correlation 

coefficients (r) were not significant for models of length against diaphysis width, therefore reliable 

comparisons between the groups could not be made (Table 2.4.9).  

Particular insight into ontogenetic shape change can be obtained by comparing the adult and 

juvenile growth trajectories within and between groups. This is a comparison between static allometry 

among the adults, and a combination of static and ontogenetic allometry (probably largely the latter) 

across the juveniles, although static allometry is itself a result of further growth in producing larger 

individuals. Metacarpal diaphysis length of Malta 3 juveniles, for example, shows negatively allometric  
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Taxon N Slope Intercept r r2 p-value  
(2 –tailed) 

METACARPUS 
Log diaphysis length on log DISTAL width (Figure 2.4.6 a) 

MALTA 3 (adult) 36 1.05 0.70 0.77 0.60 < 0.001 
Malta 3 (juv.) 8 0.45 1.56 0.81 0.65 < 0.05 

MALTA 2 (adult) 12 0.78 1.04 0.61 0.37 < 0.05 
Malta 2 (juv.) 5 0.40 1.53 0.97 0.93 < 0.01 

MALTA 1 (adult) 4 0.50 1.34 0.77 0.59 0.229 (n.s.) 
Malta 1 (juv.) 3 1.44 0.12 1.00 1.00 < 0.05 

Log diaphysis length on log PROXIMAL width (Figure 2.4.6 b) 
MALTA 3 (adult) 36 1.18 0.51 0.76 0.58 < 0.001 

Malta 3 (juv.) 9 0.76 1.12 0.72 0.52 < 0.05 
MALTA 2 (adult) 12 0.64 1.23 0.66 0.43 < 0.05 

Malta 2 (juv.) 5 0.84 0.95 0.90 0.82 < 0.05 
MALTA 1 (adult) 4 0.62 1.19 0.56 0.32 0.432 (n.s.) 

Malta 1 (juv.) 2 1.54 -0.01 1.00 1.00 NA 
 
Table 2.4.11. Comparison of regression models for Maltese adult and juvenile metapodials (data from Tables 2.4.8 
and 2.4.9). Juveniles of one size class are colour-matched to adults of the next smallest size class.  
 

METACARPUS 
Malta 3 JUVENILES vs.  

Malta 2 ADULTS 
Malta 2 JUVENILES vs.  

Malta 1 ADULTS 

Model 
angle or 
elevation 

ANCOVA F df p-value F df p-value  
Diaphysis Length on 

Distal Width 
0.259 1,16 0.618 (n.s) 0.00 1,5 0.985 (n.s.) Slope 
50.71 1,17 > 0.001 39.75 1,6 < 0.001 Intercept 

Diaphysis Length on 
Proximal Width 

0.243 1,17 0.628 (n.s.) 1.07 1,5 0.348 (n.s.) Slope 
60.81 1,18 > 0.001 12.25 1,6 < 0.05 Intercept 

 
Table 2.4.12 Analysis of Covariance (ANCOVA) tests for significant differences between RMA model slopes and 
intercepts for metacarpi of Maltese juveniles compared with adults of the next smallest size class.  
 
growth with increases in proximal and distal epiphysis widths; while for the same dimensions, adult 

Malta 3 MCs show a positively allometric increase with size. Also, for Malta 2 the rate at which MC 

diaphysis length changes with proximal width in juveniles slows down in adult MCs although it still 

remains negatively allometric (cf. Table 2.4.8 and Figure 2.4.6 a-b with Table 2.4.9 and Figure 2.4.8 a-

b). The correlation coefficients for all adult MC regression models for Malta 1 were not significant, so 

they may not be compared with allometric changes in juvenile MCs (Table 2.4.8). 

To examine whether adults of the smaller size classes resemble juveniles of the next-largest size 

class (as might occur if size reduction has occurred by paedomorphosis), regression models of adults and 

juveniles are shown together in Table 2.4.11. With the proviso that the Malta 1 adult trends do not 

reach statistical significance at the 0.05 level, adult values change in a regular fashion from Malta 3 to 

Malta 2 to Malta 1 (more negative values of slope, more positive values of intercept). For both slope 

and intercept, the shift from adult values to those of juveniles of the same size group, is in each case in 

the direction of the adults of the next size group down.. This suggests a degree of paedomorphosis, but 

differences of intercept between the successive adult and juvenile groups (see, e.g. Figure 2.4.4 and 

Table 2.4.10 [ANCOVA]) indicate an ontogenetic grade-shift during the dwarfing process. A similar 
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pattern was observed in skull growth of dwarfed hippopotamus from Madagascar compared to its 

mainland African ancestor (Weston & Lister 2009). 

However, the differences seen between adults and juveniles of each size group on Malta do not 

always correspond with the patterns observed between the adults and juveniles in a known sexually 

dimorphic population of Recent red deer (UK Cervus elaphus). In the Recent C. elaphus, for every MC 

width variable (distal, proximal and diaphysis widths), the rate of length change with size in all 

(combined male and female) juvenile MCs is faster than it is in all (combined male and female) adult 

MCs (Table 2.4.13 and Figure 2.4.9 a-c).  A more detailed examination of the relative rates of change 

in Recent red deer adult and juvenile MCs (a comparison of model slopes; Table 2.4.13) reveals that 

MC diaphysis length increases at a slower rate than both distal epiphysis and diaphysis widths for adults 

and juveniles (negatively allometric shape change), but the rate is slowest in adults. For proximal width 

the trend is positively allometric but in adults it is negatively allometric (Figure 2.4.9 a-c).  

Cervus 
elaphus 
subset 

N Slope Intercept r r2 
p-value  

(2-tailed) 

Log diaphysis length vs. log DISTAL width (Figure 2.4.9 a) 
ALL Adults 55 0.70 1.24 0.73 0.54 < 0.001 

ALL Juveniles 32 0.87 0.94 0.74 0.55 < 0.001 
MALES:       
Adults 30 1.00 0.76 0.39 0.15 < 0.05 

Juveniles 16 1.19 0.43 0.88 0.77 < 0.001 
FEMALES:       

Adults 25 1.11 1.00 0.53 0.28 < 0.01 
Juveniles 16 0.80 1.07 0.67 0.45 < 0.01 

Log diaphysis length vs. log PROXIMAL width (Figure 2.4.9 b) 
ALL Adults 55 0.74 1.16 0.70 0.49 < 0.001 

ALL Juveniles 32 1.24 0.37 0.73 0.54 < 0.001 
MALES:       
Adults 30 0.93 0.85 0.33 0.11 0.071 (n.s.) 

Juveniles 16 1.82 -0.55 0.93 0.86 < 0.001 
FEMALES:       

Adults 25 1.03 0.72 0.47 0.22 < 0.05 
Juveniles 16 1.47 0.03 0.75 0.57 < 0.001 

Log diaphysis length vs. log DIAPHYSIS width (Figure 2.4.9 c) 
ALL Adults 55 0.61 1.52 0.79 0.62 < 0.001 

ALL Juveniles 32 0.82 1.25 0.82 0.68 < 0.001 
MALES:       
Adults 30 0.76 1.32 0.49 0.24 < 0.01 

Juveniles 16 0.98 1.04 0.93 0.86 < 0.001 
FEMALES:       

Adults 25 0.79 1.29 0.71 0.50 < 0.001 
Juveniles 16 0.82 1.27 0.74 0.54 < 0.01 

 
Table 2.4.13 Reduced Major Axis (RMA) regression equations for Recent British red deer (Cervus elaphus) adult 
and juvenile metacarpal variables: log diaphysis length against log distal, proximal and diaphysis widths. P-values 
are given for the significance of the correlation coefficient ‘r’. 
 

When the Recent C. elaphus sample is split by sex, it can be seen that the trend is driven mostly 

by shape change in males between juveniles and adults: length increase relative to width slows down  
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Figure 2.4.9 a-c Bivariate plots of log diaphysis length on log (a) distal width, (b) proximal 
width and (c) diaphysis width with RMA regression models for adult and juvenile Recent UK 
red deer (Cervus elaphus) metacarpi. Regression equations are given in Table 2.4.13 Dashed 
lines = Juvenile regression models, solid lines = adult regression models. 
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more dramatically in males than females  (Table 2.4.13).  This may be connected with the requirement 

for additional weight-bearing in adult males, provided by the relatively greater cross-sectional area of 

their limb bones. The different relationship between juvenile and adult growth in Malta indicates that 

most of the ontogenetic shape change toward stouter/more robust metapodials happened earlier in 

ontogeny than in the modern British sample. 

 

Allometric scaling of other postcranial long bones 

 

 To allow general patterns of shape change with size to be described for the remainder of the 

Maltese postcranial long bones, RMA regression analyses were carried out on combined adult MC or 

MT datasets (i.e. models were calculated for all adult MCs or MTs together, not subdivided by size 

group), to give an overall estimate of size-related shape change for each bone across the whole sample 

(Table 2.4.14 and Figure 2.4.10 a-f). These models were then compared directly with those estimated 

for the humerus, radius, femur and tibia (Table 2.4.14 and Figures 2.4.11-12). This method was 

selected as the most reliable way to assess morphological change in the postcranial elements for which 

size groups could not be determined with confidence by other means (e.g. assessment of juvenile 

proportions or comparison with a known population).  

Variable Bone N Slope Intercept r r2 p-value 

Distal 
Width vs. 

Length 

HUMERUS 15 1.24 0.24 0.93 0.87 < 0.001 
RADIUS 44 1.12 0.57 0.93 0.86 < 0.001 

METACARPUS 50 1.38 0.21 0.95 0.90 < 0.001 
FEMUR 13 1.28 0.16 0.98 0.97 < 0.001 
TIBIA 27 1.16 0.62 0.94 0.88 < 0.001 

METATARSUS 33 1.40 0.24 0.95 0.90 < 0.001 
        

Proximal 
Width vs. 

Length 

HUMERUS 8 0.92 0.74 0.93 0.87 < 0.001 
RADIUS 45 1.30 0.21 0.89 0.79 < 0.001 

METACARPUS 53 1.38 0.26 0.94 0.89 < 0.001 
FEMUR 6 1.18 0.23 0.97 0.95 < 0.001 
TIBIA 24 1.27 0.20 0.91 0.83 < 0.001 

METATARSUS 40 1.38 0.35 0.91 0.83 < 0.001 
        

Diaphysis 
Width vs. 

Length 

HUMERUS 18 1.17 0.73 0.88 0.78 < 0.001 
RADIUS 44 1.07 0.90 0.90 0.82 < 0.001 

METACARPUS 56 1.42 0.55 0.83 0.69 < 0.001 
FEMUR 16 1.09 0.89 0.95 0.90 < 0.001 
TIBIA 27 1.05 1.03 0.89 0.79 < 0.001 

METATARSUS 41 1.29 0.73 0.86 0.75 < 0.001 
 
Table 2.4.14 Reduced Major Axis (RMA) regression equations for Maltese adult postcranial variables: log total or 
articular length on log distal, proximal and diaphysis widths. ‘Length’ = ‘Articular Length’ for the humerus, femur 
and tibia and ‘Total length’ for radius and metapodia. N = number of specimens in each sample. P-values are given 
for the significance of the correlation coefficient ‘r’ 
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Table 2.4.14 presents the RMA regression equations estimated for all postcranial long bones; in 

all cases length was highly correlated with the width dimension measured (distal, proximal or diaphysis 

width): p-values for the correlation coefficient ‘r’ are all less than 0.001. Diaphysis length decreases 

with differing degrees of positive allometry with all bone width dimensions except one, evidenced by 

the differences in slope angles. The one exception is with the ‘proximal width’ of the humerus with 

which changes in length are very weakly negatively allometric (Fig. 2.4.11b). However, this 

discrepancy is likely due to the fact that the ‘diameter of the humeral head’ was measured as a proxy for 

Figure 2.4.10 a-f RMA regression models for Maltese adult metacarpi (a-c) and metatarsi (d-f) log distal width 
(top row), proximal width (middle row) and diaphysis width (bottom row) on log total length. All regression 
equations are given in Table 2.4.14. RMA models were estimated for combined metapodial groups (i.e. the 
entire MC or MT sample together, not subdivided by size group), to allow all postcranial growth trajectories to 
be compared (e.g. Figs. 2.4.11-12) across bones. Metapodial groups are colour coded by size for reference: 
Malta 1 (small) = pink; Malta 2 (medium) = purple; Malta 3 (large) = green). 
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‘proximal width’, because extensive damage to the proximal parts of almost all Maltese humeri 

precluded the standard measurement from being taken (e.g. Von den Driesch, 1976).  

 The rate of positively allometric shape change for the metapodia is almost identical for the fore- 

and hind-limbs (MC and MT respectively). These trends, across all size groups, are likely to be driven 

mainly by variation between the three posited groups, and to a lesser degree by variation within them. 

Hence the slopes of the regression models are all steeper than those for each size group considered 

separately (cf. Table 2.4.8). 

Pairs of bones situated in anatomically equivalent positions in the fore- and hind-limb (i.e. 

humerus and femur; radius and tibia; MC and MT) have broadly similar rates of positively allometric 

shape change. For example, bone length change with distal width in metacarpals and metatarsals shows 

the strongest positive allometry, followed by the humeri and femora, while radii and tibiae both exhibit 

the weakest positive allometry (Table 2.4.11). A similar pattern can also be observed in the 

proportional decrease in length with reduction in the width of the diaphysis shaft; again, the radii and 

tibiae show the least pronounced positively allometric shape change that is close to isometry. Changes in 

length with proximal width reduction across pairs of bones are partially obscured by the proxy 

measurement taken on the humerus; however, it seems that for the humeri and femora, rates of change 

are slower for length decreases with proximal width reduction than they are for the radii and tibiae 

(Table 2.4.11). 

The morphological changes associated with a reduction in size for each separate bone of the 

fore- and hind-limb can be summarised as follows: 

HUMERUS: The shortening of the diaphysis occurs at a faster rate than decreases in distal width and 

diaphysis width, but more slowly than the reduction in the width of the humeral head; this results in the 

smallest individuals having proportionally short diaphyses with relatively thick-shafted, robust-ended 

bone proportions compared to their larger, long and slender counterparts, but all possess stoutly 

proportioned proximal articulations (Figure 2.4.11 a-c). 

RADIUS: Diaphysis shortening is weakly positively allometric with a reduction in girth (diaphysis 

width), such that the main shaft (excluding epiphyses) would appear similarly proportioned in both 

small and large individuals. Shortening occurs at a faster rate than both proximal and distal epiphyses 

reduce in width, but a disparity in the rate of morphological change means that length change is more 

rapid with proximal width than distal width, leading to the smallest individuals having short diaphyses 

with proportionally very broad proximal epiphyses when compared with the largest individuals (Figure 

2.4.11 d-f) 

FEMUR: Diaphysis length shows the strongest positive allometry with changes to distal width, 

followed by proximal and then diaphysis width, so that smaller individuals have relatively short shafts  
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Figure 3.4.11 a-f RMA regression models for Maltese adult humeri (a-c) and radii (d-f) for log distal width (top 
row), proximal width (middle row) and diaphysis width (bottom row) on log length. Refer to Table 3.4.13 for 
all regression equations. a – c Humerus proximal width = diameter of humeral head. All 3 figured specimens 
had damaged humeral heads so none appear in b. Instead additional examples of one large (green outline = NH 
13; MM) and one small (pink outline = GHD 142; MM) humerus are highlighted to illustrate shape change with 
size.  Humeri: 1- M4721 (R; NHM), 2- M472 (R; NHM), 3- GHD 113 (R; MM). d – f Radii: 4- GHD 139 (R; 
MM), 5- GHD 134 (L; MM), 6- GHD 128 (R; MM).  Scale bars = 40.0 mm. 

Figure 2.4.11 a-f RMA regression models for Maltese adult humeri (a-c) and radii (d-f) for log articular 
(humerus) or total (radius) length on log distal width (top row), proximal width (middle row) and diaphysis 
width (bottom row). Refer to Table 2.4.14 for all regression equations. a – c Humeral head width (diameter) = 
proximal width. All 3 figured specimens had damaged humeral heads so none appear in b. Instead, additional 
examples of one large (green outline = NH 13; MM) and one small (pink outline = GHD 142; MM) humerus are 
highlighted to illustrate shape change with size. Humeri: 1- M4721 (R; NHM), 2- M4742 (R; NHM), 3- GHD 
113 (R; MM). d – f Radii: 4- GHD 139 (R; MM), 5- GHD 134 (L; MM), 6- GHD 128 (R; MM). Scale bars = 40.0 
mm. 
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Figure 2.4.12 a-f RMA regression models for Maltese adult femora (a-c) and tibiae (d-f) for log articular length 
on log distal width (top row), proximal width (middle row) and diaphysis width (bottom row). Refer to Table 
3.4.14 for all regression equations. a–c The largest figured femur was damaged proximally so does not appear in 
plot b. Another example of a large-sized femur (green outline = GHD 164; MM) is highlighted to illustrate shape 
change with size. d-f The medium sized tibia was also damaged proximally so another example (purple outline 
= M98616, NHM) appears in plot e instead.  Femora: 1- GHD 171 (L; MM), 2- 1893.18.45 (R; NMSZ), 3- GHD 
161 (L; MM). Tibiae: 4- 158 (L; MM), 5- LCD14 27 (R; MM), 6- GHD 140 (L; MM).  Scale bars = 40.0 mm. 
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with proportionally wider distal epiphyses, plus proximal epiphyses that are comparatively robust too. 

However, the difference in shaft width proportions between large and small individuals is less 

pronounced (Figure 3.4.12 a-c). 

TIBIA: Patterns of shape change with size in the tibia are almost identical to those of the radius. The 

shortening of the diaphysis occurs at approximately the same rate as a reduction in girth (very weakly 

positively allometric with diaphysis width), so that small and large individuals appear proportionally 

very similar. A discrepancy between the rates at which length changes with the widths of the proximal 

and distal epiphyses (in both cases it scales with positive allometry) results in the smallest individuals 

having proportionally short diaphyses with wider proximal than distal epiphyses for their size in 

comparison to the larger sized individuals (Figure 2.4.12 d-f). 

METAPODIA: Diaphysis shortening occurs at a much faster rate (is strongly positively allometric) 

than reductions in all three width dimensions, so that small individuals tend to have very short distal 

limb bones that are proportionally very stocky, in contrast to large individuals that generally possess 

long gracile metapodia (Figure 2.4.10 a-f). Detailed descriptions of metapodial shape change with size 

are presented in Section 2.4.1. 

 

Effects on the morphology of the whole limb 

 

For Maltese postcrania, the overall pattern of size-related shape change follows the general 

trend seen in island ruminants of large-bodied individuals tending towards long and gracile skeletal 

proportions while small-sized individuals are more likely to have short and stocky limb dimensions. 

Thus far, the most notable differences between the large and small size groups have been observed in 

the relative proportions of their metapodia. 

In the absence of associated skeletons, further deductions about proportions between the 

different limb bones can be made only by comparing sample means for the individual bones, with 

attendant sampling uncertainty. Furthermore, as previously discussed, the proximal bones of the fore- 

and hind-limbs could not be subdivided with confidence into the three size groups defined by the 

metapodial analyses, not only because of a lack of comparative material but also because these elements 

change less during phyletic dwarfing than metapodia. Nonetheless, the combined adult datasets for each 

bone cans still be used to assess proportional differences between the lengths of the smallest and largest 

bones (i.e. between Malta 1 and Malta 3 populations respectively), from which differences in whole 

limb proportions between the two groups may be (tentatively) estimated. Figure 2.4.13 a-b illustrates 

how the relative lengths of the major bones that comprise the fore- and hind-limb vary between taxa. 

The proportion of the limb that each bone represents was estimated for associated skeletal material 
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from five red deer taxa (Cervus elaphus barbarus, C. e. maral, C. e. scoticus, C. c. songaricus and C. h. hanglu) 

and two fallow deer individuals (Dama dama; male and female), with the following calculation (the 

humerus is used as an example): 

 

Humeral proportion of forelimb (%) = 
Humerus Length 

x 100 
(Humerus Length + Radius Length + MC Length) 

    

 

 The sum of long bone lengths for the fore- and hind-limbs of each taxon is given in red in Figure 2.4.13 

a-b. For single species populations, such as red deer from the British Holocene (Fens) or Sicily (C. 

elaphus and C. e. siciliae respectively), sample means were used instead due to a lack of associated 

material (sample sizes and mean values were given in Table 2.4.1).  

Estimating the anatomical proportions of each Maltese size group independently proved to be a 

more complex undertaking than originally anticipated. While it may be hypothesized that the shortest 

bones in each sample come from the Malta 1 population and the longest bones belong to Malta 3 

individuals, it is not accurate to calculate the relative proportions of the Malta 1 or Malta 3 limbs by 

using the shortest or longest specimen in each sample respectively, because the bones within each size 

category are probably not associated (e.g. the shortest humerus does not necessarily belong to the same 

individual as the shortest radius, and so on). Nor was it possible to use the ‘fitting method’ to check for 

articular congruence between elements for the majority of bones measured, because their epiphyses 

were inaccessible when fixed to display boards at GDM. Instead, it was deemed more reliable to 

estimate limb bone proportions based on the mean values for the bones in each size group; this is the 

same method used for the single-species populations but with the added complication of unknown 

boundaries between size groups. For Malta 3, calculating the mean length for each element was a fairly 

straightforward task because larger sized bones are well represented in the fossil samples. This meant 

that even though the division between Malta 2 and Malta 3 remains uncertain, by calculating mean 

values for Malta 3 from a subset that only includes the five longest specimens, a reasonable 

approximation of the relative limb proportions of the largest individuals was obtained, and the 

erroneous inclusion of any medium sized bones from Malta 2 was avoided. In contrast, the smallest 

bones are poorly represented in the fossil collections, as is evidenced by the metapodial analyses; so for 

Malta 1, choosing the five shortest bones from which to calculate mean values is unreliable and may 

produce spurious results because of the possible inclusion of individuals from Malta 2. An alternative 

method was used here which attempted to identify the smallest size group in the remainder of the 

postcrania according to conspicuous gaps in the data at the short end of the scale. The underlying 

assumption was that a large difference in length between one specimen and the next longest, is likely to  
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Figure 2.4.13 a-b Within and between species variation in the relative lengths of the major bones comprising the a) 
fore- and b) hind-limbs. See text for explanation of limb bone proportion calculations. 

a 

b 
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reflect between-group differences rather than missing data due to the rarity of the smallest bones being 

preserved. Using the sample size and spread of the Maltese metapodial datasets as a guide, the 

distributions of bone lengths for the remaining postcrania were examined on both univariate (Figure 

2.4.1) and bivariate (e.g. Figures 2.4.10-12) plots and the smallest bones were classified as Malta 1 

individuals accordingly. In this way, the mean values were calculated for each bone based on the 

following sample sizes for Malta 1: humerus, n = 5; radius, n = 3; MC, n = 4; femur, n = 4; tibia, n = 

3; and MT, n = 5. Due to the preservational bias towards fewer small sized bones in the samples, this 

method is not perfect and may be only marginally more accurate than deriving the relative bone 

proportions for a whole Malta 1 limb from the smallest, individual, non-associated bones; so the 

findings presented in Figure 2.4.13 a-b must be interpreted with caution. As it was impossible to 

determine the upper and lower size boundaries for Malta 2 postcrania (except for the metapodia) the 

mean limb proportions for the whole Maltese sample (i.e. Malta 1, 2 and 3 combined) was included as a 

comparison. 

Anatomical differences between Malta 1 and Malta 3 are most noticeable in the proportions of 

the forelimb (Figure 2.4.13 a). For Malta 1, the dwarfed stature is mostly attributable to the relative 

shortening of the MC; some shortening of the radius is also evident when proportions are compared 

across red deer taxa. As a result, the Malta 1 humeri appear to be disproportionately long in comparison 

to humeri in the forelimbs of all other red and fallow deer examined. In contrast, Malta 3 forelimbs are 

comprised of relatively longer MCs and shorter humeri than all other taxa, while the relative mean 

length of the Malta 3 radius is identical to that of the single species population of Holocene red deer. 

There are several plausible inferences that can be made from these observations: i) Malta 1 individuals 

have unusually proportioned forelimbs, with humeri that appear exceptionally long in comparison to 

their shortened radii and MCs; interestingly this corresponds to the common finding of shortened distal 

elements in other island dwarf ungulates (Sondaar, 1977); ii) Malta 3 individuals have surprisingly long 

and gracile forelimbs distally, given the relative mean length of the whole limb and the fact that this 

population is still dwarfed in comparison to mainland taxa. Alternatively it is possible that, iii) 

preservational bias in the bone samples has resulted in differential representation of the same size 

category for each bone leading to mistaken assumptions about the anatomy of the largest and smallest 

Maltese forelimbs; in other words, the smallest individuals in the humerus sample may not represent 

the same level of diminutiveness as the smallest individuals in the radius or MC samples, irrespective of 

the relative rate at which these elements reduce in size. An example of this last point is shown in Figure 

2.4.11, whereby the distal epiphysis of shortest humerus (specimen 1) is too large to articulate with the 

proximal epiphysis of the shortest radius (specimen 4). This may be because the humerus belongs to a 
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Malta 1 male and the radius to a Malta 1 female, or because the very smallest individuals in Malta are 

not represented in the humerus sample.  

Interestingly, as far as sample sizes allow, the anatomical differences between the hindlimbs of 

Malta 1 and Malta 3 are almost the same as those observed in their respective forelimbs, in terms of the 

patterns of relative bone length reduction and elongation, only the proportional differences appear to be 

much less exaggerated – but this may not be significant given the small sample sizes (Figure 2.4.13 b). 

The Malta 1 hindlimb comprises a relatively short tibia when compared with all other taxa but 

proportionally the longest MTs of all hindlimbs examined, except for those of Malta 3. Also, the Malta 

1 femur is not disproportionately long like its forelimb counterpart, the humerus, instead it appears to 

be of approximately average length for a red deer hindlimb; in fact the whole hindlimb is very similarly 

proportioned to that of the Sicilian red deer (C. e. siciliae). This contrasts with the proportions of the 

Malta 1 forelimb which are quite dissimilar to those of the Sicilian deer. The hindlimbs of Malta 3 

individuals are, like the forelimbs, long and gracile distally, and proportionally shorter proximally when 

compared with all other taxa, while the relative mean length of the tibiae is identical to that of the single 

species red deer population.  

Included for comparison are several red deer subspecies that are known to be reduced in size 

when compared to their mainland European ancestors, these are the extinct Sicilian (C. e. siciliae), 

extant Barbary (C. e. barbarus) and extant Scottish (C. e. scoticus) red deer. These three subspecies have 

very similar fore- and hind-limb proportions, but only the hind-limb proportions are shared with Malta 

1 (Figure 2.4.13 b). Malta 3 differs most from the three small bodied subspecies in having 

proportionally longer metapodia and shorter proximal limb bones (humerus and femur); while Malta 1 

differs in forelimb proportions by having longer humeri and shorter radii and metacarpi. Detailed 

comparisons between Maltese and Sicilian taxa are discussed in the next section.  

One interesting point to note in Figure 2.4.13 a-b is that the larger sized red deer subspecies 

(C. e. maral and C. c. songaricus) appear to have relatively short metapodia, particularly when compared 

with the limb proportions of the smaller-sized subspecies. In keeping with the trend across mammals 

generally (Scott, 1990), these bones are short but relatively more massive to accommodate the much 

greater body mass of the large bodied animals, and/or they may be adaptations to a different 

locomotory mode or habitat: short metapodials are common in artiodactyls adapted to climbing in hilly 

or mountainous country (e.g. some caprines). The latter consideration cannot really be applied to the 

short metacarpi of the small, Malta 1 deer, based on the absence of mountainous terrain in Malta. Even 

though Malta 1 and C. c. songaricus both have proportionally reduced distal bones of the forelimb, the 

way in which they ‘compensate’ for it is different: for Malta 1 it is with increased humeral length 
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whereas for C. c. songaricus it is with increased radial length; this may suggest that the selective drivers 

acting are probably not the same (Figure 2.4.13 a; Lister, 2019; pers. comm.).  

 

2.4.3 Metapodia: Malta, Sicily and mainland Italy 

 

Comparison of the Maltese deer with those of Late Pleistocene Sicily and mainland Italy is of 

particular interest because of the likely dispersal route from the European mainland to Sicily and thence 

to Malta. Some proportional similarities and differences between Malta and C. e. siciliae in whole-limb 

proportion have been noted above. Here a detailed comparison of metapodia across all taxa on the two 

islands will be presented. 

 

Metapodia 

 

Metapodial dimensions for individual Maltese size groups are plotted together with those of 

Sicilian and mainland Italian Late Pleistocene species, and RMA regression models are calculated for 

each taxon, so that the sizes, shapes and growth trajectories of bones from each different population on 

Malta (Malta 1, 2 and 3) can be directly compared with those of their putative ancestors (Figures 

2.4.14-15 a-c and Table 2.4.14). To illustrate the extent of variation on Malta relative to the variation 

observed in the single species populations on Sicily (Cervus elaphus siciliae and Dama carburangelensis) and 

Italy (Cervus elaphus), the Recent British (Richmond) C. elaphus 95% range ellipses previously fitted to 

each Maltese size group (refer to Section 2.4.1 and Figure 2.4.4 b) were superimposed onto the 

bivariate plots of MC dimensions (Figure 2.4.14 a-c). 

A distinctive pattern of morphological change is observable when the entirety of the metapodial 

dataset is examined together: there is a clear reduction in size (here, width dimensions are used as 

general size proxies) from mainland Italy to the island of Sicily, and again from Sicily to the most 

diminutive taxon (Malta 1) on the much smaller island of Malta. The size differences between the 

mainland Italian red deer species (C. elaphus; red) and the Sicilian red deer subspecies (C. e. siciliae; 

magenta, Figures 2.4.14-15 a-c) are well-defined for all variables except for MC diaphysis width, where 

there is partial overlap between the shaft width ranges of the larger Sicilian and the smaller Italian deer 

(Figure 2.4.14 c; NB. The large separation between these two taxa for all MT dimensions may be due 

to very small sample sizes for Italian red deer; Figure 2.4.15 a-c). The size differences between taxa 

inhabiting the same islands (i.e. C. e. siciliae and D. carburangelensis on Sicily, and Malta 1, 2 and 3 on 

Malta) are unequivocal in terms of metapodial length, but show some overlap in various width 

dimensions (discussed below). 
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Taxon N Slope Intercept r r2 p-value  
(2-tailed) 

METACARPUS 
Log total length vs. log DISTAL width (Figure 2.4.14 a) 

SICILY: Cervus elaphus siciliae 11 0.63 1.37 0.82 0.68 = 0.002 
SICILY: Dama carburangelensis 24 0.97 0.82 0.80 0.65 < 0.001 
ITALY: Cervus elaphus 6 0.49 1.61 0.96 0.92 = 0.002 

Log total length vs. log PROXIMAL width (Figure 2.4.14 b) 
SICILY: C. e. siciliae 10 0.80 1.12 0.76 0.58 = 0.01 
SICILY: D. carburangelensis 25 0.87 0.97 0.85 0.71 < 0.001 
ITALY: C. elaphus 6 0.47 1.65 0.84 0.70 < 0.05 

Log total length vs. Log DIAPHYSIS width (Figure 2.4.14 c) 
SICILY: C. e. siciliae 11 0.51 1.67 0.83 0.69 = 0.002 
SICILY: D. carburangelensis 25 0.53 1.54 0.79 0.62 < 0.001 
ITALY: C. elaphus 6 0.26 2.04 0.89 0.79 < 0.05 

METATARSUS 
Log total length vs. log DISTAL width (Figure 2.4.15 a) 

SICILY: C. e. siciliae 12 0.56 1.51 0.78 0.61 = 0.003 
SICILY: D. carburangelensis 20 0.92 0.92 0.85 0.72 < 0.001 
ITALY: C. elaphus 3 0.20 2.12 0.38 0.14 0.753 (n.s.) 

Log total length vs. log PROXIMAL width (Figure 2.4.15 b) 

SICILY: C. e. siciliae 11 0.42 1.74 0.43 0.19 0.182 (n.s.) 
SICILY: D. carburangelensis 20 0.81 1.14 0.68 0.47 = 0.001 
ITALY: C. elaphus 3 -1.46 4.78 -0.89 0.79 0.307 (n.s.) 

Log total length vs. log DIAPHYSIS width (Figure 2.4.15 c) 
SICILY: C. e. siciliae 12 0.56 1.66 0.46 0.21 0.131 (n.s.) 
SICILY: D. carburangelensis 21 0.59 1.52 0.70 0.49 < 0.001 
ITALY: C. elaphus 3 -0.12 2.61 -0.97 0.94 0.161 (n.s.) 

 
Table 2.4.15 Reduced major Axis (RMA) regression equations for adult metapodial variables: log total length 
against log distal, proximal and diaphysis widths for Sicilian and mainland Italian taxa. Refer to Figure 2.4.14 a-c 
and Figure 2.4.15 a-c. C. e. siciliae = Sicilian red deer; D. carburangelensis = Sicilian fallow deer; C. elaphus = 
Italian Pleistocene red deer. P-values are given for the significance of the correlation coefficient ‘r’. 
 

Detailed comparisons between mainland and island taxa reveal that the slopes of the MC 

regression models for mainland Italian red deer (C. elaphus) and their descendants on Sicily (C. e. siciliae) 

are all less than 1.0 indicating that length changes are negatively allometric with all transverse 

dimensions (Table 2.4.15). None of the observed differences in the rates of change (difference in 

slopes) between Italian and Sicilian red deer taxa were found to be significant (tested with ANCOVA; 

Table B2, Appendix). Unfortunately, very small sample sizes for Italian MTs precluded accurate 

assessment of shape change with size for these samples; but for Sicilian red deer MTs, a significant 

correlation is found only for changes in length with distal width, which shows strong negative allometry 

(Table 2.4.15). 

On initial inspection, the between-species differences in MC allometry on Sicily (i.e. 

differences between C. e. siciliae and D. carburangelensis slope values) appear to be less pronounced than 

the within-species differences between mainland red deer and the island subspecies (C. elaphus and C. e.  
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Figure 2.4.14 a-c Bivariate plots of metacarpal log total length against (a) distal width, (b) proximal width and 
(c) diaphysis width with RMA regression models for fossil Maltese, Sicilian and Italian taxa and 95 % modern 
British range ellipses for Maltese taxa only.  Sicilian and Italian regression equations are given in Table 2.4.15; 
Maltese regression equations are given in Table 2.4.8.  
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Figure 2.4.15 a-c RMA regression models for metatarsal log total length against log (a) 
distal width, (b) proximal width and (c) diaphysis width for Maltese, Sicilian and Italian 
Pleistocene taxa. Sicilian and Italian regression equations are given in Table 2.4.15; 
Maltese regression equations are given in Table 2.4.8. 
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siciliae respectively). For example, the rate at which MC length changes with proximal width for Sicilian 

red deer does not differ significantly from that for Sicilian fallow deer, but neither does it differ 

significantly from that of mainland Italian red deer, even though, based on the RMA model slopes 

(Table 2.4.15 and Table B2, Appendix). Similarly, within- and between-taxon differences in the rates at 

which MC length changes with distal and diaphysis widths are not significant. The two Sicilian taxa (C. e. 

siciliae and D. carburangelensis) show allometric scaling trends that are comparable, especially in the rates 

of change of MC length with proximal and diaphysis width, such that as the MCs reduce in width, their 

lengths reduce to a lesser extent than their widths resulting in the smallest individuals having 

proportionally long, narrow diaphyses when compared with the larger individuals in each group (Table 

2.4.15). The rates of allometric shape change for insular taxa are expected to differ from those of the 

mainland taxon, as seen here, because the ‘normal’ allometric scaling trend from smaller to larger 

animals (in mammals and other taxa), is for larger bodied individuals to possess proportionally thicker 

limbs, to cope with the increased demands of supporting extra body mass (McMahon, 1975; Dick and 

Clemente, 2013). This is opposite to the dwarfing trend observed on islands, exemplified here by the 

Maltese deer, but interestingly not by Sicilian red and fallow deer taxa. Model slopes are significantly 

offset from one another in all cases except one (the difference between Italian mainland red deer and 

the Sicilian subspecies for MC length against proximal width; Figure 2.4.14 b and Table B2, Appendix); 

illustrating grade shifts between taxa.  

For the Sicilian red and fallow deer, the rates of change of MT length with distal width show 

similar patterns of variation as MC length changes with distal width, but in this case the differences are 

significant (Table 2.4.15 and Table B2, Appendix). As D. carburangelensis MTs reduce in size: length and 

distal width reduce at almost the same rate; length reduces more slowly than proximal width and even 

more slowly than diaphysis width. Whereas, as C. e. siciliae MTs reduce in size, length reduces more 

slowly than distal width. The difference between the Sicilian model intercepts for these two variables is 

also significant (Figure 2.4.15 a and Table B2, Appendix).  

Table 2.4.16 presents the results from a series of ANCOVA tests for significant differences in 

the angles and intercepts of RMA slopes calculated for metacarpal variables for the large (Malta 3) and 

medium sized (Malta 2) Maltese taxa compared with the mainland Italian C. elaphus. Malta 3 differs 

significantly from Italian C. elaphus in the rate at which length changes with changes to epiphyseal 

widths, but there is no significant offset between models for these two groups (Table 2.4.16). 

Reliable interpretation of the ANCOVA results for Malta 2 and Malta 1 compared with Italian 

red deer is precluded by the fact that for Malta 1, no significant linear relationship was found between 

size and shape for any MC variables (likely due to the small sample size), while for Malta 2 only changes 

of MC length with proximal width were found to be significant (Table 2.4.8). There is no significant  
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Length vs. (MC 
Variable) 

MALTA 3 vs. ITALY MALTA 2 vs. ITALY Model angle or 
elevation F df p-value F df p-value 

Distal Width 
5.44 1,39 < 0.05 NA NA NA Slope 
0.88 1,40 0.354 (n.s.) NA NA NA Intercept 

Proximal Width 
4.54 1,38 < 0.05 0.025 1,15 0.876 (n.s.) Slope 
1.99 1,39 0.167 (n.s.) 34.67 1,16 < 0.001 Intercept 

Diaphysis Width 
3.18 1,41 0.082 (n.s.) NA NA NA Slope 
0.53 1,42 0.472 (n.s.) NA NA NA Intercept 

 
Table 2.4.16 Analysis of Covariance (ANCOVA) tests for significant differences in metacarpal RMA model slope 
angles and elevations (intercepts) between Late Pleistocene Italian mainland Cervus elaphus and the large and 
medium sized Maltese taxa. F  = Test statistic; df = Degrees of freedom; n.s. = not significant at the < 0.05 level. 
‘NA’ (Not Available) indicates that the correlation coefficient (r) for one or both regression models was not significant 
(refer to Tables 3.4.8 & 15). 
 
difference in the rates at which MC length changes with proximal width between Malta 2 (purple) and 

Italian C. elaphus (red; Figure 2.4.14 b and Table 2.4.16). However, the models do show significant 

displacement from one another suggesting a grade shift observed between distinct taxa. 

Perhaps the most fascinating findings to emerge from the combined analysis of insular datasets 

are the apparent morphological correspondences of two of the three Maltese taxa with the two distinct 

Sicilian taxa. The largest-sized Maltese group (Malta 3; green) strongly resembles Sicilian red deer (C. e. 

siciliae: magenta) in size and shape (particularly in MC proportions) – potentially corresponding to it 

being the original immigrant from Sicily. Moreover, the medium-sized Maltese group (Malta 2; purple) 

is more similar in size, though not necessarily in shape, to the Sicilian fallow deer (D. carburangelensis; 

yellow) (Figures 2.4.14-15 a-c). This suggests possible ecological equivalence (or niche division) 

between the two species on each island. The smallest-sized Maltese group (Malta 1; light pink) has no 

counterpart on Sicily in terms of the shortness of their distal limb bones, although for all width 

dimensions there is at least one Malta 1 individual that overlaps with several D. carburangelensis and, in 

some cases, the very smallest C. e. siciliae individuals.  

 

Malta 3 compared with Sicilian red deer (Cervus elaphus siciliae) 

 

This comparison is particularly interesting in view of the similarity of these taxa and the likely 

origin of the Maltese radiation from a Sicilian progenitor. There is no significant difference between 

mean MC lengths for these two taxa (Table 2.4.17), although the range of MC lengths for Malta 3 

(green), spans almost twice the range of lengths observed for the smaller sample of Sicilian red deer (C. 

e. siciliae; magenta, Figure 2.4.14 a-c). Conversely, the range of MC distal widths for the Malta 3 

sample is narrower than that of C. e. siciliae despite the larger sample size for the former, but again these 

two taxa do not differ significantly in their mean distal widths. On average, Sicilian red deer have 

significantly thicker MC diaphyses with significantly wider proximal epiphyses than their Malta 3  
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Variable Taxon N Min. Max. Range Mean SE Difference between means 

METACARPUS 

Total Length 
Malta 3 37 170.0 230.0 60.0 205.3 2.5 

W = 186.5; p = 0.519 (n.s) 
C. e. siciliae 11 192.0 226.0 34.0 208.4 3.7 

Diaphysis 
Width 

Malta 3 38 13.2 21.3 8.1 17.3 0.2 
t(53) = -3.28; p < 0.01 

C. e. siciliae 15 15.7 23.7 8.0 19.1 0.6 
Proximal 

Width 
Malta 3 35 27.3 33.9 6.6 30.7 0.3 

t(52) = -2.00; p = 0.05 
C. e. siciliae 17 28.0 35.6 7.6 31.7 0.5 

Distal Width 
Malta 3 35 28.0 36.6 8.6 32.7 0.4 

t(52) = -0.30; p = 0.766 (n.s.) 
C. e. siciliae 17 27.0 38.8 11.8 32.8 0.7 

METATARSUS 

Total Length 
Malta 3 12 227.0 259.0 32.0 239.3 2.7 

t(22) = 4.36; p < 0.001 
C. e. siciliae 14 214.0 247.0 33.0 226.6 2.3 

Diaphysis 
Width 

Malta 3 20 15.5 20.5 5.0 18.2 0.2 
W = 297.5; p < 0.05 

C. e. siciliae 22 13.3 24.2 10.9 17.5 0.4 
Proximal 

Width 
Malta 3 18 26.6 30.8 4.2 29.0 0.3 

t(28) = 1.42; p = 0.167 (n.s.) 
C. e. siciliae 26 24.1 32.9 8.8 28.4 0.4 

Distal Width 
Malta 3 10 32.1 34.6 2.5 33.5 0.3 

t(22) = 2.62; p < 0.05 
C. e. siciliae 20 27.2 37.8 10.6 32.2 0.6 

 
Table 2.4.17 Comparison of four metapodial dimensions for Malta 3 and Sicilian red deer (Cervus elaphus siciliae): 
summary statistics and significance tests for differences between sample means. N = number of specimens in sample; 
Min. = Minimum; Max. = Maximum; SE = Standard Error. Minimum, maximum, range, mean and standard error values 
are given in mm. 2-sample t-tests were used to test whether the difference between the means of Malta 3 and C. e. siciliae 
were significant for four of six metapodial variables (excluding proximal and distal depth measurements). The distribution 
of MC total length measurements for the Malta 3 population deviated from normality (Shapiro-Wilk W = 0.93; p < 0.05) 
as did the diaphysis width measurements for Sicily (Shapiro-Wilk W = 0.86; p < 0.01), therefore the non-parametric 
Wilcoxon rank sum test was used instead for these variables. t = 2-sample t-test test statistic (degrees of freedom are given 
in parentheses); W (in the table) = Wilcoxon rank sum test statistic; n.s.  = ‘not significant’. 

 

counterparts, but the means differ by only a few per cent, and the range of sizes observed for both 

dimensions are very similar for each taxon (Table 2.4.17).  

 The only significant difference between the two taxa is in the rate at which MC length changes 

with distal width: as distal width decreases, length decreases at a faster rate for Malta 3 (positively 

allometric shape change; Table 2.4.8), but at a slower rate for Sicilian C. e. elaphus (negatively 

allometric shape change; Tables 2.4.15 and 18). The differential rates mean that for the same reduction 

in size, the smallest Malta 3 MCs are much shorter than the smallest C. e. siciliae MCs but have very 

similar distal width dimensions, thus appearing much stockier than their Sicilian counterparts (Figure 

2.4.14 a). For both taxa, the lengths of their diaphyses shortens more slowly than their shafts reduce in 

thickness (both show negatively allometric shape change), but the effect is more pronounced in C. e. 

siciliae (slope 0.51) than in Malta 3 (slope 0.90) (Tables 2.4.8 and 15). Therefore, for the same 

reduction in size, Sicilian red deer will have proportionally more gracile diaphyses than Malta 3 MCs, 

with the result that the smallest Malta 3 individuals have MCs that are relatively stouter than those of 

the smallest C. e. siciliae.  
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Length vs. MALTA 3 vs. C. e. siciliae MALTA 2 vs. D. carburangelensis 
Model angle 
or elevation 

METACARPUS F df p-value F df p-value  

Distal Width 
12.04 1,44 = 0.001 NA NA NA Slope 
5.63 1,45 < 0.05 NA NA NA Intercept 

Proximal 
Width 

2.98 1,42 0.092 (n.s.) 5.25 1,34 < 0.05 Slope 
0.00 1,43 0.994 (n.s.) 0.00 1,35 0.994 (n.s.) Intercept 

Diaphysis 
Width 

1.25 1,46 0.269 (n.s.) NA NA NA Slope 
1.21 1,47 0.276 (n.s.) NA NA NA Intercept 

METATARSUS F df p-value F df p-value  

Distal Width 
NA NA NA 0.51 1,36 0.480 (n.s.) Slope 
NA NA NA 6.22 1,37 < 0.05 Intercept 

Proximal 
Width 

NA NA NA 0.03 1,38 0.855 (n.s.) Slope 
NA NA NA 3.33 1,39 0.076 (n.s.) Intercept 

Diaphysis 
Width 

NA NA NA 0.05 1,40 0.831 (n.s.) Slope 
NA NA NA 44.83 1,41 < 0.001 Intercept 

 
Table 2.4.18 Analysis of Covariance (ANCOVA) tests for significant differences in metapodial Reduced Major 
Axis (RMA) regression model slope angles and elevations (intercepts) between Maltese and Sicilian taxa. F  = 
Test statistic; df = Degrees of freedom; n.s. = not significant at the < 0.05 level. ‘NA’ = correlation coefficient ‘r’ 
for one or both of the regression models was not significant; refer to Tables 2.4.8 & 15). 
 

Reliable comparisons of the MT regression slopes for Malta 3 and Sicilian red deer were 

impeded by the lack of significant correlations for models of length against proximal and diaphysis 

widths for C. e. siciliae (Table 2.4.15), as well as for MT length against distal width for Malta 3 (Table 

2.4.8). 

 

Malta 2 compared with Sicilian fallow deer (Dama carburangelensis) 

 

 Far fewer Malta 2 MCs could be measured for each dimension in comparison to the number of 

D. carburangelensis specimens measured, particularly for proximal and distal widths; even so, the size 

ranges for Malta 2 MCs were broader than those of D. carburangelensis in all cases except for diaphysis 

width (Table 2.4.19). The mean size of the two taxa is similar, although Malta 2 MCs are significantly 

wider distally than Sicilian fallow deer MCs (Table 2.4.19). In contrast, the diaphyses of D. 

carburangelensis MCs are significantly thicker, on average, than those of Malta 2; so overall the Malta 2 

MC shafts are relatively slender but with broader proximal and distal ends, while those of Sicilian fallow 

deer are more likely to be stocky with narrow epiphyses (Table 2.4.19 and Figure 3.4.14 a-c). 

For both taxa, as the width of the MC proximal epiphysis reduces in size, the diaphysis shortens 

at a slower rate (negatively allometric shape change; Tables 2.4.8 and 14).  However, the rate at which 

the diaphysis shortens is significantly slower for Malta 2 (slope is significantly less steep; Figure 2.4.14 b 

and Table 2.4.18). No significant linear relationships were found between MC length and distal nor 

diaphysis widths for Malta 2 (Table 2.4.8), so models cannot be compared with accuracy.  

Differences between Malta 2 and D. carburangelensis are more clearly defined for MT variables, 

and this may, in part, be due to the availability of a larger sample of Malta 2 MTs than MCs. Compared  
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Variable Taxon N Min. Max. Range Mean SE Difference between means 

METACARPUS 

Total 
Length 

Malta 2 12 140.0 163.0 23.0 150.4 2.1 
t(36) = 1.89; p = 0.067 (n.s.) 

D. carburangelensis 21 137.0 157.0 20.0 146.5 1.4 
Diaphysis 

Width 
Malta 2 15 12.8 17.2 4.4 14.5 0.3 

t(39) = -2.86; p < 0.01 
D. carburangelensis 21 13.8 18.6 4.8 15.7 0.3 

Proximal 
Width 

Malta 2 15 22.5 30.8 8.3 25.0 0.5 
W = 899.0; p = 0.080 (n.s.) 

D. carburangelensis 81 19.9 26.4 6.5 24.1 0.1 
Distal 
Width 

Malta 2 9 24.0 30.6 6.6 26.6 0.7 
W = 708.5; p < 0.01 

D. carburangelensis 85 22.4 27.4 5.0 24.8 0.1 

METATARSUS 

Total 
Length 

Malta 2 23 156.0 200.0 44.0 179.3 2.4 
t(35) = 4.67; p < 0.001 

D. carburangelensis 20 157.0 181.0 24.0 166.7 1.4 
Diaphysis 

Width 
Malta 2 27 12.6 17.5 4.9 14.5 0.3 

t(46) = -1.97; p = 0.055 (n.s.) 
D. carburangelensis 20 13.8 17.0 3.2 15.1 0.2 

Proximal 
Width 

Malta 2 26 21.5 28.3 6.8 23.9 0.4 
W = 664.0; p < 0.001 

D. carburangelensis 30 19.9 24.3 4.4 22.4 0.2 
Distal 
Width 

Malta 2 21 24.6 30.1 5.5 27.4 0.3 
t(67) = 3.03; p < 0.01 

D. carburangelensis 47 23.1 28.6 5.5 26.3 0.2 

 
Table 2.4.19 Comparison of four metapodial dimensions for Malta 2 and Sicilian fallow deer (Dama carburangelensis): 
summary statistics and significance tests for differences between sample means. N = number of specimens in sample; 
Min. = Minimum; Max. = Maximum; SE = Standard Error. Minimum, maximum, range, mean and standard error values 
are given in mm. 2-sample t-tests were used to test for significance in the difference between the means of Malta 2 and D. 
carburangelensis for four of six metapodial variables (excluding proximal and distal depth measurements). The non-
parametric Wilcoxon rank sum test was used when sample distributions were found to deviate from normality. This 
occurred for MC Proximal Width (Malta 2: Shapiro-Wilk W = 0.88; p < 0.05; D. carburangelensis: W = 0.96; p < 0.05); 
MC Distal Width (D. carburangelensis: W = 0.97; p < 0.05); and MT Proximal Width (Malta 2: W = 0.95; p = 0.01). t = 2-
sample t-test test statistic (degrees of freedom are given in parentheses); W (in the table) = Wilcoxon rank sum test statistic; 
n.s. = ‘not significant’. 
 

to the MTs of Sicilian fallow deer, Malta 2 MTs show marginally greater variation in proximal and 

diaphysis widths, and exactly the same range of variation for distal widths, but almost twice the range of 

lengths (Table 2.4.19). The same general morphological differences observed for the MCs also separate 

the MTs of these two taxa: Malta 2 MTs are significantly longer with significantly wider epiphyses (both 

proximal and distal) than those of D. carburangelensis on average (Table 2.4.19). 

There are some striking similarities between the two taxa when examining their respective MT 

shape trajectories: for D. carburangelensis as MT distal epiphyses become narrower, their diaphyses also 

shorten to a similar degree (Tables 2.4.8 and 14). These slopes do not differ significantly but the 

intercepts are significantly displaced, as would be expected for distinct taxa (Figure 2.4.15 and Table 

2.4.18). In addition, fFor both taxa, as diaphyses decrease in girth their lengths reduce to a lesser 

extent. Once again there is a significant offset between the two models (Table 2.4.18). The two taxa 

differ most, but not significantly, in the rates at which diaphyses shorten as proximal epiphyses narrow: 

for Malta 2 the reduction is almost isometric, while for D. carburangelensis the changes occur with 

negative allometry (Tables 2.4.8, 14 and 18). 
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Body mass predictions derived from metapodial dimensions for Maltese and Sicilian fossil taxa 

 

 Table 2.4.20 summarises the known weights of the whole Recent UK fallow deer 

(Dama dama) sample from which the body mass predictive equations were derived (Methods section 

2.3.7). Body mass estimates for Maltese and Sicilian fossils were based on diaphysis widths of adult 

(fused) metapodia, because the coefficient of determination (r2) value was highest for predictive 

equations derived from this variable (full details are given in Methods section 2.3.7). Separate adult 

mean body mass estimations are then calculated for Sicilian taxa and individual Maltese size groups 

previously defined by the metapodial analyses.  

Taxon N 
Minimum 

(kg) 
Maximum 

(kg) 
Range 
(kg) 

Mean (kg) SE (kg) 

Known weights of Recent UK Dama dama 
ALL: ADULTS + JUVENILES 221 3.4 92.0 88.6 42.5 1.0 
ADULT MALES + FEMALES 178 29.0 92.0 63.0 47.2 1.0 

ADULT MALES 67 32.5 92.0 59.5 58.1 1.7 
ADULT FEMALES 111 29.0 56.0 27.0 40.7 0.5 

JUVENILES  43 3.4 42.0 38.6 22.6 1.4 
Estimates based on METAPODIAL diaphysis width 

Malta 1 11 14.4 49.2 34.8 25.1 3.5 
Malta 2 42 19.2 69.2 50.0 34.1 1.7 
Malta 3 58 23.8 128.3 104.5 68.3 2.7 

Cervus elaphus siciliae 36 23.7 167.9 144.2 74.6 5.0 
Dama carburangelensis 46 27.4 74.8 47.4 41.6 1.6 

 
Table 2.4.20 Body mass estimations for adult Maltese and Sicilian taxa based on predictive equations derived from 
Least Squares regressions of log weight on log diaphysis width for metapodia of Recent D. dama. N = number of 
specimens in sample; SE = Standard Error.  
 
 The smallest bodied taxon on Malta, Malta 1, is estimated to have a mean adult body mass of 

around 25 kg, similar to the living European roe deer (Capreolus capreolus; Petorelli, et al. 2002). For the 

medium sized Maltese taxon, Malta 2, the range of weights (c. 19-69 kg) overlaps with Recent D. dama 

females and D. carburangelensis, but on average they have a smaller body mass than both fallow deer taxa, 

as is evidenced by the minimum and mean mass estimates (c. 34 kg; Table 2.4.20). Malta 3, the largest 

bodied taxon, has an estimated mean body mass of 68.3 kg, which is similar to, but slightly lower than, 

the mean estimate for Sicilian red deer  (74.6 kg; Table 2.4.20).  

 Malta 1 and 2 both have predicted maximum weights that are approximately three times their 

respective predicted minimum weights, which is very similar to recent D.dama adult males and females 

(i.e. the expected pattern in a single species, sexually dimorphic group of adults (Table 2.4.20). 
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Malta, Sicily, and mainland Italy: other postcrania 

 

To determine whether the proportions of other postcranial long bones (i.e. humerus, radius, 

femur, tibia) in Maltese deer differ from those of their putative ancestors on Sicily and mainland Italy, 

the Maltese sample was compared with samples of Sicilian (C. e. siciliae) and mainland Italian (C. elaphus) 

red deer. Postcranial samples for the humerus, radius, femur and tibia were less comprehensive than the 

metapodial datasets and did not include any measurements at all on Sicilian fallow deer (Dama 

carburangelensis), and very few measurements on Italian red deer (C. elaphus). For this reason, British 

Holocene red deer (Fens C. elaphus) and Recent UK fallow deer (Dama dama) were also included as a 

comparison to elucidate potential interspecific similarities and differences in the size and shape of each 

bone. The UK Holocene C. elaphus approximate the general size of Italian Late Pleistocene C. elaphus 

(e.g. Figures 2.4.1 d-f; 2.4.16 d-e and 2.4.17 d-f), so are used in the following analyses as a proxy for 

mainland red deer. In general, the UK D. dama have longer metapodia than Sicilian D. carburangelensis 

(e.g. Figure 2.3.11 Materials & Methods; Figure A2, Appendix); nonetheless, they are included here to 

exemplify allometric shape change expected within the Dama genus and to highlight interspecific 

similarities or differences observed between Dama and Cervus taxa. 

Postcranial dimensions of bones in the combined adult Maltese sample (i.e. not separated by 

size group, for reasons previously discussed) were compared with those of red deer from Sicily and the 

UK plus UK fallow deer; summary statistics are given in Tables 2.4.21-22 and the results of the RMA 

regression analyses are presented in Figures 2.4.16-17 a-f and Table 2.4.23. 

As discussed earlier (Section 2.4.1), the Coefficient of Variation (CV) serves as a useful 

comparator to assess the relative variability of samples with very different means. The CV values for 

Maltese deer are higher than those of all other taxa for all postcranial dimensions except for humerus 

diaphysis width (C. e. siciliae has a higher value) and radius distal width (C. e. siciliae has a marginally 

higher value; Table 2.4.21. There is one unusually small distal radius measurement in the Gliozzi  et al. 

(1993) Sicilian red deer dataset used in the present study plus some very large humerus diaphysis width 

measurements too. Thus, the unusually high CV values for the Sicilian red deer subspecies is probably 

an artefact from using a combined dataset from different sources (my own measurements plus published 

literature; refer to Section 2.3.1, Materials and Methods), with measurements included from several 

sites across Sicily which may not be contemporaneous (Table 2.3.4, Materials and methods). The 

Maltese CV values support the hypothesis of there being multiple taxa present on Malta, in keeping 

with the findings from the separate analyses of the metapodia. 

The allometric shape change for Maltese fore- and hind-limb bones has already been described 

in detail earlier (p.24-27, this section), but here will be compared with the postcranial allometry of  
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Figure 2.4.16 a-f RMA regression models for humerus and radius log articular and total lengths, respectively, 
against width dimensions for Maltese deer, Sicilian red (Cervus elaphus siciliae), UK red deer (C. elaphus) and 
UK fallow deer (Dama dama). Refer to Table 2.4.23 for all regression equations. HUMERUS: log articular length 
on a) log distal width, b) log distal medial depth and, c) log diaphysis width. RADIUS: log total length on d) log 
distal width, e) log proximal width and, f) log diaphysis width. 
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Figure 2.4.17 a-f RMA regression models for femur and tibia log articular and total lengths, respectively, 
against width dimensions for Maltese deer, Sicilian red (Cervus elaphus siciliae), UK red deer (C. elaphus) and 
UK fallow deer (Dama dama). Refer to Table 2.4.23 for all regression equations. FEMUR: log articular length on 
a) log distal width, b) log proximal width and, c) log diaphysis width. TIBIA: log total length on d) log distal 
width, e) log proximal width and, f) log diaphysis width. 
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Variable Taxon N Min. Max. Range Mean SE CV (%) 

HUMERUS         
Total length MALTA 18 127.0 184.0 57.0 155.5 4.2 11.5 

 C. e. siciliae 8 172.0 197.0 25.0 186.7 3.0 4.6 
 C. elaphus (Fens) 15 216.0 271.0 55.0 246.1 3.6 6.1 
 Dama dama 13 143.0 165.0 22.0 154.8 2.0 4.7 

Diaphysis Width MALTA 22 12.8 21.1 8.3 17.2 0.4 11.9 
 C. e. siciliae 19 17.3 32.0 14.7 23.1 0.9 16.2 
 C. elaphus (Fens) 17 22.3 29.8 7.5 26.4 0.5 8.5 
 D. dama 13 16.6 21.5 4.9 18.7 0.4 8.5 

Distal Width MALTA 23 28.0 46.0 18.0 37.9 1.0 12.4 
 C. e. siciliae 28 36.8 50.0 13.2 42.7 0.6 8.0 
 C. elaphus (Fens) 19 46.2 54.5 8.3 50.5 0.5 4.9 
 D. dama 12 31.7 38.4 6.7 34.7 0.6 5.7 

Distal Medial Depth MALTA 23 25.6 45.1 19.5 37.2 1.0 13.0 
 C. e. siciliae 30 37.5 51.0 13.5 42.0 0.5 7.0 
 C. elaphus (Fens) 20 50.0 60.0 10.0 56.0 0.6 5.2 
 D. dama 5 31.4 35.8 4.4 33.7 0.8 5.1 

RADIUS         
Total Length MALTA 45 121.0 240.0 119.0 195.1 4.2 14.3 

 C. e. siciliae 10 206.0 259.0 53.0 222.5 5.1 7.2 
 C. elaphus (Fens) 24 271.0 332.0 61.0 297.7 3.5 5.8 
 D. dama 14 138.0 198.0 60.0 180.9 4.2 8.7 

Diaphysis Width MALTA 51 13.7 25.0 11.3 20.0 0.4 15.1 
 C. e. siciliae 10 22.0 26.5 4.5 23.8 0.4 5.4 
 C. elaphus (Fens) 21 26.8 37.5 10.7 31.2 0.6 9.0 
 D. dama 13 17.1 23.2 6.1 20.4 0.5 9.6 

Proximal Width MALTA 52 28.1 46.9 18.8 38.8 0.7 12.3 
 C. e. siciliae 17 39.0 50.6 11.6 43.3 0.7 6.9 
 C. elaphus (Fens) 25 49.5 64.7 15.2 56.0 0.9 8.0 
 D. dama 13 34.0 39.2 5.2 37.1 0.5 4.7 

Distal Width MALTA 50 24.2 42.1 17.9 34.1 0.6 12.2 
 C. e. siciliae 15 27.0 47.8 20.8 37.7 1.3 13.2 
 C. elaphus (Fens) 25 44.0 63.1 19.1 50.5 1.0 9.8 
 D. dama 13 27.4 37.6 10.2 33.0 0.9 10.3 

 
Table 2.4.21 Summary statistics for measurements taken on the forelimb long bones of Maltese deer, Sicilian red deer 
(Cervus elaphus siciliae), British Holocene red deer (Cervus elaphus) and Recent British fallow deer (Dama dama).  N = 
number of specimens in each sample; Min. = Minimum; Max. = Maximum; SE = Standard Error; CV = Coefficient of variation. 
Minimum, maximum, range, range mean and SE values are given in mm.  

 
Sicilian red, Italian Pleistocene red, British Holocene red and Recent British fallow deer (C. e. siciliae, C. 

elaphus, C. elaphus [Fens] and D. dama respectively).  

 

Malta vs. Cervus elaphus siciliae 

 

Across the Maltese sample as a whole, all bones scale with positive allometry such that as their 

diaphyses decrease in width and their epiphyses become narrower, their lengths decrease at a faster 

rate, resulting in the smallest individuals possessing proportionally more robust bones relative to the 

largest individuals (Table 2.4.23). There are only three occasions when Maltese postcranial allometry  
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Variable Taxon N Min. Max. Range Mean SE CV (%) 

FEMUR         
Total length MALTA 15 141.0 251.0 110.0 196.2 8.9 17.5 

 C. e. siciliae 3 234.0 261.0 27.0 243.3 8.8 6.3 
 C. elaphus (Fens) 12 292.0 347.0 55.0 316.0 5.3 5.8 
 Dama dama 12 199.0 225.0 26.0 215.0 2.5 4.1 

Diaphysis Width MALTA 17 14.3 24.6 10.3 19.5 0.8 15.8 
 C. e. siciliae 3 23.0 27.0 4.0 25.3 1.2 8.2 
 C. elaphus (Fens) 16 22.6 32.5 9.9 28.3 0.7 10.4 
 D. dama 12 18.1 22.9 4.8 20.0 0.4 7.6 

Proximal Width MALTA 7 40.6 61.5 20.9 51.2 2.8 14.4 
 C. e. siciliae 3 64.0 73.0 9.0 67.7 2.7 7.0 
 C. elaphus (Fens) 13 74.0 91.3 17.3 84.6 1.6 6.9 
 D. dama 18 51.9 63.2 11.3 58.5 0.7 6.2 

Distal Width MALTA 34 36.3 59.3 23.0 50.6 1.0 11.1 
 C. e. siciliae 4 52.0 64.0 12.0 57.0 2.5 8.8 
 C. elaphus (Fens) 10 63.0 80.5 17.5 72.1 2.0 8.9 
 D. dama 12 44.3 50.5 6.2 47.9 0.6 4.5 

TIBIA         
Total Length MALTA 28 163.0 299.0 136.0 226.6 6.9 16.1 

 C. e. siciliae 8 271.0 291.0 20.0 281.0 2.3 2.4 
 C. elaphus (Fens) 24 326.0 416.0 90.0 367.2 4.4 5.9 
 D. dama 11 230.0 263.0 33.0 248.2 3.7 4.9 

Diaphysis Width MALTA 39 12.2 25.5 13.3 18.4 0.5 14.4 
 C. e. siciliae 17 21.0 28.6 7.6 23.8 0.5 8.7 
 C. elaphus (Fens) 30 25.3 32.5 7.2 29.5 0.4 6.8 
 D. dama 11 18.0 23.7 5.7 20.7 0.6 9.1 

Proximal Width MALTA 30 38.2 62.3 24.1 49.3 1.1 12.7 
 C. e. siciliae 26 48.5 63.5 15.0 56.5 1.0 7.2 
 C. elaphus (Fens) 18 66.7 83.7 17.0 75.6 1.3 7.0 
 D. dama 11 49.8 56.7 6.9 52.6 0.7 4.7 

Distal Width MALTA 34 23.2 39.5 16.3 31.3 0.6 13.8 
 C. e. siciliae 18 33.0 49.0 16.0 37.0 1.0 11.7 
 C. elaphus (Fens) 29 42.7 53.5 10.8 47.9 0.5 5.6 
 D. dama 10 28.6 35.2 6.6 32.8 0.7 6.4 

 
Table 3.4.22 Summary statistics for measurements taken on the hindlimb long bones of Maltese deer, Sicilian red deer 
(Cervus elaphus siciliae), British Holocene red deer (Cervus elaphus) and Recent British fallow deer (Dama dama). N = 
number of specimens in each sample; Min. = Minimum; Max. = Maximum; SE = Standard Error; CV = Coefficient of variation. 
Minimum, maximum, range, range mean and SE values are given in mm. 

 
 

 (aside from metapodials) can be compared reliably with that of Sicilian red deer: length against 

proximal and diaphysis widths for the radius (Figure 2.4.16 e-f), and length against diaphysis width for 

the tibia (Figure 2.4.17 f). For all other bone variables, the correlation coefficient for Sicilian red deer 

RMA regression models was not found to be significant (Table 2.4.23). Sicilian red deer and Maltese 

deer show very similar patterns of shape change for radial length versus proximal epiphysis width; 

however, as the diaphysis becomes more slender, it shortens more to a lesser degree in C. e. siciliae than 

it does in Maltese deer. (Table 2.4.23 and Figure 2.4.16 e-f). For Maltese tibiae, diaphyses shorten at 

almost the same rate as their shafts reduce in girth, whereas, for C. e. siciliae the tibial diaphyses shorten 
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at a much slower rate than their shafts reduce in girth (Table 2.4.23). None of the observed differences 

in rates of allometric shape change were statistically significant. 
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Taxon Variables N Slope Intercept r r2 p-value  
(2-tailed) 

Variables N Slope Intercept r r2 p-value  
(2-tailed) 

FORELIMB: 
 

HUMERUS (Figure 2.4.16 a-c) 
 

RADIUS (Figure 2.4.16 d-f) 
  

MALTA (1,2 & 3) 
Distal 

Width vs. 
Length 

15 1.24 0.24 0.93 0.87 < 0.001 
Distal 

Width vs. 
Length 

44 1.11 0.59 0.93 0.86 < 0.001 
Cervus elaphus siciliae 8 0.96 0.69 0.67 0.45 0.068 (n.s.) 9 1.28 0.34 0.44 0.20 0.232 (n.s.) 
Cervus elaphus (Fens) 15 1.21 0.32 0.81 0.65 < 0.001 24 0.62 1.41 0.85 0.72 < 0.001 

Dama dama 12 0.78 0.99 0.47 0.22 0.122 (n.s.) 13 0.53 1.46 0.71 0.50 < 0.01 
               

MALTA (1,2 & 3) Distal 
Medial 

Depth vs. 
Length 

16 1.22 0.28 0.96 0.93 < 0.001 
Proximal 
Width vs. 

Length 

45 1.30 0.21 0.89 0.79 < 0.001 
C. e. siciliae 8 0.87 0.85 0.51 0.26 0.198 (n.s.) 9 1.40 0.07 0.68 0.47 < 0.05 

C. elaphus (Fens) 15 1.21 0.28 0.87 0.75 < 0.001 24 0.74 1.19 0.88 0.78 < 0.001 
D. dama 5 0.98 0.69 0.91 0.82 < 0.05 13 1.17 0.43 0.89 0.79 < 0.001 

               
MALTA (1,2 & 3) 

Diaphysis 
Width vs. 

Length 

18 1.17 0.73 0.88 0.78 < 0.001 
Diaphysis 
Width vs. 

Length 

44 1.07 0.90 0.90 0.82 < 0.001 
C. e. siciliae 7 1.22 0.61 0.68 0.47 0.091 (n.s.) 9 0.85 1.20 0.91 0.82 < 0.001 

C. elaphus (Fens) 15 0.71 1.39 0.77 0.59 < 0.001 21 0.58 1.61 0.89 0.79 < 0.001 
D. dama 13 0.57 1.46 0.85 0.73 < 0.001 13 0.57 1.52 0.94 0.89 < 0.001 

HINDLIMB: 
 

FEMUR (Figure 2.4.17 a-c) 
 

TIBIA (Figure 2.4.17 d-f) 
  

MALTA (1,2 & 3) 
Distal 

Width vs. 
Length 

13 1.28 0.16 0.98 0.97 < 0.001 
Distal 

Width vs. 
Length 

27 1.16 0.62 0.94 0.88 < 0.001 
C. e. siciliae 2 - - - - - 8 0.57 1.57 0.20 0.04 0.639 (n.s.) 

C. elaphus (Fens) 9 0.72 1.16 0.85 0.72 < 0.01 23 1.34 0.31 0.38 0.15 0.070 (n.s.) 
D. dama 12 0.90 0.82 0.92 0.84 < 0.001 10 0.78 1.21 0.71 0.50 < 0.05 

C. elaphus (Italy) - - - - - - 3 2.29 -1.36 0.79 0.62 0.420 (n.s.) 
               

MALTA (1,2 & 3) 
Proximal 
Width vs. 

Length 

6 1.18 0.22 0.97 0.95 0.001 
Proximal 
Width vs. 

Length 

24 1.27 0.20 0.91 0.83 < 0.001 
C. e. siciliae 2 - - - - - 6 0.41 1.74 0.23 0.05 0.661 (n.s.) 

C. elaphus (Fens) 11 0.87 0.82 0.65 0.43 < 0.05 18 1.09 0.51 0.22 0.05 0.378 (n.s.) 
D. dama 11 1.18 0.65 0.95 0.91 < 0.001 11 1.07 0.55 0.85 0.72 < 0.001 

C. elaphus (Italy) - - - - - - 2 - - - - - 
               

MALTA (1,2 & 3) 
Diaphysis 
Width vs. 

Length 

16 1.09 0.89 0.95 0.90 < 0.001 
Diaphysis 
Width vs. 

Length 

27 1.05 1.03 0.89 0.79 < 0.001 
C. e. siciliae 3 0.74 1.35 0.66 0.43 0.544 (n.s.) 8 0.42 1.88 0.74 0.55 < 0.05 

C. elaphus (Fens) 12 0.53 1.73 0.89 0.79 < 0.001 24 1.09 0.97 0.26 0.07 0.223 (n.s.) 
D. dama 12 0.55 1.62 0.86 0.74 < 0.001 11 0.55 1.67 0.92 0.84 < 0.001 

C. elaphus (Italy) - - - - - - 3 -0.49 3.25 -0.28 0.08 0.816 (n.s.) 
 

Table 2.4.23 Reduced Major Axis (RMA) regression equations for adult postcranial variables for Maltese deer, Sicilian red deer (C. e. siciliae), British Holocene and Italian Late 
Pleistocene red deer (C. elaphus) and Recent British fallow deer (D. dama).  Refer to Figures 2.4. 16-17 a-f. P-values are given for the significance of the correlation coefficient ‘r’. 
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3.4.3 Metric analysis of teeth 

 

Upper and lower 3rd molars: size ranges and the coefficient of variation 

 

Results from analyses of measurements taken on upper and lower 3rd molars only (UM3 and 

LM3 respectively) are presented here, because they were by far the most abundant and easily 

identifiable teeth measured in the Maltese sample (see Tables 2.3.16-17, Materials and Methods). The 

ranges of upper and lower 3rd molar lengths and anterior widths recorded in the Maltese sample is much 

broader than the ranges observed for a single species, sexually dimorphic population of red or fallow 

deer and, in some cases, is more than three times as broad (Tables 2.4.24-25 and Figure 2.4.18 a-b).  

Variable Taxon N Min. Max. Range Mean SE 
CV 
(%) 

LM3 
Length 

“Maltese” 113 18.4 30.0 11.6 23.5 0.3 11.7 
Cervus elaphus siciliae 14 23.5 28.6 5.1 26.8 0.4 5.6 

 Dama carburangelensis 13 21.0 23.6 2.6 22.3 0.2 3.1 
 Cervus elaphus (UK) 40 27.9 34.0 6.1 31.4 0.2 4.9 
 C. elaphus (UK): Males 16 29.0 33.6 4.6 31.7 0.4 4.5 
 C. elaphus (UK): Females 24 27.9 34.0 6.1 31.1 0.3 5.1 
 Dama dama (UK) 16 20.0 24.0 4.0 22.0 0.3 5.0 
 D. dama (UK): Males 8 20.0 24.0 4.0 22.2 0.5 6.0 
 D. dama (UK): Females 8 20.7 23.2 2.5 21.7 0.3 3.8 

LM3 
Width 

“Maltese” 112 8.2 14.0 5.8 11.1 0.1 11.9 
Cervus elaphus siciliae 15 10.8 12.6 1.8 11.6 0.2 4.9 

 Dama carburangelensis 18 10.4 11.5 1.1 11.1 0.1 3.2 
 Cervus elaphus (UK) 43 12.3 15.9 3.6 14.4 0.1 6.5 
 C. elaphus (UK): Males 18 12.3 15.9 3.6 14.2 0.2 7.0 
 C. elaphus (UK): Females 25 12.3 15.7 3.4 14.5 0.2 6.3 
 Dama dama (UK) 16 9.7 11.9 2.2 10.8 0.1 5.2 
 D. dama (UK): Males 8 10.1 11.5 1.4 10.9 0.2 4.0 
 D. dama (UK): Females 8 9.7 11.9 2.2 10.6 0.2 6.3 

 
Table 2.4.24 Summary statistics for length and anterior width measurements taken on the lower 3rd molar (LM3) 
of Maltese deer, and Sicilian plus UK Recent red and fallow deer. N = number of specimens in each sample; Min. 
= Minimum; Max. = Maximum; SE = Standard Error; CV = Coefficient of Variation (standard deviation/mean x 
100). Minimum, maximum, range, mean and standard error values are given in mm. For UK red (Cervus elaphus) 
and fallow (Dama dama) deer samples, statistics are given for males and females separately (grey text) as well as for 
the whole group (i.e. males and females combined). 
 
Variable Taxon N Min. Max. Range Mean SE CV (%) 

UM3 
Length 

“Maltese” 150 11.6 20.8 9.2 16.3 0.2 13.4 
Cervus elaphus siciliae 3 20.0 20.8 0.8 20.3 0.3 2.3 

 Cervus elaphus (UK; LP) 22 22.7 27.0 4.3 25.0 0.2 4.5 
 Dama dama (UK; Recent) 12 12.1 17.0 4.9 15.0 0.4 9.2 

UM3 
Anterior 
Width 

“Maltese” 150 13.2 22.8 9.6 18.2 0.2 10.8 
Cervus elaphus siciliae 3 19.0 21.1 2.1 19.8 0.6 5.6 

Cervus elaphus (UK; LP) 22 25.4 29.6 4.2 27.8 0.3 4.5 
 Dama dama (UK; Recent) 12 14.9 18 3.1 16.7 0.3 6.0 

 
Table 2.4.25 Summary statistics for length and anterior width measurements taken on the upper 3rd molar 
(UM3) of Maltese deer, Sicilian red, UK Late Pleistocene (LP) red and UK Recent fallow deer. N = number of 
specimens in each sample; Min. = Minimum; Max. = Maximum; SE = Standard Error; CV = Coefficient of 
Variation (standard deviation/mean x 100). Minimum, maximum, range, mean and standard error values are given 
in mm.  
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Figure 2.4.18 a-b Range of size variation in Maltese a) upper and b) lower 3rd molars compared with single 
species, sexually dimorphic populations of red (Cervus elaphus) and fallow (Dama dama) deer. Log length 
against log anterior width dimensions of a) UM3 – comparisons with British Late Pleistocene C. elaphus and 
modern D. dama and, b) LM3 – comparisons with modern C. elaphus and modern D. dama. 
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The Coefficient of Variation (CV) values for Malta exceed those of all other single taxon 

groups, which strongly suggests that both Maltese samples comprise teeth from multiple taxa (Tables 

2.4.24-25). In Recent Cervus elaphus (circles) and Dama dama (squares), there are no clear intraspecific 

differences between males and females (blue and red respectively; Figure 2.4.18 b), in terms of the size 

and proportions of their LM3s. Even so, the Maltese sample overlaps the ranges of both taxa and 

extends far beyond the smallest D. dama LM3 in both length and width, while the largest Maltese LM3s 

reach the same length and anterior width proportions as small individuals of Recent Cervus elaphus 

(Figure 2.4.18 a-b). For both UM3s and LM3s modern fallow deer fall in the middle of the Malta range, 

and the larger Maltese UM3s overlap those of Sicilian red deer (Figures 2.4.18 a and 2.4.19 a-b). As 

expected, all Maltese UM3s are smaller than those of Late Pleistocene red deer (Figures 2.4.19 a).  

 

Allometry of the upper and lower 3rd molars 

 

 Reduced Major Axis (RMA) regression analyses were performed to identify any interspecific 

differences in the static allometric relationship of anterior width against length for both teeth. For 

Sicilian red deer (Cervus elaphus siciliae), the UM3 sample was not sufficiently large enough to allow for 

meaningful comparisons, but the three specimens are included as an indication of their general size 

relative to the Maltese teeth (Figure 2.4.19 a and Table 2.4.26).  

 The anterior width of Maltese UM3s decreases with length with negative allometry such that 

the smallest individuals have proportionally shorter and wider teeth than larger individuals (Figure 

2.4.19 a and Table 2.4.26). Recent British D. dama show a very similar pattern of shape change with 

size, but there is a significant offset between the two models (difference in intercepts, ANCOVA: F1,157 

= 5.84; p < 0.05), with D. dama having more slender UM3s for their size than Maltese deer. For Late 

Pleistocene (LP) Cervus elaphus UM3 anterior width increases isometrically with size, and there is a  

Taxon N Slope Intercept r r2 p-value 
(2-tailed) 

UM3 (Figure 2.4.19 a) 
Maltese deer 149 0.80 0.29 0.93 0.86 < 0.001 

Sicily: Cervus elaphus siciliae 3 -2.45 4.50 -0.34 0.11 0.787 (n.s.) 
UK LP: Cervus elaphus 22 1.01 0.04 0.57 0.33 < 0.01 

UK Recent: Dama dama 11 0.84 0.24 0.62 0.39 < 0.05 
LM3 (Figure 2.4.19 b & 20) 

Maltese deer 103 0.95 -0.26 0.92 0.84 < 0.001 
Sicily: Cervus elaphus siciliae 14 0.84 -0.13 0.50 0.25 0.066 (n.s.) 
Sicily: Dama carburangelensis 12 1.19 -0.56 0.06 0.00 0.842 (n.s.) 

UK Recent: Cervus elaphus 40 1.27 -0.74 0.58 0.34 <0.001 
UK Recent: Dama dama 16 1.04 -0.36 0.36 0.13 0.171 (n.s.) 

 
Table 2.4.26 Reduced Major Axis (RMA) regression equations for upper (UM3) and lower (LM3) 3rd molar log 
anterior width against log length for Maltese, Sicilian red and fallow, and British red and fallow deer. LP = Late 
Pleistocene; N = number of specimens in sample;  
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Figure 2.4.19 a-b Bivariate plots of log anterior width on log length for upper (UM3) and lower (LM3) 3rd 
molars, with Reduced Major Axis (RMA) regression models overlaid for Malta, a) Late Pleistocene and b) 
Recent Cervus elaphus, and Recent Dama dama. Sicilian points (pink) are included for reference in (a) but no 
regression model was calculated.  Equations are given in Table 2.4.26. 
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significant offset between the Maltese and LP C. elaphus model intercepts (F 1, 167 = 0.71; p < 0.001) 

(Figure 2.4.19 a and Table 2.4.26). 

 For Maltese LM3s, the increase of anterior width with length is weakly negatively allometric; 

this does not differ significantly from the positively allometric shape change recorded for Recent C. 

elaphus LM3s (Figure 2.4.19 b and Table 3.4.26). The correlation coefficient (r) is not significant for 

the Sicilian C. e. siciliae RMA model, so no comparisons with Malta could be made. Also, the LM3 

allometry of Recent and Sicilian fallow deer (Dama dama and D. carburangelensis respectively) cannot be 

reliably compared as the correlation coefficients (r) for both models are not significant (Table 2.4.26). 

 The spread of the data for the LM3s of both Sicilian taxa might suggest the possibility of four 

possible size groups on Malta (Figure 2.4.20). At the largest end of the scale there are five individuals 

that have LM3s that are bigger in both length and anterior width dimensions than the largest C. e. siciliae 

LM3; this small group possess very similar teeth, in both size and shape, to Recent C. elaphus (see the 

group of green Maltese triangles embedded within the cluster of red deer [red] circles in Figure 2.4.19 

b). The next two size groups correspond in length to C. e. siciliae (pink circles) and D. carburangelensis 

(yellow squares), but not necessarily in anterior width dimensions (Figure 2.4.20). At the smallest end 

of the scale there are a several Maltese LM3s that are relatively short and wide anteriorly, while others 

Figure 2.4.20 Reduced Major Axis (RMA) regression model for lower 3rd molar (LM3) log anterior width 
against log length for Maltese deer. Sicilian red (Cervus elaphus siciliae) and Sicilian fallow (Dama 
carburangelensis) deer are shown for size comparison, but no significant relationship between LM3 variables 
was found for either taxon. Equations are given in Table 2.4.26.   

1.30 1.35 1.40 1.45

0.
95

1.
00

1.
05

1.
10

1.
15

Maltese, Sicilian red and Sicilian fallow LM3s: Length x Width

LM3 Log Length

LM
3 

Lo
g 

W
id

th

Maltese deer
Sicilian Cervus elaphus siciliae
Sicilian Dama carburangelensis

Maltese deer
Sicilian Cervus elaphus siciliae
Sicilian Dama carburangelensis



 168 

are relatively longer (but still much shorter than the smallest D. carburangelensis) and narrow; these 

individuals may constitute the smallest size group on Malta.  

On the other hand, considering the range of variation in the Recent UK C. elaphus sample 

(Figure 2.4.19 b), in an analogous way to the use of that sample to assess number of taxa based on 

metapodia, its total spread is very similar to the large-sized grouping within the Maltese sample, 

including the five largest specimens. It also comfortably spans a middle-size category and a small one 

with more restricted range – exactly as for metapodia.  

  Taking the Maltese LM3 sample as a whole, it is fair to conclude that at least three separate size 

groups are evident: a Sicilian red deer sized group, a Sicilian fallow deer sized group, and a group that is 

much smaller than both Sicilian taxa. These findings are fully concordant with the three size group 

hypothesis defined by the metapodial analyses, in both the number and arrangement of the groups.  

 

2.4.5 Taxonomic assessment of fossil samples based on bones and teeth 

 

Character scoring of teeth and bones from Għar Dalam was described in the Methods and the 

full data for the radius and upper cheek teeth are given in Appendices A15 and A16. Tables 2.4.27-28 

summarise the results. Of 273 upper teeth, 97 were determinable, all of which showed a significant 

predominance of Cervus elaphus character states. Of 47 radii, 31 were determinable, and all showed a 

predominance of C. elaphus character states. None of the teeth or radii showed a predominance of Dama 

or Megaloceros characters.   

Tooth/identification C D M Indet. 
Insufficient 

data 
Total n 

UP4 42 0 0 21 15 78 
UM1/2 15 0 0 63 5 83 
UM3 40 0 0 65 7 112 
Total 97 0 0 149 27 273 

 
Table 2.4.27 Identification of upper teeth from Għar Dalam. C = Cervus; D = Dama; M = Megaloceros Indet.  = 
Indeterminable. 
 

RADIUS C D M Indet. 
Insufficient 

data 
Total n 

MALTA: Għar Dalam 31 0 0 13 3 47 
SICILY: Acquedolci 4 0 0 2 2 8 

 
Table 2.4.28 Identification of radii from Għar Dalam (Malta) and Acquedolci (Sicily). C = Cervus; D = Dama; M = 
Megaloceros Indet.  = Indeterminable. 
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Because the Lister (1996) and Lister et al. (2005) datasets were based primarily on test samples 

from the UK, the late Pleistocene red deer from Sicily (C. elaphus siciliae) were examined to ensure that 

they show the ‘C’ characters established on UK samples, since these are likely progenitors of red deer 

on Malta. Sample sizes are small, but as far as available they confirm the methodology. Among radii, for 

example, eight specimens were available, of which 4 were determinable and all had a predominance of 

‘C’ character states. 
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2.5 Discussion 
 

The main findings from the metric analyses of postcranial bones and teeth are summarised and discussed 

below, framed within the context of the original questions and hypotheses posited.  

 

2.5.1 How many different size groups are there on Malta? 

• H0: A single size class is present on Malta 

• H1: Several distinct size classes are present on Malta 

 

Evidence for the presence of at least three distinct size groups on Malta is provided by the analysis 

of adult and juvenile metapodia and supported by findings from the analyses of upper (UM3) and lower 

(LM3) 3rd molars. The size variation observed in Maltese samples of teeth and postcrania, far exceeds 

the size ranges expected for sexually dimorphic, single taxon populations and, in some cases, the ranges 

observed in multi-taxon groups. Comparing Maltese metapodia and molar teeth with a single-

population of sexed modern individuals of red deer, on logarithmic axes to allow for scaling effects, the 

range most comfortably spans three putative size-classes on Malta (named Malta 1 to 3 from smallest to 

largest). The addition of juvenile bones corroborates this picture, as they conform to three growth 

trajectories leading up to the three proposed adult groups. It was not possible to determine the number 

of groups present based on cluster analyses alone, since it does not take into account the likely maxima 

to species’ range, and does not distinguish sexual from taxonomic groupings. However, a cluster 

analysis constrained to four groups recovers Malta 1, 2 and 3, the latter split into likely male and female 

groups. Comparisons with Sicilian red (Cervus elaphus siciliae) and fallow (Dama carburangelensis) deer 

further substantiate the three-taxon hypothesis for Malta, with the bones and teeth of Malta 3 (large 

sized) and Malta 2 (medium sized) resembling Sicilian red and fallow deer respectively in size, though 

not necessarily in shape. Members of the smallest sized group identified (Malta 1) possess postcranial 

and molar proportions more diminutive than all other taxa included in this study. The presence of 

additional taxa, ‘cryptic’ within these size classes, cannot be wholly discounted, but the presence of 

three groupings is taken as a working hypothesis for the remainder of the study. Previous researchers 

have not documented separate species or morphotypes in the unusually large range of body sizes 

observed in the Maltese fossils, although they have suggested the possibility that either sister species or 

chronospecies may be present (van der Geer, et al.  2010; van der Geer, 2014). 

. Two of the Maltese size classes (Malta 3 and 2) are similar in size to Sicilian red and fallow deer, 

and were possibly ecological analogues, while the smallest group (Malta 1) has no analogue on Sicily. 
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Thus, the Maltese groups that have been identified are as separate from one another in size, as are the 

distinct taxa on Sicily.  

 A closer comparison of the metacarpus (MC) and LM3 bivariate plots shows that there is very 

good correspondence between these different elements to further support the three-taxon narrative for 

Malta. In Figure 2.5.1 a-b measurements for Maltese and Sicilian fossils are plotted together with those 

of Recent red and fallow deer to emphasize the differences between the putative ancestral taxa of 

Sicilian red and fallow deer and their smaller island descendants, and to illustrate how well the breadth 

of the size variation on Malta encompasses that of at least three distinct known taxa. Both datasets 

clearly reveal the positions of the Sicilian red deer-sized Malta 3 group and Sicilian fallow deer-sized 

Malta 2 group; plus, at the smallest end of the scale, a group of diminutive individuals (Malta 1) in both 

MC and LM3 dimensions.  

Comparisons with other insular deer species further support the hypothesis of there being at 

least three distinct size classes on Malta (Table 2.5.1). When compared to the range of sizes described 

for the metapodia of the highly variable deer of Crete, the range on Malta is relatively narrow. 

However, of the eight morphotypes defined by de Vos (1979), the four smallest (sizes I-IV) correspond 

approximately with the same length and distal width ranges of the Maltese metacarpi. That is to say, for 

the total range of sizes of the three groups on Malta, de Vos (1979) postulated four on Crete, of which 

three were considered to be distinct species (de Vos, 1979; Caloi and Palombo, 1996; van der Geer et 

al. 2010). Furthermore, van der Geer (2018) reassessed the Cretan deer material and, based on 

previously studied and newly available skull and antler specimens, formalised subdivisions in size class II 

(IIa, IIb and IIc; de Vos, 1979) into three new separate species (Candiacervus devosi; Ca. listeri and Ca. 

reumeri). Therefore, the size range of the four smallest morphotypes (sizes I-IV) proposed by de Vos 

(1979) now includes six distinct species. Moreover, of the four (or six to seven; de Vos 2006) size 

groups identified for Late Pleistocene Cervus astylodon fossils from Kume Island (Ryukyu Islands, Japan), 

the two (or three; de Vos, 2006) largest sized groups, have metacarpal length and diaphysis width 

dimensions that fall within the size range of two of the three Maltese size groups: Malta 1 and Malta 2 

(Matsumoto and Otsuka, 2000; de Vos, 2006). Finally, comparisons with the remarkable Late Miocene 

deer, Hoplitomeryx from the palaeo-island of Gargano (now southern Italy), with four distinct species 

(mainly based on size), reveal that Malta 2 has a very similar range of metacarpal sizes to the size 2 

morphotype (H. mattei), but size 1 (H. devosi) is more diminutive than Malta 1 and size 3 (H. macpheei) is 

larger than Malta 3, although the latter comparison is only based on a single Hoplitomeryx specimen 

(Table 2.5.1). These findings are all consistent with the size variation on Malta being attributable to the 

presence of at least three distinct taxa.  
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ISLAND MALTA SICILY GARGANO KUME CRETE 
 N Range Mean N Range Mean N Range Mean N Range Mean N Range Mean 

Taxon Malta 1 NA Hoplitomeryx devosi Cervus astylodon (G3/ Size 4) Candiacervus ropalophorus 

Length 4 110.0-126.0 117 - - - 14 74.4-95.0 85.5 16 78.4-89.3 84.6 66 88.4-114.1 98.6 
Prox. W 5 19.3-23.3 20.8 - - - 14 17.6-23.2 19.9 15 19.2-21.2 20.5 63 18.6-22.6 20.5 
Dist. W 3 21.1-26.1 22.8 - - - 14 18.3-23.4 20.2 15 20.0-22.3 21.2 64 20.2-24.7 22.4 

                
Taxon Malta 2 Dama carburangelensis Hoplitomeryx matthei Cervus astylodon (G1/ Size 7) Candiacervus cretensis 

Length 12 140.0-163.0 150.4 21 137.0-157.0 146.5 8 139.0 -177.0 158.9 1 141.6 NA 3 131.0-144.2 138.4 
Prox. W 15 22.5-30.8 25.0 81 19.9-26.4 24.1 8 23.5-30.1 26.4 1 24.7 NA  26.6  
Dist. W 9 24.0-30.0 26.6 85 22.4-27.4 24.8 8 23.0-28.0 25.0 1 25.8 NA  23.6  

                
Taxon Malta 3 Cervus elaphus siciliae Hoplitomeryx macpheei NA Candiacervus rethymnensis 
Length 37 170.0-230.0 205.3 11 192.0-226.0 208.4 1 259 NA - - - 4 185.0-206.2 194.8 

Prox. W 35 27.3-33.9 30.7 17 28.0-35.6 31.7 2 33.4-34.0 33.7 - - -    
Dist. W 35 28.0-36.6 32.7 17 27.0-38.8 32.8 1 31.5 NA - - -    

                
 

Table 2.5.1 Comparison of Island deer morpho-groups and species based on metacarpal dimensions. Hoplitomeryx data from van der Geer (2005); Cervus astylodon data from 
Matsumoto and Osuka, (2000), and de Vos, (2006); Candiacervus sp.  Data from de Vos (1979; 2006), and van der Geer (2005; 2018). For C. astylodon size group is either from 
Matsumoto and Osuka (2000; G3 and G1) or de Vos (2006; Size 4 and Size 7). 
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2.5.2 Do the groups differ from one another in form as well as size? 

• H0: Different groups do not differ from one another in form, for example in limb bone proportions 

• H1: Different groups do differ from one another in form, for example in limb bone proportions  

 

Each of the three Maltese size groups identified (Malta 1, 2 and 3) can be clearly differentiated from 

one another based on metapodial length – there is no overlap in size at all. In addition, between groups 

sample means differ significantly for all metapodial shape variables except diaphysis width, where the 

difference between the shaft widths of Malta 2 and Malta 1 was not significant. For the remaining 

postcranial long bones, size and shape differences were described for the largest and smallest individuals 

(putative members of Malta 3 and 1 respectively), but clear divisions between these groups and the 

medium sized Malta 2 were not easy to discern without the availability of juvenile specimens. Group 

boundaries were also difficult to define based on UM3 and LM3 dimensions; therefore, like the 

postcrania (excluding metapodia), only broad differences between the largest and smallest individuals 

were described. The main differences observed are summarised in Table 2.5.2. Body mass estimates 

based on diaphysis width measurements of both metacarpi (MC) and metatarsi (MT) were calculated for 

Maltese and Sicilian fossil taxa.  

The mean predicted body mass for Malta 1 (25.1 kg – mean body mass prediction derived from 

metapodial estimates; see Table 2.4.20 Results) is much lower than the recorded mean mass for one the 

smallest bodied extant deer species, the roe deer (Capreolus capreolus); males = 35 kg  and females = 25 

kg (Janis, 1990). The body mass predictions for Malta 2 overlap with the ranges predicted for Sicilian 

fallow deer (D. carburangelensis) and Recent UK D. dama females, but they have a smaller mean body 

mass than adults of both fallow deer taxa. Malta 3 has the largest variation in estimated body weights on 

Malta, greater than the known range of the sexually dimorphic population of Recent D. dama. 

Comparisons between Malta 3 and Sicilian red deer (Cervus elaphus siciliae) indicate that Malta 3 has a 

lower estimated body mass than that of Sicilian red deer, and both are considerably smaller than 

putative ancestral Late Pleistocene red deer from Italy (mainland Italian C. elaphus: 199.9 kg approx.). 

Data for Late Pleistocene Italian C. elaphus were not included in Table 2.4.20 because body mass 

estimates derive from measurements taken from the Di Stefano et al. (2015) paper, in which it is not 

made explicit whether the metapodia diaphysis width measurement is a minimum diameter (as in the 

present study) or a mid-shaft diameter (as in Gliozzi et al. 1993).  
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 MALTA 1 MALTA 2 MALTA 3 Cervus elaphus siciliae Dama carburangelensis 
      

Relative size Small Medium Large Large Medium 

Metapodia 
Short, thick and robust; 

broad proximal and distal 
epiphyses 

Medium length; thick shaft 
and broad epiphyses 
compared to Malta 3 

Long and gracile; narrow 
proximal and distal 

epiphyses 

 
MCs: relatively thicker 

diaphyses than Malta 3, 
similar length but epiphyses 

may be broader 
MTs: generally shorter than 
Malta 3, marginally thicker 

with broader epiphyses 
 

MCs:  shorter and thicker 
diaphyses than Malta 2, 
with narrower epiphyses 
MTs: shorter and thicker 
diaphyses than Malta 2, 

with similarly sized 
epiphyses 

Humerus Short, thick, robust 
Intermediate between 

Malta 1 & 3 
Long and slender 

Long, thick shafted but 
narrower distally than 

putative Malta 3 humeri 
NA 

Radius 
Short; more slender 

proximally compared to 
distally 

Intermediate between 
Malta 1 & 3 

Long; very slender 
proximally compared to 

distally 

 
Long, thick shafted but 

narrower proximally and 
distally than putative Malta 

3 radii 

NA 

Femur 
 Short; relatively narrow 

proximal and distal 
epiphyses 

Intermediate between 
Malta 1 & 3 

 Long; narrow proximal 
and distal epiphyses 

Thick shaft compared with 
Malta 3 femora 

NA 

Tibia 
Short; more slender 

proximally compared to 
distally 

Intermediate between 
Malta 1 & 3 

Long; very slender 
proximally compared to 

distally 

Long, thick shafted but 
narrower proximally and 

distally than putative Malta 
3 tibiae 

 

NA 

UM3 Short and anteriorly wide  
Intermediate between 

Malta 1 & 3 
Long and anteriorly narrow  

Long; possibly anteriorly 
narrower than Malta 3 

UM3s 
NA 

LM3 
Some are short and wide, 

others are short and narrow 
Intermediate between 

Malta 1 & 3 
Long and narrow 

 
Narrower, but not as long as 

putative Malta 3 LM3s 
 

Wider than putative Malta 
2 LM3s 

Body mass estimate  
(mean ± standard error) 

25.1 ± 3.5 kg 34.1 ± 1.7 kg 68.3 ± 2.7 kg 74.6 ± 5.0 kg 41.6 ± 1.6 kg 

 
Table 2.5.2 Summary of main findings from the metric analysis of bones and teeth.  
 



 177 

In metapodial length/width proportions there are some differences in static allometry between the 

three groups, and in particular, a grade-shift such that the smaller species tend to have stouter bones 

than the larger ones.  The same is also found for the more proximal long bones. Comparing all long 

bones across the whole Maltese sample, pairs of bones situated in anatomically equivalent positions in 

the fore- and hindlimb (i.e. humerus and femur; radius and tibia; MC and MT) have broadly similar 

parameters of static width/length allometry. However, there are inter-bone proportional differences 

between the three size groups; in particular, the smallest sized Maltese taxon (Malta 1) appears to have 

distinctive proximal limb proportions, with relatively long humeri in proportion to its shortened radii 

and metacarpi, when compared with the relative proportion of Malta 2 and 3. This latter observation 

has also been noted in juveniles of the most diminutive species on Crete, Candiacervus ropalophorus.  

The metapodia of Malta 1 (the smallest size class) are short, thick-shafted and stout-ended. This 

suite of morphological features is characteristic of several insular dwarf taxa such as Myotragus balearicus 

(Spoor, 1988); Candiacervus ropalophorus (de Vos, 1979); Cervus astylodon (Matsumoto and Otsuka; 

2000); and Hoplitomeryx devosi (van der Geer; 2005) and is often linked to adaptation to slower 

locomotion over rocky or mountainous terrain, in contrast to high-speed predator avoidance in open 

habitat (Sondaar, 1977; Spoor; 1988, Lister, 1995). The degree of size reduction in Maltese metacarpi, 

however, did not reach the extreme shortening seen in island taxa such as Cervus astylodon and 

Hoplitomeryx devosi (Table 2.5.1) but, as Lister (1985) postulated about the island of Jersey, this may 

reflect the relatively undemanding topography of the Maltese terrain (Lister, 1995); or may indicate 

that the Maltese deer were not isolated for as long as the aforementioned taxa. Nonetheless, the same 

general trend can be seen among the putative Maltese taxa, of a gradual increase in bone massivity (the 

index in this case is metacarpal distal width/length; Table 2.5.3) from large to small specimens (i.e.  

ISLAND TAXON N Minimum Mean Maximum 
Malta Malta 3 37 0.15 0.16 0.17 

 Malta 2 12 0.16 0.18 0.19 
 Malta 1 3 0.18 0.19 0.21 

Sicily Cervus elaphus siciliae 11 0.14 0.15 0.16 
 Dama carburangelensis 21 0.16 0.16 0.17 

Crete *Candiacervus rethymnensis (Size 4) 2 0.17 0.17 0.17 
 *Candiacervus cretensis (Size 3) 1 - 0.20 - 
 *Candiacervus sp. (Size 2) 10 0.22 0.23 0.24 
 *Candiacervus ropalophorus (Size 1) 12 0.21 0.23 0.24 

Kume *Cervus astylodon (Size 7) 1 - 0.18 - 
 *Cervus astylodon (Size 4) 5 0.24 0.26 0.26 

Gargano +Hoplitomeryx macpheei (Size 3) 1 - 0.12 - 

 +Hoplitomeryx matthei (Size 2) 8 - 0.16 - 

 +Hoplitomeryx devosi (Size 1) 14 - 0.24 - 

 
Table 2.5.3 Comparison of adult metacarpal bone massivity indices (Distal Width/Length) across insular 
species. *Figures from de Vos (2006); 

+
Summarised from van der Geer (2005) and calculated from mean values 

given in Table 2.5.1.  
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from Malta 3 to Malta 1), as has also been recorded for insular ruminant taxa for which several size 

classes are present (Van der Geer, 2005; 2014; de Vos, 2006). Thus small sized individuals have 

relatively more massive bones in comparison to their larger sized counterparts. 

 Another notable feature of the metapodia of island ruminants in particular, is the fusion of tarsal 

bones to the metatarsus, which functions to increase the stability of the tarsal region, again as a possible 

adaptation to uneven terrain (Sondaar, 1977). In all Hoplitomeryx adults, the naviculocubo-cuneiform 

tarsal bones were completely fused to the proximal metatarsus, for all four size categories (van der 

Geer, 2005; 2014). No tarso-metatarsal fusion has been recorded for Cervus astylodon (Matsumoto and 

Otsuka; 2000), while 6 % of Candiacervus ropalophorus metatarsi were fused to tarsal bones (de Vos, 

1979). In the whole Maltese sample only three individuals exhibited this morphology and all belong to 

the Malta 2 size group (11 % or 3 of 27 Malta 2 individuals).  It may be that small sample sizes for Malta 

1 metatarsi mean that none were preserved with this morphology, or it could be that both Malta 1 and 

Malta 2 individuals evolved slightly different adaptations to similar topographical unevenness: the 

former having short, sturdy bones while the latter having increased stability around the tarso-metatarsal 

joint. 

 The proximal forelimb of Malta 1 can also be distinguished from that of Malta 3, in particular, 

by its relatively long humerus, in proportion to its relatively shortened radius and metacarpus (Figure 

2.4.13 a, Results). The relative proportions of the forelimb bones in juvenile and adult Cretan 

Candiacervus ropalophorus show similar tendencies: in the juvenile, the humerus is relatively long in 

comparison to the short radius and metacarpus. During ontogeny the relative proportions of the bones 

change such that in the adult the humerus is shorter than the relatively long radius; the metacarpus is 

still relatively short (van der Geer et al. 2006; see Fig. 5). The similar patterns of shape change observed 

when Malta 3 and Malta 1 are compared with the Cretan adult and juveniles, could indicate that the 

long humeri in Malta 1 are paedomorphic. However the Malta 3 forelimb differs in that the metacarpus 

is relatively long and the humerus is short relative to the radius, which maintains the similar proportions 

to the radii of Holocene (UK Fens) Cervus elaphus. 

 

Relative differences in size reduction of bones and teeth 

 

In some dwarf mammal taxa, tooth size reduction has been shown to be less extreme relative to 

the reduction in postcranial elements (Fortelius 1985, Lister 1995). Among deer, for example, the limb 

elements of dwarf red deer on Jersey decreased in size to around 50-60 % of a mainland standard to 

which they were compared (British Ipswichian red deer mean), whereas the teeth were found to be 

approximately 70-90 % the size of mainland standard’s size (Lister, 1995). This was interpreted as 
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likely due to a rapid initial size reduction of a partly non-genetic (ecophenotypic) nature, since the 

Jersey dwarfs evolved in only a few thousand years, and teeth are known to be more strongly 

developmentally canalised than the bony skeleton (Fortelius, 1985). In the Cretan deer, by contrast, 

with a likely much longer time of isolation, teeth and bones are roughly isometric in comparison with 

mainland deer (Lister 1996).  

Interestingly, the pattern seen in the size of D. carburangelensis LM3s and MCs relative to those of 

the Recent D. dama appears to follow the Jersey model. In Figure 2.5.1 a the MCs of Sicilian fallow deer 

are proportionally much smaller than those of Recent UK fallow, but the difference in the mean size of 

the LM3s is not significant (Figure 2.5.1 b; Table 2.4.25, Results, gives summary statistics for both 

taxa). To determine whether bones and teeth reduced by similar amounts from one Maltese size group 

to the next, percentage size changes were calculated based on mean values (Table 2.5.4). For the two 

smallest Maltese size groups, Malta 1 and Malta 2, transverse bone dimensions (proximal and distal 

widths) reduced by approximately the same amount as tooth dimensions during the dwarfing process. 

This contrasts with Lister’s (1995) findings on Jersey, and is more in keeping with the pattern seen in 

Cretan deer. On Malta, tooth and bone widths (a correlate of body mass) are in step for the two smaller 

morphotypes, indicating that teeth have shrunk to the same degree as bones and, based on Lister’s 

(1995) Jersey model, imply a genetic basis for the size reduction. This has further implications as it 

supports the idea of a genuine taxonomic separation between the three Maltese groups. The greater 

reduction in bone lengths seen in the metacarpi of Malta 1 and 2 corresponds to the increased stoutness 

observed in smaller sized groups; this adaptive shape change again fits with the idea of there being a 

genetic (evolutionary) basis to the change. 

 
Malta 2 as % of 

Malta 3 
Malta 1 as % of 

Malta 2 
Malta 3 as % of 

Italian C. elaphus 
C. e. siciliae as % of 

Italian C. elaphus 
METACARPUS     

Total length 73.3 77.8 82.0 83.3 
Proximal width 81.4 83.2 78.5 81.1 

Distal width 81.3 85.7 79.2 79.4 

LM3     
Length 81.2 83.6 - - 

Anterior width 85.4 88.6 - - 
 
Table 2.5.4 Percentage size change across size groups based on mean values. No data were available on Italian 
mainland Late Pleistocene Cervus elaphus LM3s.  
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2.5.3 In what manner have changes in size and shape come about by modification of 

growth? 

• H0: All species have the same growth rate/trajectory, truncated at different times 

• H1: Species have evolved different growth rates/trajectories 

 

Reduced Major Axis (RMA) regression models calculated for unfused juvenile MC variables for 

separate Maltese size groups indicate that there is no significant difference between Malta 2 and 3 in the 

rates at which length increases with increasing epiphyseal widths (no difference in slopes): both are 

negatively allometric. However, the models are significantly offset (difference in intercepts), likely 

corresponding to an interspecific grade shift. The juvenile MCs of Malta 2 and 3 appear proportionally 

very similar, even though those of Malta 3 are much larger in all dimensions. In contrast, the growth 

trajectory for Malta 1 juveniles is unclear, because of the rarity of specimens in this small size category, 

and the presence of two juveniles with uncertain affinities (potentially, they could belong to Malta 1 or 

2). Assuming the indeterminate juvenile MCs belong in the Malta 1 size group, tentative interpretation 

of changes in distal epiphysis shape with size suggest a different pattern of growth to the juvenile MCs of 

Malta 2 and 3: changes are negatively allometric in Malta 1 juvenile MCs.  

To examine whether size reduction on Malta is best explained by paedomorphosis, comparisons 

were made between regression models for Malta 1 adults and Malta 2 juveniles (the next size class up), 

and Malta 2 adults and Malta 3 juveniles. If the adults of the smaller size group resembled the juveniles 

of the next-largest size class, this would conform to a pattern of paedomorphosis. Regression models of 

adults and juveniles are combined in Table 2.4.11. With the proviso that some of the individual trends 

do not reach statistical significance at the 0.05 level, adult values change in a regular fashion from Malta 

3 to Malta 2 to Malta 1 (size reduction). in each case in the direction of the adults of the next size group 

down. This suggests a degree of paedomorphosis, but differences of intercept between the successive 

adult and juvenile groups (see, e.g. Figure 2.4.4 and Table 2.4.10 [ANCOVA]) indicate an ontogenetic 

grade-shift during the dwarfing process. A similar pattern was observed in skull growth of dwarfed 

hippopotamus from Madagascar compared to its mainland African ancestor (Weston & Lister 2009). 

These findings will be further discussed, in conjunction with those based on the antlers, in Chapter 4.  
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CHAPTER 3. Weird and wonderful: antler variation and growth in a radiation of 

endemic deer 

 

3.1 Introduction 

 

 The magnificence of a stag in prime condition with a full ‘head’ of antlers is one of the most 

strikingly powerful emblems of male strength and dominance in the natural world, and is impressive to 

both female deer and humans alike! But what purpose do antlers serve? How do they grow and what 

determines their size and structure? And what can these marvellous ornaments tell tell us about their 

bearers at the species-level and beyond? These are just a few of the myriad questions that have 

compelled researchers to investigate all aspects of antler evolution and development, resulting in the 

accumulation of a vast body of literature on subjects such as: growth and regeneration (e.g. Huxley, 

1931; Chapman, 1975; Price and Allen, 2004; Price, et al. 2005; Kierdorf, et al. 2009), form and 

function (e.g. Clutton-Brock, 1982; Lister, 1987; Goss, 2012), interspecific differences and 

intraspecific variations (e.g. Whitehead, 1972; Gould, 1974; Lister, 1987; Geist, 1999), and the role of 

environmental factors in antler development (e.g. Muir and Sykes, 1988; Schmidt et al. 2001; Caro et 

al. 2003). The succeeding section will provide a concise overview of antler growth and development, 

with an illustration of differences  in antler form in modern representatives of the possible ancestral 

species of the Maltese deer (red [Cervus elaphus] and fallow [Dama dama]. Plus difficulties in using antlers 

to inform taxonomy when more than one size class is present are discussed.  

 

3.1.1 What are antlers?  

 

 Antlers are paired, deciduous 

cranial appendages that develop from 

bony extensions (pedicles; Figure 3.1.1) 

of the frontal bones in all except one 

species of Cervidae, the Chinese water 

deer (Hydropotes inermis) – their lack of 

antlers is considered primitive by some 

authors (e.g. Hamilton, 1978; in Lister, 

1984) but a derived condition by others 

(Goss, 1983; Kierdorf, et al. 2013). 
Figure 3.1.1 Pedicle position on red deer skull (Specimen is 
author’s own; photograph of red deer taken by the author in 
Richmond Park, UK) Scale = 60.0 mm (approx.). 
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Usually, it is only male deer that possess antlers (although see Whitehead, 1972; and Putman, 1988; for 

rare examples of antlered females in other species), except for reindeer (Rangifer tarandus), which are 

unique among cervids in that it is normal for adults of both sexes to bear antlers; however, those of the 

female tend to be structurally similar but much smaller in size than male antlers (Whitehead, 1972). 

Antlers are sometimes simple, but more often branching structures formed of two types of true bone: a 

spongy core made up of trabeculae, or rods of connective bone tissue (‘cancellous bone’), surrounded 

by an outer layer of hard compact bone (‘cortical bone’) (Chapman, 1975; Kierdorf, et al.  2013). They 

are shed and regrown approximately annually, from pedicles which usually develop in the first year of 

life for most species: the growth of the latter structures is initiated by elevated blood testosterone 

levels, while development of the first set of antlers or prickets begins spontaneously, as levels of 

circulating testosterone drop (Chapman, 1975; Kierdorf and Kierdorf, 2011).  

During growth, antlers are covered with a highly vascularised skin known as velvet, that 

supplies blood to the developing tissue within. When growth has completed a bony ring, the ‘rose’ or 

‘burr’, forms at the base of the antler and blood vessels are cut off, so that the velvet dies and is rubbed 

off, leaving the bare antler bone.  In the fossil state, antlers are found either shed, or unshed and still 

connected to the pedicle and a greater or lesser part of the skull. The presence of a rose indicates that 

growth was complete. 

 

3.1.2 Use of antlers in taxonomic evaluation 

 

Antlers have been very widely used in taxonomy of deer, especially for fossil species, because 

their complex branching form shows characteristic species-specific traits (e.g. Figure 3.1.2). However, 

their use is greatly complicated by variation, both individual and ontogenetic. As structures that grow 

during adult life, they show considerably more individual variation than other parts of the skeleton. 

Secondly, in the life of an individual animal the antlers increase in complexity year on year, until they 

reach a plateau at the animal’s prime, and in late life may become reduced again. This sequence may be 

termed ‘ontogenetic’, although it is not ontogenetic in the strict sense of a single, continuous process of 

development. Although certain species-specific traits are often visible through this ontogenetic series of 

antlers, change of form with age has to be taken into account when comparing samples of antlers. This 

situation is further complicated in a case such as the Għar Dalam assemblage, because the antlers from 

different-sized, closely-related species, are mixed together in the collection, and the identification of 

specimens as, for example, a young individual of a larger species versus an adult individual of a smaller 

species, can be difficult. Some index of the relative ontogenetic stage of individual specimens is ideally 

required, and there are three main methods, depending in part on the nature of the material available. 
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First, if antlers are unshed and are attached to a skull with indications of ontogenetic age (e.g. suture 

closure or tooth wear), these can be used as an index of age of the antler. There are unfortunately no 

such examples in the Għar Dalam collection. Second, in unshed antlers, the proportions of the pedicle 

provide an index of relative age, since the pedicle is known to increase in girth but reduce in length each 

year, as some of its length is lost with each shedding.  Within a given taxon, therefore, long, narrow 

pedicles indicate a young individual while short, wide ones indicate an older one (Lister, 1990).  

Thirdly, a metric that can be applied to a much larger proportion of available specimens is simply the 

diameter or circumference of the antler base, as this is a reflection of pedicle width that increases year 

on year. Although this provides only a rough index of age, and is conflated with the individual (age-

independent) size of the animal, it forms a very useful general abscissa against which to plot the 

development of other antler features. 

A final valuable fixed point in antler ontogeny is the first antler grown during the animal’s life.  

This antler, known as the pricket, forms during the second year of the life of a male deer, and has a 

unique and recognisable morphology in all species of deer of a simple, unbranched spike, often with a 

highly rugose surface.  If present in a fossil assemblage, this provides a fixed point of basal size 

representing (with due allowance for individual variation) the smallest end of the ontogenetic growth 

series of a particular species.  

The Għar Dalam sample of antlers, although large, is unfortunately dominated by very 

damaged specimens of which, in most cases, only the base and the lower part of the beam and lower 

tines (often broken off) are preserved. This has limited the analysis in some respects, but a detailed 

Figure 3.1.2 Comparison of red (Cervus elaphus) and fallow (Dama dama) antler morphology. Central figure 
reproduced from Lister (1996; p.122). Photos of red and fallow deer taken by the author at Richmond Park (UK)  

Fallow Deer Red Deer 
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series of metric and non-metric characters has nonetheless been scored on the basal parts of all available 

antlers and analysed for ontogenetic and possible taxonomic variation. One largely complete antler 

from Għar Dalam was discovered, in pieces, in the NHM collection and this has been reconstructed and 

has provided a valuable point of comparison with several largely complete antlers from Sicily and those 

of modern red deer populations.  

 

3.2 Questions and Hypotheses 

 

In this chapter, a detailed morphometric analysis of antler remains is undertaken. This is based 

largely on the ex situ collection from Għar Dalam, the result of previous excavations. Comparisons are 

made with the fossil red deer of Sicily, and comparative samples from the UK Pleistocene and 

Holocene, as well as a range of modern Eurasian red deer populations.  

Hypotheses to be examined in this chapter include: 

• Does antler morphology support the identity of the Għar Dalam deer as derived from red deer? 

o H0: Antler morphology supports the identity of all the Għar Dalam deer as derived from red deer 

o H1: Antler morphology suggests that at least some of the Għar Dalam deer are derived from species 

other than red deer 

• Does antler size and form support the division of Għar Dalam deer into three taxonomic 

groups? 

o H0: Antler morphology is consistent with the division of Għar Dalam deer into three taxonomic groups 

o H1: Antler morphology suggests that Għar Dalam deer form fewer than, or more than, three taxonomic 

groups 

• Are Għar Dalam antlers consistent with a derivation from Sicilian Cervus elaphus siciliae? 

o H0: Għar Dalam antlers are consistent with a derivation from Sicilian Cervus elaphus siciliae 

o H1: Għar Dalam antlers suggest divergence from C. e. siciliae or derivation from a different stock 

• Do Għar Dalam antlers illustrate unusual diversity of form even within taxa, a possible effect of 

island endemism? 

o H0: Għar Dalam antlers do not exhibit any greater diversity of form than other deer species. 

o H1: Għar Dalam antlers exhibit unusual diversity of form 

 

 

 

  



 187 

3.3 Materials and Methods 
 
3.3.1 Fossil and Recent comparative collections 
 

All fossil and Recent antler samples included in the present study are summarised in Table 

3.3.1 and described in more detail in the following sections.  

Museum Locality Age Species 
Number 

of Antlers 
Sample 

total 
GDM Malta: Għar Dalam Cave Late Pleistocene “Maltese” 1291 

169 MM Malta: Għar Dalam Cave Late Pleistocene “Maltese” 32 
NHM Malta: Għar Dalam Cave Late Pleistocene “Maltese” 6 
NMSZ Malta: Għar Dalam Cave Late Pleistocene “Maltese” 2 
GGG Sicily: Grotta dei Puntali Late Pleistocene Cervus elaphus siciliae 13 

33 
MdF 

Sicily: Grotta di San 
Teodoro 

Late Pleistocene Cervus elaphus siciliae 20 

Various UK: Various Pleistocene Cervus elaphus 1632 

299 NHM UK: Star Carr Holocene Cervus elaphus 932 

Various UK: Fens Holocene Cervus elaphus 432 

NHM Eurasia: Various Recent 
Cervus sp. & C. elaphus 

ssp. 273 27 

 
Table 3.3.1 Summary of fossil and Recent antler specimens included in the present study. 1Includes 3 in situ 

fossils; 2 From Lister (1981), refer to Table 3.3.3 for details; 3 Refer to Table 3.3.4 for details.  
 
 
Fossil Sample: Malta, ex situ specimens  
 
 The Maltese sample comprises 169 fossil antlers in total, all collected from Għar Dalam Cave 

but held in several different localities (including three in situ specimens – see later). Those held at Għar 

Dalam Museum (GDM; n = 129) are on display in the public gallery, wired tightly to display boards 

with individual fossils fixed in close proximity to one another (Figures 3.3.1 a and b).  Consequently, 

several measurements and characters required modification specifically to accommodate them. In 

contrast, the majority of the Maltese antlers in the collection at Mdina (MM; n = 32) are loose and can 

be manipulated easily for accurate measurements and scores (Figure 3.3.1 c). Unfortunately, there is an 

evident bias in the preservation and completeness of the antlers publicly displayed at GDM when 

compared with those held in storage at MM: all of the best preserved, most complete specimens are 

fixed permanently to boards at GDM. Therefore the ‘best quality’ fossils were actually the most 

difficult to measure and score accurately. 

The remaining specimens in the Maltese sample are from UK collections held at the National 

Museum of Scotland (NMSZ; n = 2) and the Natural History Museum, London (NHM; n = 6). These 

fossils are of particular significance given their provenance. Specimen 1893.18.29 (NMSZ) is from 

Cooke’s first official excavation at Għar Dalam Cave in 1892 and was identified as “Cervus elaphus var. 

barbarus” (Figure 3.3.2 a and b). Regrettably, the fossil is in a very poor state: it is covered in thick 
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breccia laterally and the brow is detached where previously it had been glued in place. All that remains 

of the bez tine is a small portion of its base, just proximal to extensive antero-lateral damage to the main 

beam distal to the brow emergence (Figure 3.3.2a). In addition, there is clear evidence that the main 

beam had been broken, and subsequently repaired (badly), distal to the antero-lateral damage. 

Consequently, few informative measurements or scores could be collected from this fossil.  

Of the five NHM antlers from Cooke’s 1892 excavation, four are in a similarly poor condition 

to the NMSZ specimen described above. All are covered in a layer of red earth sediment with patches of 

thickened breccia, and all except one (NHMUK M98375) have suffered tine breakages and repairs 

(Figure 3.3.3 a-d). The importance of these specimens to the dataset as a whole lies not only in their 

provenance, but also in the remarkable array of morphologies observed (Figure 3.3.3 a-d). 

The most complete Maltese antler measured in this study was also unearthed by Cooke during 

the same excavation, and presented to the NHM in 1893 via the Royal Society (according to the label 

information). Specimen NHMUK M4734 (Figure 3.3.4 a) was described and figured by Arthur Smith 

Woodward in Cooke’s full report on the first excavation at Għar Dalam Cave (1893, p.281-2, Figure 

2; reproduced in Figure 3.3.4 b). Presently, the specimen is broken into six fragments (Figure 3.3.4 c) 

but it is not clear from the original description whether the damage was a result of the preservational 

conditions or whether it occured post-excavation. Despite extensive damage to the specimen as a 

Figures 3.3.1 a-c Fossil antlers recovered from Għar Dalam Cave. a) One of 18 boards on public display at 
Għar Dalam Museum illustrating how specimens are wired closely together and tightly to the board (board 
D10b, cabinet 7, GDM; photo by J. J. Borg, Heritage Malta). b) Specimen GD 13110 (bottom centre of board 
D10b) in anterior view to show how certain measurements are impeded by this method of wire attachment 
(e.g. brow and bez circumferences). c) Loose specimens from the collection at Mdina (MM) are generally 
poorer quality but easier to measure (specimens from left to right: GD 12800, GD 12776 and GD 12777). 
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whole, all of the individual elements except the brow tine are present and sufficiently complete to be 

measured and scored.  

The final Maltese antler measured from the NMSZ collection  (1948.49.25) can be tentatively 

ascribed to one of Despott’s excavations (c. 1916-20) as it was packaged with a journal article signed by 

Despott, plus the fossils lack the surface covering of sediment and breccia that characterises the Cooke 

specimens (c.f. Figure 3.3.2 a with c and d). The marked difference in condition of the fossils from the 

two early excavations (Cooke in 1892 and Despott as above) presumably reflects different 

preservational environments, as well as possible post-excavation treatment by Despott.  

A single Maltese antler was found in the collections at the NHM in a box containing a variety of 

fossils (mainly deer and hippo postcrania plus a partial elephant molar), together with a handwritten 

letter on headed notepaper from the Royal Naval Club, Portsmouth dated 1939. In the letter the author 

describes the origin of the fossils as being from ‘a famous cave in Malta called “Għar Dalam”’ (See  

Figure 3.3.2 a-d Comparison of fossil antlers recovered from separate excavations at Għar Dalam Cave (NMSZ 
collections). a) Cooke (1892) excavation: specimen 1893.18.29 (left antler, lateral view) with detached brow, 
showing extensive antero-lateral damage proximally, plus attached breccia and sediment; b) Cooke’s original 
labels affixed medially to the main beam of 1892.18.29 (see Chapter 1,for an explanation of the species 
designation by Cooke; 1892); c) Despott (c. 1916 -20) excavation: Specimen 1948.49.25 (right antler, medial 
view). d) Despott (c. 1929) excavation: Specimen NHMUK no number (LCD16_A21, this study; left antler, 
medial view). Note that the Despott fossils show no sign of sediment or breccia attachment, with the only 
damage limited to the loss of distal parts and the whole brow tine in d. Scale bars = 40 mm.  

a 

b 
 

c

d
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Figure 3.3.3 Għar Dalam fossils excavated by Cooke (1892) held in UK Collections (NHM). Described on 
Cooke’s original labels as being recovered from the “Surface Breccia”, all the specimens display the same 
characteristic outer layer of red earth with thickened patches of breccia. All fossils were also identified as 
“Cervus elaphus var. barbarus” despite the range of remarkably different morphologies evident. a) NHMUK  
M4375; left antler, medial view. b) NHMUK M98375; left antler, lateral view. c) NHMUK M98377; left antler 
(possibly), medial view. d) NHMUK M98376; right antler, medial view. Scale bars = 40 mm. 

a 

b 

c 

d 

Figure 3.3.4 a-c Għar Dalam fossil NHMUK M4734 (NHM, Cooke Collection) compared with original 
illustration by A. S. Woodward (in Cooke, 1893; p.281-2, Figure 2). The most complete Maltese antler 
measured in the present study was this specimen from the NHM Cooke Collection. The six broken fragments 
were assembled (a) to form the complete specimen figured and described by Arthur Smith Woodward (b) in 
Cooke’s original excavation report from 1893. Five of the six breaks were present (b & c, 1-5) were present in 
the original illustration, while the sixth (c, marked ‘X’) is not illustrated and therefore is assumed to have occured 
post 1893, while the specimen was in the care of the NHM.  

a c b 
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Appendix C1 a-b for a copy of the full letter). In addition, there is a separate handwritten label in the 

box, with only a few legible words: ‘Malta’, ‘Despott’ and ‘1929’ (Appendix C2). The specimen itself 

is in a very similar condition to the other Despott specimen (NMSZ 1948.49.25) described above: it is 

very clean with no sediment or breccia attached at all, with the damage limited to the loss of the brow 

and to the distal bez and main beam (Figure 3.3.2 d Specimen NHMUK no number, LCD16_A21, this 

study).   

Overall, the condition of the Maltese fossils is notably poorer when compared to all other 

samples included in this study. Table 3.3.2 summarises the level of completeness of the sample in terms 

of the constituent measurable elements of each fossil compared with the Sicilian fossil sample (N = 33).  

ANTLER ELEMENT MALTA (N = 167*) SICILY (N = 33) 
 n % n % 
MAIN BEAM1     
Complete beam 1 0.6 4 12.1 
Beam intact distal to brow tine 109 65.3 33 100.0 
Beam intact distal to bez tine 70 41.9 30 90.9 
Beam intact distal to trez tine 10 6.0 18 54.5 
BROW TINE2     
Number scored as present 108 64.7 32 97.0 
Length 12 11.1 8 24.2 
Circumference 55 50.9 28 84.8 
BEZ TINE2     
Number scored as present 49 29.3 22 66.7 
Length 8 16.3 2 9.1 
Circumference 22 44.9 9 40.9 
TREZ TINE2     
Number scored as present 7 4.2 9 27.3 
Length 1 14.3 0 0.0 
Circumference 1 14.3 3 33.3 
 
Table 3.3.2 Relative completeness of Maltese and Sicilian antler fossils used in the present study. N = Total 
number of specimens in sample for each locality; n = the number of individual fossils in each sample with each 
measurable element; % = percentage of the samples with each measurable element. 1Sections of the main beam 
were described as intact distal to a particular tine even if the tine itself was scored as absent or it was extensively 
damaged if either, there was evidence of its point of emergence from the beam, or there was sufficient beam length 
remaining to infer true absence (see text for details). 2Each tine was scored as present or absent; lengths and 
circumferences for each are given as percentages of the number of specimens scored as having that particular tine 
present. Figures include specimens with complete tines and those that were estimated to be > 95% complete, so 
approximate lengths could be recorded (see Section 3.3.2 for estimation criteria used). 
 

Only one complete beam measurement is possible for the Maltese fossils (specimen NHMUK 

M4734; Figure 3.3.3), as the rest are all broken proximal to the terminal point/fork/crown. The 

discrepancy between the number of Maltese fossils with beams intact distal to the bez tine emergence (n 

= 70) and the number with measurable bez tines (n = 49) reflects the observation that 21 individuals 

were scored as having ‘no bez present’. In other words, enough evidence was available (e.g. sufficient 

beam length post brow emergence, or the presence of brow and trez tines only) to infer that the bez 

was unlikely to have been present at all, even in incomplete fossils. The same scoring method was also 

applied to the trez tine; however, all specimens with a trez tine (n = 7) except one (NHMUK M4734) 

were too damaged to measure (Table 3.3.1; see Section 3.3.2 for a detailed description of all scoring 
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and completeness estimation criteria). When compared to the Sicilian sample, the Maltese fossils are in 

a markedly worse condition in terms of relative completeness of beams and tines, with only the 

percentage of specimens with a measurable bez tine length being lower in the Sicilian sample (9.1 %) 

than in the Maltese sample (16.3 %). Trez tine length can only be measured or estimated on a single 

fossil in the Maltese sample and not at all in the Sicilian sample. In addition, because it is only possible to 

measure trez tine circumference on one Maltese specimen, and it can be estimated for three specimens 

in the Sicilian sample only, this measurement is excluded from the study for all samples.  

 

Fossil sample: Malta, in situ specimens 

 

 Three of the 169 Maltese fossils measured were found in situ in Għar Dalam Cave. The first 

was an unshed antler (base and pedicle only) discovered by Lister in 2016 in the area beneath the large 

stalagmitic boss (“Stal. 1”, this study; see Chapter 1 for site map and location within the cave), 

underneath the sloping stalagmitic sheet, adjacent to the public walkway (Figure 3.3.5 a). It was held in 

place precariously by cave earth and situated among several other cervid postcranial remains, so after all 

relevant positional information had been recorded, it was removed to GDM for safe-keeping to prevent 

accidental loss or damage. The fossil was of the darkest preservation type and was extremely worn, 

smooth, and shiny (Figure 3.3.5 b).  

A second unshed antler base and pedicle was discovered fixed to the natural ‘steps’ formed of 

broken flowstone and bed rock, between the cave wall beneath the public walkway (“Green Wire 

Section”, this study; Figure 3.3.6 a) and the second stalagmitic boss (“Stal 2”, this study; refer to 

Chapter 1 for site map). Unusually, the specimen was embedded in the ‘hippo layer’ adjacent to several 

identifiable hippo bones, but no other deer bones. It was covered in a thin layer of calcareous deposit. 

The surface of the antler was of the darkest preservation type (Figure 3.3.6 b). All available 

measurements and scores were carried out in situ. 

 The ventral surface of a shed antler base and partial brow tine was identified embedded in the 

sediment column’s northwest face. It was positioned c.75.0 cm from the base of the column, in close 

proximity to other cervid postcranial elements within the so-called ‘deer layer’. Only limited 

measurement and character scoring were available. The specimen appeared to be of the lightest 

preservation type, based on the antler base, burr and partial brow tine visible. 
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Figure 3.3.5 a-b In situ fossil antler base and pedicle recovered from Għar Dalam Cave during fieldwork 
(2016). a) The location of the fossil (indicated by dashed circle) was beneath “Stal. 1” between the sloping 
stalagmitic sheet and the public walkway (detailed site information is given in Chapter 1). It was removed by 
Lister to prevent loss or damage due to its precarious position and currently resides in the collections at GDM. b) 
Specimen AL16_7 (GDM; right antler, medial view -possibly), was dark, heavy and rolled. Very little of the 
antler remained except the base (including partial burr) and pedicle. Scale bar = 40 mm. 

a b 

Figure 3.3.6 a-b In situ fossil antler base and pedicle in ‘hippo layer’ at Għar Dalam Cave. The specimen was 
discovered in January 2016 embedded in bone breccia made up of hippo remains, situated between the cave 
wall beneath the public walkway (“green wire section”) and the second stalgmitic boss (“Stal. 2”). a) The dashed 
white circle indicates the position of the fossil in the context of the cave, within the ‘hippo layer’ that forms one 
of two ‘natural steps’ down towards the larger stalagmitic boss (“Stal. 1”; refer to Chapter 1 for site map). b) In 
situ antler base and pedicle (LCD16_SSA1, this study; in posterior view). Darker patches show the true colour of 
fossil beneath a thin layer of calcareous deposit. 

Pedicle 

Burr 

b a 
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Fossil sample: Sicilian red deer (Cervus elaphus siciliae) 

 

The Sicilian fossil sample (N = 33) consisted of 13 specimens from Grotta dei Puntali from the 

collections at the Museo di Paleontologia e Geologia G. G. Gemmellaro (GGG) in Palermo, plus 20 

specimens from Grotta di San Teodoro housed at the Museo della Fauna (MdF) in Messina. All 

specimens have been identified as Cervus elaphus siciliae (Figure 3.3.7 a-d). 

a b c 

d 

Figure 3.3.7 a-d Sicilian fossil antlers with complete beams and evidence of fork-like terminal parts. Four of the 
33 Cervus elaphus siciliae fossils included in this study showed exceptional preservation of the main beam: a) 
PL737 (left antler, lateral view) and b) PL736 (left antler, anterior view) excavated from Grotta di San Teodoro 
(Museo della Fauna [MdF], Messina); c) No number (‘Punt_A1’, this study; right antler, medial view) and d) 
GP260 (left and right antlers attached to partial cranium, posterior view) excavated from Grotta dei Puntali 
(Museo di Paleontologia e Geologia G. G. Gemmellaro [GGG], Palermo). NB. Only the right antler of GP260 
showed evidence of distal flattening and two breaks consistent with the broken tines of a terminal fork. On the 
left, the break in the beam was more proximal and sub-circular in cross-section - the same shape as the proximal 
part of the beam (excluding the usual flattening at tine emergences); therefore, the left beam was not considered 
to be complete. Scale bars = 100 mm (approximately) 
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Table 3.3.2 illustrates the relative completeness of the fossils in the Sicilian sample when 

compared to those in the Maltese sample. In general, the Sicilian fossils were in remarkably good 

condition considering that they are likely to be substantially older than those excavated from Għar 

Dalam Cave (refer to Chapter 1, for discussion of the provenance and ages of samples used in this 

study). More than half of the specimens (54.5 %) had beams intact distal to the trez tine emergence, 

and four of those had complete beams including evidence of fork-like terminations (Table 3.3.2, Figures 

3.3.7 a-d).  Only the right antler of specimen GP260 (GGG; Figure 3.3.7 d), showed evidence of distal 

flattening, with two breaks consistent with the broken tines of a terminal fork. On the left side, the 

break in the beam was more proximal and sub-circular in cross-section, which strongly resembled the 

shape of the proximal part of the beam; therefore the left beam was not considered to be complete. As 

with the Maltese sample, the difference between the number of specimens with beams intact distal to 

the bez emergence (30) and the number with measurable bez tine lengths (22) simply indicates that 8 

Sicilian antlers were scored as not having a bez tine present. Similarly, of those specimens with beams 

intact after the trez emergence (18), nine were scored as having no trez present; and, of the nine 

specimens with evidence of a trez tine, none were complete enough to measure or to estimate the 

lengths accurately (see Section 3.3.2 for scoring and completeness estimation criteria).  

 

Fossil sample: British Pleistocene and Holocene red deer (Lister, PhD Thesis, 1981, 

unpublished) 

 

A large dataset of measurements from British Pleistocene and Holocene fossil Cervus elaphus 

antlers (n = 299) was kindly made available by Lister from his PhD thesis (1981, unpubl.). The data 

were collected from several different localities that, together, spanned multiple glacial and interglacial 

intervals that included Marine Isotope Stages 11 to 1 (c. 424 - 2ka; Lister, pers. comm; Lisiecki and 

Raymo, 2005), as well as the later part of the Cromer Forest-Bed Formation (c.700-500 ka). Table 

3.3.3 gives details of the number of specimens included from each locality, the sites from which they 

were collected and the respective Marine Isotope Stage (MIS) to which they belong (Lister, pers. 

comm. 2016). Two of Lister’s (1981) original groups, “Ipswichian” and “Hoxnian” were divided into 

separate interglacials: MIS 5e and MIS 7 (“Ipswichian”), and MIS 9 and MIS 11 (“Hoxnian”) (Table 

3.3.3).  

Lister (1981) and I did not consistently measure equivalent dimensions of each morphological 

feature (e.g. circumference vs. diameter), so comparative analyses were carried out using only those 

measurements which were known to correspond directly (Section 3.3.2 presents all antler  
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measurement protocols and scoring criteria). The Holocene Star Carr and Cambridgeshire Fen groups 

were selected for separate analyses with the Maltese dataset as they represent large well-preserved 

samples of a single species: Cervus elaphus. 

 

Recent sample: Cervus species and subspecies (NHM Collections) 

 

 Recent antlers from Cervus species and subspecies (N = 27) from localities across Eurasia were 

measured from the collections at the Natural History Museum, London (NHM). Specimens were 

chosen to include both insular and mainland populations covering a large part of the present Cervus 

elaphus range. Details are given in Table 3.3.4, along with the country of origin where known. Nine 

specimens were not given subspecies designations and were simply labelled ‘Cervus elaphus’; of these, 

three had very little associated metadata so their country of origin was unknown.  

Lister (1981) 
Stratigraphic Group 

Site Localities (UK)1 

Marine Isotope 
Stage (MIS) 

Approximate MIS 
Boundary Ages* 

Total Number 
of Specimens 

(N) 
Cambridgeshire Fens Fen: Cambridgeshire and 

Lincolnshire 
 

1  43 

Star Carr Star Carr, North Yorkshire 
 

1  93 

Devensian Kent’s Cavern, Devon 
 

3 c. 57 – 29 ka 11 

Ipswichian Group Barrington, Cambridgeshire 
Brentford, Middlesex 

East Mersea, Essex 
Tornewton Cave, Devon 

London: Trafalgar Square; 
Pall Mall (New Zealand 

House); St James 
(Westminster); Brown’s 

Orchard, Acton 
 

5e c. 130 – 123 ka 464 

Ipswichian Group Ilford, Essex 
Crayford, London 

Slade Green, London 
Brundon, Suffolk 

 

7 c. 243 – 191 ka 46 

Hoxnian Group Grays, Essex 
 

9 c. 337 – 300 ka 2 

Hoxnian Group Clacton, Essex 
Hoxne. Suffolk 

Swanscombe, Kent 
 

11 c. 424 – 374 ka 24 

Cromerian Group Cromer Forest-Bed 
Formation: Norfolk and 

Suffolk 

17-13 c.700 - 500 ka 34 

    Total = 299 
 
Table 3.3.3 Provenance of British Pleistocene and Holocene Cervus elaphus fossils included in the present study 
from Lister’s (1981) PhD thesis (unpubl.) *Approximate MIS boundary ages taken from Lisiecki and Raymo (2005). 
1Site locality information is given in Appendix Table A1 In 2016, Lister tentatively placed two specimens from Easton 
Torrs, Somerset, in MIS 5e; these are included in the 46 specimens stated.  
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Species/ Subspecies Locality Number of Specimens (n) 
Cervus elaphus Unknown 3 

 Germany 3 
 Czech Republic1 1 
 Ukraine 1 
 Kashmir, India2 1 

C. h. hanglu Kashmir, India 43 
C. e. scoticus Scotland, UK 12 

C. affinis4 Tibet 1 

C. cashmiriensis5 Unknown5 1 
  Total = 27 

 
Table 3.3.4 Modern Cervus antlers measured from localities across Eurasia (NHM Collections). 1Specimen label 
states “Carpathians, Czechoslovakia” (NHMUK 41.119).  2Locality on specimen label is “Kashmir, India” so it is 
possible that this may be C. h. hanglu (NHMUK 91.8.7.1). 3Includes the type specimen (NHMUK 46.8.24.1). 4Type 
specimen (NHMUK 45.1.8.94). 5Synonym of C. h. hanglu? (NHMUK 59.4844). 
 

The taxonomic status of both Cervus affinis and C. cashmiriensis is uncertain and complex, 

discussion of which is beyond the scope of this thesis. It is worth noting here, however, that C. 

cashmiriensis is most likely a synonym of C. h. hanglu (see Adams, 1858 and Lydekker, 1913), and C. 

affinis may be synonymous with the red deer subspecies C. e. wallichi or shou (Lydekker, 1913; Geist, 

1999). 

The majority of the Recent antlers at the NHM off-site facility were fixed to strong wire racks 

with canvas ties, with multiple specimens in very close proximity to one another (Figure 3.3.8 a). 

Figure 3.3.8 a-c Modern Cervus sp. antlers in the NHM off-site collections. a) Almost all of the specimens 
measured for the present study (n = 27) were attached to wire racks with canvas ties, in close proximity to one 
another. b) Occasionally the canvas ties obstructed measurement of particular features; in this example, the bez 
circumference was measured and the figure adjusted to account for the thickness of the double wrapped canvas 
around the base of the tine (specimen NHMUK 45.1.8.94 Cervus affinis TYPE). c) Some of the modern antlers 
were mounted on taxidermy heads; here, the ears of the animal impeded lateral basal measurements such as the 
angle of bez emergence and burr-to-brow distance (specimen NHMUK 82.2578 Cervus elaphus scoticus).  

a b 

c 
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Almost all of these specimens were unshed pairs still attached to the complete or partially complete 

cranium, while the remainder were mounted on taxidermy heads (Figure 3.3.8 c) or full sized 

individuals. Only the left or right antler of each pair was measured, but bilateral differences in 

morphology and tine development were noted. All of the specimens measured were complete (i.e. 

beams were intact to the terminations, and all tines scored as ‘present’ could have both lengths and 

circumferences measured). Basal circumference was estimated where canvas ties obscured the base of 

the antler (e.g. Figure 3.3.8 b); while tine emergence angles from the main beam were estimated when 

taxidermy features (e.g. stiff ears; Figure 3.3.8 c) prevented accurate measurement. In such cases, 

protocols were modified and measurements estimated (refer to Section 3.3.2).  

 

3.3.2 Morphological measurement and character selection 

 

 A comprehensive list of 58 measurements (lengths, circumferences, angles) and qualitative 

characters was compiled based upon characters defined in both published (Heintz, 1970; Lister, 1990; 

1996; et al. 2005) and unpublished sources (Lister, 1981). The initial selection was expanded in the 

field (Malta, September 2014) after it was noted that i) several of the qualitative descriptions could be 

readily broken down into two or more distinct characters and, ii) the poor condition of the Maltese 

antlers required certain additional measurements to be taken to reduce the number of specimens 

excluded from analyses due to damage. The amended list was used for all subsequent samples measured 

in Sicily and the UK. It was intended that the final list of measurements and characters should 

encompass as much size and shape variation as possible, to allow informative comparisons to be drawn 

between samples containing relatively incomplete specimens (e.g. Malta) and those with more intact 

specimens (i.e. the remaining samples).  Table 3.3.5 presents the final list used in the present study, 

colour-coded according to type: distances, lengths and circumferences = yellow; angles = red; 

qualitative characters = green; count data = lilac. 

In addition to the metric and qualitative variables, there was a simple presence/absence scoring 

system for each tine. A score of ‘not available’ (NA) was entered when either i) the main beam was 

broken proximal to the potential point of emergence for that tine, in other words, there was no way to 

know whether or not that tine would have been present had the beam been intact; or ii) the putative 

tine emergence was obscured by sediment/breccia. 

In the following sections, individual variables or groups of variables are discussed in detail 

(Table 3.3.5). 
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NUMBER CHARACTER DESCRIPTION 

 
PEDICLE: 

1 Angle of pedicle to midline of skull (Anterior) 

2 Circumference of pedicle (basal circumference) 

3 Length of pedicle (posterior; minimum) 

4a Cross-sectional shape (O = oval; C = circular) 

4b Type of constriction (oval-shaped pedicles only) 

 
BURR: 

5 Angle of immediate departure of main beam to burr (Anterior) 

6 Circumference of burr  

7a Wear (see ‘scale of wear’) 

7b Thickness (in vertical plane; see scale) 

7c Depth (in horizontal plane, perpendicular to pedicle; see scale) 

7d Cross-sectional shape (O = oval; C = circular) 

7e Type of constriction (oval-shaped burrs only) 

 
MAIN BEAM: 

8 Total length of main beam (if complete) 

9 Circumference of main beam distal to BROW tine (upper POI; medial) 

10 Circumference of main beam distal to BEZ tine (upper POI; lateral)  

11 Circumference of main beam distal to TREZ tine (upper POI; lateral)  

12a Cross-sectional shape (O = oval; C = circular) 

12b Type of constriction  (Ant-Post Flat; Lat-Med Flat; Post Flat only = D-shaped) 

12c Ornamentation of main beam: smooth, pearled, furrowed 

12d Wear (see ‘scale of wear’) 

12e Rotation and orientation of main beam (long specimens only) 

 
BROW TINE: 

13 Angle of departure of brow tine from anteriormost point of burr (proximal) 

14 Angle between brow and bez tine 

15 Angle of emergence of brow tine (upper edge) from main beam 

16 Angle of immediate departure of brow tine from burr (lateral) 

17a Distance between brow tine (lower POI) and burr (medial) 

17b Distance between brow tine (mid-point) and burr (medial) 

17c Distance between brow tine (upper POI) and burr (medial 

18 Maximum distance across brow and bez tines (medial) 

19 Circumference of brow tine 

20 Total length of brow tine (upper edge) from POI at main beam (medial) 

21 Ornamentation of brow tine: smooth, pearled, furrowed 

22a Cross-sectional shape of brow tine (O = oval; C = circular) 

22b Type of constriction  (D-V Flat; Lat-Med Flat; D-shaped) 

23 Rotation and orientation of brow tine 

24 Overall shape of brow tine 

 
BEZ TINE: 

25 Angle of departure of bez tine from anteriormost point of burr (proximal) 

26 Angle of emergence of bez tine (upper edge) from main beam 

27 Angle of immediate departure of bez tine from burr (lateral) 

28a Distance between bez tine (lower POI) and burr (medial) 
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NUMBER CHARACTER DESCRIPTION 

 BEZ TINE (cont.) 

28b Distance between bez tine (mid-point) and burr (medial) 

28c Distance between bez tine (upper POI) and burr (medial) 

29 Circumference of bez tine  

30 Total length of bez tine (upper edge) from POI at main beam 

31 Ornamentation of bez tine: smooth, pearled, furrowed 

32a Cross-sectional shape of bez tine (O = oval; C = circular) 

32b Type of constriction  (D-V Flat; Lat-Med Flat; D-shaped) 

33 Rotation and orientation of bez tine 

34 Overall shape of bez tine and ridge (if present) 

 TREZ TINE: 

35 Angle of emergence of trez tine (upper edge) from main beam 

36a Distance between trez and bez tines from tine mid-points (medial) 

36b Distance between trez (lower POI) and bez (upper POI) tines (medial) 

37 Distance between trez (lower POI) and burr (upper edge) 

38 Description (cross-sectional shape, ornamentation, rotation and orientation) 

 
TERMINAL CROWN/ FORK: 

39 Number of points/ tines 

40 Rotation and Orientation in relation to main beam 

41 Description (shape and ornamentation) 

 
ACCESSORY TINES/ OFFERS: 

42 Total number 

43 Location on antler 

44 Description (cross-sectional shape, ornamentation, rotation and orientation) 

  
 
Table 3.3.5 Final list of antler measurements and characters used in the present study. An initial list of 44 characters 
(Heintz, 1970; Lister, 1981 [unpubl.]; 1990; 1996; et al. 2005) was extended to 58; the addition of a suffix (e.g. a, b, c, 
etc.) reflects this. Colour Code: RED = angles (°); YELLOW = distances, lengths and circumferences (mm); GREEN = 
qualitative descriptions; LILAC = count data. Directional terms in brackets refer to the side from which the 
measurement was taken (e.g. lateral, medial, anterior, posterior). Abbreviations: ‘Ant-Post Flat’ = Anteroposteriorly 
flattened; ‘Lat-Med Flat’ = Lateromedially flattened; ‘D-V Flat’ = Dorsoventrally flattened; ‘POI’ = Point of Inflection 
(see text for explanation). Detailed character descriptions and the scales for wear, thickness and depth are given in the 
section on qualitative characters. 
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Distances, Lengths and Circumferences 

 

 The length and circumference of the main beam give a general indication of antler size, while 

the same dimensions on each tine quantify their relative strength and proportions.  All circumferences 

plus tine and beam length measurements were taken using a flexible sewing tape measure or a length of 

general-purpose cotton twine and a 30 cm ruler (1.0 mm accuracy). Linear distance measurements 

were measured with digital calipers (left-handed caliper: Machine-DRO 150 mm/6”; right-handed 

caliper: ABSOLUTE Digimatic Caliper 0-150mm / 0-6"; recorded to 0.5 mm accuracy).   

 

Character 2 PEDICLE Circumference of pedicle (Basal Circumference) 

 

 The circumference of the pedicle is equal to that of the main beam at the base of the antler and 

provides a good overall index of antler size in terms of general beam strength (Lister, 1981, 1990). The 

relative robustness of an antler’s basal parts means that these elements are often better preserved and 

more numerous in fossil collections than are complete beams and tines. As a result, pedicle 

circumference can be measured for a large proportion of specimens. 

 As discussed earlier in this chapter (Introduction, section 3.2), pedicle girth tends to increase as 

the animal matures such that, within a known population or species, the circumference may be 

tentatively used as an estimator of age as well as a more robust indicator of the size and strength of an 

individual (Lister, 1981, 1990).   

  For unshed antlers, the circumference was measured around the top of the pedicle at the 

junction with the main beam, just below the burr (Figure 3.3.9, bottom), while for shed antlers it was 

measured around the pedicle “scar” – the groove visible in the ventral surface of the antler, just inside 

the burr, indicating its previous site of attachment to the pedicle (Figure 3.3.9, middle). This position is 

known as the ‘basal circumference’. Of the two other possible positions from which a similar 

measurement could be taken, the first -immediately above the burr around the base of the main beam is 

not suitable for red deer due to obstruction by the brow tine. The second – around the burr itself- is 

inconsistent and unreliable because of developmental variability and, particularly in fossil specimens, 

damage and wear to the burr.  
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Figure 3.3.9 a-b Character 2: basal circumference measurements on shed and unshed Maltese antlers.  The 
circumference of the pedicle or basal circumference was measured at the position indicated by the dashed 
yellow line and labelled ‘2’ in the figures above. a) Specimen LCD14_A19 (MM); shed right antler lateral 
(above) and ventral (below) view; b) Specimen LCD14_A2 (MM); unshed right antler, postero-lateral view. KEY: 
A = Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr. 

 

a 

b 
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Character 3 PEDICLE Length of pedicle 

 

 In contrast with the pedicle circumference which tends to increase progressively with age, the 

length of the pedicle tends to decrease as an individual matures so that, as a general rule, older animals 

have shorter, stouter pedicles, while younger individuals have longer, more slender pedicles (Lister, 

1981, 1990). As previously discussed (this chapter, Introduction, section 3.2), this reduction in length 

results directly from the casting process whereby a small section of the pedicle apex is shed along with 

the cast antler each year. Therefore, when taken together, the dimensions of the pedicle can provide a 

good estimation of the relative age of an individual within a species or population, which is especially 

valuable for fossil specimens (Lister, 1990).  

The inverse relationship between pedicle circumference and length has been clearly established 

for a number of species including Modern red deer (Cervus elaphus elaphus; Hattemer and Dreschler, 

1976) and Middle Pleistocene fossil specimens of C. e. acoronatus (Lister, 1990). Potentially, this 

negative correlation may prove to be invaluable for determining group structure within an unknown 

population containing different size classes such as the Maltese sample. For example, in his paper 

reappraising the species “Cervus” elaphoides Kahlke 1960, Lister (1990) elegantly demonstrated how the 

unusually proportioned antlers (very long, slender pedicles) upon which the species diagnosis was 

3. PEDICLE LENGTH 

Figure 3.3.10 Character 3: pedicle length measurements on Recent and fossil specimens. Pedicle length was 
measured from the top of the pedicle at its junction with the antler base and the fronto-parietal suture where the 
pedicle joins the cranium posteriorly; this is most clearly illustrated in the Modern Cervus elaphus scoticus 
cranium (above left, NHMUK 2006.453, posterior view). Specimen GD 12800 (MM; above centre, posterior 
view) illustrates the extensive damage typically found in many Maltese fossils which still had intact pedicles. 
Specimen LCD14_A2 (MM; above right, postero-lateral view) shows the same measurement on a worn and rolled 
fossil. A = Main beam; B = Brow tine; D = Pedicle; E = Burr. 
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based, in fact belonged to young individuals of C. e. acoronatus –a larger species recovered from the same 

site (Mosbach Sands, Germany). By careful and thorough re-examination of all available material 

previously referred to “C.” elaphoides Kahlke, he established complete morphological continuity with the 

larger C. e. acoronatus and showed that their size and pedicle proportions were consistent with their 

being younger members of that species; thus, the former species “C.” elaphoides Kahlke was relegated to 

junior synonym status (Lister, 1990). 

 For unshed antlers only, pedicle length was taken as the minimum distance between the pedicle 

apex at its junction with the antler base and the fronto-parietal suture where the pedicle joins the 

cranium posteriorly (Figure 3.3.10), following Lister (1981). 

 

Character 6 BURR Circumference of burr 

 

The burr or ‘rose’ is the most proximal part of the antler beam at its attachment point with the 

pedicle, and is usually identifiable by a marked thickening perpendicular to the beam emergence (Figure 

3.3.11). It has been included in the present study to facilitate comparisons with published data in which 

burr circumference is the main or sole index of beam stoutness, even though developmental variability 

plus damage and/or wear make burr circumference an unreliable and inconsistent measure of overall 

Figure 3.3.11 Position of burr circumference measurement (character 6) relative to basal circumference 
(character 2). Above left: GD 13270 (GDM; side view. Above right: Same specimen, ventral view. A = Main 
beam; B = Brow tine; E  = Burr. 
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beam strength (Lister, 1981). 

To measure its circumference, a sewing tape measure was placed tightly around the burr. 

Where damage or wear were present, the measuring tape was slackened appropriately so that the final 

measurement recorded was an estimate of the complete (undamaged/unworn) burr circumference 

(Figure 3.3.1). 

 

Character 8 MAIN BEAM Total length of main beam  

 

 By definition, the “total” length of the main beam can only be recorded for complete 

specimens, or for those that have sufficient beam remaining to estimate the length of the missing section 

(e.g. if the distalmost part clearly tapers towards a likely terminal point). Unfortunately, very few fossil 

antlers are found with complete or near complete beams (Table 3.3.6). Instead, a measurement from 

the burr to the origin of the ‘middle’ tine (e.g. the trez in red deer) is the minimum requirement to 

give an overall index of beam length (Lister, 1981). (Character 37 – see later). 

Fossil Group 
Marine 

Isotope Stage 
(MIS) 

Total 
Number of 
Specimens 

(N) 

8. Total 
Length of 

Main Beam 
(n) 

8. Total 
Length of 

Main Beam 
(%) 

37. Distance 
between Trez 
Tine and Burr 

(n) 

37. Distance 
between Trez 
Tine and Burr 

(%) 
Malta NA 167* 1 0.6 7 4.2 
Sicily NA 33 4 12.1 9 27.3 

‘Cromerian’ NA 34 1 2.9 1 2.9 
‘Hoxnian’ 11 24 1 4.2 3 12.5 

‘MIS 9 Interglacial’ 9 2 0 0.0 0 0.0 
‘MIS 7 Interglacial’ 7 46 2 4.4 8 17.4 

‘Ipswichian’ 5e 46 0 0.0 3 6.5 
‘Devensian’ 3 11 0 0.0 0 0.0 
‘Star Carr’ 1 93 1 1.1 36 38.7 

‘Fens’ 1 43 NA NA 40 93.0 
 
Table 3.3.6 Fossil specimens with complete measurable beams compared with those with beams intact to the trez tine 
origin. Numbers and percentages of specimens with complete beams or with beams intact to the trez (Characters 8 and 37) 
are given to illustrate the paucity of data available for both indices of general size. Fossil groups within single inverted 
commas are from Lister’s (1981) British data. Details of the Maltese and Sicilian specimens with complete beams are also 
given in section 3.3.1 and are illustrated in Figures 3.3.3 a-c and 3.3.4 a-d respectively). * Figure excludes two prickets 
. 

Complete beams were measured following a standard protocol (Heintz, 1970; p.41, Fig. 45, 

No. 8: “Longuer totale en suivant les courbures”) whereby the length was taken following the curves of the 

beam posteriorly from the top of the burr at its junction with the main beam, to the tip of the longest 

branch of the terminal fork or point (Figure 3.3.12). An additional length measurement was taken from 

the same proximal point at the base to the mid-point between the two prongs of the terminal fork to 

allow comparisons with those specimens whose terminal points were missing (e.g. Sicilian specimens in 

Figure 3.3.7 a-d). 
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8. TOTAL LENGTH OF MAIN BEAM 

Figure 3.3.12 Total length of main beam measurement for Recent and fossil specimens. (See text for protocol) 
Top: Modern Cervus elaphus scoticus (NHMUK 2006.453, left antler, medial view); note the absence of a bez 
tine. Bottom: Fossil Maltese antler NHMUK M4734 Cooke Collection, right antler, posterior and antero-medial 
views). KEY: A = Main beam; B = Brow tine; C = Bez tine; E = Burr; F  = Trez tine; G  = Terminal point. 
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Character 9 MAIN BEAM Circumference of main beam distal to BROW tine 

Character 10 MAIN BEAM Circumference of main beam distal to BEZ tine 

Character 11 MAIN BEAM Circumference of main beam distal to TREZ tine 

 

 The circumference of the main beam was recorded at three distinct points to provide a simple 

measure of the changes along its length. Each circumference was measured at the upper point of 

inflection (POI) of the tine at its junction with the main beam; that is to say, the point at which the 

upper edge of the tine formed a distinct angle with the main beam (Figure 3.3.13).  

 

As it is often the case that regional flattening of the beam occurs at its junction with each tine, 

the circumference was measured just distal to this area to ensure the truest recording of actual beam 

girth. For those specimens where the brow and bez emerged together from a shared base or were in 

close proximity to one another, it was not possible to measure the circumference of the beam distal to 

the brow tine (Character 9), due to interference from the bez. All three circumference measurements 

 BEAM CIRCUMFERENCE DISTAL TO:  
 

9. BROW  
10. BEZ   
11. TREZ 

Figure 3.3.13 Circumference of the main beam measured distal to brow, bez and trez tines. Measurements were 
taken at three points along the main beam at the upper POI for each respective tine (see text for details). Above left: 
Maltese fossil (NHMUK no number, LCD16_A21, this study; left antler, medial view) illustrates the points at which 
characters 9 and 10 were measured. Note that it was still possible to measure the circumference distal to the brow 
tine even when the whole tine was missing. Above right: Maltese fossil (MM no number, LCD14_A13, this study; 
left antler, lateral view) shows the point at which character 11 was measured. NB. All tines had been sawn off 
therefore the beam circumference may not have been recorded from the correct position in this instant (i.e. the 
upper POI of the trez with the main beam). Also, basal tine(s) had been removed so it was not possible to 
determine whether or not there had been one or two present. KEY: A = Main beam; B = Brow tine; C = Bez tine; E 
= Burr. 
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could still be taken even if the tines were badly damaged, so long as sufficient tine length remained 

proximally to discern the upper POI with the main beam.  

 

Character 17a BROW TINE Distance between brow tine (lower POI) and burr 

Character 17b BROW TINE Distance between brow tine (mid-point) and burr 

Character 17c BROW TINE Distance between brow tine (upper POI) and burr 

Character 28a BEZ TINE Distance between bez tine (lower POI) and burr 

Character 28b BEZ TINE Distance between bez tine (mid-point) and burr 

Character 28c BEZ TINE Distance between bez tine (upper POI) and burr 

Character 37 TREZ TINE Distance between trez tine (lower POI) and burr 

 

 The position of each tine relative to the base of the antler (burr) was recorded to assess 

morphological variation within and between fossil and extant groups. Also, for the brow tine in 

particular, interspecific differences -such as its distance from the burr and angle of emergence- are 

important in distinguishing red from fallow deer antlers. In living fallow deer, the basal tine is almost 

always situated directly on the burr and emerges at an obtuse angle; whereas in red deer the brow tine 

may emerge on the burr or some distance from it, and tends to depart at an acute angle (see next 

section) (Lister, 1996; Breda and Lister, 2013). These characters provide valuable species-specific 

information, especially for fossil specimens where only the basal portions of the antlers are preserved. 

  Originally, a single character for each tine was defined: Distance between brow/bez tine (lower POI) 

and burr (Characters 17a and 28a; Figure 3.3.14). However, two additional measurements (Characters 

17b and c, and 28b and c; Figure 3.3.14) from tine mid-points and upper POIs meant that many more 

damaged or worn specimens could be scored. For the trez tine, only a single measurement was 

recorded (Character 37; Figure 3.3.15), as very few specimens include a trez and, of those that do, 

even fewer have sufficient trez length remaining for the POIs to be distinguishable (only 7 specimens 

out of 167 or 4.2 % - Table 3.3.6).  

 On occasion, the ‘angle’ formed between the tine and the main beam was a gradual curve with 

no clear division between the two elements. For such specimens, a best estimate of POI was made on a 

case by case basis (e.g. see specimen 1948.48.25 in Figure 3.3.17). 

For consistency and ease of measurement tine distances from the burr were taken medially, in a 

straight line, using digital calipers (brow and bez) or a measuring tape (trez) (Figures 3.3.14 and 

3.3.15). For Maltese specimens fixed to display boards at GDM, these measurements were taken from 

whichever side was accessible. To test whether there was any difference between distance 

measurements taken laterally or medially, all loose specimens available (from MM) were measured on 

both sides. An average increase of 0.5 mm for lateral distances was noted for characters 17c and 28c  
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Figure 3.3.14 Burr to tine distances measured distally to a) the lower POI, b) the mid-point and c) the upper 
POI of the brow (top) and bez tines (bottom). Three distances were measured for each tine to account for 
damage to specimens (see text for details). Top: Maltese fossil GD 12841 (right antler, medial view; attached to 
board at GDM). Bottom: Maltese fossil NHMUK no number (LCD16_A21, this study; left antler, medial view). 
KEY: A = Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr. 

17a-c BURR TO BROW DISTANCE 

28a-c BURR TO BEZ DISTANCE 
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only, the other four measurements showing no difference. This test was not possible for Character 37 

(trez to burr distance) as all of the loose specimens were too damaged.  

 

  

The maximum distance across the brow and bez tines is also referred to as ‘Ahlén’s Distance’ 

(Lister, 1981) after Ahlén (1965) who first used this measurement in his study of Scandinavian red deer.  

Ahlén’s Distance was measured using a digital caliper from the medial side, where accessible. The tips 

of the caliper jaw blades were placed at the lower POI of the brow and the upper POI of the bez to give 

the maximum distance between the two tines (Figure 3.3.16). 

 

 

 

 

 

Character 18 BROW TINE Maximum distance across brow and bez tines  

Figure 3.3.15 Character 37: Burr to trez (lower POI) distance measurement in Maltese fossils. Above left: 
Maltese fossil GD12849 (GDM, attached to board, difficult to determine whether left or right antler); Above 
right: Maltese fossil (MM no number, LCD14_A13, this study; left antler, lateral view). KEY: A = Main beam; B = 
Brow tine; C = Bez tine; D = Pedicle; E = Burr. 
 

37. BURR TO TREZ DISTANCE 
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Character 19 BROW TINE Circumference of brow tine  

Character 29 BEZ TINE Circumference of bez tine 

 

 Tine circumferences were measured at their respective upper and lower POIs with the main 

beam (Figure 3.3.17) to give a general indication of tine strength. When the ‘angle’ of the tine 

emergence was a smooth curve rather than a clear angle (Figure 3.3.17, left specimen), a best estimate 

of POI was made.  

Trez tine circumference could only be measured for one Maltese fossil; and of the nine Sicilian 

fossils with trez tines present, only three had potentially measurable circumferences, but they were not 

measured for this study. However, for all Recent specimens (n = 27) the trez tine was measurable so its 

circumference was included as an extra measurement but it did not appear as a separate character in the 

final list of measurements and characters (Table 3.3.5). 

 

 

 

Figure 3.3.16 Character 18: Ahlén’s Distance or the maximum distance aross the brow and bez tines. 
Specimen GD 13347 (GDM, attached to board; right antler, medial view). KEY: A = Main beam; B = Brow tine; 
C = Bez tine; D = Pedicle; E = Burr. 
 

18. Ahlén’s Distance 
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Character 20 BROW TINE Total length of brow tine (dorsal) 

Character 30 BEZ TINE Total length of bez tine (dorsal) 

 

 As previously discussed for the main beam, total length can only be measured on complete or 

nearly complete specimens for which estimation of the missing section is possible. Unfortunately, the 

poor quality of the Maltese fossils meant that very few complete tines were preserved. Of the 108 

specimens with a brow tine present, only 12 (11.1 %) of those were complete enough to have their 

lengths measured or estimated. Similarly, of the 49 specimen with a bez present, only 8  (16.3 %) could 

have their lengths measured or estimated (Table 3.3.2). No trez tine lengths were measured at all due 

to extensive damage.                     

 For near complete specimens, an approximation of the missing portion could be made only 

when there was obvious distal tapering towards a likely apex. For example, Figure 3.3.18 c (specimen 

GD 12892) illustrates a bez tine for which the length of the missing tip was estimated to be c. 3.0 mm.  

  

Figure 3.3.17 Characters 19 and 29: Circumference of brow and bez tines.  Circumferences were measured at the 
upper and lower POIs with the main beam. Left: Brow circumference of Maltese fossil 1948.49.25 (NHMZ; possibly a 
right antler, if so then in medial view).  NB. Note the difficulty in determining the lower POI when the brow emerges in a 
gradual curve rather than obvious angle from the main beam. Right: Bez circumference of Maltese fossil NHMUK no 
number (LCD16_A21, this study; left antler, lateral view). KEY: A = Main beam; B = Brow tine; C = Bez tine; D = 
Pedicle; E = Burr. 

19. BROW CIRCUMFERENCE 
29. BEZ CIRCUMFERENCE 
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Figure 3.3.18 Characters 20 and 30: Total length of brow and bez tines in Modern and fossil specimens. Top: 
Modern C. e. scoticus (NHMUK 82.2578; right antler, medial view) showing both brow and bez tine length 
measurements. Bottom left: Brow tine length measurement (Character 20) on Maltese fossil (MM no number, 
LCD14_A3, this study; possibly a right antler in medial view). NB. Note the extended flattened region at the 
tine’s point of origin with the main beam giving the appearance of two upper POIs; length was measured as 
illustrated in the figure, although a second shorter length was also taken as an additional measurement.  Bottom 
right:  Bez tine length measurement (Character 30) on Maltese fossil (GD 12892, attached specimen at GDM; 
left antler, lateral view). Missing tip was estimated to be c. 3.0 mm. KEY: A = Main beam; B = Brow tine; C = 
Bez tine; D = Pedicle; E = Burr. 
 

TOTAL LENGTH OF:  
 

20. BROW TINE 
30. BEZ TINE 
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Because development of the second basal tine (bez) is dependent on multiple factors including 

environmental conditions (discussed in detail in the introduction to this chapter), its reduction or 

absence cannot be considered as a definitive marker of interspecific differences. Only when the bez is 

unambiguously present can one say with some certainty that the antler shows ‘typical’ red deer 

morphology. 

 Based on a standard protocol (Heintz, 1970; p.41, Fig. 45, No. 9/10: “Longuer du 1er/2e 

andouiller”), tine lengths were measured from their respective upper POIs with the main beam to their 

tips, following the curve of the tine along its dorsal edge (Figure 3.3.18). 

 

Character 36a TREZ TINE Distance between trez and bez tine (mid-points) 

Character 36b TREZ TINE Distance between trez (lower POI) and bez (upper POI) 

 

 Two additional distances were measured for the trez tine to determine its position on the beam 

relative to the bez tine. The first of these distances, between the tine mid-points (Character 36a, Figure 

Figure 3.3.19 Character 36a and 36b: Distance between trez and bez from tine midpoints (36a) and upper POI 
of bez and lower POI of trez (37a). Distances were measured from different points proximally and distally to 
maximise the number of damaged and/ or worn specimens that could be included in the analysis. Above left: 
Maltese fossil GD 12387 (attached specimen at GDM; right antler, postero-lateral view) exhibited extensive 
dorsal and medial to damage to the bez (not visible), thus only measurement 36a could be accurately recorded, 
as the upper POI of the bez was not distinguishable. Above right: Maltese fossil NHMUK M4734 (Cooke 
Collection; right antler, antero-medial view) possessed a trez tine that emerged at an extremely acute angle, 
which meant that the lower POI was difficult to determine precisely, so its position was estimated (see text for 
details). KEY: A = Main beam; B = Brow tine; C = Bez tine; E = Burr; F = Trez tine; G = Terminal point. 

36a-b: BEZ TO TREZ DISTANCES 
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3.3.19, left), excluded the areas most prone to damage when tines are broken (the upper and lower 

POIs) from the main beam.  

The approximate mid-point of each tine was selected by eye, unless the tine was undamaged 

proximally in which case its diameter was measured at the upper and lower POIs and the halfway 

position chosen. The second is the minimum distance between the bez and the trez tine (Character 36b; 

Figure 3.3.19, right; equivalent to Heintz, 1970; p.41, Fig. 45, No.5: “Longuer du deuxième segment”). Of 

the seven Maltese fossils that were scored as having a trez present, only two could be measured for 

character 36a and one of those for character 36b also.  
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Angles 

 

Recording the angles at which tines emerge from the main beam and burr can reveal important 

size or age-related patterns and may help to solve the complex problem of separating small species from 

young individuals in a mixed assemblage such as Malta.   

 Angles were measured with either a standard 10 cm diameter, 180° or 360° transparent 

protractor (Helix®); or, for more difficult measurements such as tine departures from the burr, using an 

adjustable 360° transparent protractor/bevel square (The Original True Angle Precision Tool, 6”; 

Quint Measuring Systems™). All angles were recorded to 1° level of accuracy.  

 

Character 1 PEDICLE Angle of pedicle to midline of skull 

Character 5  MAIN BEAM/BURR Angle of immediate departure of main beam from burr 

  

 Perhaps the most striking feature of extant deer antlers is the direction in which the main beam 

is oriented. This accounts for the lateral sweep of the antlers away from the head (the splay) when 

viewed anteriorly, or their posterior slope when viewed from the side. Individual variation in both 

characteristics is common within and between subspecies and populations of living deer which may be 

due to a variety of factors including: annual development, environmental conditions, or individual 

variation  (Lister, 1981, 1987; Geist, 1998). Awareness of this diversity among living forms is essential 

when inferring differences among fossil samples (Lister, 1987).  

 In his study of British Pleistocene deer, Lister (1981; p. 283 & Fig. 9.19) devised a four-point 

scheme of angle measurements to quantify and describe the overall beam orientation in the lateral plane 

(i.e. the antler splay viewed anteriorly). These were (from proximal to distal): i) the angle of pedicle on 

skull; ii) the angle of burr on pedicle; iii) the angle of immediate departure of beam from burr; and iv) 

the angle through which the beam turns between the basal region and trez (Lister, 1981). For the 

present study, only two of these measurements (i and iii; characters 1 and 5 respectively) were retained 

in their original format (Figure 3.3.20). The second measurement (ii. angle of burr on pedicle) was 

omitted, as it proved too difficult to determine accurately on fixed specimens at GDM. This was also 

the case for measurement iii (Character 5) but ‘directional’ ornamentation (e.g. furrows) along the 

main beam, immediately above the burr, greatly aided its determination. The fourth measurement was 

included as a qualitative description (Character 12e: Rotation and orientation of main beam – see later) 

since very few Maltese fossils had beams intact to the trez tine emergence (n = 9). 
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The angle of the pedicle to the midline of the skull (Character 1) can only be measured on 

unshed specimens attached to partial crania, with clear evidence of the midline (e.g. H in Figure 

3.3.20). At GDM, measurement of this angle was often impeded by the board or by the close proximity 

of adjacent specimens. For Recent antlers mounted on taxidermy heads the pedicles were either 

inaccessible or were not genuine. Also, some specimens were mounted to fake partial crania so had to 

be excluded. For sufficiently complete specimens (e.g. the Sicilian sample) the measurement was taken 

anteriorly with the 0° marker in line with the frontal suture (Figure 3.3.20). Table 3.3.7 presents the 

number of unshed antlers in the Maltese, Sicilian and Recent samples that were included in the analyses, 

measured for this character and pedicle length (Character 3).  

Sample 
Total Number 
of Specimens 

(N) 

Number of 
Unshed 

Specimens 
(n) 

Specimens 
Measured: 

Character 1  

% of 
Specimens: 
Character 1  

Specimens 
Measured: 

Character 3  

% of 
Specimens: 
Character 3  

MALTA 167* 88 26 29.5 59 67.0 
SICILY 33 15 15 100.0 15 100.0 

MODERN 27 26 15 57.7 24 92.3 
 
Table 3.3.7 Unshed antler character comparison of available specimens and numbers measured for Maltese, 
Sicilian and Modern samples. Character 1 = Angle of pedicle to midline of skull; Character 3 = Pedicle length. 
*Figure excludes two prickets. 
 

Figure 3.3.20 Character 1: Angle of pedicle to midline of skull. Specimen = Sicilian Fossil GP 261 from Grotta 
dei Puntali (GGG; anterior view; left antler and partial pedicle missing; no bez present on the right). KEY: A = 
Main beam; B = Brow tine; D = Pedicle; E = Burr; H = Suture between left and right frontal bones 
 

1. ANGLE OF PEDICLE TO MIDLINE OF SKULL 
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Note that the lower percentages of measurable unshed antlers in the Maltese sample (29.5 % 

and 67.0 % for characters 1 and 3 respectively) reflect the poor quality of the specimens in terms of 

wear/damage and sediment attachment as well as the issues outlined above. For the Recent sample, the 

relatively low percentage of measurable unshed specimens for Character 1 (57.7%) can be mostly 

attributed to the difficulty associated with measuring this angle on fixed specimens. 

Similarly, Character 5 (angle of immediate departure of main beam from burr; Figure 3.3.21) 

was extremely tricky to measure on attached specimens at GDM. Of the 88 unshed Maltese antlers 

available, only 27 specimens could be measured and of those, only 17 (63.0 %) were recorded with any 

degree of certainty. As a result, this character was omitted when time in collections was limited (i.e. in 

Sicilia and Recent collections). For the Maltese fossils, the angle of immediate departure of the main 

beam from the burr (Character 5) was measured by placing the 0° marker of the protractor in line with 

and as close to the burr as possible anteriorly (Figure 3.3.21).  Given that the angles measured were 

generally relatively small (range: 0° to 15° - although all angles over 10° have been marked as 

uncertain) and awkward to reach, this measurement was vulnerable to inaccuracies. Where possible, 

morphological features of the main beam such as the characteristic surface furrows of red deer antlers 

Figure 3.3.21 Character 5: Angle of immediate departure of main beam from burr. The angle was measured 
anteriorly placing the 0° marker of the protractor in line with and as close to the burr as possible. Above left: 
Sicilian fossil GP259 (from Grotta dei Puntali; GGG; anterior view. For illustrative purposes only as Character 5 
was excluded from the measurement scheme for Sicilian specimens due to time constraints – see text for details). 
Above right: Maltese fossil GD 12798 (attached specimen at GDM; right antler, antero-medial view). KEY: A = 
Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr; H = Suture between left and right frontal bones 
 

5. ANGLE OF IMMEDIATE DEPARTURE OF MAIN BEAM FROM BURR 
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(e.g. see Maltese specimen GD 12798 in Figure 3.3.21) were used as guidance as they tend to follow 

the path of the beam emergence. 

 

Character 13 BROW TINE Angle of brow departure from anteriormost point of burr 

Character 25  BEZ TINE Angle of bez departure from anteriormost point of burr 

 

 Characters 13 and 25 provided rotational information in the lateral plane for each tine relative 

to the main beam. In antlers with red deer-like morphology (i.e. with two lower tines: the brow and 

bez) it is usual for the brow to emerge anteriorly while the bez generally emerges distal to the brow and 

may be in line with it or, more often, lateral to it (Lister, 1990). Both characters were most readily 

visualised from the ventral surface of the antler base of shed specimens (Figure 3.3.22). It was not 

possible to measure either angle accurately on unshed specimens and those with crania still attached, so 

they were excluded from all samples. Therefore, none of the Recent sample and just over half of Sicilian 

fossils (18 individuals or 54.5 % for Character 13; Table 3.3.8) could be included in the analyses. Of 

the 77 (excluding two prickets) shed Maltese antlers measured, 67 were scored as having a brow  

Figure 3.3.22 Characters 11 and 25: Angles of departure of brow and bez tines (respectively) from the 
anteriormost point of the burr. Character 11, above left: Sicilian fossil no number (TEO_A8, this study; right? 
antler, ventral view); Character 25, above right: Sicilian fossil no number (TEO_A7, this study; right antler, 
ventral view). Both specimens are from Grotta di San Teodoro, Sicily (MdF). KEY: A = Main beam; B = Brow 
tine; C = Bez tine; E = Burr. 

13 & 25. ANGLES OF BROW AND BEZ TINE DEPARTURE 
FROM ANTERIORMOST POINT OF BURR 
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present (the remaining 10 were too damaged and or had sediment attached obscuring the potential 

position of the brow emergence), and only 12 of those (17.9 %) could be measured for character 13. 

Similarly, of the 29 shed Maltese antlers scored as having a bez present, only 8 (27.6 %) could be scored 

for character 25 (Table 3.3.8). 

To measure the departure angles for both tines on loose specimens, the origin of the protractor 

(the small hole in the middle of its base) was placed at the centre of the shed surface of the pedicle (in 

ventral view), with the baseline in anterior-posterior orientation so that the 0° marker was positioned at 

the anteriormost point of the burr (Figure 3.3.22). The centre of the antler base’s ventral surface was 

selected by a quick measurement of maximum length and width diameters, or it was approximated by 

eye where measurement was impossible. For fixed specimens at GDM, the adjustable protractor was 

most suitable and, as far as possible, the same technique was employed whereby the locking screw was 

positioned over the central point of the shed pedicle surface with one of the adjustable blades pointing 

towards the anteriormost point of the burr, while the other was rotated to the position of the tine’s 

departure. On specimens that were circular rather than oval in cross-section, the location of the 

anteriormost point was selected based upon the posterior deflection of the beam, and was positioned 

directly opposite to this point for consistency.  

 

Character 14 BROW & BEZ TINE Angle between brow and bez tine 

 

The relative position of the two basal tines (the brow and bez) was determined by measuring 

the angle between them (Character 14). In so doing, the variety of morphologies observed (e.g. the 

brow and bez emerge parallel to one another, the bez emerges directly above or more lateral to brow) 

could be quantified.  

Unexpectedly, this angle was easiest to measure on specimens with incomplete basal tines (e.g. 

Figure 3.3.23), as longer tines tend to show distal deviations from their initial path of emergence. For 

 MALTA SICILY 
Total number of specimens in sample (N) 167* 33 
Number of shed specimens in sample 77* 18 
Percentage of shed specimens in sample 46.1 % 54.5 % 
Number of shed specimens scored as having a brow present 67 18 
Number of shed specimens measured for Character 13 12 18 
Percentage of shed specimens measured for Character 13 17.9 % 100.0 % 
Number of shed specimens scored as having a bez present 29 12 
Number of specimens measured for Character 25 8 11 
Percentage of specimens measured for Character 25 27.6 % 91.7 % 
 
Table 3.3.8. Comparison of fossil sample size of shed antlers from Malta and Sicily, including information about 
numbers and percentages of specimens available to measure for characters 13 and 25- the angles of immediate 
departure of the brow and bez tine (respectively) from the anteriormost point of the burr. In the Maltese sample, 
the reduced number of shed specimens scored as having a brow present reflects damage to the fossils, NOT the 
true absence of a brow tine. *Figure excludes two prickets. 
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this reason, all angles were measured as close to the tine emergence from the main beam as possible. 

The angle was measured in anterior view, and for specimens with brow tines broken close to the beam, 

the origin of the protractor was positioned at the centre of the break with the 0° marker pointing 

‘North’ or perpendicular to the plane of the brow (Figure 3.3.23). For specimens which had one or 

both tines complete, measurement of this angle was much more uncertain and, in cases where the 

protractor or adjustable angle finder could not be accurately positioned close to either tine, had to be 

estimated. Figure 3.3.23 shows character 14 measured on a Maltese specimen (NHMUK LCD16_A21) 

with two broken tines, plus a schematic diagram reproduced from Lister (1981, Fig. 9.29) to illustrate 

the angle more clearly. 

 Of the 49 Maltese specimens scored as having both basal tines present, 34 (69.4 %) were 

measurable for character 14. However, 16 of the 34 angles measured (47.1 %) were estimated or 

ambiguous, most often due to aforementioned issues of measuring fixed specimens rather than 

completeness of tines. In contrast, all specimens scored as having both brow and bez tines present in 

Sicilian  (n = 23) and Modern (n = 25) samples could be measured for character 14, and in both cases a 

much lower number of angles required estimation (Sicily = 4 out of 23 specimens, 17.4 %; Modern = 

3 out of 25 specimens, 12.0 %).  

Figure 3.3.23 Character 14: Angle between brow and bez tines. The angle was measured in anterior view, from 
the centre of the first basal (brow) tine to the centre of the second basal (bez) tine. Above left: Maltese fossil (no 
number) NHMUK LCD16_A21 (this study; left antler, antero-medial view). Above right: Schematic diagram 
reproduced from Lister (1981, Fig. 9.29). KEY: A = Main beam; B = Brow tine; C = Bez tine; E = Burr.  

14. ANGLE BETWEEN BROW AND BEZ TINES 
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Character 15 BROW TINE Angle of brow emergence (upper POI) from main beam  

Character 26  BEZ TINE Angle of bez emergence (upper POI) from main beam 

Character 35 TREZ TINE Angle of trez emergence (upper POI) from main beam 

 

 As previously mentioned in the introduction to this chapter, the basal tines (but specifically the 

brow tine) serve to protect the eyes and face during confrontations with competitors, and sometimes 

function to enhance a male’s ability to maintain a firm position during combat by acting as an anchor 

point in the ground (Lister, 1987). It follows that changes in the strength (e.g. circumference and 

length) and angles of the basal tines might affect fighting technique and possibly the method of display 

(Lister, 1987).  

 Each angle was measured medially for consistency, at its respective upper POI with the main 

beam, placing the origin of the protractor at this junction with the 0° marker oriented distally up the 

beam (Figure 3.3.24). Where the angle was ill-defined, (e.g. local flattening at the tine emergence 

produced a curve rather than clear angle), a central point in the flattened region halfway between the 

tine and beam was selected by eye so that when the protractor was in position its baseline was aligned 

with the upper edge of the main beam (e.g. see trez example in Figure 3.3.24).  

Table 3.3.9 compares the number of specimens in the Maltese, Sicilian and samples Recent that 

had their brow, bez and trez tine emergence angles from the main beam measured (Characters 15, 26 

and 35 respectively).  

Despite the relatively low number of fossils in the Maltese sample scored as having a brow 

present (108/167, or 64.7 %; the remainder were too damaged to determine brow presence), just over 

half of them (50.9 %) had sufficient tine length and beam remaining to measure the brow’s angle of 

departure (Character 15). For both fossil samples (Malta and Sicily) it is evident that the more distal 

antler elements were the most poorly preserved, reflected in the lower numbers and percentages of  

  

 MALTA SICILY MODERN 
Total number of specimens in sample (N) 167* 33 27 
Number of specimens with brow tine present 108 32 27 
Number of specimens measured for Character 15 55 32 27 
Percentage of specimens measured for Character 15 50.9 % 100.0 % 100.0% 
Number of specimens with bez tine present 49 22 24 
Number of specimens measured for Character 26 31 16 23 
Percentage of specimens measured for Character 26 63.3 % 72.7 % 95.8 % 
Number of specimens with trez tine present 7 9 25 
Number of specimens measured for Character 35 4 4 25 
Percentage of specimens measured for Character 35 57.1 % 44.4 % 100.0 % 
 
Table 3.3.9 Maltese, Sicilian and Modern samples scored as having brow, bez and trez tines present, and 
measured for their respective angles of departure from the main beam (Characters 15, 26 and 35). *Excludes two 
prickets 
 



 223 

  

Figure 3.3.24 Characters 15, 26 and 35: Angles of brow, bez and trez tine departures from the main beam. Top left: 
Maltese fossil GD 12841 (right antler, medial view; attached to board at GDM). Top right: Maltese fossil NHMUK no 
number (LCD16_A21, this study; left antler, medial view). Bottom: Maltese fossil NHMUK 1893.18.29 (Cooke 
Collection; left antler postero-medial view. KEY: A = Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr; F 
= Trez tine 
 

ANGLE OF EMERGENCE FROM MAIN BEAM OF: 
 
15. BROW TINE 
26. BEZ TINE 
35. TREZ TINE 
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specimens available to measure for Character 35 (trez departure angle from beam). In contrast, almost 

all specimens in the Recent collection could be measured for all characters (Table 3.3.9). 

 

Character 16 BROW TINE Angle of immediate departure of brow from burr 

Character 27  BEZ TINE Angle of immediate departure of bez from burr 

  

 For both lower tines (brow and bez), the angle was measured laterally (where feasible) with the 

baseline of the protractor aligned with the top of the burr. By positioning the origin of the protractor as 

close as possible to the centre of the burr in lateral view, the departure angles were measured 

consistently (Figure 3.3.25). When the distance between the tine’s emergence and the burr was 

relatively large (e.g. Characters 17a-c and 28a-c, previously discussed) it became necessary to slide the 

protractor upwards in a dorsal direction keeping the baseline parallel to the burr at all times, with its 

origin moving directly perpendicular to the burr’s central point, so that the angle could be measured 

accurately  (Figure 3.3.25, dashed lines).   

 In the Maltese sample, 76 of the 108 (70.4 %) specimens scored as having a brow present were 

measured for character 16, while 35 of the 49 (71.4 %) specimens with bez tines were measured for 

character 27. All Sicilian fossils with a brow tine present (n = 32) were measured for character 16, 

Figure 3.3.25 Characters 16 and 27: Angles of immediate departure of brow and bez tines (respectively) from 
burr. Above left:  Maltese fossil 1948.49.25 (NMSZ; right antler, lateral view). Above right: Maltese fossil GD 
12903 (GDM; right antler lateral view). KEY: A = Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr. 
 

ANGLE OF IMMEDIATE DEPARTURE FROM BURR OF: 
16. BROW TINE 
27. BEZ TINE 
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while 16 of the 22 specimens with a bez tine (72.7 %) were measured for character 27. Of 22 Recent 

specimens with a brow tine present, 18 (81.8 %) were scored for character 16; while of the 19 

specimens with a bez present, 18 (94.7%) were scored for character 27. 
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 Non-metric qualitative characters 

 

 To complement the quantitative data collected, qualitative characters were also included for 

each of the individual antler elements to ensure that physical attributes which could not be measured 

directly, such as ornamentation on the beams and tines, were not overlooked. Also, detailed recording 

of the cross-sectional shape or curvature of the main beam and tines could potentially highlight 

important morphological differences between species or subspecies that may not be detected by metrics 

alone. For example, in his review of the diversity and evolution of antler form in Quaternary deer, 

Lister (1987) described differences between fallow deer subspecies Dama dama dama and D. d. 

mesopotamica which included a ‘flattened second tine’ for the latter as well as variation in the origin and 

orientation of the palmation along the main beam (p.86).   

Before measuring and scoring characters, all fossil specimens were quickly assessed as to 

whether or not they appeared “rolled” (i.e. smoothed by the action of water and movement); this was a 

simple ‘yes/no’ categorisation.  

In many cases, the same kinds of variation were common to the pedicle, burr, main beam and 

tines, so they will be discussed together under each heading. As far as possible, each variable has been 

divided into two or more categories for the purposes of scoring. 

Character 4a PEDICLE 

Cross-sectional shape (O = oval; C = circular) 

Character 7d BURR 

Character 12a MAIN BEAM 

Character 22a BROW TINE 

Character 32a BEZ TINE 

Character 38a TREZ TINE 

Character 4b PEDICLE 

Type of constriction (oval shapes only) 

Character 7e BURR 

Character 12b MAIN BEAM 

Character 22b BROW TINE 

Character 32b BEZ TINE 

Character 38b TREZ TINE 

 

The cross-sectional shape of the beam or tines was initially defined as being on a continuum 

from oval to circular, which included a range of oval shapes from narrow to sub-circular. However, 

after examining multiple specimens in the field, additional categories were added such as: ‘D-shaped’; 

‘triangular’; and ‘teardrop’ or ‘egg-shaped’ – a variation on an oval which was wider at the “bottom” 

than the “top”. Scoring of the cross-sectional shape was easiest for shed antlers and broken beams/tines, 

since the shape of the exposed surface was clear (Figure 3.3.26). Often, for unshed antlers or for those 
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specimens with beams and tines intact, the shape could only be discerned by touch. It was noted that for 

longer beams and tines the cross-sectional shape varied along the length, so all variations were recorded 

where possible, including the regional flattening of the beam at tine emergences.  

The type of constriction referred to the direction in which the oval (or other shape, as above) 

was flattened. For example, many specimens described as having an oval pedicle in cross-section, 

tended to be medio-laterally flattened (i.e. the long axis of the oval was oriented in an anterior-

posterior direction); while tines were generally either medio-laterally or dorso-ventrally flattened 

(Figure 3.3.26). For triangular cross-sections, the direction of the most acute-angled apex was given 

(e.g. anterior) and for D-shaped cross-sections, the position of the straight side.  

 The cross-sectional shape and type of constriction for the burr (characters 7d and e) were only 

described when the shape of the antler base was not observable (i.e. was too damaged) as they were 

almost always the same shape.  

 

 

 

 

Figure 3.3.26 Examples of ‘oval’ and ‘circular’ cross-sectional shape qualitative descriptions for tines and 
beams. Above left: Maltese fossil (no number; NHMUK LCD16_A21, this study; left antler, antero-medial view) 
illustrating a brow tine that is ‘oval’ in cross-section and flattened latero-medially. Above right: Sicilian fossil (no 
number; TEO_A8, this study; right? antler, ventral view) with a base (pedicle ‘scar’) that is ‘circular’ in cross-
section. NB. The type of constriction could only be described for non-circular cross-sections (see text for details).  

Oval 
Latero-medially flattened 

Circular 
 

CROSS-SECTIONAL SHAPE & 
TYPE OF CONSTRICTION 
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Character 12c MAIN BEAM 

Ornamentation (smooth, pearled, furrowed) 

Character 21 BROW TINE 

Character 31 BEZ TINE 

Character 38c TREZ TINE 

Character 41 TERMINAL CROWN/FORK 

Character 44 ACCESSORY TINES/OFFERS 

 

A characteristic feature of red deer antlers is the uneven textured surface, consisting of deep 

ridges or furrows often seen together with small knots and bumps described as ‘pearling’ (Figure 

3.3.27). In contrast, surface ornamentation tends to be weak or absent on the antlers of fallow deer 

(Lister, 1996). Pearling and furrows were assessed separately on a seven-point scale of strength ranging 

from 0 (absent/smooth) to 7 (very, very strong).  

Although describing antler ornamentation was relatively quick and easy for Recent undamaged 

specimens, for fossil samples it was not so straightforward. Many of the Maltese specimens were 

covered in sediment or breccia, therefore their surfaces were obscured, others were worn smooth so 

any potential surface ornamentation was no longer visible, while in some cases what appeared to be 

furrows and pearling was actually the result of the depositional environment within the cave causing 

damage to the outer surface. Therefore, particular care was needed to differentiate between the 

presence and absence of true surface ornamentation for the fossil samples.  

Figure 3.3.27 Ornamentation of the beam and tines in Modern red deer specimens and Maltese fossils. Above 
left: Two Modern red deer (Cervus elaphus) antlers showing characteristic pearling and furrows (specimen behind: 
NHMUK 41.119; right antler, trez emergence, anterior view; and specimen in front: NHMUK 91.8.7.1; left antler, 
trez emergence, anterior view). Above centre:  Maltese fossil GD 13312 (GDM attached specimen, right antler, 
medial view) with visible furrows even though the specimen is almost worn smooth in places. Above right: Maltese 
fossil GD 12855 (GDM attached specimen, left antler, medial view) showing strong pearling at the tine bases as 
well as furrows along the main beam. KEY: A = Main beam; B = Brow tine; C = Bez tine; D = Pedicle; E = Burr. 
Scale bars = 40 mm. 
  

ORNAMENTATION 
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Characters 7a BURR  
Wear (see ‘scale of wear’) 

Character 12d BEAM 

Character 7b BURR Thickness (in vertical plane) 

Character 7c BURR Depth (in horizontal plane, perpendicular to pedicle) 

 

For the burr (Character 7a) and the main beam (Character 12d) a scale of wear was devised to 

give more precise information about the level of wear observed for each (Table 3.3.10). The tines were  

 

 BURR & BEAM BURR ONLY BURR ONLY 
SCALE WEAR THICKNESS (vertical plane) DEPTH (horizontal plane) 

0 Unworn - - 
1 Slightly worn Extremely thin Extremely shallow 
2 Very worn Very thin Very shallow 
3 Extremely worn Thin Shallow 
4 Completely worn Quite thin / Not very thick Quite shallow / Not very deep 
5 - Thick Deep 
6 - Very thick Very deep 
7 - Extremely thick Extremely Deep 

Table 3.3.10 Numerical values assigned to qualitative descriptions for the level of wear in the burr and beam, plus 
the thickness and depth of the burr.  
 

Figure 3.3.28 Qualitative characters 7b and 7c: thickness and depth of burr. Above left: Sicilian fossil (MdF; 
TEO_A7, this study; right antler medial view) showing the plane of measurement for burr thickness. Above right: 
Same specimen (ventral view) with the position of burr depth indicated perpendicular to the main beam. Scale 
bar = 40 mm. 

THICKNESS AND DEPTH OF BURR 

Thickness 

Depth 
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excluded as, when present, they generally showed the same level of wear as the beam. The burr was 

considered separately because its lateral extension from the main beam made it more vulnerable to 

damage and wear than the main beam.  

Two additional observations were recorded for the burr only: its thickness in the vertical plane 

and its depth in the horizontal plane (perpendicular to the beam; Figure 3.3.28). As previously 

discussed, developmental variation in burr morphology can be large and therefore it cannot not be used 

as a reliable indicator of beam strength. However, it was still considered valuable to document any 

visible changes to this feature so that when analysed with indices of size and age, any associated trends 

could be described. Table 3.3.10 presents the simple scales of thickness and depth used for classification 

in the field. 

Character 12e MAIN BEAM 

Rotation and orientation 
Character 23 BROW TINE 

Character 33 BEZ TINE 

Character 40 TERMINATION 

Character 24 BROW TINE 

Overall shape Character 34 BEZ TINE 

Character 41 TERMINATION 

 

 The rotation of the main beam and tines was described for specimens with a non-circular cross-

sectional shape, and was defined as the torsion or twisting of the shaft of each element with respect to 

its own point of origin, including any observed changes or fluctuations along its length. Cardinal (north, 

east, south, west), inter-cardinal (northeast, southeast, southwest and northwest) and secondary inter-

cardinal (NNE, ENE, ESE, SSE, etc.) points were used to describe the direction in which the beam or 

tine appeared to deviate from its original point of emergence (POI). For the tines, ‘north’ was assumed 

to be the position of the long axis in cross-section, relative to its POI from the main beam so that, for 

example, a brow tine that appeared to be twisted about 45° clockwise from the main beam, would be 

described as having a NE-SW rotation. For the beam, ‘north’ was taken as the anteriormost point of the 

pedicle ‘scar’ or burr, and rotation was described from this point. Defining rotation in this way helped 

to simplify and categorise an otherwise complex and highly variable character. For longer specimens, 

definitions were extended to include positional information so that the points at which the rotation 

changed were recorded relative to the orientation of the beam or tines.  

 Descriptions of the orientation of the beam or tines were included to provide a more general 

picture of the overall shape of each element as well as of the antler as a whole. The precise 

measurement of tine emergence angles from the beam or burr (described in the previous section on 

angles) does not encompass distal medio-lateral variations or deflections. For example, tines that are 
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complete, or nearly complete, often follow a path that curves away from the beam laterally or medially 

on emergence (Figure 4.3.29, left specimen), and occasionally may be seen to curve back towards the 

beam distally so that the tip ends up in line with the point of emergence. Furthermore, the tine can be 

deflected upwards (dorsally) towards its tip or halfway along its length – such features could only be 

recorded descriptively (e.g. Figure 3.3.29, right specimen). Similarly, the posterior and dorsal 

deflection of the main beam on emergence from the base for longer specimens, could not be quantified 

accurately by a single measurement or series of measurements, instead it was preferable to describe its 

path qualitatively. If there was substantial evidence to suggest the presence of a terminal crown or fork, 

its orientation was recorded in relation to the main beam in anterior view (e.g. a ‘transverse’ fork 

would be oriented medio-laterally).  

 

Accessory tines and offers 

 

In terms of describing, measuring and scoring characters on accessory tines or offers the 

information recorded consisted of: the number, size (length, width and height where measurable) and 

Figure 3.3.29 Orientation of the main beam and tines. Detailed information about the paths followed by the 
main beam and tines was recorded for specimens that had longer lengths preserved (see text for details). The 
curved green arrows indicate the types of deflection observed. Above left: Sicilian fossil (MdF; TEO_A8, this 
study; right? antler, dorsal view) showing the gentle lateral curve of the brow tine after it emerges from the beam. 
Above right: Sicilian fossil (MdF; TEO_A3, this study; left antler, lateral view) indicating the dorsal deflection of 
the brow tine distally, and the posterior and dorsal deflection of the main beam. KEY: A = Main beam; B = Brow 
tine; C = Bez tine; E = Burr. Scale bars = 40 mm. 

ORIENTATION OF THE MAIN BEAM AND TINES 
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position on the antler; plus qualitative descriptions such as ornamentation, rotation and orientation 

where applicable (Characters 42, 43 and 44). In cases where the offers observed were very small, the 

data collected were restricted to location and descriptions only.   

 

3.3 Statistical Analysis 

  

 All statistical analyses carried out for the metric analysis of antlers follow the same methods 

described for bones and teeth (refer to Chapter 2 section 2.3.10)  
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3.4 Results 

 

3.4.1 Antler size (girth)  

 

Basal Circumference 

 

Maltese basal circumference measurements were compared with those of Recent, Holocene 

and Pleistocene samples to establish whether the observed range of sizes fall within expected range 

boundaries of a single taxon population (e.g. Cervus elaphus in the Holocene and Pleistocene samples), or 

of a multi-taxon group (e.g. Cervus species and subspecies in the Recent sample). Maltese deer have the 

widest range of antler base sizes  (156.0 mm) and the smallest mean size (111.2 ± 1.93 mm) of all the 

samples measured (Table 3.4.1 and Figure 3.4.1). In fact, the range is 40.5 % larger than the Recent 

sample which comprises several different Cervus taxa (C. elaphus, C. hanglu, C. e. scoticus and C. e. 

wallichii; for details refer to Table 3.3.3). In addition, five individuals in the Maltese sample have basal 

circumferences measuring less than 73.0 mm -the size of the smallest individual measured in all other  

Sample N 
Minimum 

(mm) 
Maximum 

(mm) 
Range 
(mm) 

Mean 
(mm) 

SE 
(mm) 

CV (%) 

MALTA1
 164 55.0 211.0 156.0 111.2 1.93 22.3 

Malta2 162 55.0 211.0 156.0 111.5 1.95 22.2 

Malta3
 106 55.0 211.0 156.0 112.1 2.73 25.1 

SICILY 32 97.0 171.0 74.0 133.1 2.87 12.2 

RECENT4 25 73.0 184.0 111.0 129.8 6.33 24.4 

FENS 42 90.0 185.0 95.0 146.1 4.08 18.1 

STAR CARR1
 84 75.0 205.0 130.0 160.3 2.52 14.4 

Star Carr3
 77 110.0 205.0 95.0 162.7 2.25 12.1 

DEVENSIAN 11 190.0 250.0 60.0 215.5 6.27 9.6 

IPSWICHIAN (MIS 5e)1 46 115.0 250.0 135.0 190.3 4.27 15.2 

Ipswichian’ (MIS 5e)2  45 115.0 250.0 135.0 190.4 4.37 15.4 

Ipswichian’ (MIS 5e)3 44 115.0 250.0 135.0 190.2 4.46 15.6 

MIS 7 INTERGLACIAL1
 43 100.0 225.0 125.0 172.4 5.47 20.8 

MIS 7 Interglacial2 40 110.0 225.0 115.0 177.9 4.88 17.3 

MIS 7 Interglacial3 39 125.0 225.0 100.0 179.6 4.68 16.3 

HOXNIAN (MIS 11) 24 130.0 205.0 75.0 162.1 4.24 12.8 

‘CROMERIAN’ 33 90.0 220.0 130.0 165.3 4.94 17.2 

 
Table 3.4.1 Comparison of antler size ranges for basal circumference measurements across all samples. N = 
Number of individuals measured in each sample; SE = Standard Error; CV = Coefficient of Variation (SD/Mean x 

100). 1Figures include prickets; 2Figures exclude prickets (sample = putative adult specimens only); 3Figures exclude 

badly damaged, thus, ambiguous specimens (e.g. antler bases only with no tines present; sample = adult specimens 

only); 4Figures include several subspecies. See text for details. 
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Figure 3.4.1 Comparison of antler size ranges based on basal circumference measurements across all samples. 
Vertical lines indicate sample means (all data are presented in Table 3.4.1)  

Basal Circumference (mm) 
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samples- with the smallest Maltese antler having a pedicle circumference of just 55.0 mm. In contrast, 

the antlers of one of the likely ancestral species, C. e. siciliae (Sicilian sample), are significantly larger on 

average (W = 1038.5, P < 0.001, 2-tailed) with a much narrower range of sizes, spanning less than half 

(74.0 mm) that of the Maltese sample (Figure 3.4.1 and Table 3.4.1); plus only one Sicilian individual 

has a basal circumference smaller (97.0 mm) than the largest Maltese pricket measured (101.0 mm). 

 When prickets are excluded from the analyses (i.e. the dataset consists of putative adults), the 

Maltese size range is unaffected, and the mean size increases by 0.3 mm only. Of the two other samples 

with known prickets, ‘Ipswichian’ MIS 5e and MIS 7 Interglacial, only the size range of the MIS 7 group 

is affected, with a contraction of 10.0 mm and a mean size increase of 5.5 mm (Table 3.4.1). 

As a precaution, a reduced subset of each sample (where appropriate) was examined in which 

only specimens that showed evidence for the presence of at least one tine were included. This ensured 

that the dataset solely comprised undisputed adults, and removed any ambiguity arising from badly 

damaged specimens (i.e. the possibility of prickets being among the antler bases with no tines present). 

For Malta, the dataset was reduced by more than a third from 164 to 106 individuals, yet the range of 

sizes remained unaltered and the mean size increased by only 0.9 mm. In comparison, Star Carr and 

‘MIS 7 Interglacial’ samples both show a reduction in their size ranges even though far fewer ambiguous 

specimens (7 and 4 respectively) were excluded from the analyses, as well as a relatively larger increase 

in the average size of antlers in each group (Table 3.4.1).  

The coefficient of variation (CV) describes the extent of variability in relation to the sample 

mean and is size-independent. Comparison with a single species sample such as Star Carr or 

Cambridgeshire Fens provides a standard against which the amount of variation in the Maltese sample 

can be assessed. If the CV value in the Maltese data is substantially higher than that of the Star Carr or 

Fens samples, for example, then it is probable that more than one species is likely to be present 

(Herridge, 2010). The Maltese CV value of 22.3 % is higher than all other CV values calculated for 

single species samples (Table 3.4.1). Only the multi-taxon Recent sample has a higher CV value, which 

adds support to the likelihood of there being more than one taxon in the Maltese group. 

 

Defining groups in the Maltese sample: basal circumference vs. pedicle length 

 

 Pedicle length (variable 3) was plotted against basal circumference (variable 2) to give an 

estimate of the relative (ontogenetic) ages of unshed antlers within the Maltese sample (N = 86; Figure 

3.4.2 a-b). As previously discussed, older individuals tend to have short wide pedicles, while in young 

individuals pedicles tend to be relatively long and slender (e.g. Hattemar and Dreschler, 1976; Lister, 

1990); thus, a clear inverse relationship is expected between basal circumference and pedicle length.  
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Figure 3.4.2 a-b Bivariate plots of pedicle length (mm; variable 3) against basal circumference (mm; variable 2) 
for a) the whole Maltese sample with b) unshed antlers colour-coded according to potential size group. Basal 
circumference measurements only for shed prickets are denoted by red and orange dashed lines at 78.0 mm and 
101.0 mm respectively. Shed antlers possess no pedicles so are given 0.0 mm as a ‘pedicle length’ measurement 
to show total range of size variation in the sample. b) Unshed antlers only are colour coded according to 
potential size group delimited by the lower boundaries of the basal circumferences of the two prickets (see text). 
RMA regression equations for each potential Maltese group – RED: N = 34, y = -0.396x + 61.41, r = -0.37, p < 
0.05; ORANGE: N = 25, y = -0.379x + 71.13, r = -0.68, p < 0.001. No significant difference was found between 
model slopes but the difference between intercepts was significant: (ANCOVA) F 1,56 = 35.09, p < 0.001.  
Symbol key for b same as a. 
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Figure 3.4.2 a includes the entire Maltese sample of unshed antlers, plus shed antlers with no pedicles (a 

pedicle length measurement of 0.0 mm is given for the latter group), because the majority of unshed 

specimens were antler bases only (i.e. specimens were so damaged that the presence of tines could not 

be inferred, thus adult or juvenile [pricket] status was uncertain; green open circles). In this way, the 

true extent of the size variation in Maltese adults  (with at least one tine present) could be seen in the 

context of the likely age structure represented by the unshed sample. In addition, the basal 

circumferences of two shed prickets (the first set of antlers grown by males in a population) are 

indicated with dashed vertical lines at 78.0 mm (red) and 101.0 mm (orange; Figure 3.4.2 a-b), as their 

measurements provide potential lower boundaries for two separate size groups. 

 Two notable findings to emerge from the analysis pedicle length against basal circumference 

are: i) there appear to be two distinct clusters of individuals (highlighted in red and orange, Figure 3.4.2 

b), with the positions of the youngest members of each potential group (longest pedicle lengths and 

smallest basal circumferences, to the top left of each cluster) showing very good correspondence with 

the putative lower size boundaries denoted by the basal circumference of each pricket (red and orange 

dashed lines; Figure 3.4.2 a-b); and, ii) there are several adult shed antlers with at least one tine present 

(n = 10; blue open and pink filled squares), with basal circumferences that measure less than that of the 

smallest pricket (78.0 mm). For the whole Maltese sample, as well as for both potential Maltese size 

groups individually, the inverse relationship between basal circumference and pedicle length is evident. 

In Figure 3.4.2 b, the division between the clusters has been estimated (by eye), and groups have been 

colour coded in accordance with the pricket that potentially defines the lower size boundary for each 

one. Both potential groups contain specimens with typical red deer morphology (two basal tines, brow 

and bez present; red /orange triangles), while the smaller sized group (red) also has one relatively old 

individual with only a brow and trez present (the bez is absent; red circle with ‘x’, Figure 3.4.2 b). 

Modelling the slope for each group separately, it is clear that there is no difference between the slope 

angles, both groups show the same inverse relationship, but the scatters are significantly displaced from 

one another (difference in intercepts), which resembles a grade shift that may indicate the presence of 

two distinct taxa (equations given in caption for Figure 3.4.2 a-b). 

 A closer look at the shed antlers reveals that almost all of the specimens (nine out of the ten) 

with a basal circumference measuring less than the smallest pricket (< 78.0 mm) possess a brow tine, 

although it is not possible to determine whether three of these individuals possess a bez due to extensive 

damage post brow emergence. If the basal circumference of the smallest pricket is accepted as an 

indication of the approximate size of the youngest antler-bearing males in the red size group – with the 

caveat that this assessment is based on a single specimen only, and there is every possibility that smaller 

sized prickets may have existed in this group but have not been sampled- then it follows that there must 
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be an even smaller size group to which these nine individuals with relatively more mature antler 

morphology must belong (i.e. brow tine growth succeeds the pricket stage of development). This 

hypothesis is explored further in the next section. Based on the present analyses, the distribution of the 

unshed antlers into two clusters, plus the presence of a group of very small sized antlers with a brow 

tine, support the likelihood of three size classes in the Maltese sample of antlers.  

 When Sicilian red deer (Cervus elaphus siciliae) pedicle dimensions are overlaid onto the Maltese 

bivariate plot with potential unshed antler groups colour-coded  (Figure 3.4.3), an interesting pattern is 

revealed. The pedicle proportions of Sicilian red deer (pink filled circles) plot closely with the larger of 

the two putative Maltese size groups (orange), and marginally overlap with the proportions of the 

smaller antlered Maltese group (red; Figure 3.4.3). The basal circumference size ranges for both groups 

are very similar: Malta (larger, orange) ranges from 108.0 – 161.0 mm; Sicily ranges from 114.0 – 

165.0 mm. The spread of the Sicilian data towards the larger and shorter end of the scale for basal 

circumference and pedicle length respectively, could signal a bias in the age distribution of the fossils 

(i.e. only older individuals have been preserved/collected), or it may indicate that the Sicilian antlers 

have shorter pedicles in general, such that the youngest individuals in this instance, appear in the densest 

part of the Maltese cluster (Figure 3.4.3). Whatever the explanation, these findings do not affect the 

plausibility of the three size group hypothesis for Maltese antlers.   
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Figure 3.4.3 Bivariate plots of pedicle length (mm; variable 3) against basal circumference (mm; variable 2) for 
the whole Maltese sample with Sicilian red deer (Cervus elaphus siciliae) antler dimensions overlaid. Maltese 
unshed antlers are colour-coded according to potential size group (see text). Basal circumference measurements 
only for unshed prickets are denoted by red and orange dashed lines at 78.0 mm and 101.0 mm respectively. 
Shed antlers possess no pedicles so are given 0.0 mm as a ‘pedicle length’ measurement to show total range of 
size variation in the Maltese sample. 
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Comparing Maltese and Sicilian pedicle proportions with those of Holocene (Star Carr and 

Fens) and Pleistocene (Ipswichian [MIS 5e], MIS 7 Interglacial, Hoxnian [MIS 11] and ‘Cromerian’) 

Cervus elaphus, helps to highlight the separation between the two putative size groups observed in the 

unshed Maltese sample. In Figure 3.4.4 a-b unshed Maltese antlers are plotted with green filled circles 

and both potential size groups are delineated with green polygons, which correspond to the smaller 

(red) and larger (orange) sized groups illustrated in Figures 3.4.2 b and 3. The inverse correlation 

between basal circumference and pedicle length is illustrated by the downward slope of the data points 

(and polygons) from top left (younger individuals) to bottom right (older individuals) for each sample 

(Figure 3.4.4 a-b). The larger sized Maltese group (lower size limit at approximately the orange dotted 

line in Figure 3.4.4 a-b) and Sicilian C. e. siciliae (dark pink) -which plot towards the relatively older end 

of this Maltese group- both have pedicle proportions that partially overlap with those of Holocene C. 

elaphus (Star Carr; red), but at the short and slender region of the C. elaphus distribution. Whereas, the 

smaller sized Maltese cluster appears quite separate from all other samples plotted due to having 

relatively smaller basal circumferences than all other unshed samples except antlers from Holocene Star 

Carr red deer (red, Figure 3.4.4 a-b; Star Carr includes two young outliers: one with the longest 

pedicle of all antlers sampled, and the other with the most slender pedicle sampled, having a basal 

circumference that is smaller than all unshed, and the majority of shed, Maltese specimens). They also 

have pedicle lengths that are towards the shorter end of the scale, which is likely a result of the size of 

the antlers being smaller overall. The inclusion of basal circumferences for Maltese shed specimens also 

serves to highlight the extent of the size variation across the whole Maltese sample, which spans the 

entire ranges of all Holocene and almost all Pleistocene red deer. The shed Maltese specimens also serve 

to illustrate the possible placement of a third size group, smaller than the two already defined in the 

unshed specimens, that may partially overlap with the smallest Star Carr individual in terms of basal 

circumference dimension (the Star Carr specimen has a basal circumference of 75.0 mm, 3.0 mm 

smaller than the smallest Maltese pricket used to define the lower size limit of the smaller sized group; 

red dotted line, Figure 3.4.4 a-b). The presence of so few shed Maltese antlers with very large basal 

circumferences suggests that they are most likely to be older individuals in the larger sized group rather 

than members of a fourth even larger sized group that is very poorly sampled.  

 

 



 240 

 

Figure 3.4.4 a-b Bivariate plots of pedicle length (variable 3) against basal circumference (variable 2) for 
Maltese deer, Sicilian Cervus elaphus siciliae, plus Holocene and Pleistocene Cervus elaphus. Legends for both 
plots refer to unshed samples only. For key to shed Maltese antlers (Pedicle length = 0.0 mm) refer to legend in 
Figure 3.4.2 a Red and orange dotted lines indicate Maltese pricket basal circumferences of 78.0 mm and 101.0 
mm respectively. a) All data are plotted for unshed antlers in each sample except for Malta, where shed antlers 
are included to show the extent of size variation (basal circumference range) across the sample. b) Coloured 
polygons outline samples with more than three individuals to highlight the inverse relationship between basal 
circumference and pedicle length for all taxa (see text). Two green polygons drawn around the Maltese unshed 
antlers represent the putative size groups illustrated in Figures 3.4.2 b & 3.4.3. 
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Comparison of potential size groups in Maltese unshed antlers 

 

 The most complete specimens in each of the two potential size groups defined are those with 

two basal tines present (filled triangles in Figures 3.4.2-3 a-b). Unfortunately sample sizes were 

extremely small for both groups (smaller sized group [red], N = 7; larger sized group [orange] N = 4), 

therefore all attempts to perform meaningful statistical analyses to model different aspects of shape 

change with size, and to test for significant differences between the two groups, were unsuccessful. 

Reduced Major Axis (RMA) regression models were calculated for the following variables on basal 

circumference: brow height; bez height; beam circumference (distal to brow); brow circumference; bez 

circumference; brow angle from beam and bez angle from beam. In addition, the following models 

were also calculated for both groups: brow angle on brow height; brow height on bez height; bez height 

on distance across the two lower tines, and brow circumference on bez circumference. Significant 

correlations were found on two occasions for the smaller (red) sized group only (bez height on basal 

circumference: N= 5; y = 0.892x + -56.38; r = 0.949; p < 0.05; and bez height on distance across the 

two lower tines: N = 3; y = -0.994x + 12.16; r = 0.998; p < 0.05), therefore no comparisons could 

be drawn between the two groups, nor could they be distinguished by differences in shape trajectories.  

 The poor condition of the majority of these fossils also meant that attempts to determine 

whether any obvious gross morphological differences were apparent between the two potential groups 

were equally as unsuccessful as the abovementioned statistical analyses.  For the moment, it would seem 

that the clearest difference between the smaller (red) and larger (orange) sized groups is overall size; 

therefore, another method for defining groups within the Maltese sample was implemented based on 

clearly observable morphological differences. 
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Defining groups in the Maltese sample: general size and number of tines 

 

 Of the ten most diminutive specimens with basal circumferences measuring less than 78.0 mm 

(smaller than the smallest Maltese pricket measured), nine possess an unmistakeable brow tine (one 

cannot be verified due to extensive anterior damage, see Figure 3.4.5), and six of the ten have sufficient 

beam remaining to determine that the bez tine is absent (i.e. did not develop) rather than missing due to 

damage (Figure 3.4.5).  

For fossils with broken or damaged beams, true absence of the bez tine was determined in the 

following way: using a subset of the Maltese sample with two basal tines, bez height from the burr 

(variable 28a) was plotted against basal circumference (variable 2) to establish the maximum height at 

which the bez was observed to emerge for a given basal circumference. Regression analyses revealed no 

significant relationship between bez height and basal circumference, thus the maximum observed 

distance of the bez emergence from the burr, 74.2 mm, was chosen as the cut-off point for damaged 

specimens. For all specimens that lacked a bez tine, the length of beam remaining was measured from 

the burr to the distal break. If this distance exceeded 74.2 mm, the bez tine was marked as ‘absent’. If 

the break in the beam was less than 74.2 mm from the burr, true absence could not be confirmed, thus 

‘NA’ (not available) was entered. This conservative approach yielded a group of 23 individuals that 

possessed a brow tine but lacked a bez, including two specimens that also had a trez tine present (Table 

3.4.2). In this way, two apparently distinct morpho-groups were delimited based on tine number and 

size: the smaller sized group is characterised by the presence of a brow tine and the absence of a bez tine 

(‘bez absent’ group = bez_abs); while the larger sized group has at least both basal tines present (‘brow 

& bez present’ group = bez_pres)- a diagnostic feature of red deer. 

Sample N ‘Bez absent’ 
group (n) 

% Minimum 
(mm) 

Maximum 
(mm) 

Mean  
(mm) 

SE  
(mm) 

MALTA 72 23 31.9 55.0 119.0 88.1 3.24 

SICILY 33 8 24.2 97.0 134.0 116.8 3.86 

RECENT 27 2 7.4 73.0 98.0 85.5 12.50 

FENS 43 6 14.0 90.0 170.0 116.7 11.88 

STAR CARR 69 2 2.9 145.0 155.0 150.0 5.00 

DEVENSIAN 8 0 0 - - - - 

IPSWICHIAN (MIS 5e) 39 2 5.1 170.0 200.0 185.5 15.00 

MIS 7 INTERGLACIAL 34 0 0 - - - - 

HOXNIAN (MIS 11) 23 0 0 - - - - 

‘CROMERIAN’ 29 0 0 - - - - 

 
Table 3.4.2 Number of specimens without a bez tine present in each sample with basal circumference 
measurements. N = Total number of specimens in each sample, with sufficient beam intact to determine the true 
absence of the bez tine (see text for details); n = number of specimens in each sample lacking a bez tine; % = 
percentage of specimens in each sample in which the bez tine was absent. The maximum, minimum, mean and 
standard error (SE) of basal circumference measurements are given for the subset within each sample without a bez 
tine present (‘Bez Absent’ group). 
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Figure 3.4.5 Maltese fossil antlers: ten smallest individuals in the sample with basal circumferences less than 78.0 mm. In order of size from small to large: a) GD 
13101 (GDM); b) No Number (LCD14_A3, this study; MM); c) GD 13100; d) GD 12844 (GDM); e) GD 12847 (GDM); f) GD 12911 (GDM); g) GD 13097 (GDM); h) 
No Number (LCD14_A1, this study; MM); i) No Number (LCD14_A14, this study; MM); j) GD 13327 (GDM). All specimens are in medial or lateral view (uncertain 
as cannot determine whether left or right antler). Specimens a, b, d, e, f, and g are in the ‘bez absent’ group (see text for details).  Scale bars = 40 mm (approx.) 
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The Maltese sample has a much higher proportion of individuals that lack a bez tine (33.3 %) when 

compared with all other samples in the study, while 24.2 % of Sicilian fossils were scored as having an 

absent bez (Table 3.4.2). In addition, the ‘bez absent’ groups for Malta, Sicily, Recent and Fens samples 

all include the smallest individuals measured in each respective sample  (Table 3.4.2). 

 

Testing the validity of Maltese morpho-groups: beam size (stoutness) 

  

The validity of the two morpho-groups delimited above was tested by examining whether the 

observed separation based on basal circumference and tine number held true for other aspects of size 

and shape. In Figure 3.4.6 it can be seen that even though their size ranges overlap, the basal 

circumference range of the ‘bez absent’ group (bez_abs) spans less than half of the size range of the 

‘brow and bez present’ group (bez_pres); in addition, the antlers in the bez_abs group (mean basal 

circumference = 88.1 ± 3.24 mm) are, on average, 38.6 % smaller than those in the bez_pres group 

(mean = 122.1 ± 4.05 mm; Table 3.4.3), which is a significant difference in mean girth (W = 162.5, P 

< 0.001, 2-tailed).  

 

 

Figure 3.4.6 Comparison of basal circumference size ranges for two potential Maltese morpho-groups. Top: 
‘Bez absent’ group (bez_abs) includes two specimens with a trez tine present (purple triangles); Bottom: ‘Brow 
and bez present’ group (bb_pres) includes two specimens with both lower tines plus a trez tine present 
(turquoise triangles). Vertical lines indicate sample means (all data are presented in Table 3.4.3). 
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A second measurement of size -beam circumference distal to the brow tine (variable 9)- is 

plotted against basal circumference in Figures 3.4.7 a-b. These two variables are expected to be highly 

correlated given that they are both a measure of beam stoutness. They are presented together to 

illustrate another potential difference in overall size between the two groups. In Figure 3.4.7 a, the 

bez_abs and bez_pres scatters appear to be clearly displaced, showing that for a given basal 

circumference, beam circumference in the bez_abs group is smaller than in the bez_pres group. This 

suggests that individuals lacking a bez tine tend to have more slender beams in the proximal region than 

those that have a bez tine present. As expected, there is a strong positive correlation between the two 

variables for both groups; however the Reduced Major Axis (RMA) regression lines for each group are 

offset significantly (F (1, 44) = 42.86; p < 0.001, 2-tailed) (Figure 3.4.7 a).  

When the entire Maltese sample is analysed together (Figure 3.4.7 b) the scatter for the ‘brow 

present, remainder damaged’ individuals (blue open squares) lies predominantly on or below the 

regression slope for the whole Maltese sample (white line, Figure 3.4.7 b). This suggests that, like the 

bez_abs group, these incomplete specimens have more slender beams for a given basal circumference 

than the bez_pres group. The pattern appears to extend the bez_abs scatter, and is most evenly 

distributed about the bez_abs regression model (dark pink dashed line; Figure 3.4.7 b). In contrast, all 

but one of the ‘brow present, remainder damaged’ individuals fall below the bez_pres regression line 

(lilac dashed line; Figure 3.4.7 b). From this perspective, the majority of the incomplete specimens 

could be tentatively placed into the bez_abs group, and this group as a whole considered as distinct, in 

terms of overall beam size, from the bez_pres group. 

An important consideration that should not be overlooked when comparing the two potential 

morpho-groups is the possibility of measurement bias skewing the results. In this instance, beam 

circumference (variable 9) was measured distal to the brow tine at its point of inflection with the main 

beam (Figure 3.3.13). Where tines emerge from the main beam, it is common to find regional 

flattening; therefore, specimens with two basal tines present and in close proximity to one another, may 

appear to have stouter beams than those with only a single brow tine due to the flattened region being 

contiguous between the two tines. To rule out this possibility, beam circumference distal to the brow 

tine (variable 9) was plotted against the maximum distance between the two tines (variable 18, Figure  

Morpho-group 
(Malta) 

N Minimum 
(mm) 

Maximum 
(mm) 

Range 
(mm) 

Mean 
(mm) 

SE 
(mm) 

CV (%) 

BEZ ABSENT  23 55.0 119.0 64.0 86.8 3.12 17.3 

BROW & BEZ PRESENT 49 78.0 211.0 133.0 122.1 4.05 23.2 

 
Table 3.4.3 Comparison of antler size ranges for basal circumference measurements of Maltese morpho-groups. N 
= Number of individuals measured in each morpho-group SE = Standard Error; CV = Coefficient of Variation 
(SD/Mean x 100).  
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Figure 3.4.7 a & b Bivariate plots of log basal circumference against log beam circumference distal to the brow 
tine for different Maltese morpho-groups. a) Maltese morpho-groups: ‘bez absent’ (bez_abs) and ‘brow and bez 
present’ (bez_pres) with Reduced Major Axis (RMA) regression lines overlaid, note the displacement of the 
scatters for each group. bez_abs: (dark pink; n = 22) y = 0.787x + 0.39; r = 0.71; p < 0.001 (2-tailed); bez_pres: 
(lilac; n = 27) y = 0.842x + 0.38; r = 0.74; p < 0.001 (2-tailed). b) Complete Maltese dataset including damaged 
and ambiguous specimens (see text for details).  Malta: (white line; n = 70) y = 1.071x + -0.13; r = 0.81; p < 
0.001 (2-tailed). Red dotted line: pricket basal circumference log10 

(78.0 mm) = 1.89 and orange dotted line: 

pricket basal circumference log10 (101.0 mm) = 2.00 (the lower size boundaries for ‘smaller’ and ‘larger’ groups 
respectively). 

a 

b 
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3.3.16). If the measurements were biased by interference from the bez emergence, one would expect a 

significant negative relationship between the two variables such that as the distance between the tines 

increased, the beam circumference decreased. This was not the case. Interestingly, when the same 

variables were plotted for the Sicilian and Recent samples (the only other datasets in which beam 

circumference distal to the brow had been measured), they were strongly positively correlated for both 

samples (Sicily: n = 17, y = 0.64x + -25.29, r = 0.62, P < 0.01, 2-tailed; Recent: n = 22, y = 0.86x 

+ -28.22, r = 0.54, P < 0.01, 2-tailed). In other words, individuals with a larger distance between the 

basal tines had more robust beams. As these findings do not support the prediction of a measurement 

bias increasing beam stoutness when tines are close together, the significant difference in beam 

circumference between the Maltese bez_abs and bez_pres groups can be accepted as true. 

 

3.4.2 Qualitative morphological evidence on the presence of at least two Maltese morpho-groups 

  

 The alternative interpretations of the general size data –basal circumference (variable 2) and 

beam circumference (variable 9)- suggest at least two plausible hypotheses for the presence of distinct 

morpho-groups in Malta: i) the smaller individuals with a brow but no bez tine present (bez_abs group) 

are sub-adult stages of the larger individuals with both basal tines present (bez_pres group) or, ii) the 

two groups are separate taxa, with different morphological features and allometric growth trajectories. 

Within the Maltese sample there are a variety of specimens that could lend support to both of these 

hypotheses; they will be described here first before being evaluated statistically (NB all scale bars = 

40.0 mm approx.).  

 Figure 3.4.8 depicts two hypothetical pathways by which tine growth and development may 

have progressed based upon the morphology of Maltese specimens with intact brow (1; top row) or bez 

(2; bottom row) tines only. Specimen ‘x’ (GD 12922, Figure 3.4.8) represents the earliest stage of tine 

development, having only a single offer present and no evidence of any other tines. With a basal 

circumference of 88.0 mm, it is not the smallest member of the bez_abs group (bez_abs mean = 88.1 

± 3.24 mm), but it is the individual with the smallest offer in a putative brow position. The offer 

emerges at a great distance from the burr, at a position high up the main beam (brow height = 51.0 

mm; Table 3.4.4) and, at its point of emergence the main beam is deflected posteriorly. Other features 

to note are the strong furrows and pearling that cover the external surface of the specimen, 

ornamentation that is characteristic of red deer antlers. 

 The first of the two scenarios proposed in Figure 3.4.8 is that specimen ‘x’ is an early stage of 

tine development that leads to a group of individuals with a brow tine only (1; top row). The next 

individual in this sequence is very unusual indeed: with a growth that resembles a very small tine or a 
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Figure 3.4.8 Alternative scenarios for tine development in Maltese antlers illustrated with specimens possessing complete brow (top row) or bez (bottom row) tines only. Two hypothetical 
sequences are depicted above: 1) Top row – Specimen ‘x’ with a single brow offer (no tines) represents the youngest (sub-adult) stage of the “bez absent” group; or, 2) Bottom row – 
Specimen ‘x’ is the earliest growth stage of antlers with two basal tines, the ‘brow and bez present’ group. If the latter hypothesis is correct, then individuals in the ‘bez absent’ group (top row) 
may simply be sub-adults (i.e. young individuals) of the ‘brow and bez present’ group (see text for details). Specimens are shown in order of increasing brow (top row) or bez (bottom row) 
length. From left to right: x- GD 12922 (GDM) brow offer only; top row- a) GD 13081 (GDM) brow offer/ extremely small tine present; b) GD 12847 (GDM) specimen with the smallest brow 
tine; c) GD 12844 and d) GD 13327 (GDM) brow tines are the same length; e) GD 12911 (GDM); f) GD 13107 (GDM); g) GD 12861 (GDM) –unusually robust brow tine, possibly fused with 
the bez tine or perhaps the result of preservational conditions; h) GD 13097 (GM), note wider angle of brow emergence from the beam, plus the tine emerges closer to the burr than the 
previous specimens; i) no number (LCD14_A3, this study; MM), note extended flattened region between brow tine and main beam, length was measured all the way to main beam; j) no 
number (LCD14_A17, this study; MM); k) M98375 (NHMUK Cooke Collection), note the extremely high emergence of the brow tine; bottom row – l) GD 13119 (GDM; left antler, medial 
view) brow and bez offers present only (no tines); m) no number (LCD14_A20, this study; MM; right antler, medial view), unusual specimen with a brow tine (broken at beam) and two 
potential bez offers adjacent to one another; n) GD 13347 (GDM; right antler, medial view); o) GD 12905 (GDM, left antler, medial view), badly damaged beam (left side of specimen) and 
brow is broken close to base (anterior of specimen), bez is intact (right of specimen); p) GD 12892 (GDM; left antler, lateral view), brow and bez tines approximately equal lengths; q) T4 
(MM; right antler, anterior view), the brow and bez are fused at the base, but separate distally; r) M4735 (NHMUK Cooke Collection; right antler, lateral view), another unusual specimen, 
brow and bez again emerge from a fused base separating distally, plus an accessory offer is present between the bez and main beam; s) M4734 (NHMUK Cooke Collection; right antler, 
medial view), the most complete specimen measured in the present study, only missing the brow tine which is broken at its base. Scale bars = 40.0 mm (approx.)  

b c d e f g h i j k 

m n o p q r s 

1 

2 
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large offer, again emerging high up the beam, specimen GD 13081 (Figure 

3.4.9) has a relatively stout beam (108.0 mm, estimated due to damage; Table 

3.4.4). Unfortunately, the true absence of the bez tine could not be confirmed 

because the beam is damaged extensively, so this individual is not a member of 

the bez_abs group. Nonetheless, it is placed next in the sequence due to the 

length of its tine/offer. The specimen is both worn and damaged so only weak 

furrows are visible on its surface, which become more pronounced on and 

around the brow.  

 

MALTESE 
SPECIMEN 

[2] 
BASAL 
CIRC. 
(mm) 

[20] 
BROW 

LENGTH 
(mm) 

[19] 
BROW 
CIRC. 
(mm) 

[17a] 
BROW 

HEIGHT 
(mm) 

[30] 
BEZ 

LENGTH 
(mm) 

[29] 
 BEZ  

CIRC. 
(mm) 

[28a] 
 BEZ 

HEIGHT 
(mm) 

[x] GD 12922 88.0 NA NA 51.0 - - - 

Top Row (1): Brow Tine Only 

[a] GD 130811 108.0* 9.4 49.0 43.3* - - - 

[b] GD 12847 71.0 14.0 62.0 29.3 - - - 
[c] GD 12844 70.0 19.0 34.0 39.3 - - - 
[d] GD 133271 77.0 19.0 47.0 33.6 - - - 
[e] GD 12911 74.0 25.0 37.0 23.4 - - - 
[f] GD 13107 85.0 27.0 56.0 28.9 - - - 
[g] GD 12861 92.0 37.0 75.0 34.2 - - - 
[h] GD 13097 75.0 40.0 48.0 14.3 - - - 
[i] LCD14_A3 60.0* 61.0 79.0 0.0 - - - 
[j] LCD14_A17 102.0 70.0 76.0 20.9* - - - 

[k] M 983751
 117.0* 78.0 73.0 51.6 - - - 

Bottom Row (2): Two Basal Tines 

[l] GD 13119 78.0 7.22
 NA NA 8.42 NA 42.8 

[m] LCD14_A20 125.0* NA NA 8.8* 18.0 NA NA 
[n] GD 13347 87.0 NA 55.0 9.4 31.0 57.0 33.0* 
[o] GD 12905 122.0* NA NA NA 46.0 NA 30.9* 
[p] GD 12892 90.0 38.0 60.0 33.9 47.0 54.0 42.5 
[q] T 4 125.0 19.0 49.0 23.7 65.0 74.0 69.7* 
[r] M 4735 97.0* 55.0 52.0 26.4* 71.0 55.0 27.8* 
[s] M 4734 166.0* NA NA 17.2* 79.0 74.0 51.3 
 
Table 3.4.4 Tine length, circumference and height above the burr with basal circumference, for Maltese specimens 
with complete tines only. All specimens are ordered by increasing tine length as in Figure 3.4.8 Numbers above 
measurements refer to variables listed in Table 4.3.4 (Materials and Methods).  ‘CIRC. ‘ = Circumference. ‘HEIGHT’ = 
Burr to brow/bez distance; ‘Top Row (1)’ and ‘Bottom Row (2)’ refer to specimens in Figure 3.4.8 *Measurements are 
estimated or uncertain due to damage, wear, sediment attachment and/or obstruction by adjacent tines/offers/ wire 
fastenings; ‘-‘ = No bez tine present; ‘NA’ = Not Available – tine was badly damaged or had too much sediment 

attached to be measured; 1True absence of the bez tine could not be confirmed; 2Measurements are brow and bez 

offer lengths.  
 

Next in the series are a group of five small individuals (basal circumferences given in Table 

3.4.4) all in possession of short, acutely angled, high emerging, blunt-ended, brow tines (Figure 3.4.8). 

Figure 3.4.9 GD 13081 
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All but one of these specimens can be placed in the bez_abs group (specimen GD 13327, Figure 3.4.10, 

has anterior damage to the main beam distal to the brow, so true absence of the bez could not be 

determined); and the first four are smaller in basal circumference than the smallest pricket measured 

(78.0 mm). The five fossils are strikingly similar in brow tine position and angle of emergence, but 

there is some variation in overall tine shape (e.g. specimen GD 12911, above, has a slight upwards 

curve to the tine distally, while the others are straight) and girth (Table 3.4.4). All five specimens have 

relatively straight beams with a posterior deflection on emergence from the burr or shortly thereafter 

(before the brow tine departure), but GD 12844 (second from the left in this group) also has a slight 

bulge towards the distal break making it appear curved. In addition, all five specimens have evidence of 

furrows, which are especially pronounced in the latter individual but this may be a consequence of being 

less worn than the other specimens (Figure 3.4.10).  

The next specimen in sequence 1, GD 12861, has a very strange ‘brow’ tine, which has an 

expanded, bulbous base, with ‘ornamentation’ that seems to be inconsistent with the rest of the antler. 

This may be the result of the preservational environment affecting the tine’s original shape, or perhaps a 

pathological condition that has led to the fusion of two tines into a single 

bizarre structure (Figure 3.4.11). The basal parts of this specimen 

superficially resemble specimen T4 (specimen ‘q’ directly below and to 

the right in Figure 3.4.8), which has a bez tine that looks 

morphologically very similar in size (c.f. respective brow/bez tine 

circumferences in Table 3.4.4), shape and angle of departure from the 

main beam. In addition, GD 12861 has a bump (very small offer?) at the 

base of the ‘brow’, which may indicate that this tine is actually the bez. 

The basal tines of T4 emerge from a single fused base and split distally to 

Figure 3.4.10 (from left to right):  GD 12847, GD 12844, GD 13327, GD 12911 and GD 13107 

Figure 3.4.11 GD 12861 



 251 

produce a reduced brow tine and a much sturdier bez; GD 12861 may represent a different stage in this 

developmental process whereby the basal tines are completely fused. Like the group of five small 

specimens preceding it, GD 12861 has a very straight beam deflected posteriorly shortly after emerging 

from the burr; the main beam shows evidence of strong (but worn) furrows along its length.  

The next three specimens share a common general morphology that differs from all of the other 

specimens figured: a comparatively long, slender brow tine which emerges close to the burr at a 

relatively wide angle (h, i and j in Figure 3.4.8 and Figure 3.4.12). However, the brow tine of 

specimen GD 13097 (the first of the three in this group) remains straight along its entire length, while 

the tines of the other two curve gently upwards towards their respective tips. Specimen LCD14_A3 (in 

the centre of the three) has an extended flattened region at the brow’s emergence with the beam, giving 

the dorsal edge an unusual profile. The largest of the three, LCD14_A17 (basal circumference = 102.0 

mm; Table 3.4.4) has the brow tine with the most ‘typical’ red deer morphology of all the specimens in 

sequence 1, but the fossil is unusual in lacking any other tines despite such a large proportion of the 

beam remaining intact. The angle of main beam emergence from the burr shows less of a deflection 

posteriorly (i.e. it emerges more vertically) for specimen LCD14_A3 than for the remaining two 

specimens in this group; the former specimen is also extremely worn with only weak furrows visible. 

Furrows are also visible on the surface of GD 13097, which is quite worn also; in contrast, it is not 

possible to determine presence of ornamentation for LCD14_A17 due to an encrustation of sediment 

coating the entirety of its surface. 

The last fossil in sequence 1 (top row; Figure 3.4.8) appears to have a radically different 

morphology from all that have come before it. Specimen M98375 possesses a comparatively long, 

slender, curved brow tine which departs at a relatively wide angle from the main beam (Figure 3.4.13). 

Figure 3.4.12 GD 13097 (left), LCD14_A3 (centre) and LCD14_A17 (right) 
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What is most striking about this individual is the distance 

from the burr at which the brow emerges: at 51.6 mm it is 

the highest emerging brow tine in the entire Maltese 

sample (i.e. including all specimens, not just those with 

intact tines described here). The brow is strongly curved 

dorsally from its emergence at the beam to its blunt ended 

tip, with a wide angle of departure similar to the preceding 

group of three in the sequence. The base of the beam is 

‘flared’ slightly, and appears to be most constricted 

(narrowest) shortly after its emergence from the burr, at 

which point there is a pronounced posterior deflection of 

the shaft. The majority of the antler’s surface is covered in 

red earth sediment and thick breccia, but the exposed parts reveal strong furrows on the beam.  

The second of the two scenarios proposed in Figure 3.4.8 is illustrated by sequence 2 (bottom 

row): specimen ‘x’ is the earliest growth stage of antlers with two basal tines (bez_pres group). The 

first specimen in this sequence (GD 13119) has two offers rather than tines in the putative brow and bez 

positions. When viewed anteriorly (Figure 3.4.14) the higher emerging offer is offset laterally from the 

offer beneath it (closest to the burr), placing it in a familiar bez position. The general size measurement 

(basal circumference) is uncertain because the base of this antler is concave and almost hollow in 

appearance at its point of attachment to 

the pedicle. The main beam is relatively 

thick proximally, becoming narrower 

with a strong posterior deflection which 

is most pronounced at the bez offer 

emergence. The surface is extremely 

worn to the point that the burr is almost 

entirely missing; however, furrows are 

still evident along the main shaft of the 

beam with strong pearling visible around 

the base of the brow offer. 

The hollow based morphology described above is seen even more clearly on the next specimen 

in the sequence, LCD14_A20, which also means that its overall size estimate (basal circumference) is 

uncertain. This individual may represent a subsequent stage in development with a full brow tine 

present (unclear from the photo as it is broken off at its base), and two ‘offers’ emerging almost parallel 

Figure 3.4.13 NHMUK M98375 

Figure 3.4.14 GD 13119 (left antler, medial and anterior views) 
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to one another further along the beam 

(‘m’ in Figure 3.4.8). Based upon the 

angle of beam emergence from the burr 

in anterior view, the lateral and medial 

sides were defined and the offer that 

emerged laterally to the brow tine was 

nominated as the ‘bez’ offer, while the 

other, smaller growth was considered to 

be an accessory offer (Figure 3.4.15). 

Once again, LCD14_A20 is bizarre: the 

tine, offers and beam all emerge from a sturdy, expanded pedestal with a slightly flared base. It extends 

anteriorly to accommodate the brow and offers on what appears to be almost the same horizontal plane, 

rather than the more usual configuration of the bez emerging distal to the brow (Figure 3.4.15). An 

ostensibly similar basal morphology can be seen in the final specimen in sequence 2 (NHMUK M4734) 

which, although in possession of a complete bez tine and without offers, also has a robust base with an 

anterior extension from which the two basal tines emerge. The slender main beam of LCD14_A20 is 

posteriorly deflected immediately on departing the burr (in medial view, this is obscured by a piece of 

calcareous deposit attached to the base posteriorly), and follows an extremely gentle upward and medial 

curve (NB. posterior damage to the shaft gives the appearance of slight undulation). Despite the poor 

condition of this specimen, strong furrows are visible along the length of the main beam, with strong 

pearling at the brow tine’s emergence in particular.  

The brow and bez tines of the succeeding fossil in 

sequence 2 are approximately equivalent in girth (c.f. brow 

and bez circumferences for GD 13347, Table 3.4.4); 

unfortunately, the brow is broken at its base so their lengths 

cannot be compared (Figure 3.4.16).  The bez is relatively 

short, with a stout base tapering to a blunt end, and it 

departs at almost a right angle (86°) from the main beam, 

directly above and lateral to the brow. The stout shaft of 

the main beam is posteriorly deflected shortly after 

departing from the burr, at roughly the lower POI  (point 

of inflection) of the bez tine. Like the specimen preceding 

it, GD 13347 has strong furrows visible along the main 

Figure 3.4.15 LCD14_A20 (right antler, medial and dorsal views) 

Bez offer 

Figure 3.4.16 GD 13347 (R. antler, medial view) 
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beam and pearling that is mostly evident around 

the broken base of the brow tine.  

Specimens GD 12905 and GD 12892 

follow next in sequence 2, with bez tines of 

almost identical length, even though the latter 

specimen has a much smaller basal circumference 

than the former (Table 3.4.4 and ‘o’ and ‘p’ in 

Figure 3.4.8). The first of these two fossils (GD 

12905; Figure 3.4.17) looks very strange simply 

because of the damage it has sustained: the main 

beam (on the left) is broken in such a way that 

only a slender section of its dorsal surface 

remains, giving it a tine-like appearance in anterior view. The brow tine (anterior and damaged) is 

broken almost at its point of emergence with the beam, so no measurements are possible; while the bez 

tine (on the right) is fairly robust, maintaining a constant circumference along most of its length until it 

tapers to a blunt-ended apex (Figure 3.4.17).  Unfortunately the bez angle of emergence from the beam 

could not be measured precisely due to interference from the brow, but it was estimated to be acute (c. 

80°). The strongly striated appearance at the base of the brow and along the bez tine could either be 

furrows or the result of preservational conditions, given the unevenness of the surface.  

The second of these two specimens, GD 12892, is the first one to have both brow and bez tines 

intact. The basal tines are very similar in size (relatively 

short) and shape (although the bez tine is marginally 

longer and more slender than the brow; Table 3.4.4), and 

both taper gradually to a distal point (Figure 3.4.18). 

There is some evidence of fusion at the base of the tines 

inasmuch as the flattened region between them is 

contiguous; nonetheless, the tines are quite separate for 

the majority of their lengths, and the bez eventually 

emerges distal and lateral to the brow (‘p’ in Figure 

3.4.8). The brow tine seems to depart the main beam at a 

slightly wider angle than the bez, although both appear to 

be acute; however the angles could not be measured 

precisely because the majority of the beam shaft is 

Figure 3.4.17 GD 12905 (left antler, anterior view) 

Beam 

Bez 

Brow 

Figure 3.4.18 GD 12892 (L. antler, lateral view) 
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missing. Most of the main beam has been removed (the break is clean and even) just after the bez 

emergence, yet the posterior deflection in the shaft is evident shortly after it emerges from the burr. 

Strong furrows are visible on what remains of the beam in addition to strong pearling along the lengths 

of both tines.  

As previously noted, the bez 

tine of the next specimen, T4 (Figure 

3.4.19), bears a superficial 

resemblance to the brow tine of GD 

12861 (‘g’, directly above and to the 

left in Figure 3.4.8), having almost 

identical tine circumferences and 

unusually bulbous shapes. However, 

T4 has two basal tines which are 

medio-laterally fused at the base then 

separate distally to form distinct tines 

of unequal length and girth (the bez is 

substantially larger than the brow; Table 4.4.4). From a parallel, almost horizontal, emergence on a 

common base, the fused structure begins to twist on departing the beam, such that the bez tine ends up 

distal and lateral to the brow.  A similar, but less exaggerated, example of proximally fused tines has 

been described for specimen GD 12892 (‘p’, immediately to the left of T4, sequence 2, Figure 3.4.8). 

It is also evident in M4735 (‘r’, immediately to the right of T4, Figure 3.4.8) which, like T4, has a 

shorter brow than bez. The brow tine of T4 is relatively short and stout, tapering to a rounded tip; in 

fact, it looks much like a reduced version of the bez. A discrepancy exists between the heights at which 

each tine emerges above the burr: one would expect the distances to be similar given their basal fusion, 

however this is not the case (Table 3.4.4). The difference has arisen because, unlike the brow, the bez 

does not have a true lower POI with the main beam (due to proximal fusion with the brow). Instead, 

bez height above the burr was measured to its POI with the brow, which is almost the point at which 

the tines diverge (Figure 3.4.19). The sturdy main beam is broken just distal to the bez tine’s departure, 

however a posterior deflection is still evident shortly after it emerges from the burr, approximately at 

the lower POI of the brow tine. The tines and beam are heavily furrowed and show strong pearling all 

over. 

The final two specimens in sequence 2 are both from Cooke’s (1892) excavation of Għar 

Dalam, as is specimen M98375 (‘k’, top row, Figure 3.4.8), yet all appear to be morphologically 

disparate. The penultimate specimen in the bottom row, M4735 (Figure 3.4.20), has two relatively 

Figure 3.4.19 T4 (right antler, medial and antero-ventral views) 
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long and slender basal tines, plus a 

third supernumerary tine/offer 

positioned distal to the brow at its 

upper POI with the main beam. 

Like specimen T4, the ‘true’ brow 

and bez of M4735 are medio-

laterally fused, and depart almost 

horizontally from a single base 

which is rotated so that, as the 

tines diverge, the bez is distal and 

lateral to the brow. Both tines 

curve dorso-medially about 

halfway along their respective lengths towards rounded tips but, while the proximal part of the brow 

arises anteriorly, the bez emerges laterally and curves back towards the brow. The basal tines depart the 

beam at approximately the same height above the burr as one another (Table 3.4.4), which is just above 

the average for a brow emergence, but is the lowest bez emergence of all the specimens in Figure 3.4.8 

(NB. measurements are uncertain due to proximal fusion). The extra growth between the brow tine 

and the main beam has a particularly unusual morphology, consequently its status as a ‘tine’ rather than 

an ‘offer’ is equivocal. It is oriented antero-posteriorly and extremely flattened medio-laterally, with a 

very large base (estimated to be c. 72.0 mm in circumference), which exceeds the circumferences of 

both basal tines (Table 3.4.4). At its apex there is an antero-ventral curve such that the tip appears to be 

folded onto itself, thus the length measurement is uncertain (c. 42.0 mm). However, it is probable that 

this ‘tine’ is longer than all but four brow tines and three of the bez tines illustrated in Figure 3.4.8. The 

main beam is weakly deflected posteriorly (i.e. it emerges more vertically from the burr), 

approximately at the point of the brow/bez departure, and the shaft is relatively straight and slender, 

with only a faint trace of a curve anteriorly towards the distal break. Like M98375 (‘k’, top row, Figure 

3.4.8), specimen M4735 has a thick covering of red earth sediment and breccia; even so, strong furrows 

are still visible all over its surface.  

Specimen M4734 is the last specimen illustrated in sequence 2 (‘s’ in Figure 3.4.8); with 

evidence of two basal tines, a likely trez tine and a terminal point, this individual is the most complete 

specimen to be measured in the entire Maltese sample. The brow is broken at its junction with the main 

beam so no measurements of the tine itself are possible, but its height above the burr is recorded at 17.2 

mm (an uncertain estimate due to damage and sediment attachment), which is relatively low in 

comparison to the majority of the specimens figured here (Table 3.4.4). Fortunately the bez tine is 

Figure 3.4.20 NHMUK M4735 (right antler, lateral and medial views) 
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present, complete and measurable 

despite being detached from the beam: 

at 79.0 mm it is the longest basal tine 

measured in the whole sample plus it 

has the greatest girth of the complete 

bez tines measured here (jointly with 

T4, Table 3.4.4); this is larger than the 

mean size for the Maltese sample as a 

whole (Mean bez circumference = 67.7 

± 4.09 mm). The bez emerges at an 

acute angle (65°) from the main beam 

and continues straight upwards with 

almost no change in girth or direction 

until, unusually, a very slight downwards curve can be seen at its tip (Figure 3.4.21). Both basal tines 

are positioned on an extremely robust base which appears to show anterior expansion to accommodate 

them; this resembles a less pronounced version of the sturdy ‘pedestal’ morphology seen in specimen 

LCD14_A20 (‘m’ in sequence 2, Figure 3.4.8). Like LCD14_A20, the shaft of the main beam only 

becomes recognisable on departure from this expanded basal structure, when it emerges with an oval 

cross-section, flattened antero-posteriorly. In M4374, the shaft is relatively slender proximally but 

becomes gradually more robust distally, attaining its thickest girth where the ‘trez’ diverges from the 

termination; it is also strongly deflected posteriorly at the bez emergence. The beam proceeds away 

from the base at an acute angle (c. 45°), with an extremely shallow curve dorsally halfway along the 

main shaft, until it bifurcates into a probable trez tine and terminal point (Figure 3.4.21).  The relative 

size and orientation of the distal tine and its point of emergence from the beam suggest that it is more 

likely to be a trez than the lateral prong of a terminal fork. At its junction with the terminal point, the 

trez emerges at an acute angle (c. 60°) laterally from the beam shaft in alignment with the bez tine until 

it is deflected dorsally about a third of the way along its length. The trez is also much shorter and more 

slender than the terminal point, but both gently curve anteriorly along their lengths until tapering to 

their respective damaged apices distally. Weak furrows are present on parts of the beam shaft, while 

stronger furrows and some pearling are visible on the bez tine. 

Clearly the specimens with complete tines depicted in Figure 3.4.8 form only a small subset (n 

= 20) of the whole Maltese sample, which includes many more examples of fossils with either one or 

two (incomplete) basal tines present (n = 109). On its own, this subset does not provide enough 

evidence to accept or refute either of the alternative scenarios proposed, but it does provide a good 

Figure 3.4.21 NHMUK M4734 (right antler, medial view) 
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basis from which quantitative analyses may proceed as well as giving an overview of the exceptional 

diversity and bizarreness present in the sample. For example, it is evident that some, but not all, 

members of the bez_abs group share a suite of features that make them appear morphologically similar 

to one another, at least superficially. Whether or not these characteristics are significantly different to 

those observed in the bez_pres group or, indeed, to features seen in other members of the same group, 

will determine if the provisional division into two morpho-groups is satisfactory. Given the amount of 

variation present in the smaller subsets illustrated in Figure 3.4.8, it may well be the case that more 

groups or different affiliations become apparent after statistical evaluation, in which case the 

characteristic features for each group will need to be redefined. 

 

3.4.3 Testing the validity of Maltese morpho-groups: morphological distinctiveness 

 

The bez_abs and bez_pres groups both share a common feature: the presence of a brow tine. 

As outlined in the previous section, variation in its robustness, shape, position, and angle of emergence 

may provide a means by which to unite members of the same group and/or to separate the groups from 

one another. Expanding the analyses to include samples from different localities may further support 

group divisions based on aspects of tine growth and development if the patterns observed corroborate 

those seen in Malta.  

 

Brow tine: length and robustness 

 

A striking disparity in brow tine lengths becomes evident when the whole Maltese sample is 

compared with Sicilian and Recent datasets (the only other samples to have both tine circumference and 

length measured). The mean brow tine length measured in Malta is significantly shorter than in Sicilian 

(t (8) = -3.88; P < 0.01, 2-tailed) and Recent (t (31) = -9.32; P < 0.001, 2-tailed) samples; and there is 

also a notable difference in the ranges of the tine lengths measured, with the Maltese range being 

extremely narrow and at the shorter end of the scale (Table 3.4.5). Similarly, when tine girths are 

compared across samples, Maltese brow tines are significantly more slender, on average, than those of 

their putative Sicilian relatives (t (83) = -5.20; P < 0.001, 2-tailed) as well as than those of the Recent 

sample (t (41) = -4.34; P < 0.001, 2-tailed), even though the range of Sicilian brow circumferences spans 

only 40 % of the Maltese range of sizes.  

In terms of brow tine robustness (brow circumference, variable 19), there is no appreciable 

difference between the potential Maltese morpho-groups in the range of sizes present, although the 

smallest brow tine circumference measured (34.0 mm) belongs to a specimen that also lacked a bez tine  
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Sample N 
Minimum 

(mm) 
Maximum 

(mm) 
Range  
(mm) 

Mean 
(mm) 

SE 
(mm) 

Variable 19: Brow tine circumference 

MALTA* 58 34.0 119.0 85.0 70.3 2.39 

SICILY 29 70.0 104.0 34.0 85.3 1.61 

RECENT 27 53.0 150.0 97.0 92.5 4.53 

bez_abs:       

MALTA 19 34.0 90.0 56.0 61.5 3.29 

SICILY 6 70.0 83.0 13.0 78.7 1.98 

RECENT 2 56.0 57.0 1.0 56.5 0.50 

bez_pres:       

MALTA 23 49.0 100.0 51.0 75.7 3.45 

SICILY 23 74.0 104.0 30.0 86.9 1.74 

RECENT 25 53.0 150.0 97.0 95.4 4.40 

Variable 20: Brow tine length 

MALTA* 13 9.4 78.0 68.6 34.0 5.83 

SICILY 8 50.0 245.0 195.0 123.1 21.57 

RECENT 27 24.0 376.0 352.0 200.0 16.55 

bez_abs:       

MALTA 8 14.0 70.0 56.0 36.6 7.72 

SICILY 3 50.0 95.0 45.0 80.0 15.00 

RECENT 2 50.0 60.0 10.0 55.0 5.00 

bez_pres:       

MALTA 3 19.0 55.0 36.0 37.3 10.40 

SICILY 5 76.0 245.0 169.0 149.0 28.09 

RECENT 25 24.0 376.0 352.0 211.6 16.64 

 
Table 3.4.5 Brow tine length and circumference measurements for Malta, comparing morpho-groups and 
Sicilian and Recent samples. N = number of specimens in each sample sufficiently intact to be measured. 
bez_abs = specimens with a brow tine present but bez tine absent; bez_pres = specimens with both brow and 
bez present. *Figures include ambiguous specimens with a brow present but unconfirmed presence/absence of 
bez due to damage. 
 

(bez_abs; Table 3.4.5). There is a significant difference in the mean circumference of the brow tine (W 

= 117.5, P < 0.05), with those in the bez_pres group being 23.1% larger; but brow tine lengths do not 

differ significantly between groups (note very small sample sizes for intact brow tines; variable 20; 

Table 3.4.5). Conversely, this relationship is reversed for the Sicilian sample. The subset of individuals 

with a brow present and bez absent (bez_abs, Sicily), does not differ significantly in brow tine girth 

(circumference), but does have significantly shorter brow tines (t (27) = -2.29; P < 0.05) than the group 

with both basal tines present (bez_pres, Sicily; Table 3.4.5). These findings do offer some support for 

the separation of the Maltese morpho-groups on the basis of tine robustness, but given the very small 

sample size of intact tines, these results are not wholly conclusive.  

Plotting brow circumference (variable 19) against overall size (basal circumference, variable 2) 

provides some evidence for size-corrected differences in brow girth between the two groups. Figure 

3.4.22 illustrates how the brow tine is relatively more robust in the bez_abs group for a given basal 
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circumference (greater than 75.0 mm- the approximate intersection of the two models calculated with 

unlogged data), when compared with the bez_pres group. This is a result of positively allometric shape 

change observed in the bez_abs group, which differs from the approximately isometric shape change 

seen in the bez_pres group (allometric equations given in caption for Figure 3.4.22). In other words, 

even though antlers in the bez_abs group are smaller in overall size and have significantly smaller brow 

tines than those in the bez_pres group, proportionally these tines are larger in individuals that lack a bez 

tine (bez_abs group). Comparison with other samples that have more than two members in their 

respective bez_abs groups, Sicily (bez_abs = 8) and Fens (bez_abs = 6; Table 3.4.2), reveals that the 

latter two groups show no evidence of this difference in brow size change with basal circumference 

between the bez_abs and bez_pres groups. 

 

Brow tine: position and angle 

 

One aspect of brow tine development that shows enormous variation within the Maltese sample 

is its height of emergence above the burr (variable 17a: burr to brow distance).  The highest emerging 

brow tine in the whole Maltese sample was measured at 51.6 mm above the burr, 11.8 mm (approx. 30 

%) higher than the next highest tine emergence (Recent; Table 3.4.6). Overall, the mean height at  

Figure 3.4.22 Bivariate plot of log basal circumference against log brow tine circumference for two 
potential Maltese morpho-groups.  Reduced Major Axis (RMA) regression models are overlaid for 
bez_abs (magenta) and bez_pres (lilac) groups. bez_abs: (n = 20); y = 1.275x + -0.68; r = 0.43; p = 
0.06 (n.s.) (2-tailed); bez_pres: (n = 22); y = 1.049x + -0.29; r = 0.55; p < 0.01 (2-tailed). Red and 
orange dotted lines: pricket basal circumferences (78.0 and 101.0 mm respectively).  
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SAMPLE N 
Minimum 

(mm) 
Maximum 

(mm) 
Mean 
(mm) 

SE 
(mm) 

 W 

MALTA 86 0.0 51.6 21.4 1.15 _ 
Sicily 28 0.0 11.2 4.2 0.73 2269.0*** 

Recent 27 0.0 39.8 11.2 2.15 1771.0*** 
Fens 40 0.0 29.0 7.5 1.16 2968.5*** 

Star Carr 84 0.0 20.0 4.1 0.59 6557.0*** 
Devensian 11 0.0 18.0 10.1 2.31 772.5*** 

Ipswichian (MIS 5e) 43 0.0 29.0 8.6 1.20 3093.5*** 
Interglacial (MIS 7) 37 0.0 31.0 8.4 1.51 2631.5*** 
Hoxnian (MIS 11) 23 0.0 19.0 6.5 1.43 1747.5*** 

‘Cromerian' 31 0.0 24.0 10.3 1.17 2187.5*** 

 
Table 3.4.6 Burr to brow distances (variable 17a) for individual samples compared with Malta. Brow tine 
minimum, maximum and mean emergence heights above the burr are given for each sample, and differences in 
mean height between Malta and each other sample were tested for significance. N = Number of individuals 
measured in each sample; SE = Standard Error; W = Wilcoxon Rank Sum test statistic; *** denotes p-value < 0.001 
(2-tailed).   
 

which Maltese brow tines emerge is significantly higher than for all other groups (Table 3.4.6); this is 

particularly notable since Maltese antlers are the smallest, so this is not a scaling effect. The lowest tine 

emergence for all samples was 0.0 mm (i.e. the tine emerged directly on the burr); however the range 

of heights in the Maltese sample was much larger than for all other samples, especially in the smaller 

individuals.  

Figure 3.4.23 a shows the scale of the difference between Maltese antlers and the range of brow 

tine emergence heights measured in Sicilian, Holocene and Pleistocene samples against basal 

circumference. Although there is no correlation between basal circumference and the height at which 

the brow emerges from the burr (NB this is true for all samples except the Interglacial (MIS 7) group 

which shows a relatively weak positive correlation between the two variables: y = 0.31x + -47.22; r = 

0.39, P < 0.05), it is clear from Figure 3.4.23 b that this feature is most variable within the smaller- 

sized bez_abs group (dark pink squares). The two individuals with the highest emerging brows have 

quite distinct morphologies as shown in Figure 3.4.8 (scenario 1, top row): specimen ‘x’ or GD 12922 

has an extremely high emerging brow offer (dark pink asterisk, Figure 3.4.23 b); while M98375 

(NHMUK Cooke Collection) possesses a relatively long and robust upward-curving tine (highest dark 

pink square, Figure 3.4.23 b). The Maltese specimen with the highest departing brow tine in the 

bez_pres group also has the largest basal circumference in the whole sample (211.0 mm). Measured at 

36.9 mm above the burr, this tine emerges much higher up the beam than all other Sicilian, Pleistocene 

and Holocene brow tines (Table 3.4.6 and Figure 3.4.23 b). On the whole, the bez_pres individuals are 

clustered together within a range of brow departure heights (0.0 to 36.9 mm; mean = 19.2 ± 1.29 

mm; SD = 7.96 mm) that is similar to the other samples plotted in Fig. 3.4.23 b. This is comparatively 

narrow when compared with the range observed in the bez_abs group (0.0 to 51.6 mm; mean = 25.2  
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Figure 3.4.23 a-c Bivariate plots of basal circumference against burr to brow distance (variable 17a). a- (top) 
Whole Maltese sample (green outline) compared with Pleistocene and Holocene groups (coloured polygons, refer 
to plot for details); b- (centre) Maltese sample is colour-coded according to morpho-group (magenta squares = 
bez_abs, lilac triangles = bez_pres, ambiguous specimens excluded) and compared with Pleistocene and Holocene 
samples (NB. key refers to Maltese morpho-groups only; polygon colours as in plot a); c– (bottom) Maltese sample 
(green outline) compared with multi-taxon Recent sample subdivided into species/subspecies. Data presented in 
Table 3.4.6. 

a 

b 

c 
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± 2.74 mm; SD = 13.42 mm), and the bez_pres individuals also have a significantly lower mean height 

of brow emergence than the bez_abs group (t(33)= 2.0; p = 0.05, 2-tailed). In Figure 3.4.23 c, the stark 

difference in brow heights between Malta (green) and Sicily (dark pink) is much more apparent, with 

only 12 (14.0 %) of the 86 Maltese specimens having a brow that emerges less than 11.0 mm above the 

beam (the maximum height of a Sicilian brow tine; Table 3.4.6). Even the multi-taxon Recent sample 

does not show as much variation in brow height as the Maltese sample, with the ranges of all species and 

subspecies in this group fitting well within the boundaries of the Maltese range (Figure 3.4.23 c).  

A second feature of the brow tine that shows notable variation in the Maltese sample is its angle 

of departure from the main beam (variable 15; Table 3.4.7). Once again, the range of emergence angles 

in Malta is far greater than for all other samples, with the minimum angle being 20° more acute than 

any other brow departure angle measured (Table 3.4.7). When the Maltese sample is subdivided into 

morpho-groups and this variable plotted against basal circumference, it is clear that the majority of 

brow tines emerging at an angle of 90° or less are on small antlers, and all belong to individuals that lack 

a bez tine (bez_abs, dark pink squares; Figure 3.4.24). Also, even though there is some overlap 

between the two groups, the difference between their mean angles of emergence is significant, with 

bez_abs brow tines (n = 22; mean = 90.5 ± 5.38 mm; SD = 25.24 mm) emerging at a more acute 

angle than bez_pres brows (n = 17; mean  = 122.7 ± 4.07 mm; SD = 16.77 mm; t(69) = -4.8; p < 

0.001, 2-tailed). 

SAMPLE N 
Minimum 

Angle  
(°) 

Maximum 
Angle  

(°) 

Range   
(°) 

Mean 
Angle  

(°) 

Standard 
Error 

(°) 

Difference 
between 
Malta & 

each sample 
(W) 

MALTA 57 40.0 155.0 115.0 108.5 3.47 _ 
Sicily 30 120.0 160.0 40.0 144.4 1.78 142.0*** 

Recent 27 61.0 146.0 85.0 114.1 4.19 n.s. 
Fens 37 60.0 140.0 80.0 105.1 2.74 n.s. 

Star Carr 31 80.0 150.0 70.0 125.0 2.72 523.5** 
Ipswichian (MIS 5e) 14 110.0 130.0 20.0 121.8 1.54 251.0* 
Interglacial (MIS 7) 8 100.0 125.0 25.0 112.5 3.54 n.s. 
Hoxnian (MIS 11) 13 110.0 150.0 40.0 124.2 3.34 231.0* 

‘Cromerian' 11 100.0 140.0 40.0 122.3 4.44 n.s. 

 
Table 3.4.7 Angle of brow tine from beam (variable 15) for individual samples compared with Malta. Brow tine 
minimum, maximum and mean angles of emergence from the beam are given for each sample, and differences in 
mean angle between Malta and each other sample were tested for significance. N = Number of individuals 
measured in each sample; W = Wilcoxon Rank Sum test statistic; *** denotes p-value < 0.001; ** denotes p-value < 
0.01; * denotes p-value < 0.05 (all 2-tailed); n.s. = not significant.  NB. This variable was not measured for the 
Devensian sample. 
  

Interestingly, the mean angle of brow emergence for Sicilian antlers is significantly more obtuse 

than for Maltese brows (whole sample, Table 3.4.7; Figure 3.4.24 a-b); and, when the Sicilian dataset  
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Figure 3.4.24 a-b Bivariate plot of basal circumference against angle of brow tine from beam (variable 15) for 
Maltese morpho-groups plus Sicily with a) unlogged data and, b) logged data plus RMA regression models 
overlaid. a) White dashed line = 90°. Only Maltese antlers that lack a bez tine (bez_abs, dark pink squares) have 
brows that emerge from the beam at angles ≤ 90°. Note overlap of Sicilian antlers (turquoise shapes) with larger 
Maltese individuals possessing two basal tines (lilac triangles). b) RMA regression models for Maltese morpho-
groups: bez_abs (dark pink) and bez_pres (lilac) plus Sicily (turquoise; dotted line indicates correlation 
coefficient is not significant at 0.05 level). All equations are given in Table 3.4.8 
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Taxon N Slope Intercept r r2 p-value  
(2-tailed) 

MALTA: whole sample 53 1.11 -0.21 0.40 0.16 < 0.01 
MALTA: bez_abs 22 1.69 -1.34 0.43 0.19 < 0.05 
MALTA: bez_pres 15 0.52 1.02 0.51 0.26 = 0.053 
Sicily: C. e. siciliae 30 0.57 0.95 0.26 0.07 0.162 (n.s.) 

UK Fens: C. elaphus 37 0.95 -0.04 0.40 0.16 < 0.05 
 
Table 3.4.8 Reduced Major Axis (RMA) regression equations for log angle of brow emergence from beam (variable 
15) on log basal circumference (variable 2). Refer to Figure 3.4.24 b for Malta and Sicily only. N = Number in each 
sample; r = correlation coefficient; r2 = coefficient of determination; p-value is given for the correlation coefficient. 
 
 (turquoise shapes) is overlaid onto Maltese morpho-group data, it corresponds well with the larger 

sized individuals in the Maltese bez_pres group (lilac triangles; Figure 3.4.24 a-b). The four Sicilian 

antlers with the smallest basal circumferences in Figure 3.4.24 a-b (turquoise squares) all lack a bez 

tine, including one individual that plots closer to the Maltese bez_abs group (dark pink squares); while 

the next smallest individual possesses a brow tine but only a bez offer (turquoise diamond). Yet they all 

still have obtuse brow tine emergence angles exceeding 123°, in contrast to the acute angled brows 

seen in the smallest Maltese bez_abs individuals.  

For the Maltese sample as a whole, a moderate positive correlation exists between overall size 

(basal circumference) and brow angle (Table 3.4.8). When the sample is subdivided into potential 

morpho-groups and analysed separately, there is a significant positive correlation between basal 

circumference and the angle of brow departure for the bez_pres group, while the relationship for the 

bez_abs group is not significant (Table 3.4.8).  For all other samples analysed, only the Cambridgeshire 

Fens antlers showed a positive relationship between basal circumference and brow angle (Table 3.4.8).   

The preceding analyses reveal a large amount of variation in both brow height (variable 17a) 

and its angle of emergence from the beam (variable 15), particularly in the Maltese bez_abs group. In 

Figure 3.4.8 (sequence 1, top row) there is a clear distinction between bez_abs individuals with high 

emerging, acute-angled brow tines and those that have low departing, wider angled tines which, as 

outlined above, appears to be largely size independent. Analysis of these two variables together may 

help to further clarify the relationship between brow height and its departure angle from the beam. 

Examining the Maltese dataset as a whole, there is a significant inverse correlation between the two 

variables such that as the distance from the burr to the brow increases (variable 17a) the angle between 

the brow tine and beam decreases; in other words, it becomes more acute the higher up it emerges 

(variable 15; Figure 3.4.25 a).  Comparable inverse correlations between these two variables are only 

found in Holocene Cervus elaphus samples (Cambridgeshire Fens, purple; and Star Carr, red; Figure 

3.4.25 a; note the similar values for the RMA regression slopes for all three samples); in all other 

samples analysed (Ipswichian MIS 5e, N = 14; MIS 7 Interglacial, N = 8; Hoxnian MIS 11, N = 13; and  
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Figure 3.4.25 a-b Bivariate plots of burr to brow distance (variable 17a) against angle of brow departure from 
beam (variable 15) for Malta compared with Holocene Cervus elaphus (a, top) and Sicilian C. e. siciliae (b, 
bottom). a) Reduced Major Axis (RMA) regression models are overlaid for Malta (green; n = 53); y = -2.392x + 
162.45; r = -0.38; p < 0.01 (2-tailed). Holocene samples from Star Carr (red; n = 31); y = -2.569x + 140.08; r = 
-0.39; p < 0.05 (2-tailed), and Cambridgeshire Fens (purple; n = 37); y = -2.241x + 122.76; r = -0.35; p < 0.05 
(2-tailed). b) No significant relationship between brow height and departure angle is evident for Sicilian antlers 
(n = 27, magenta), but when analysed together with the Maltese dataset (green) the inverse correlation is clear: 
Sicily + Malta (RMA regression model = white line; n = 80), y = -2.209x + 156.77; r = -0.63; p < 0.001 (2-
tailed). 
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‘Cromerian’, N =11), there was no relationship between brow height and its angle of emergence from 

the beam. When the Sicilian C. e. siciliae dataset is plotted together with Malta, an interesting 

relationship can be seen: the Sicilian antlers are grouped tightly together in the region of the plot that 

represents low height of brow emergence with a wide angle of departure (dark pink; Figure 3.4.25 b), 

only overlapping slightly with the extremely varied Maltese antlers (green; Figure 3.4.25 b). Even 

though there is no significant relationship between brow height and departure angle for Sicilian antlers 

alone, when evaluated together with Malta, a strong inverse correlation is evident: Sicily is at one 

extreme of a morphological ‘continuum’ and represents antlers with wide-angled brow tines emerging 

on or close to the burr. In contrast, the Maltese antlers are much more morphologically diverse: they 

range from the Sicilian morphotype previously described to antlers with acute-angled, high emerging 

brows at the opposite end of the shape trajectory, (Figure 3.4.25 b).  

When the Maltese dataset is split into the two potential morpho-groups, it is evident that the 

bez_abs group is by far the most morphologically diverse. In Figure 3.4.26 some of the variation 

Figure 3.4.26 Bivariate plot of burr to brow distance (variable 17a) against angle of brow departure from beam 
for Maltese morpho-groups plus Sicilian C. e. siciliae antlers.  Reduced Major Axis (RMA) regression model is 
overlaid for the bez_abs morpho-group only (magenta) as there was no significant relationship between the two 
variables in the bez_pres (lilac triangles) nor Sicilian (turquoise shapes) groups (see text for details). bez_abs: n = 
22; y = -2.021x + 140.39; r = -0.51; p < 0.05 (2-tailed). bez_abs specimens figured approximately in order of 
brow height above burr (lowest to highest emergence) a) LCD_A3 and b) LCD_A9 (MM); c) GD 12896, d) GD 
13097, e) GD 13101, f) GD 12911, g) GD 12847, h) GD 12861, i) GD 12844, and j) GD 12909 (GDM); k) M 
98375 (NHMUK).  Scale bar = 40 mm (approx.). 
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observed is illustrated with specimens from the bez_abs group only, because the same inverse 

correlation between brow height and its angle of emergence from the beam is only seen in this group 

(dark pink squares) and not in the bez_pres group (lilac triangles). It is only within the bez_abs group 

that individuals representing both extremes of brow tine height and departure angle can be found (e.g. 

c.f. specimen ‘a’ with specimen ‘j’ in Figure 3.4.26). Conversely, antlers with both basal tines present 

(bez_pres group), while still more variable than Sicilian antlers, have a relatively more limited range of 

brow heights and emergence angles from the beam. One plausible explanation for the observed 

differences between Maltese morpho-groups might be that it is due to the morphological constraints 

that result from developing a second tine (i.e. the bez) above the first: this would physically obstruct the 

growth of acute-angled brows while restricting the height at which it could emerge above the burr.  
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3.4.4 Red deer-like morphology:  a closer look at the bez_pres morpho-group 

 

 The results presented so far have focused solely on the antler characteristics that are common to 

members of both potential morpho-groups within the Maltese sample, for example features of the main 

beam and brow. However, morphological attributes pertaining to the bez tine such as its length, 

robustness, shape, position, and its possible covariation with the brow tine can only be examined in 

relation to the bez_pres group alone. Thus, in the following sections “Malta” refers specifically to 

results obtained from the subset of antlers in the Maltese sample that possess two basal tines (i.e. the 

bez_pres group). This morphology is diagnostic for red deer (Cervus elaphus), consequently comparing 

the bez_pres subset with the other red deer samples provides a more detailed analysis of variation 

within and between known red deer populations, and should highlight any differences and similarities 

between insular and mainland forms. 

 

Bez tine: length and robustness 

 

 Bez tine length was not measured in Pleistocene or Holocene samples and, of the remaining 

fossil samples, just two Sicilian and seven Maltese bez tines were sufficiently intact to be measured. 

Only the multi-taxon Recent group had a sufficiently large sample of complete bez tines (N = 23) for 

comparison with the Maltese dataset. Despite the extremely small sample sizes available, when bez 

length is plotted against basal circumference (Figure 3.4.27) it is clear that all seven Maltese bez tines 

are substantially shorter than both Sicilian and all Recent bez tines, irrespective of overall antler size 

(basal circumference). The difference between the Maltese and Recent mean bez lengths is significant (t 

(29) = - 7.86;  P < 0.001); and for a given basal circumference, the Maltese bez tines are significantly 

shorter than those of the smallest-sized Recent subspecies, C. e. scoticus (t (15) = -4.69; P < 0.001; Figure 

3.4.27, purple; Table 3.4.9).  

SAMPLE N 
Minimum 

(mm) 
Maximum 

(mm) 
Range  
(mm) 

Mean (mm) 
SE 

(mm) 
CV 
(%) 

MALTA 7 18.0 79.0 61.0 51.0 8.32 43.18 
Sicily 2 190.0 200.0 10.0 195.0 5.00 3.63 

Recent (whole sample)1 23 84.0 370.0 286.0 208.1 5.33 42.91 
Cervus elaphus 7 109.0 240.0 131.0 187.4 17.97 25.36 
C. e. scoticus 9 84.0 229.0 145.0 138.2 16.76 36.38 

C. hanglu 6 280.0 370.0 90.0 321.67 13.95 13.01 
 
Table 3.4.9 Bez tine length (variable 30) for Maltese, Sicilian and Recent samples.  Minimum, maximum and mean 
bez tine lengths are given for each sample and also separately for individual Recent taxa. N = Number of 
individuals measured in each sample; SE = Standard Error; CV = Coefficient of Variation (SD/Mean x 100). 1Figures 
include a single Cervus elaphus wallichii specimen. 
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Unfortunately, no meaningful statistical evaluations were possible with only two complete 

specimens available in Sicily. However, visual assessment of the specimens reveals a marked disparity in 

bez tine lengths (as well as in shape and robustness, discussed later) between the two fossil groups. All 

Maltese specimens with intact bez tines are shown in Figure 3.4.8 (and individually in Figs. 3.4.9-21), 

and the two Sicilian individuals are presented in Figure 3.4.28. The Sicilian (C. e. siciliae) bez tines are 

relatively long, slender and sinuous, and both share the same distal morphology of appearing to have a 

kink approximately two thirds along each tine (Figure 3.4.28). This is unlikely to have been a 

preservational artefact given that the two specimens were recovered from separate localities at different 

times. These individuals most closely resemble the Recent C. elaphus group (red; Figure 3.4.27) in 

terms of overall size and bez length. Both specimens are close to the mean size for the Sicilian sample 

(Sicily mean basal circumference [BC] = 133.1 mm ± 2.87; specimens GP 274, BC = 125.0 mm and 

TEO_A15, BC = 135.0 mm; pink, Figures 3.4.27 & 28). In contrast, all of the Maltese bez tines are 

very short and relatively straight across a wide range of basal circumferences (BC range = 90.0 - 166.0 

mm; Figures 3.4.8 & 3.4.27, green).  

Of course, it is important to be aware that a taphonomic bias is often present in cave 

environments. In the case of the Maltese antlers, one could argue that as long tines are more fragile than 

short tines, they are less likely to be preserved in their entirety due to increased susceptibility to 

Figure 3.4.27 Bivariate plot of basal circumference against bez tine length (variable 30) for Malta, Sicily and 
Recent samples. The Recent sample is divided into its constituent sub-taxa and colour-coded accordingly. All 
data are presented in Table 3.4.9. 
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breakage and/or loss during the depositional process. As a result the only complete tines preserved 

would tend to be short, a finding that could lead to a distorted view of tine length in Malta. As a 

counterpoint, the observation that these short, complete bez tines have been recorded across a wide 

range of basal circumferences may indicate that a short bez was a common feature of all Maltese antlers 

irrespective of size. It is also curious to note that the only two Sicilian specimens recovered from 

entirely separate cave localities both possess relatively long and slender intact bez tines. While it is not 

possible to draw any firm conclusions based on such small sample sizes, one could hypothesize that 

poorer environmental conditions on the much smaller island of Malta resulted in the reduction (and 

eventual loss?) of the bez tine in Maltese populations, while their putative relatives thrived on the 

larger, more plentiful island of Sicily, maintaining almost mainland-like proportions in terms of bez tine 

length. Another simpler explanation could be reduced body size: smaller deer have simpler antlers.  

Bez tine robustness (bez circumference, variable 29) was plotted against overall size (basal 

circumference, variable 2) for all samples (Figures 3.4.29-30). The spread of the Maltese data indicates 

that smaller individuals are the most variable in terms of bez girth, with some having much larger or 

smaller bez circumferences for a given basal circumference than is predicted by the regression model 

(green triangles, Figures 3.4.29-30). In addition, the shape trajectory for Maltese bez tines differs from 

all other samples compared. Only Maltese antlers show negative allometric shape change, whereby the 

bez tine increases in girth at a lesser rate than overall size (basal circumference). All other groups show 

positive allometry (i.e. bez tine girth increases at a greater rate than overall size), although Ipswichian 

(MIS 5e), Hoxnian (MIS 11) and ‘Cromerian’ antlers exhibit a shape change trajectory that is very close  

Figure 3.4.28 Cervus elaphus siciliae (Sicily) antlers with intact bez tines. The only two specimens in the 
sample of 25 Sicilian individuals with a bez tine present, that had sufficient tine length preserved to be 
measured. Above left: GP274 (Grotta dei Puntali; GGG); above right: TEO_A15 (Grotta di San Teodoro; MdF) 
both are left antlers in medial view. Scale bars = 40.0 mm (approximately). 
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to isometric (i.e. basal circumference and bez circumference increase in size at approximately equal 

rates; Figures 3.4.29-30 and Table 3.4.10). This disparity in the rate of allometric shape change is 

significant, as demonstrated by the difference in slope of the Maltese regression model when compared 

Taxon N Slope Intercept r r2 

p-value  
(2-tailed) 

MALTA 20 0.77 0.23 0.64 0.41 < 0.01 
Sicily: Cervus elaphus siciliae 9 1.10 -0.50 0.68 0.46 < 0.05 

Holocene Cervus elaphus (Fens) 30 1.15 0.55 0.38 0.14 < 0.05 
Ipswichian (MIS 5e) C. elaphus 29 1.02 -0.29 0.70 0.49 < 0.001 
MIS 7 Interglacial C. elaphus 31 1.48 -1.29 0.57 0.32 < 0.001 
Hoxnian (MIS 11) C. elaphus 17 1.02 -0.24 0.68 0.46 < 0.01 

‘Cromerian’ C. elaphus 26 1.02 -0.20 0.69 0.48 < 0.001 
Recent Cervus sp. & ssp.* 21 1.16 -0.52 0.65 0.42 < 0.01 

 
Table 3.4.10 Reduced Major Axis (RMA) regression equations for log bez circumference (variable 29) on log basal 
circumference (variable 2) for Maltese, Sicilian, Pleistocene, Holocene and Recent deer. Refer to Figures 3.4.29-30 
a-b.  
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Figure 3.4.29 a-b Bivariate plots of log basal circumference against log bez tine circumference (variable 29) for 
Malta compared with a) Pleistocene and b) Holocene + Sicilian red deer samples. Reduced Major Axis (RMA) 
models are overlaid all equations are given in Table 3.4.10 NB. Devensian (turquoise, a) and Star Carr (red, b) data 
are plotted for comparison although no significant association between the two variables was found for either sample. 

Figure 3.4.30 a-b Bivariate plots of log basal circumference against log bez tine circumference (variable 29) for 
Malta compared with a) Sicilian and Recent samples and b) the Recent sample separated into sub-taxa. a) RMA 
models are overlaid for Sicily and Malta (see Fig 3.4.26 a-b; equations give in Table 3.4.10) plus a combined dataset 
of Recent Cervus taxa. b) The Recent sample is subdivided and colour-coded according to taxon to illustrate the 
overlap between Malta and European red deer species, Cervus elaphus (red), C. e. scoticus (purple) and C. e. siciliae  
(pink), and the clear separation from C. hanglu (Kashmir red deer; blue).  

a b 

a b 
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with the following samples: Ipswichian (MIS 5e; white; F (2,46) = 12.74, p < 0.001); MIS 7 Interglacial 

(yellow; F (2,48) = 7.42, p < 0.01);‘Cromerian’ (blue; F (2,43) = 48.30, p < 0.001); Cambridgeshire Fens 

(purple; F (2,47) = 11.63, p < 0.01); and Recent (orange; F (7,33) = 8.02, p < 0.001); note no difference 

was found when comparing the slopes of  the Maltese model  with Sicily (pink) or Hoxnian (MIS 11, 

lilac; Figures 3.4.29-30). The findings reveal that, within the Maltese sample, smaller-sized individuals 

have proportionally larger bez tines than larger-sized individuals. Also, these larger Maltese specimens 

tend to have less robust bez tines for a given basal circumference when compared to similar sized 

specimens from Pleistocene and Holocene groups (Figures 3.4.29 a & b). One striking pattern to 

emerge, when Malta is compared with Recent sub-taxa plus Sicily, is the correspondence between the 

shape trajectories of Maltese antlers (green) with those of certain red deer species (red) and subspecies 

(purple and pink; Figure 3.4.30 b). Although very small sample sizes preclude well-supported statistical 

inferences, there is a clear overlap between Malta and the other ‘European’ red deer taxa in Figure 

3.4.30 b; and even though the Maltese size range (basal circumference) spans the ranges of at least two 

distinct subspecies, the ‘overall size: bez tine girth’ ratio remains within the bounds of what might be 

expected for these taxa, with merely a handful of outliers with unusually large or small bez 

circumferences for their size. In contrast the scatter for Cervus hanglu (Kashmir red deer, blue; Figure 

4.4.30 b) appears to be displaced relative to the Malta plus European red deer scatters, suggesting that 

the bez tines of the former species are relatively more robust for a given basal circumference than those 

in the latter group. Again, this is a purely speculative interpretation based upon the very limited 

number of specimens available. 

Taking the shape of the bez tine as a 

whole (i.e. plotting bez circumference against 

bez length; Figure 3.4.31) it is evident that the 

perceived similarity in shape trajectories 

between Malta and certain Recent taxa plus 

Sicily does not extend to the length of the bez 

tine itself. All five Maltese specimens with 

measurable bez circumferences and lengths 

(green triangles) have substantially shorter bez 

tines than their Recent counterparts of similar 

bez girth; while the two Sicilian individuals 

(pink dots) share similar bez dimensions with 

the Recent red deer taxa (Figure 3.4.31).  
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Figure 3.4.31 Bivariate plot of log bez circumference 
(variable 29) against log bez length (variable 30) for 
Malta, Sicily and Recent groups.  Reduced Major Axis 
(RMA) regression model is overlaid for the Recent sample 
only (n = 23; y = 1.634x + -0.86, r = 0.86, p < 0.001). 
The Recent sample is colour-coded according to sub-taxa 
(see plot legend for details).   
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Bez tine: position and angle 

 

In sharp contrast to the extraordinary range of emergence heights described for Maltese brow 

tines (specifically in the bez_abs group), bez tines appears to be relatively conservative in terms of their 

position above the burr (variable 28a). The Maltese range of emergence heights is close to the average 

of all samples examined, although the mean height of bez emergence is the lowest for Maltese antlers 

(Table 4.4.11). This partly reflects the presence of one extremely unusual individual which has both 

brow and bez tines emerging directly on the burr (i.e. height of emergence for both tines = 0.0 mm). 

Exclusion of this specimen means that the new minimum height of emergence becomes 19.5 mm, 

reducing the range to 54.7 mm, which is still wider than Sicilian and Devensian ranges; however the 

mean height of Maltese bez tines (n = 34, mean = 42.1 ± 2.59 mm) is still lower than all other samples 

studied.  

SAMPLE N 
Minimum 

(mm) 
Maximum 

(mm) 
Range 
(mm) 

Mean 
(mm) 

SE 
(mm) 

W 

MALTA 35 0.0 74.2 74.2 40.9 2.78 _ 
Sicily 18 30.0 60.3 30.3 43.4 2.30 n.s. 

Recent 25 45.9 145.0 99.1 79.4 4.96 65.0*** 
Fens 30 34.0 115.0 81.0 62.2 4.08 265.0*** 

Star Carr 59 25.0 88.0 63.0 56.5 1.92 553.5*** 
Devensian 8 46.0 97.0 51.0 68.9 7.29 41.5** 

Ipswichian (MIS 5e) 36 24.0 109.0 85.0 49.6 3.02 n.s. 
Interglacial (MIS 7) 33 25.0 140.0 115.0 57.0 4.32 344.5** 
Hoxnian (MIS 11) 23 18.0 96.0 78.0 44.0 3.60 n.s. 

‘Cromerian' 28 25.0 127.0 102.0 51.5 4.57 n.s. 
 
Table 3.4.11 Burr to bez distances (variable 28a) for individual samples compared with Malta. Bez tine minimum, 
maximum and mean emergence heights above the burr are given for each sample, and differences in mean height 
between Malta and each other sample were tested for significance. N = Number of individuals measured in each 
sample; SE = Standard Error; W = Wilcoxon Rank Sum test statistic;  ** denotes p-value < 0.01; *** denotes p-value 
< 0.001 (2-tailed); n.s. = not significant.  
 

 

To test the possibility that bez height might be constrained by size (i.e. smaller antlers would 

likely be shorter and, as a consequence, have tines emerging closer to the burr), basal circumference 

(variable 2) was plotted against bez height for all samples (Figures 3.4.32 a–c). The results mirror those 

found for the brow tine, in that there is no correlation between basal circumference and the height at 

which the bez emerges from the burr for Malta, Sicily (C. e. siciliae), Pleistocene nor Holocene C. 

elaphus, except for the MIS 7 Interglacial sample which shows a strong positive correlation between the 

two variables (n = 33, y = 2.433x + -3.67, r = 0.43, p < 0.05). What is clear from Figures 3.4.32 a–c 

is how the relatively narrow range of Maltese bez heights remains remarkably constant across a wide 

range of basal circumferences. Larger sized Pleistocene antlers, such as those in the MIS 7 
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Figure 3.4.32 a-c Bivariate plots of basal circumference against burr to bez distance (variable 28a). a- (top) 
Whole Maltese sample (green) compared with Sicily (pink) and Pleistocene groups (coloured polygons, refer 
to plot for details); b- (centre) Maltese sample compared with Sicily and Holocene groups (see plot) c– 
(bottom) Maltese sample compared with Sicily and multi-taxon Recent sample subdivided into 
species/subspecies. Data presented in Table 3.4.10. 

a 

b 

c 
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Interglacial (yellow) or ‘Cromerian’ (blue) samples, show a tendency towards increasing variability in 

bez height as overall size increases, with maximum variation seen in the largest antlers (Figure 3.4.32 

a). The range of bez emergence heights for each of the two Holocene samples (Star Carr, red and 

Cambridgeshire Fens, purple; Figure 3.4.32 b) remains constant across all basal circumferences, but 

still more diverse (i.e. wider range of heights) than for similar sized Maltese antlers. Whereas the bez 

tines of all the Recent sub-taxa emerge substantially higher up the beam than Maltese tines, especially 

on the antlers of the smallest subspecies, Cervus elaphus scoticus, which has the highest emerging bez tine 

of all specimens measured in the study (purple; Figure 3.4.32 c). The Sicilian antlers are conspicuous in 

having an exceptionally limited range of heights at which the bez emerges from the main beam in 

comparison to all other groups (pink; Figures 3.4.32 a-c).  

The range of angles at which Maltese bez tines emerge from the beam (variable 26) is much 

narrower than those recorded for the brow’s emergence (40° - 155°; variable 15), but is still the 

second widest range of all samples after Hoxnian (MIS11; Table 3.4.12). Two Pleistocene groups (MIS 

7 Interglacial and Hoxnian [MIS 11]) have bez tines that emerge at more acute angles, while Sicily has 

the widest bez emergence angle when compared with all other samples. The mean angle at which the 

bez emerges from the beam is close to 90° for all samples except for the Fens sample, which has more 

acutely angled bez tines on average – a mean that is significantly more acute than that of the Maltese 

sample (Table 3.4.12). There is no significant correlation between overall size (basal circumference) 

and the angle at which the bez departs the main beam (variable 26) for any sample.   

SAMPLE N 
Minimum 
Angle (°) 

Maximum 
Angle (°) 

Range  
(°) 

Mean 
Angle (°) 

SE 
(°) 

W 

MALTA 31 55.0 130.0 75.0 89.8 3.58 _ 
Sicily 15 76.0 146.0 70.0 97.4 4.31 n.s. 

Recent 23 63.0 106.0 43.0 83.7 2.50 n.s. 
Fens 29 50.0 105.0 55.0 73.4 2.47 667.5** 

Star Carr 35 50.0 100.0 50.0 86.3 1.78 n.s 
Ipswichian (MIS 5e) 6 85.0 100.0 15.0 94.2 3.00 n.s 
Interglacial (MIS 7) 8 80.0 100.0 20.0 88.8 2.27 n.s 
Hoxnian (MIS 11) 8 30.0 115.0 85.0 88.8 9.39 n.s 

‘Cromerian' 11 30.0 100.0 70.0 83.2 6.95 n.s 
 
Table 3.4.12 Angle of bez tine from beam (variable 26) for individual samples compared with Malta. Bez tine 
minimum, maximum and mean angles of emergence from the beam are given for each sample, and differences in 
mean angle between Malta and each other sample were tested for significance. N = Number of individuals 
measured in each sample; SE = Standard Error; W = Wilcoxon Rank Sum test statistic; ** denotes p-value < 0.01 (2-
tailed); n.s. = not significant.  NB. The Devensian sample consisted of one measurement for this variable.  
  

Unlike the significant inverse correlation between brow height (variable 17a) and its emergence 

angle from the main beam (variable 15) noted in the Maltese bez_abs morpho-group and Holocene 

samples, there is no significant relationship between bez height (variable 28a) and its angle of departure 

from the main beam (variable 26) for any sample analysed in the present study.  
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Relationship between brow and bez tines 

 

The preceding analyses focused on changes in size, shape and position for the brow and the bez 

tine independently, largely examining each basal tine in isolation. To expand upon these findings, the 

following section synthesises the previous results by assessing the degree to which variation in one tine 

is associated with variation in the other, and determining the effect this has on the overall morphology 

of the proximal antler of Maltese deer when compared with those of known red deer taxa.   

It has already been demonstrated that the height at which both the brow and bez tines emerge is 

not constrained by the overall size of Maltese antlers; yet, when tine emergence heights are plotted 

together (i.e. bez height emergence [variable 28a] against brow height emergence [variable 17a]), a 

relationship between these two variables becomes evident. For Maltese antlers, there is a significant 

positive but weak correlation so that as the distance between the brow and the burr increases, so does 

the distance between the bez and the burr (Table 3.4.13 and Figure 3.4.33 a). A very strong positive 

correlation between these two variables is seen in Sicilian red deer (C. e. siciliae), while no significant 

correlation was found for Holocene (Star Carr and Fens) red deer (C. elaphus) (Table 3.4.13). For 

Pleistocene red deer, brow and bez tine emergence heights show a significant positive correlation for 

two samples only: MIS 7 Interglacial and ‘Cromerian’ C. elaphus; for all other Pleistocene samples there 

was no significant relationship between the heights at which the two tines emerged above the burr.  

Variables Taxon N Slope Intercept r r2 p-value  
(2-tailed) 

Burr to bez distance 
(28a) on burr to brow 

distance (17a) 

MALTA 27 1.90 4.24 0.40 0.16 < 0.05 
Sicily: C. e. siciliae 16 2.33 35.36 0.93 0.87 < 0.001 
MIS 7 Interglacial 31 2.57 34.03 0.63 0.40 < 0.001 

‘Cromerian’ 26 3.70 15.51 0.53 0.29 < 0.01 

Distance across the 
brow and bez tines 
(18) on burr to BEZ 

distance (28a) 

MALTA 26 1.18 8.88 0.41 0.17 < 0.05 
Sicily: C. e. siciliae 18 0.86 25.18 0.44 0.19 < 0.05 

Fens 30 1.03 39.24 0.88 0.78 < 0.001 
Star Carr 63 1.22 19.84 0.67 0.45 < 0.001 

Devensian 7 1.25 33.91 0.90 0.80 < 0.01 
Ipswichian (MIS 5e) 33 1.53 21.18 0.81 0.66 < 0.001 
MIS 7 Interglacial 32 0.87 50.58 0.91 0.83 < 0.001 
Hoxnian (MIS 11) 22 1.09 41.36 0.88 0.77 < 0.001 

‘Cromerian’ 28 1.03 46.39 0.91 0.83 < 0.001 
 

Table 3.4.13 Reduced Major Axis (RMA) regression equations for bez on brow emergence heights, plus the 
maximum distance across tines on bez emergence height for Maltese deer, Sicilian red deer (Cervus elaphus 
siciliae), Pleistocene and Holocene red deer (Cervus elaphus).   
 

Finding a positive correlation between brow and bez tine emergence heights may lead to the 

supposition that a constant distance is maintained between the two lower tines, irrespective of how high 

up the beam the brow emerges, but plotting the distance across the tines (variable 18) against brow and 

bez tine emergence heights separately helps to further elucidate this relationship. There was no 
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significant correlation found between brow tine distance from the burr (variable 17a) and the distance 

across the two basal tines (variable 18), for all except one Pleistocene C. elaphus sample, which showed 

a moderate positive association between the two variables (MIS 7 Interglacial: N = 31; y = 0.44x + -

35.07; r = 0.51; r2 = 0.26; p < 0.01). In contrast, as the distance of the bez tine from the burr 
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Figure 3.4.33 a-b Bivariate plots of a) bez tine height from burr against brow tine height from burr and b) 
distance across brow and bez tines against bez tine height from burr, with RMA regression models overlaid for 
Maltese deer, Sicilian red deer (Cervus elaphus siciliae) and Pleistocene and Holocene red deer (Cervus 
elaphus). For clarity, only selected RMA models are shown in plot (b) but for all samples the correlation 
coefficient was significant. All equations are given in Table 3.4.13. 
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(variable 28a) increases, so does the distance across the two tines for all samples (Table 3.4.13 and 

Figure 3.4.33 b). In other words, it appears that it is the movement of the bez tine up or down the 

beam shaft that largely determines the proximity of one tine to the other. For Maltese and Sicilian taxa, 

the distance between the tines is not as strong influenced by bez height (only a weak positive correlation 

is observed) when compared with Pleistocene and Holocene red deer samples (Table 3.4.13); 

nonetheless the correlations are statistically significant. 

 

Relative ‘strength’ of the brow and bez tines 

 

 The ‘strength’ or robustness of a tine can be determined by the relationship between its length 

and girth (Lister, 1987). However, in fossil samples it is rare that the whole length of a tine is preserved 

intact; therefore, for the present analysis the circumferences taken at the base of the brow (variable 19) 

and the bez (variable 29) are plotted against one anther as the only measures available that allow relative 

tine robustness to be compared. Lister (1987) established that Holocene red deer antlers generally have 

more robust brow than bez tines, with some individuals exhibiting tines of equal strength (Lister, 1987; 

p. 91, Figure 3a; see also Figure 3.4.34 a). This is demonstrated in Figure 3.4.34 a, whereby all of the 

data points for Fens (purple) and Star Carr (red) C. elaphus lie either on or below the white line which 

signifies that the circumferences of the brow and the bez tine are equal. Sicilian red deer (C. e. siciliae; 

pink, Figure 3.4.34 a) also fall below the line, indicating that their antler morphology is similar to the 

Holocene red deer antlers, possessing a stronger brow than bez tine. Maltese antlers, on the other hand, 

have some individuals with more robust bez tines than brows (green triangles above the white line; 

Figure 3.4.34 a). Lister (1987) demonstrated that this morphology is more typical of British Pleistocene 

red deer from a range localities that encompass three stratigraphic groups (Lister, 1987; p. 91, Figure 

3b; see also Figure 3.4.34 b). He noted how the scatter for all three Pleistocene stratigraphic groups 

was displaced relative to the Holocene scatter such that the former samples had many specimens with 

bez circumferences equal to or larger than the brow tine (Lister, 1987; cf. Figure 3.4.34 a with b). This 

same pattern is illustrated with the Pleistocene samples examined in the present study (Figure 3.4.34 

b), revealing that Maltese antlers follow the same trend but at the smaller end of the scale plotting 

where, in Lister’s (1987) example, the smaller younger antlers would fall (points to the bottom and left 

of the scatter are small, young individuals, while points to the top and right are older individuals). Thus 

Maltese males possess proximal antler morphology that is most similar to Pleistocene red deer, whereas 

Sicilian C. e. siciliae appear to share the lower antler morphology of Holocene red deer.
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Angles of tine emergences 

 

 If the brow and bez tine emerge from the main beam shaft close to one another (i.e. if the 

distance across the two tines is small) one might expect the angles at which the tines emerge to be 

affected by their proximity. For example, a brow tine could not depart the main beam at an acute angle 

if the bez tine emerged close to it, either directly above or offset laterally (as is often the case for red 

deer antlers). For Maltese antlers this was not found to be the case: there was no significant correlation 

between the distance across the brow and bez tines and the angle at which either tine emerged; nor was 

there any association between the angles at which the brow and bez tines emerged from the main beam 

(Table D1 Appendix). Only for Holocene Fens red deer was there a moderate negative correlation 

between the distance across the tines (variable 18) and the angle at which the brow emerges (variable 

15) such that the most acute angled brow tines had the greatest distance between them and the bez. 

Similarly, for only two samples (Holocene Fens and Pleistocene Hoxnian [MIS 11] red deer) was a 

significant positive correlation observed between the brow (variable 15) and bez (variable 26) angles of 

emergence: as the angle of the brow became more obtuse so did the angle of the bez (Table D1 

Appendix). Thus, in this aspect of proximal antler morphology Maltese deer resemble Sicilian C. e. 

siciliae as well as the majority of Pleistocene red deer sampled.  

 One final aspect of lower antler morphology was examined by plotting the angle between the 

brow and bez tines (relative to one another; variable 14) against the distance across the two tines 

(variable 18). This gave an indication of whether tines that are closer together tend to emerge directly 

above one another on the main beam or if the bez is more likely to be laterally offset from the brow. 

For all samples compared except Malta, there was a significant (or very near significant for Devensian 

and Ipswichian [MIS 5e] red deer) inverse correlation between the distance across, and the angle 

between, the brow and bez tine (Table D1 Appendix). Thus, as the distance between the tines increases 

the angle between them decreases resulting in antlers with a large separation between the brow and the 

bez, generally having a bez tine that emerges more directly over the brow, while those that have tines 

emerging closer together tend to have the bez more laterally offset (at a wider angle from the brow). 

The correlation between the two variables was not significant for Maltese antlers, but this may have 

been be driven by a few specimens with very unusual morphology. There are several individuals with a 

small distance across the two tines, but with the bez emerging more directly above the brow tine than 

lateral to it (very acute angle between brow and bez = 10°–30°); while the Maltese individual with the 

largest distance across both tines has a more acute angle between the two tines than red deer with tines 

separated by a similar distance; and there are still other individuals that possess tines which emerge close 
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together but the bez is almost adjacent to the brow (bez angle from brow > 80°; see Figure D2 

Appendix). 
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3.5 Discussion 

 

Discussion of the main findings from the metric and morphological analysis of antlers is presented here. 

 

3.5.1 Does antler morphology support the identity of the Għar Dalam deer as derived from red 

deer? 

o H0: Antler morphology supports the identity of all the Għar Dalam deer as derived from red deer 

o H1: Antler morphology suggests that at least some of the Għar Dalam deer are derived from species 

other than red deer 

 

Basal circumference measurements taken on Maltese antlers indicate that an astonishingly wide 

range of sizes is present on Malta, one that exceeds the limits expected for a single taxon population as 

well as a multi-taxon group. However, in terms of morphological diversity there are some constant 

features that indicate that, despite the enormous size variation, the Maltese antlers may still all derive 

from a ‘standard red deer type’.  

Firstly, in the entirety of the collection studied, there was not a single example of the distal 

flattening or palmation that characterise the antlers of fallow (Dama sp.) and many giant deer species 

(Megaloceros sp.) – two of the genera other than red deer that could potentially be ancestors to the 

Maltese deer. Lack of evidence for palmation might be attributable to preservational bias in that only 

one or two Maltese specimens had distal parts preserved; however the proximal morphology of the 

Maltese antlers does not lend support to the presence of fallow-type antlers in the sample either. Fallow 

deer brow tines tend to emerge from the main beam either directly on the burr or at a very short 

distance from it, and form a very wide, obtuse angle with the beam (Lister, 1987; 1996). Yet for 

Maltese brow tines that emerged directly on the beam or very close to it, the angles of emergence were 

acute, substantially more so than those of Sicilian red deer (Cervus elaphus siciliae) that also emerged on 

the burr or at the same height above it (refer to Figure 3.4.22 b). Nor does proximal morphology 

support attribution to either of the two megacerine genera in the Middle to Late Pleistocene of 

mainland Europe that could, in theory, have contributed to the ancestry of deer on Malta: Megaloceros 

and Praemegaceros. In the former case, the brow tine is basal and extremely flattened. In the latter, the 

brow tine is elevated above the base and has a diagnostic anteriorly-directed curvature. None of the 

antlers from Malta shows either of these structures. 

Secondly, the presence of two lower tines – the brow and bez, the latter above and lateral to the 

former- is diagnostic for red deer (Cervus elaphus), but the lack of a bez tine does not indicate that the 
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antlers do not belong to red deer. The bez tine may not have developed for a number of reasons 

including: age, small body size and low resource availability, as commonly seen in small-bodied red 

deer populations today, such as those from Scotland or Corsica. In the Maltese sample 49 specimens 

were sufficiently intact to determine that both the brow and bez tines were present (i.e. they had 

confirmed red deer-like basal morphology); while 23 specimens were shown to have true absence of the 

bez, with only a brow tine present. Thus, for Maltese specimens for which the presence/absence of the 

bez can be determined (e.g. bez_abs + bez_pres: N = 72), 49/72 or 68.1% possess a bez tine. Though 

not as high as the number recorded for C. e. siciliae antlers (25/33 or 75.8 % have a bez; this study), it is 

still a remarkably high percentage when compared with other small-bodied populations of red deer 

taxa: For example, C. e. corsicanus does not usually have a bez tine except in rare trophy specimens 

(Mattioli and Ferretti, 2014; Cappelli et al. 2017); and only 2.2 % of the red deer subspecies from 

Mesola (Cervus elaphus italicus) were recorded as having a bez tine (Mattioli and Ferretti, 2014). More 

than two thirds of the Maltese specimens possessed morphology that is diagnostic for red deer, which 

lends strong support to the hypothesis that majority of the specimens from Għar Dalam are derived 

from red deer. 

Even in the bez_abs morpho-group, derivation from a red deer antler type cannot be ruled out. Of 

the 23 bez_abs individuals in the Maltese sample, approximately half (n = 11) of the specimens had 

brow tines that emerged from the main beam at angles of 90° or more acute, while the other half of the 

sample (n = 11) had brows that emerged at similarly obtuse angles to those antlers that had both lower 

tines present, but not as wide as the angles of emergence of the widest angled Sicilian red deer brow 

tines (see Figure 3.4.24 a-b). In addition, the smallest bodied red deer subspecies measured in the 

Recent sample, C. e. scoticus, had two individuals that also lacked a bez tine, but with high emerging 

acute-angled brows, like those in the bez_abs morpho-group. Based on the pedicle proportions of the 

whole sample, these two individuals were neither the youngest nor the oldest members in the sample 

(N = 11), but one of the two had the smallest basal circumference (BC) of the whole recent sample (BC 

= 73.0 mm) which falls well within the size range of the small individuals in the Maltese bez_abs group. 

In contrast, the bez_abs individuals in the Sicilian C. e. siciliae red deer subspecies sample have brow 

emergence angles that just overlap the Maltese bez_abs morpho-group at the obtuse end of the Maltese 

range. In other words, the range of morphological variation seen in Maltese bez_abs antlers in terms of 

the angle at which the brow tine emerges, is no more diverse than would be expected for multiple red 

deer subspecies, and does not necessarily indicate that the Maltese deer derive from more than one 

ancestral genus.  
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3.5.2 Does antler size and form support the division of Għar Dalam deer into three taxonomic 

groups? 

o H0: Antler morphology is consistent with the division of Għar Dalam deer into three taxonomic groups 

o H1: Antler morphology suggests that Għar Dalam deer form fewer than, or more than, three taxonomic 

groups 

 

Based on pedicle proportions (basal circumference and pedicle length) three distinct clusters of 

individuals were detected: two in the unshed sample corresponding to medium (red) and large (orange; 

Figure 3.4.2 b) size classes and, when the spread of the whole Maltese sample was considered, one even 

smaller sized group of adults, all in possession of at least a single lower tine, with basal circumferences 

measuring less than the smallest pricket measured. When pedicle proportions of Sicilian red deer (C. e. 

siciliae) are overlaid, they plot most closely with the largest size group (Figure 3.4.3). These findings 

mirror those that emerged from the analysis of bones and teeth: the largest bodied taxon, Malta 3, is the 

most similar in size to Sicilian red deer; the medium sized Malta 2, most closely resembles Sicilian 

fallow deer in size; and for the most diminutive taxon, Malta 1, there is no analogue on Sicily. While 

there were no Sicilian fallow antlers (Dama carburangelensis) for comparison for this study, from the 

available evidence it seems clear that the largest Maltese antlers of Sicilian red deer-size, likely belonged 

to Malta 3 individuals, the medium sized antlers to Malta 2 and the smallest group of antlers to Malta 1. 

Table 3.5.1 summarises the main features of the three groups defined by pedicle proportions and assigns 

them to the corresponding morpho-groups and potential bone and teeth size classes; these are discussed 

more fully in Chapter 4. 

Within the Maltese sample two distinct morphotypes were identified, defined by size and the 

presence or absence of the second lower tine, or bez tine. The bez_abs morpho-group (brow tine 

present, bez tine absent) largely consisted of very small sized individuals, although some examples of 

larger sized bez_abs specimens were noted (see below). The bez_pres morpho-group (brow and bez 

tines both present) only contained medium or large sized individuals. One important point to note 

regarding antler morphotypes is that, from the available samples, Malta 1 individuals only possess the 

antler form of having a single basal tine but, based on the putative lower size boundaries for Malta 2 and 

3 (set by pricket basal circumferences), both groups possess individuals with typical red deer 

morphology (both lower tines present), and also some individuals that lack the bez tine, like Malta 1 

individuals but larger. This is not uncommon in typical red deer populations, and is often a consequence 

of the age and condition of the individual at the time of antler formation – i.e. if the animal is young or 

nutritionally impoverished, then the size and form of the antler will be affected (Huxley, 1931). It  
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 MALTA SICILY 
SIZE GROUP 

Defined by basal 
circumference (BC) 
vs. pedicle length* 

SMALL  
SHED antlers only 

BC < 78.0 mm 
 

MEDIUM (red) 
UNSHED antlers 
Pricket BC = 78.0 

mm 

LARGE (orange) 
UNSHED antlers 

Pricket BC = 101.0 
mm 

Cervus elaphus 
siciliae 

Total number in 
group 

10 34 25 33 

At least brow tine 
present 

9 11 9 33 

Brow and bez tines 
present 

0 7 4 25 

Brow, bez and trez 
tines present 

0 0 0 7 

Brow present, bez 
absent 

6 0 0 7 

Brow and trez 
present, bez absent 

0 1 0 1 

Brow present, 
remainder damaged 

3 3 5 0 

Antler base only 1 21 16 0 

Offers 
1 x brow + bez 

offers 
1 x brow + bez 

offers 
0 

2 x brow tine + bez 
offer 

MORPHO-GROUP 
Defined by general 
size and number of 

tines 

BEZ_ABS 
Brow tine present, 

bez tine absent 

BEZ_PRES 
Brow and bez tines both present 

Cervus elaphus 
siciliae 

Brow tine 

Acute angled 
High emerging 
Brow Circ. = 

positively allometric 

Wide angled 
Low emerging 

Brow Circ. = isometric (approx.) 

Wide angled 
Low emerging 

Brow Circ. = weakly 
negatively allometric 

Bez tine NA 

Short 
Low emerging 

Mean emergence angle = 89.8° 
Bez Circ. = negatively allometric 

 

Long 
Low emerging 

Mean emergence 
angle = 97.4° 
Bez Circ. = 

positively allometric 

Main beam 
More slender in the 

proximal region 
More robust in the proximal region 

Beam Circ. Not 
measured 

 BONE SIZE GROUP 
(potentially) 

MALTA 1 (small) MALTA 2 (medium) MALTA 3 (large) Plots with MALTA 3 

 
Table 3.5.1 Comparison and summary of Maltese antler groups defined by different methods with Sicilian red deer 
(Cervus elaphus siciliae). *Groups defined in unshed antler sample only. “Circ.’ = Circumference.  
 

follows then that individuals with smaller body sizes, such as young or dwarfed individuals, might be 

more likely to exhibit the less energetically costly morphology of developing smaller simpler antlers 

with a single lower tine. This is evident in Malta 1 and can also be seen in Malta 2. By taking the pricket 

basal circumferences as an approximate guide for upper (101.0 mm) and lower (78.0 mm) size limits 

for Malta 2, there are seven individuals that share the bez_abs morphology with Malta 1, but only two 

individuals in Malta 3. Interestingly, one individual in each group (Malta 2 and Malta 3) also possesses a 

trez tine, but no bez, and their brow tines emerge at very different heights above the burr: For Malta 3, 

the brow is very low emerging (at the maximum height for Sicilian brows); while for Malta 2 it emerges 

at above average height for the bez_abs morphotype, but higher than the majority of brows for Malta 2 
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bez_pres morphotypes. Alternatively, it is possible that the Malta 2 bez_abs individuals are actually 

older Malta 1 individuals, and therefore larger. Or, conversely, that these larger bez_abs individuals are 

younger members of Malta 2 or Malta 3. Thus, even though Malta 1 has only the bez_abs morphology, 

it cannot be considered diagnostic for this taxon. Based on antler morphology alone, it is not possible to 

identify every Maltese antler to taxon. By incorporating overall size (basal circumference) the taxa may 

be assigned to one of the three groups approximately, but there is likely to be some overlap between 

the older adults in a smaller size class with the younger adults of the next size class up.  

 

3.5.3 Are Għar Dalam antlers consistent with a derivation from Sicilian Cervus elaphus siciliae? 
 

o H0: Għar Dalam antlers are consistent with a derivation from Sicilian Cervus elaphus siciliae 

o H1: Għar Dalam antlers suggest divergence from C. e. siciliae or derivation from a different stock 

 

The most complete Maltese specimen available (NHMUK M4734; Figures 3.3.4, 3.4.21, and 

4.2) is the only one with sufficient beam intact and distal parts preserved to allow for meaningful 

comparison with Sicilian specimens. In terms of overall size, the Maltese specimen is large, with a basal 

circumference of 166.0 mm it is the fourth largest antler in the entire Maltese sample and falls towards 

the large end of the scale of Sicilian red deer antlers (range: 97.0-171.0 mm). Although the specimen is 

shed, based on basal circumference alone it can be relatively confidently assigned to the larger Maltese 

size group defined for unshed antlers, as it falls outside the size range for both Malta (range: 108.0-

160.0 mm) and Sicily (114.0-165.0 mm; Figure 3.4.3). For comparative purposes, it is taken that this 

specimen belongs in the same Maltese size category as C. e. siciliae, Malta 3.  

Specimen NHMUK M4734 is very stout, with a thick straight beam, plus a short and sturdy, 

blunt-ended bez (the brow tine is broken off) that emerges from a robust base, and departs the beam at 

an acute angle. The distal part of the antler consists of a probable acute angled trez and a terminal point 

(full description is given in Section 3.4.3). Because of the condition of the antler when rediscovered in 

the NHM collections (see Figure 3.3.3), the total length was measured in sections (610.0 mm) and 

corresponded well to the original measurement taken by Cooke (1893) as ‘0.63 m’ – the difference 

may in part be due to the missing tip of the terminal point, which is present in the original figure but 

now broken off from the specimen (Figure 3.3.4). 

In contrast, the three largely complete Sicilian antlers have very similar gross morphology to 

one another: they all possess long slender beams, curving postero-dorsally away from the base. The 

only intact brow tine is long, gracile and pointed, while the termination resembles a simple slender 

fork. All of the Sicilian specimens for which beam length could be measured (Figure 3.3.7 a-c) had 
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much longer beams but smaller basal circumferences (BC) than the Maltese individual (from left to right 

in Figures 3.3.7 and 4.2, a) PL737: BC = 130.0 mm; beam length [BL] = 710.0 mm; b) PL736: BC = 

139.0 mm, BL = 1130.0 mm; Punt_A1: BC = 115.0 mm, BL = 655.0 mm). Taken all together, it is 

clear that these differences are too great to reflect intra-population variation. The implications of this 

are discussed more fully in Chapter 4. 

 

3.5.4 Do Għar Dalam antlers illustrate unusual diversity of form even within taxa, a possible 

effect of island endemism? 

o H0: Għar Dalam antlers do not exhibit any greater diversity of form than other deer species. 

o H1: Għar Dalam antlers exhibit unusual diversity of form 

 

The Maltese sample includes many unusual antler forms. Some of these are common variants of red 

deer antlers (e.g. offers, small extra tines) and are not more frequent than in the Star Carr sample or 

Fen samples from the British Holocene:  

  

• MALTA:  9/169 or 5.3 % of specimens had an offer, including three brow, four bez and 

one trez offer plus one accessory tine/offer (e.g. Figure 3.4.20). There were also 

specimens with brow and bez tines emerging together (not bifurcated as such, but see 

Figure 3.4.19) 

• STAR CARR: 17/96 or 17.7 % of specimens had an offer including two very small 

tines/offers and one with an offer fused to the brow. Also one specimen had a bifurcated 

brow, two lacked a bez, and three had very short bez tines 

• FENS: 2 /43 or 4.7 % of specimens had an offer, one brow and one bez offer. Also, one 

specimen had a bifurcated brow and eight lacked a bez including one which lacked all three 

tines (brow, bez and trez tine) but was not a pricket. One also lacked both the bez and trez 

tines and one final specimen had no bez nor a terminal fork 

 

However, the Maltese sample also includes a significant number of antlers with extremely unusual 

form. There are individuals with brow and bez emerging at exactly the same level (Figures. 3.4.17 and 

19), others with brow and bez both extremely short and pointed (Figures 3.4.14 and 3.4.18), examples 

of peculiarly expanded brow tines (e.g. Figures 3.4.9, 3.4.11 and 3.4.19), and occasional antlers with 

apparently no brow or bez tine at all (Fig. 3.3.3 c).  Such variants, are rarely if ever seen in modern red 
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deer, and tend to support the idea of unusual variation in an endemic island dwarf, but a qualitative 

comparison with modern populations would be required to demonstrate this adequately.  

On the island of Crete, the endemic dwarf deer (Candiacervus spp.) also exhibited huge diversity in 

antler form, and this variation was shown to be exceptionally large in comparison to the intra-specific 

variation of mainland forms (de Vos, 1979, 1984, 2006; van der Geer, 2018). In 1984, de Vos 

recognised five different taxonomic units based on antler types, of which three (Group IIa, IIb and IIb) 

were not formally named. Recently, van der Geer (2018) revised earlier descriptions, and de Vos’s 

(1984) taxonomic units, and established three new species based on published specimens and previously 

unavailable antler and cranial material. In contrast to the relative completeness of many Cretan antlers, 

the Maltese sample largely consists of shed antler bases, sometimes with evidence that one or more 

lower tines had been present but have since broken off; rarely were any available with more than the 

lower portion of the beam intact (except NHMUK M4734, Figure 3.4.21, discussed below). Figure 

3.4.8 (enlarged in Figures 3.4.9-21) presented all of the Maltese specimens with intact lower tines 

available in the collection. Even within such a limited sample, the extent of variation in size and form is 

evident. Unfortunately, without any distal parts preserved for the smaller-sized, single-tined specimens 

(bez_abs morphotype) it is impossible to speculate whether any of these types may have been as 

impressive as those seen in the most diminutive Cretan deer, Candiacervus ropalophorus. Nonetheless, like 

the Cretan deer, it is possible that this diversity in form can be explained as evolutionary stages of two 

basic bauplans (van der Geer, 2018), which here were identified as the bez_pres and bez_abs 

morphotypes.  
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CHAPTER 4. Synthesis 

 

 The main objective of the current work was to provide a comprehensive account of the origin 

and evolution of an island mammal radiation, using the endemic deer of Malta as a case study. To 

achieve this, several questions were asked, and proposed hypotheses were investigated by extensive 

morphological analyses of bones, teeth and antlers recovered from Għar Dalam Cave. In Chapter 2, by 

the metric analysis of bones and teeth, the number of size classes represented on Malta were identified, 

the ways in which they differ from one another, and from their putative ancestors, was described and 

illustrated, and the manner in which the observed changes in size and shape could have arisen via 

modified growth trajectories was demonstrated and discussed. In the same chapter, the analysis of 

morphological characters scored on bones and teeth enabled the identity of the Maltese deer to be 

determined and their likely ancestors to be identified. In Chapter 3, differences in the size and form of 

antlers were discovered that supported the species diagnosis determined by the bones and teeth, and an 

unusual degree of variation in form was revealed, that typically evolves under conditions of relaxed 

selection. This chapter will summarise and discuss those findings and their broader implications, 

highlighting the links between the preceding chapters, as well as contextualising them within the remit 

of the wider investigation, with particular focus on the pattern of evolutionary change. Finally, 

proposals for the direction of future research are given. 

 

 4.1 The validity of the three-taxon hypothesis for Malta 

 

 The metric analyses of bones and teeth together provide convincing evidence for the presence 

of a minimum of three different size groups of deer on Malta, which can be readily distinguished from 

one another based on the shape and size of their metapodia. While the ranges of variation among the 

remaining postcranial elements are consistent with the three taxa hypothesized, within-sample 

partitions are not clear-cut. Comparative analyses with Sicilian fossil taxa (C. e. siciliae and D. 

carburangelensis) plus Recent populations of sexually dimorphic red and fallow deer (C. elaphus and D. 

dama respectively) show that it is extremely likely that at least three distinct size classes are present, two 

of which (the largest, Malta 3, and the middle size category, Malta 2) are similar in size to Sicilian 

Pleistocene red and fallow deer respectively and were possibly ecological analogues, while the smallest 

group (Malta 1) has no analogue on Sicily (Figure 4.1 a). Thus, the Maltese groups that have been 

identified are as separate from one another in size, as are the distinct taxa on Sicily. There was close 

correspondence between size groups defined by adult and juvenile metapodial dimensions and the  
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Figure 4.1 a-b Correspondence of size groups defined by separate analyses of Maltese metacarpi and 
antlers with Sicilian taxa for comparison. a) Adult metacarpal log total length against log proximal width. 
b) Antler pedicle length against basal circumference. 1 – in situ antler base ‘step section’, estimated age c. 
> 163 ka.(U-Th) 2 – in situ antler base ‘under boss 1’ estimated age c. 80.1 – 23/20 ka 3 – NHMUK M4734 
(Cooke Collection) See text and Figure 4.2. 
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groupings that emerged from lower 3rd molar (LM3) analyses (Figure 2.5.1, Chapter 2). The breadth of 

size variation in Maltese LM3s was shown to encompass that of at least three distinct taxa, and the 

positions of a Sicilian red deer-sized group, a Sicilian fallow deer-sized group plus a very small sized 

group were clearly revealed in the teeth. 

 Separating Maltese groups based on antler basal circumference is more problematic than using 

metacarpal length, because the range of antler sizes overlaps across groups. This is a result of the 

differential growth between these two elements: bones do not continue to increase in length once 

adulthood is reached and epiphyses are fused, but antlers gradually increase in girth (basal 

circumference) year after year until an optimal size is attained when the animal is in its prime. Thus a 

mature aged Malta 1 individual that has grown and shed several sets of antlers might easily attain basal 

circumference dimensions that approximate those of younger Malta 2 individuals, and so on for older 

Malta 2 individuals and younger Malta 3 adults. This is illustrated in the continuity of the shed antler 

basal circumference measurements along the bottom (pedicle length = 0.0 mm) of Figure 4.1 b. 

Nonetheless, when antler pedicle length was plotted against basal circumference, two distinct clusters 

of individuals were visible, which fitted closely to putative lower size boundaries defined by two 

prickets of different sizes (red and orange dashed lines; Figure 4.1 b). In addition, a third group of 

adults (recognised by the presence of at least one lower tine) was identified as being even smaller in size 

(basal circumference) than the smallest pricket that delimited the lower size boundary for the smaller of 

the two groups. Thus, with the addition of pricket-defined lower size boundaries plus the comparison 

with Sicilian red deer antlers, the three metapodial size groups can be identified approximately within 

the antler sample (Figure 4.1 a-b).  Considering the morphology of the antlers themselves, the Maltese 

sample could be split into two distinct morphotypes: one with a brow tine present but lacking a bez 

tine, while the other possessed both lower tines. The former group conformed largely to the smallest 

size category, while the latter was made up of both medium and large sized individuals, but no small 

sized individuals.  

 

4.2 Taxonomic inferences based on bones, teeth and antlers 

 

In Chapter 3, it was demonstrated that, by examination of the whole available Maltese antler 

sample, there was no evidence of the distal flattening or palmation that characterises the antlers of 

fallow (Dama sp.) and many giant deer species (Megaloceros sp.); nor were there any Maltese specimens 

that showed the characteristic proximal morphology of either of the two Middle to Late Pleistocene 

megacerine genera of mainland Europe (Megaloceros and Praemegaceros), that could theoretically have 

contributed to the ancestry of the Maltese taxa. Of the two morphotypes defined for the Maltese 
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antlers, the one for which only medium and large sized individuals have been identified is defined by the 

possession of two basal tines (the “bez_pres” group): this proximal morphology is a diagnostic feature of 

red deer (Cervus elaphus). Of all the specimens for which the presence or absence of the bez tine could 

be determined, more than two thirds (68.1%) of Maltese specimens possessed a bez, which is a 

comparatively high proportion when compared with other island populations or subspecies of red deer. 

Thus, the majority of Maltese antlers in the sample had red deer-like proximal morphology.  

It must be emphasized here that the absence of a bez tine, as seen in the second morphotype 

(“bez_abs”), does not indicate that the antlers do not belong to red deer, as the size and complexity of 

antlers, including development of the tines, is influenced by several factors including age and nutrition 

(refer to Chapter 3). Indeed, several of the known red deer populations used in comparative analyses 

also possessed individuals, even among the adults, that had a brow but lacked a bez tine. However, it 

was also shown in Chapter 3 that the bez_abs morphotype on Malta possesses a suite of features (e.g. 

high-emerging, acute-angled brow tines and slender beams) that distinguished them from the bez_pres 

morphotype as well as from Sicilian red deer.  

The analysis of bone and tooth characters lends strong support to the hypothesis that all the 

Maltese deer derive from a red deer ancestor. For every character examined on the bones and teeth, all 

Maltese specimens that were determinable showed a predominance of Cervus elaphus character states, 

and none showed a predominance of Dama or Megaloceros characters, across all size ranges. In other 

words, all three Maltese size groups likely evolved from a red deer like ancestor. In combination with 

the findings from the antlers, these results suggest that, despite the differences observed between the 

two antler morphotypes, both almost certainly derive from a red deer ancestor.  

 

4.3 Morphological features of the Maltese taxa and comparison with those of Sicily 

 

 In Chapter 2, Table 2.5.2 summarised the main features of the bones and teeth for each Maltese 

size group and compared them with Sicilian red and fallow deer. Similarly, Table 3.5.1 in Chapter 3 

listed the main characteristics of Maltese groups and morphotypes defined by different methods of 

analysis and compared them with Sicilian red deer. Here, the information is collated to provide an 

overall description of each Maltese taxon (Table 4.1).   

Comparison of the size of bones and teeth, and estimation of body mass, shows that Malta 3 and 

the Sicilian C. e. siciliae are very similar in size  (Table 4.1). Comparisons of antlers, too, reveal that in 

almost all cases the dimensions of Sicilian specimens corresponded with the largest Maltese group in 

terms of size.  
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 MALTA 1 MALTA 2 MALTA 3 Cervus elaphus siciliae Dama carburangelensis 
      

Relative size Small Medium Large Large Medium 

Metapodia (MC & MT) 
Short, thick and robust; 

broad proximal and distal 
epiphyses 

Medium length; thick shaft 
and broad epiphyses 
compared to Malta 3 

Long and gracile; narrow 
proximal and distal 

epiphyses 

 
MCs: relatively thicker 

diaphyses than Malta 3, 
similar length but epiphyses 

may be broader 
MTs: generally shorter than 
Malta 3, marginally thicker 

with broader epiphyses 
 

MCs:  shorter and thicker 
diaphyses than Malta 2, 
with narrower epiphyses 
MTs: shorter and thicker 
diaphyses than Malta 2, 

with similarly sized 
epiphyses 

Humerus (H) 
Short, thick, robust; 

relatively longer than short 
radius and metacarpus 

Intermediate between 
Malta 1 & 3 

Long and slender; relatively 
shorter than long radius 

and metacarpus 

Long, thick shafted but 
narrower distally than 

putative Malta 3 humeri 
NA 

Radius (R) 
Short; more slender 

proximally compared to 
distally 

Intermediate between 
Malta 1 & 3 

Long; very slender 
proximally compared to 

distally 

 
Long, thick shafted but 

narrower proximally and 
distally than putative Malta 

3 radii 

NA 

Relative lengths of bones 
in the forelimb (H:R:MC) 

% 
34.8:35.0:30.2 - 27.9:36.6:35.5 30.2:36.0:33.8 - 

Femur (F) 
 Short; relatively narrow 

proximal and distal 
epiphyses 

Intermediate between 
Malta 1 & 3 

 Long; narrow proximal 
and distal epiphyses 

Thick shaft compared with 
Malta 3 femora 

NA 

Tibia (T) 
Short; more slender 

proximally compared to 
distally 

Intermediate between 
Malta 1 & 3 

Long; very slender 
proximally compared to 

distally 

Long, thick shafted but 
narrower proximally and 

distally than putative Malta 
3 tibiae 

 

NA 

Relative lengths of bones 
in the hindlimb (F:T:MT) 

% 
32.4:36.8:30.8 - 30.4:37.2:32.4 32.4:37.4:30.2 - 

UM3 Short and anteriorly wide  
Intermediate between 

Malta 1 & 3 
Long and anteriorly narrow  

Long; possibly anteriorly 
narrower than Malta 3 

UM3s 
NA 

LM3 
Some are short and wide, 

others are short and narrow 
Intermediate between 

Malta 1 & 3 
Long and narrow 

 
Narrower, but not as long as 

putative Malta 3 LM3s 
 

Wider than putative Malta 
2 LM3s 
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 MALTA 1 MALTA 2 MALTA 3 Cervus elaphus siciliae Dama carburangelensis 
Body mass estimate* 14.4-49.2 kg 19.2-69.2 kg 23.8-128.3 kg 23.7-167.9 kg 27.4-74.8 kg 

Mean body mass 25.1 kg 34.1 kg 68.3 kg 74.6 kg 47.4 kg 

ANTLER Morphotype 
Bez_abs 

Brow present, bez absent 

Bez_abs & Bez_pres 
Brow present, bez absent 

Brow and bez tines present 

Bez_abs & Bez_pres 
Brow present, bez absent 

Brow and bez tines present 

Bez_abs & Bez_pres 
Brow present, bez absent 

Brow and bez tines present 
- 

Basal Circumference (BC) <78.0 mm >78.0 mm >101.0 mm 
97.0 – 171.0 mm (mean = 

133.1 mm) 
- 

BC range of shed antler 
groups 

- 81.0 - 117.0 mm 108.0 - 161.0 mm 114.0 – 165.0 mm  

Brow tine 

Acute angled 
High emerging 

Brow Circ. = positively 
allometric 

For Bez_abs: very variable 
–some high emerging and 
acute angled like Malta 1, 

others wide angled and 
low-emerging like 

Bez_pres 
For Bez_pres: wide angled 

Low emerging 
Brow Circ. = isometric 

(approx.) 

For Bez_abs: variable –one 
high emerging and acute 
angled like Malta 1, the 

other wide angled and low-
emerging like Bez_pres 

For Bez_pres: wide angled 
Low emerging 

Brow Circ. = isometric 
(approx.) 

For Bez_abs and Bez_pres: 
wide angled 

Low emerging 
Brow Circ. = weakly 
negatively allometric 

- 

Bez tine NA 

Short 
Low emerging 

Mean emergence angle = 
89.8° 

Bez Circ. = negatively 
allometric 

 

Short 
Low emerging 

Mean emergence angle = 
89.8° 

Bez Circ. = negatively 
allometric 

 

Long 
Low emerging 

Mean emergence angle = 
97.4° 

Bez Circ. = positively 
allometric 

- 

Beam circumference 
More slender in the 

proximal region 

Bez_abs: More slender in 
the proximal region 

Bez_pres: More robust in 
the proximal region 

Bez_abs: More slender in 
the proximal region 

Bez_pres: More robust in 
the proximal region 

Beam Circ. Not measured - 

Overall beam shape - - 
Short, stout and straight 

(based on a single 
individual) 

Long, gracile and curved  

 
Table 4.1 Summary of main morphological features of the postcrania, teeth and antlers of Maltese and Sicilian taxa.  *Body mass estimates are maximum and minimum values 
(refer to Table 2.4.20, Chapter 2). 
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However, there are significant differences between the two. Not only are Malta 3 bones 

generally more gracile than those of Sicilian red deer, but the relative proportions of the limb bones 

differ too: Malta 3 have relatively shorter proximal limb elements (humerus and femur) but relatively 

longer metapodia than Sicilian red deer, though their radii and tibiae make up approximately the same 

proportion of the fore- and hind-limb respectively (Table 4.1).  

Perhaps the starkest difference between the two taxa can be seen in the form of their antlers 

(Figure 4.2). There is unfortunately only a single largely complete Maltese antler. To assign it 

unambiguously to one of the size groups defined by pedicle proportion would ideally require an unshed 

antler. However, as this is not possible with the shed Maltese specimen, an estimate can be made based 

on its basal circumference alone: at 166.0 mm, it exceeds the size range of the Malta 3 unshed antlers 

(range = 108.0-160.0 mm; orange shapes; Figure 4.1) as well as the Sicilian unshed antlers (range = 

114.0 to 165.0 mm; pink filled circles; Figure 4.1). Since it is also the fourth largest specimen in the 

whole Maltese sample, it probably is an example of a Malta 3 antler. 

 The Maltese antler is very stout, with a thick straight beam, short, sturdy, blunt-ended bez (the 

brow tine is broken off) that emerges from a robust base and departs the beam at an acute angle. The 

distal part of the antler consists of a probable acute angled trez and a terminal point (full description is 

given in Results, Chapter 3). In contrast, the three largely complete Sicilian antlers have very similar 

gross morphology to one another: they all possess long slender beams, curving postero-dorsally away 

from the base. The only intact brow tine is long, gracile and pointed, while the termination resembles a 

simple slender fork (left and centre specimens respectively; Figure 4.2). These differences are too great 

to reflect intra-population variation and may be interpreted in one of two ways: i) the Maltese specimen 

belongs in a different size group (i.e. putative taxon) to the Sicilian antlers, or ii) the Sicilian and 

Maltese antlers are part of the same lineage, but antler shape has changed from long and gracile to short 

and stout on Malta. This will be discussed further, below. 

 

4.4 Are the Maltese size categories separate species or subspecies of red deer? 

 

Taxonomic interpretations of Pleistocene island dwarf mammals have varied. Lister (1989, 

1993) considered the Last Interglacial dwarf red deer of Jersey to be only a subspecies of C. elaphus 

because their size reduction was modest, they did not differ in bodily proportions from mainland 

populations, teeth were less reduced that the postcranial skeleton, suggesting an ecophenotypic 

component, and they had been isolated for not more than 6000 years. By contrast, the radiation of 

Middle to Late Pleistocene Candiacervus deer on Crete has justified the erection of full species, as they  
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Figure 4.2 Comparing Maltese and Sicilian antlers. Top: Most complete example of a Maltese antler, showing 
the red deer proximal morphology of two lower tines (NHMUK M4734; Cooke Collection) Scale = 40.0 mm 
(approx.). Bottom: Most complete Sicilian C. e. siciliae (red deer) antlers (refer to Figure 3.3.7, Chapter 3, for 
specimen information). Scale = 100.0 mm (approx.). 
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differ not only in bodily proportions but have antler forms distinct from each other and from any known 

mainland form, and had probably been isolated for several hundred thousand years (de Vos, 2000, van 

der Geer 2018). 

 The Maltese deer fall between these two extremes, but there are several reasons for 

considering Malta 1-3 as separate species. First, in body size they are clearly distinct, and although living 

red deer show a considerable range of body size across geographical populations, none is as small as 

either Malta 1 or 2.  Second, in distal limb bone proportions, the Maltese deer show progressive 

shortening and broadening of the metapodia, from Malta 3 to Malta 1 (e.g. Figure 4.1 a). Differences 

between the RMA model intercepts for juvenile metapodia were shown in Chapter 2 to be significant, 

reflecting a grade shift that is often observed between separate species. Although the direction of 

allometric shape change suggests a degree of paedomorphosis, that might be a simple consequence of 

size reduction, the differences between the intercepts of successive adult and juvenile groups also 

indicate an ontogenetic grade-shift during the dwarfing process. Third, in contrast to the Jersey deer, 

teeth and bones are reduced to approximately the same degree, suggesting that sufficient time had 

elapsed to allow the teeth to ‘catch up’.  Finally, there is stratigraphic evidence (see below) that, at least 

in part, the different size categories lived contemporaneously implying reproductive isolation, i.e. 

speciation.  

 

4.5 Chronology and contemporaneity of Maltese taxa 

  

 The likely chain of colonisation from 

the mainland of Italy to Sicily and thence to 

Malta is depicted in Figure 4.3. The 

difference in size between, Malta 3 and 

Sicilian C. e. siciliae on the one hand, and Late 

Pleistocene Cervus elaphus from mainland Italy 

on the other (e.g. Figure 4.1 a), suggests that 

a slight reduction in size occurred on Sicily 

(reduced to c. 80 % of full-sized mainland 

Italian red deer; Table 2.5.4; Chapter 2). 

From one or more Sicilian populations, Malta 

was colonised, with likely further 

diversification. One of the key questions 

proposed in the project was whether the size variation in the Maltese deer represents (a) a single, 

Figure 4.3 The likely colonisation route from Italy to 
Sicily and then to Malta. (Map courtesy of Google 
maps). 
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gradual trajectory from large to small, (b) successive immigrations, dwarfing events and extinctions, in 

any order of size, or (c) subdivision of populations into different size categories that lived 

contemporaneously, implying reproductive isolation, i.e. speciation.  

To detect the pattern of evolutionary change and to be able to infer contemporaneity (or 

otherwise) of different the Maltese taxa, it was essential to examine the specimens still in situ within the 

cave sediment itself, or recovered from stratified contexts. During the course of our survey work at 

Għar Dalam, some 25 in situ deer fossils were recovered from stratified contexts in the cave, and a 

further 15 were measured in situ. In Chapters 2 (Table 2.3.2 and Figures 2.3.2-8; 2.3.23-24) and 3 

(Figures 3.3.5-6), full details are given for the majority of bones, teeth and antlers measured in situ or 

recovered from known stratigraphic positions within the cave. Because these specimens ranged across 

many body parts, none of which alone comprised a statistical sample, their sizes were normalised onto a 

common scale as percentage deviations from the corresponding bone in a standard red deer skeleton  

(modern C. elaphus from Scotland, NHMUK 1850.11.22.67; refer to Lister, 1993, for method). The 

sizes of the in situ postcranial bones are shown against the larger ex situ museum collection in Figure 4.4, 

from which it is evident that all three size classes are represented by the in situ material, including 

specimens from the rarest Malta 1 group. Moreover, the data strongly suggest that different size 

categories of deer lived contemporaneously on Malta. For example, specimens from a pocket of 

sediment under ‘Boss 1’, shown by red symbols in Figures 4.4-5, span all three size categories.  In the 

horizontally stratified wall section, two bones, side-by side 100 cm above the basal pebble layer, 

correspond to the small, and medium or large, size categories (Figures 4.5, purple symbols, distal 

femur and proximal metacarpal; also see Figure 2.3.2 b, Chapter 2). 

 The in situ finds also provided important evidence on the earliest known entry of deer onto 

Malta. During the course of our survey work an antler base, corresponding to the largest size category 

(Malta 3; orange filled circle, Figure 4.1 b [1]) was found embedded in stalagmite dated to ca. 140 ka. 

A series of medium sized deer bones were also found in layers VI-VII (pebbles-bone breccia; Figure 

1.5), capped by stalagmite dated to ca. 163 ka. These finds greatly extend previous assumptions about 

the age of the earliest deer on Malta.  

 These deductions are complicated, however, by the possibility that some of the deer remains 

may have been reworked from older deposits. Many of the deer fossils are well preserved and light in 

both colour and weight, and we take them to be contemporary with their containing deposit. Others, 

however, have a darker preservation, and in some cases are heavier and show signs of transport (rolling) 

and are likely reworked. In Figure 4.6, a large sample of astragali (ankle bones) from the unstratified 

museum collection is plotted by size, with fossil colour indicated.  There is a strong preponderance of  
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Figure 4.4 Size variation across the total sample of ex situ (museum) deer bones from Għar Dalam (green 
histograms), expressed as a percentage of the corresponding = measurement in a standard Scottish red deer 
skeleton.  The values of individual specimens recovered in situ are marked; symbols as in Figure 4.5. 
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Figure 4.5 Sizes of in situ deer bones from Għar Dalam, relative to a Scottish red deer (Cervus elaphus) 
standard (Right-hand dark pink line). Icons represent different stratigraphic contexts (see key). 

Figure 4.6 Dimensions of unstratified deer astragali from Għar Dalam. Specimens are colour-coded 
according to darkness of fossil preservation (examples of ‘dark’ and ‘light’ bottom right). Dark specimen:, left 
astragalus, no number (AST 57, this study; MM); light specimen:  left astragalus ,GD 11353 (MM). Scale = 
40.0 mm (approx.) 
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darker bones among the medium size category. This pattern is corroborated by in situ bones from level 

301, the oldest horizon sampled in our study (>163 ka); represented by pale pink icons in Figure. 4.5, 

all are of dark, heavy preservation and cluster in the medium size range. This suggests that the Malta 2 

size category may include some of the earliest deer on the island.  

Concerning the in situ bones from higher levels, these are mostly of lighter preservation but do 

include some heavier, presumably reworked elements. The three specimens from the pocket of 

sediment under Boss 1, mentioned above as likely to have been deposited contemporaneously, have 

preservation types as follows: AL/C/2014/2 proximal radius (Malta 3 size): medium-dark; AL/C/4 

distal humerus (Malta 2 size): light-medium; AL/C/1 proximal phalanx I (Malta 1 size): medium.  

Similarly, the two bones found side-by-side at the 100 cm level, one of Malta 1 size and the other of 

Malta 2 or 3, are both of ‘medium’ preservation.  None of these specimens shows the very heavy, rolled 

appearance indicative of reworking, and so are provisionally taken to be, within each depositional unit, 

of the same or similar age, the colour differences resulting from local sedimentary conditions. 

However, further analysis on this point is needed.  

 

4.6 Evolutionary pattern 

 

The origin of the Sicilian red deer from mainland Italy, and of the Maltese deer from Sicily, is 

biogeographically extremely probable. Our limited knowledge of the chronology of key samples, and 

some of the uncertainties relating to the Maltese deer, discussed above, mean that several biogeographic 

scenarios remain plausible.  Some deductions are as follows: 

• The presence of only a single red deer size-group on Sicily, but three (at least) on Malta, 

strongly suggests cladogenetic speciation on Malta, remarkable considering the very small size 

of the island compared to Sicily.  

• This conclusion would be contradicted if different size groups of red-deer derived cervids were 

to be found on Sicily, allowing for the possibility of diversification on Sicily followed by 

multiple migrations into Malta.  However, as several localities of different ages on Sicily all 

show a consistent size-category of red deer, this possibility is currently not supported. 

• The dating of the red deer on Sicily is currently not accurately known, but most estimates are 

in the range ca. 100-200 ka. This corresponds well with our discovery of the earliest deer on 

Malta at between >163 ka and ca. 140 ka.  
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• However, even though Malta 3 conforms in overall body size 

to C. e. siciliae, it does not correspond to it in detailed antler 

or postcranial form. This suggests either: that known Sicilian 

fossil deer (C. e. siciliae) are not themselves the direct ancestor 

at least of Malta 3 or, that ancestral forms on Malta, evolved 

very different morphologies on arrival eventually giving rise 

to Malta 3. 

 

The in situ bones from the >163 ka layer at Għar Dalam are of 

medium size (Malta 2). Moreover, ex-situ bones in this size category 

contain a high proportion of heavily-preserved specimens. This 

suggests that the medium size category may be the oldest represented; 

it might be the size of the original immigrant from Sicily. Since the 

distal antler form of Malta 2 is unknown, its correspondence to C. e. 

siciliae remains an open possibility. In this case there was a body size 

reduction from the original Sicilian immigrants to Malta 2. Malta 1 

and 3 might then have been derived, in unknown cladogenetic order, 

from Malta 2. 

The sea-level history between mainland Italy and Sicily, and 

between Sicily and Malta, potentially provides important additional 

evidence to help determine a likely biogeographic scenario.  The Strait 

of Messina, between mainland Italy and Sicily, today ranges in depth 

from 115-250m, so that only at the lowest glacial sea-levels of the 

Pleistocene would the island have been connected to the mainland 

(Figure 4.7). The sea depth today between Sicily and Malta is also 

mainly in the range 100-200m, implying a similar history of 

connection and separation. However, this region is highly tectonically 

active, and its palaeogeographic history is the subject of current 

research. It is therefore difficult to be precise about the possible times 

of migration of deer between the landmasses. However, if Figure 4.7 

is even approximately correct, migration was possible only during the 

lowest sea-level stands. The earliest precisely dated deer on Malta, at 

140 ka, fall within Marine Isotope Stage 6 (whose low stand occurred 

Figure 4.7 (a) Time scale, and 
(b) Sea-level curve, for the past 
one million years, with 
numbered Marine Isotope 
Stages and estimated times of 
connection of Sicily to mainland 
Italy (to the left of the thick grey 
line). Sicily was connected only 
briefly during the minimum sea 
level of each glacial period. 
From Herridge (2010).  
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at very close to that age), so they could have entered very close to that time. However, the deer dated 

to greater than 163 ka likely entered during an earlier low-stand, of which the next most recent are MIS 

8, ca. 250 ka, or MIS 10, ca. 340 ka (Figure 4.7). The Maltese deer dated to 140 ka and later could be 

directly derived from this original population, or have entered during MIS 6. The low-stand of the last 

glaciation, during MIS 2 at ca. 21 ka, post-dates our estimates for the time-span of the Maltese deer.  

 

4.7 Forward view 

 

The study of the Pleistocene deer of Malta and Sicily has provided remarkable detail in many 

aspects of their evolution. However, further work remains. Data, additional to that presented here, was 

collected during the course of the study, but was not analysed due to constraints of time. This includes 

data on dental mesowear collected by the author, as well as data on dental microwear based on casts 

prepared by the author and analysed by Dr. F. Rivals. These data will allow some estimation of the 

broad feeding categories of the three groups of deer, and therefore their possible niche-separation, in 

the context of data on the palaeo-vegetation and mammalian faunal composition of the Middle to Late 

Pleistocene of Malta.  Data on stable isotopes (C and N) is also available as part of the broader study, 

conducted by Dr. S. Pilaar-Birch in collaboration with the author. The taxonomic conclusions (all 

Maltese deer derived from C. elaphus) will also be strengthened by analysis of existing data on all teeth 

and bones in addition to the subset presented here.  

Additional, new research, designed in the light of the results presented here, would also clarify 

the evolutionary pattern of the deer. A more in-depth analysis of the likely taphonomy of the material 

would include density and mineralogical analysis of the fossils, to investigate further the issue of 

reworking. New research on the dating of the deer localities on Sicily would help to pinpoint the age of 

C. e. siciliae in relation to their likely Maltese descendants. As research on the land-sea relations of the 

region produces more accurate data, further constraints on the timing of events will be obtained. The 

detailed metric and morphological baseline data on the Għar Dalam deer sample, obtained as a result of 

the present work, will be available to contribute further to the piecing together of this remarkable 

evolutionary story. 
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APPENDIX A 
CHAPTER 2: Materials and Methods 

 
Appendix Table A1 Postcranial material: source and site information (museum abbreviations given in Table 1.7, Ch. 1)  
 

Bone Species N 
Age/ 
Stage 

Locality Site Museum Source 

HUMERUS “Maltese” 29 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; 

NHM; 
NMSZ; 

This 
study 

 
Cervus elaphus 

siciliae 
16 

Late 
Pleist. 

SICILY 

Grotta di San 
Teodoro & 
Acquedolci 

Lacustrine Deposits 

MdFM 
This 
study 

 C. e. siciliae 24 
Late 

Pleist. 
SICILY 

Grotte dei Puntali, 
di San Teodoro, 

della Fata 
Donnavilla, & della 

Za’ Minica 

GGG; 
Uni. di 

Roma (La 
Sapienza); 

Uni. di 
Pisa 

(AHPL) 

Gliozzi 
et al. 

(1993) 

 Cervus elaphus ssp. 17 Recent 
EURASIA & 
N. AFRICA 

See Appendix A3 NHM 
This 
study 

 Cervus elaphus 42 Holo. UK 
Star Carr, 

Cambridgeshire 
Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 

 Dama dama 5 Recent NA NA NHM 
This 
study 

        

RADIUS “Maltese” 56 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; 

NHM; 
NMSZ; 

This 
study 

 C. e. siciliae 8 
Late 

Pleist. 
SICILY 

Acquedolci 
Lacustrine Deposits 

MdFM 
This 
study 

 C. e. siciliae 16 
Late 

Pleist. 
SICILY 

Grotte dei Puntali, 
di San Teodoro, 

della Fata 
Donnavilla, & della 

Za’ Minica 

GGG; 
Uni. di 

Roma (La 
Sapienza) 

Gliozzi 
et al. 

(1993) 

 Cervus elaphus 33 
Late 

Pleist. 
ITALY 

Ingarano, 
Avetrana, 

Sora – Valle 
Radice, & 
Grotta di 

Romanelli 

Uni. di 
Roma (La 
Sapienza); 

Rome 
(MNPE) 

Di 
Stefano 
et al. 

(2015) 

       
 
 

 C. e. acoronatus 13 
Middle 
Pleist. 

GERMANY Mosbach 2 
Maintz 
(NM) 

Di 
Stefano 
et al. 

(2015) 
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Bone Species N 
Age/ 

Stage 
Locality Site Museum Source 

        

 C. elaphus ssp. 6 Recent 
EURASIA & 
N. AFRICA 

See Appendix A3 NHM 
This 
study 

 Cervus elaphus 71 Holo. UK 
Star Carr, 

Cambridgeshire 
Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 

 D. dama 5 Recent NA NA NHM 
This 
study 

METACARPUS “Maltese” 71 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; NHM 

This 
study 

 
Cervus elaphus 

siciliae 
10 

Late 
Pleist. 

SICILY 

Grotta di San 
Teodoro & 
Acquedolci 

Lacustrine Deposits 

MdFM 
This 
study 

 C. e. siciliae 14 
Late 

Pleist. 
SICILY 

Grotte dei Puntali, 
& della 

Fata Donnavilla 

GGG; 
Uni. di 

Roma (La 
Sapienza); 

Uni. di 
Pisa 

(AHPL) 

Gliozzi 
et al. 

(1993) 

 
Dama 

carburangelensis 
145 

Late 
Pleist. 

SICILY 
Contrada Cimilla’ 

di Ragusa 

Camarina 
(MCSN 
Comiso) 

This 
study 

 
“Dama 

carburangelensis” 
9 

Late 
Pleist. 

SICILY 
Grotta della 

Cannita 
GGG 

This 
Study 

 Cervus elaphus 48 
Late 

Pleist. 
ITALY 

Ingarano, 
Avetrana, 

Sora – Valle 
Radice, & 
Grotte di 

Romanelli, & del 
Fossellone 

Uni. di 
Roma (La 
Sapienza); 

Roma 
(MNPE) 

Di 
Stefano 
et al. 

(2015) 

 C. e. acoronatus 30 
Middle 
Pleist. 

GERMANY Mosbach 2 
Maintz 
(NM) 

Di 
Stefano 
et al. 

(2015) 

 Dama dama 60 Recent UK Richmond Park 
Chapman 
Collection 

Lister 
(1981; 
PhD 

thesis) 

 D. dama 21 Recent NA NA NHM 
This 
study 

 C. elaphus 60 Recent UK Richmond Park 
Chapman 
Collection 

This 
study 

 C. elaphus ssp. 6 Recent 
EURASIA & 
N. AFRICA 

See Appendix A3 NHM 
This 
study 

 Cervus elaphus 83 Holo. UK 
Star Carr, 

Cambridgeshire 
Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 
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Bone Species N 
Age/ 

Stage 
Locality Site Museum Source 

FEMUR “Maltese” 44 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; NHM 

This 
study 

 
Cervus elaphus 

siciliae 
6 

Late 
Pleist. 

SICILY 
Grotte dei Puntali, 
& della Donnavilla 

GGG; Uni. 
di Roma 

(La 
Sapienza) 

Gliozzi 
et al. 

(1993) 

 C. elaphus ssp. 6 Recent 
EURASIA & 
N. AFRICA 

See Appendix 3.2.1 NHM 
This 
study 

 Dama dama 5 Recent NA NA NHM 
This 
study 

        

 Cervus elaphus 16 Holo. UK 
Star Carr, 

Cambridgeshire 
Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 
        

TIBIA “Maltese” 43 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; 

NHM; 
NHMZ 

This 
study 

 C. e. siciliae 4 
Late 

Pleist. 
SICILY 

Acquedolci 
Lacustrine Deposits 

MdFM 
This 
study 

 C. e. siciliae 24 
Late 

Pleist. 
SICILY 

Grotte dei Puntali, 
di San Teodoro, & 

della Fata 
Donnavilla 

GGG; 
Uni. di 

Roma (La 
Sapienza); 

Uni. di 
Pisa 

(AHPL) 

Gliozzi 
et al. 

(1993) 

 

 

 

 

 

 

       

TIBIA C. elaphus 32 
Late 

Pleist. 
ITALY 

Ingarano, 
Avetrana, 

Sora – Valle 
Radice, Riparo di 

Fumane, 
Grotte di 

Romanelli, & del 
Fossellone 

Uni. di 
Roma (La 
Sapienza); 

Roma 
(MNPE) 

Di 
Stefano 
et al. 

(2015) 

 C. e. acoronatus 13 
Middle 
Pleist. 

GERMANY Mosbach 2 
Maintz 
(NM) 

Di 
Stefano 
et al. 

(2015) 
        

 Cervus elaphus 58 Holo. UK 
Star Carr, 

Cambridgeshire 
Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 
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Bone Species N 
Age/ 

Stage 
Locality Site Museum Source 

        

 C. elaphus ssp. 6 Recent 
EURASIA & 
N. AFRICA 

See Appendix A3 NHM 
This 
study 

 D. dama 4 Recent NA NA NHM 
This 
study 

        

METATARSUS “Maltese” 66 
Late 

Pleist. 
MALTA Għar Dalam 

GDM; 
MM; 

NHM; 
NHMZ 

This 
study 

 
Cervus elaphus 

siciliae 
5 

Late 
Pleist. 

SICILY 

Grotta di San 
Teodoro & 
Acquedolci 

Lacustrine Deposits 

MdFM 
This 
study 

 C. e. siciliae 6 
Late 

Pleist. 
SICILY Pianetti 

MCSN 
(Comiso) 

This 
study 

 C. e. siciliae 22 
Late 

Pleist. 
SICILY 

Grotte dei Puntali, 
di San Teodoro, 

della Fata 
Donnavilla, & della 

Za’ Minica 

GGG; 
Uni. di 

Roma (La 
Sapienza); 

Uni. di 
Pisa 

(AHPL) 

Gliozzi 
et al. 

(1993) 

 
Dama 

carburangelensis 
59 

Late 
Pleist. 

SICILY 
Contrada Cimilla’ 

di Ragusa 

Camarina 
(MCSN 
Comiso) 

This 
study 

 
“Dama 

carburangelensis” 
4 

Late 
Pleist. 

SICILY 
Grotta della 

Cannita 
GGG 

This 
Study 

        
        

METATARSUS Cervus elaphus 28 
Late 

Pleist. 
ITALY 

Ingarano, 
Avetrana, 

Sora – Valle 
Radice, Grotte di 
Romanelli, & del 

Fossellone 

Uni. di 
Roma (La 
Sapienza); 

Roma 
(MNPE) 

Di 
Stefano 
et al. 

(2015) 

 C. e. acoronatus 46 
Middle 
Pleist. 

GERMANY Mosbach 2 
Maintz 
(NM) 

Di 
Stefano 
et al. 

(2015) 

 Cervus elaphus 82 Holo. UK 

Star Carr, 
Cambridgeshire 

Fens 

NHM; 
UMZC; SM 

Lister 
(1981; 
PhD 

thesis) 

 Dama dama 60 Recent UK Richmond Park 
Chapman 
Collection 

Lister 
(1981; 
PhD 

thesis) 

 D. dama 13 Recent NA NA NHM 
This 
study 

 C. elaphus 60 Recent UK Richmond Park 
Chapman 
Collection 

This 
study 
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Bone Species N 
Age/ 

Stage 
Locality Site Museum Source 

        

 C. elaphus ssp. 6 Recent 
EURASIA & 
N. AFRICA 

See Appendix A3 NHM 
This 
study 

        

ASTRAGALUS “Maltese” 200 
Late 

Pleist. 
MALTA Għar Dalam MM 

This 
study 

 
Cervus elaphus 

siciliae 
19 

Late 
Pleist. 

SICILY 
Grotta di San 

Teodoro 
MdFM 

This 
study 

 C. e. siciliae 19 
Late 

Pleist. 
SICILY 

Grotte della Fata 
Donnavilla, della 
Cannita, & della 

Cava Arena 

GGG; 
Uni. di 

Roma (La 
Sapienza); 

Uni. di 
Pisa 

(AHPL) 

Gliozzi 
et al. 

(1993) 

 Cervus elaphus 49 
Late 

Pleist. 
ITALY 

Ingarano, 
Avetrana, 

Sora – Valle 
Radice, Palidoro, 

Grotte di 
Romanelli, & del 

Fossellone 

Uni. di 
Roma (La 
Sapienza); 

Roma 
(MNPE) 

Di 
Stefano 
et al. 

(2015) 

 C. e. acoronatus 27 
Middle 
Pleist. 

GERMANY Mosbach 2 
Maintz 
(NM) 

Di 
Stefano 
et al. 

(2015) 
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Appendix Figure A2 Bivariate plots of logged metapodial dimensions to determine the identity of 

unknown Sicilian metapodia from Grotta della Cannita (GGG Collections) 

 

METCARPUS Plots: 

a) Log total length vs. log diaphysis width 

b) Log total length vs. proximal epiphysis depth 

c) Log total length vs. distal epiphysis depth 

d) Log total length vs. distal epiphysis width 

e) Log proximal vs. distal epiphysis width 

 

METATARSUS Plots: 

f) Log total length vs. log diaphysis width 

g) Log total length vs. proximal epiphysis depth 

h) Log total length vs. distal epiphysis depth 

i) Log total length vs. distal epiphysis width 

j) Log total length vs. proximal epiphysis width 
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Chapter 2: Materials and methods 

NHM Zoology: Cervus elaphus ssp. label information 

Cervus elaphus 
subspecies 

NHM registration 
number 

Sex Locality 
NHM drawer 

number 

C. e. maral  1892.3.16.3/ 689x M Caucasus 2 

C. e. hanglu* 1866.8.6.12/ 691g M Kashmir 3 

C. e. barbarus 1853.3.7.51/ 1042a F N. Africa 4 

C. e. songaricus 1902.3.9.9 ? Lower Kok River, Eastern Tien Shan 5 

C. e. maral  1892.3.16.4/ 689z F W. Caucasus 6 

C. e. scotticus 1850.11.22.67 ? "probably British" 7 

 
Appendix Table A3 NHM Zoology Collection Cervus elaphus taxa metadata. Locality and species information is 
reproduced exactly as it appears on the label.  *No longer considered as a subspecies of Cervus elaphus, instead it is 
classed as a distinct species, Cervus hanglu.  
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Appendix Table A4 Equivalence of postcranial measurement protocols 

Table	A4 Appendix	Table	A4	Equivalence	of	postcranial	protocols

A Total	length	(Maximum) GL Greatest	length L	max Greatest	length L Maximum	length 1 Total	Length 9 Overall	Length
B Width	of	diaphysis	(Minimum) SD Smallest	breadth	of	the	diaphysis DMT Transverse	diameter	at	half	length	of	shaft MTD Transversal	diameter	of	the	shaft 4 Shaft	width 10 Minimum	shaft	width
C Width	of	proximal	epiphysis	(Maximum) Bp (Greatest)	Breadth	of	the	proximal	end DPT Transverse	diameter	of	the	proximal	epiphysis PTD Proximal	transverse	diameter 2 Proximal	epiphysis	width 12 Proximal	epiphysis	width
D Depth	of	proximal	epiphysis	(Maximum) Dp (Greatest)	Depth	of	the	proximal	end DPAP Antero-posterior	diameter	of	the	proximal	epiphysis PAPD Proximal	antero-posterior	diameter 3 Proximal	epiphysis	depth 18 Proximal	epiphysis	depth
E Depth	of	distal	articulation	(Lateral;	Maximum) Dd (Greatest)	Depth	of	the	distal	end DDAP Antero-posterior	diameter	of	the	distal	epiphysis DAPD Distal	antero-posterior	diameter 6 Distal	articular	depth 3 Distal	articulation	external	depth
F Width	of	distal	articulation	(Maximum) Bd (Greatest)	Breadth	of	the	distal	end DDT Transverse	diameter	of	the	distal	epiphysis DTD Distal	Transversal	diameter 5 Distal	articular	width 4 Distal	articular	width

A Articular	length	 GLC Greatest	length	from	caput	(head) L	art Articular	length NA Not	measured 1 Articular	length 1 Length	of	humerus
B Width	of	diaphysis	(Minimum) SD Smallest	breadth	of	the	diaphysis DMT Transverse	diameter	at	half	length	of	shaft NA Not	measured 2 Shaft	width 2a Shaft	width
C Width	of	distal	articulation	(Maximum) BT (Greatest)	Breadth	of	the	trochlea DDT Transverse	diameter	of	the	distal	epiphysis NA Not	measured 3 Distal	articular	width 7 Overall	width	of	condyle
D Depth	of	distal	articulation	(Minimum) NA Not	measured NA Not	measured NA Not	measured 4 Distal	articular	depth 4 Diameter		of	central	groove	of	distal	condyle
E Width	of	humeral	head	(Maximum	diameter) Bp (Greatest)	Breadth	of	the	proximal	end NA Not	measured NA Not	measured NA Not	measured NA Not	measured
F Depth	of	distal	medial	condyle	(Maximum) NA Not	measured DDAP Antero-posterior	diameter	of	the	distal	epiphysis NA Not	measured NA Not	measured 3 Depth	of	distal	epiphysis

A Total	length	(Maximum) GL Greatest	length L	max Greatest	length L Maximum	length 1 Total	length 15a Length	of	radius
B Width	of	diaphysis	(Minimum) SD Smallest	breadth	of	the	diaphysis DMT Transverse	diameter	at	half	length	of	shaft MTD Transversal	diameter	of	the	shaft 4 Shaft	width 16 Width	of	radius
C Width	of	proximal	articulation	(Maximum) Bp (Greatest)	Breadth	of	the	proximal	end DPT Transverse	diameter	of	the	proximal	epiphysis PTD Proximal	transverse	diameter 2 Proximal	epiphysis	width 10a Width	of	proximal	epiphysis
D Depth	of	proximal	articulation	(Maximum) NA Not	measured DPAP Antero-posterior	diameter	of	the	proximal	epiphysis PAPD Proximal	antero-posterior	diameter 3 Proximal	articular	depth 12a Width	of	internal	facet	of	proximal	articular	surface
E Width	of	distal	articulation	(Maximum) Bd (Greatest)	Breadth	of	the	distal	end DDT Transverse	diameter	of	the	distal	epiphysis DTD Distal	Transversal	diameter 5 Distal	epiphysis	width 6a Distal	width	of	radius
F Width	of	central	facet	of	distal	articulation	(Minimum) NA Not	measured NA Not	measured NA Not	measured NA Not	measured NA Not	measured

A Articular	length GLC Greatest	length	form	caput	femoris	(head) L	art Articular	length NA Not	measured 1 Articular	Length 4 Minimum	shaft	length
B Width	of	diaphysis	(Minimum) SD Smallest	breadth	of	the	diaphysis DMT Transverse	diameter	at	half	length	of	shaft NA Not	measured 3 Shaft	width 6 Minimum	shaft	width
C Depth	of	proximal	articular	head	(Maximum) DC (Greatest)	Depth	of	the	caput	femoris DPAP Antero-posterior	diameter	of	the	proximal	epiphysis NA Not	measured 2 Proximal	depth 1 Diameter	of	proximal	head
D Width	of	proximal	articulation	(Maximum) Bp (Greatest)	Breadth	of	the	proximal	end DPT Transverse	diameter	of	the	proximal	epiphysis NA Not	measured NA Not	measured 5 Proximal	width
E Width	of	distal	epiphysis	(Maximum) Bd (Greatest)	Breadth	of	the	distal	end DDT Transverse	diameter	of	the	distal	epiphysis NA Not	measured 4 Distal	epiphysis	width 9 Width	of	distal	head
F Depth	of	distal	(medial)	epiphysis	(Maximum) NA Not	measured DDAP Antero-posterior	diameter	of	the	distal	epiphysis NA Not	measured NA Not	measured 11 Depth	of	internal	distal	articulation

A Total	length	(Maximum) GL Greatest	length L	max Greatest	length L Maximum	length 1 Articular	length 7b Length	of	tibia
B Width	of	diaphysis	(Minimum) SD Smallest	breadth	of	the	diaphysis DMT Transverse	diameter	at	half	length	of	shaft MTD Transversal	diameter	of	the	shaft 3 Shaft	width 5 Shaft	width
C Width	of	proximal	articulation	(Maximum) Bp (Greatest)	Breadth	of	the	proximal	end DPT Transverse	diameter	of	the	proximal	epiphysis PTD Proximal	transverse	diameter 2 Proximal	epiphysis	width 4 Width	of	proximal	epiphysis
D Width	of	distal	articulation	(Maximum) Bd (Greatest)	Breadth	of	the	distal	end DDT Transverse	diameter	of	the	distal	epiphysis DTD Distal	Transversal	diameter 4 Distal	epiphysis	width 2 Width	of	distal	epiphysis
E Depth	of	distal	articulation	(Maximum) Dd (Greatest)	Depth	of	the	distal	end DDAP Antero-posterior	diameter	of	the	distal	epiphysis DAPD Distal	antero-posterior	diameter 5 Distal	epiphysis	depth 1 Depth	of	distal	epiphysis

NA Not	measured GLl Greatest	length	of	the	lateral	half L Greatest	length Hl Lateral	height NA Not	measured 2 External	length
NA Not	measured GLm Greatest	length	of	the	medial	half NA Not	measured Hm Medial	height NA Not	measured 7 Internal	length

Min	L Minimum	length	of	anterior	surface NA Not	measured NA Not	measured NA Not	measured 1 Mesial	articular	length 3 Minimum	length
Dist	W Distal	width	of	articular	facet	(maximum) Bd (Greatest)	Breadth	of	the	distal	end 1a	max Maximum	width TD Maximum	transversal	diameter 2 Distal	epiphysis	width 1 Width

TIBIA

ASTRAGALUS

LISTER	(1978-79,	unpubl.)

HUMERUS

RADIUS

METAPODIA

FEMUR

DI	STEFANO	et	al.	(2015)GLIOZZI		et	al.	(1993)VON	DEN	DRIESCH	(1976)	-	STANDARD	PROTOCOLTHIS	STUDY

METAPODIA METAPODIA METAPODIA METAPODIA

TIBIA TIBIA TIBIA

HUMERUS HUMERUS HUMERUS HUMERUS

RADIUS RADIUS RADIUS RADIUS

ASTRAGALUS ASTRAGALUS ASTRAGALUS ASTRAGALUS

LISTER	(1981,	PhD	Thesis,	unpubl.)

METAPODIA

HUMERUS

RADIUS

FEMUR

TIBIA

ASTRAGALUS

FEMUR FEMUR FEMUR FEMUR

TIBIA
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Appendix Figure A5 Cervid lower premolar relative positions and cusp nomenclature for field identification. 
Recent female Cervus elaphus (NHMUK, no number) left and right mandibular premolars photographed in 
occlusal (top), and buccal and lingual views (bottom). Not to scale. Refer to Appendix Table A12 for 
descriptions. 

Appendix A 
Chapter 2: Materials and methods 
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Appendix Figure A6 Cervid lower 1
st
 and 2

nd
 molar relative positions and cusp nomenclature for field 

identification. Recent female Cervus elaphus (NHMUK, no number) left and right mandibular molars 
photographed in occlusal (top), and buccal and lingual views (bottom). Not to scale. Refer to Appendix Table 
A12 for descriptions. 

Appendix A 
Chapter 2: Materials and methods 
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Appendix Figure A7 Cervid lower 3
rd

 molar cusp nomenclature for field identification. Recent female Cervus 

elaphus (NHMUK, no number) left and right mandibular lower 3rd molars photographed in occlusal (top and 
middle), and lingual views (bottom). Not to scale. Refer to Appendix Table A12 for descriptions.  

Appendix A 
Chapter 2: Materials and methods 
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Appendix Figure A8 Cervid upper premolar relative positions and cusp nomenclature for field identification. 
Recent female Cervus elaphus (NHMUK, no number) left and right maxillary premolars photographed in 
occlusal (top), and buccal and lingual views (bottom). Not to scale. Refer to Appendix Table A12 for 
descriptions. 

Appendix A 
Chapter 2: Materials and methods 
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Appendix Figure A9 Cervid upper molar relative positions and cusp nomenclature for field identification. 
Recent female Cervus elaphus (NHMUK, no number) left and right maxillary molars photographed in occlusal 
(top), and buccal and lingual views (bottom). Not to scale. Refer to Appendix Table A12 for descriptions. 

Appendix A 
Chapter 2: Materials and methods 
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Figure A10 a-b Measurement protocol for upper and lower premolars and molars (reproduced from Lister, 
1981; p? Fig.2.1) Refer to Table A3.3.7 for descriptions of each measurement. All specimens are Pleistocene 
Cervus elaphus from Grays, Essex. (NHMUK) a) Top row: 21643d (Right LP3), 18756b (Right cf. LM1) and 
22034d (Right LM3); Bottom row: 19843b (Left UP4) and 18809 (Left cf. UM2). b) Top: 21296c (Left UM3); 
bottom: 19843c (Right LP4). Scale bars = 10.0 mm (approx.). 

Appendix Figure A10 a-b Measurement protocol for upper and lower premolars and lowers (reproduced 
from Lister, 1981; Fig. 2.1). Refer to Appendix Table A13 for descriptions of each measurement. All 
specimens are Pleistocene Cervus elaphus from Grays, Essex, UK. a) Top row: 21643d (right LP3), 18756b 
(right, cf. LM1) and 22034d (Right LM3); Bottom row: 19843b (left, UP4), and 18809 (left cf. UM2). b) Top 
row: 21296c (left UM3); Bottom row: 19843c (right, LP4). Scale bars = 10.0 mm (approx.). 

Appendix A 
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SOURCE Museum Age/Stage Site Locality Species LP2 LP2	in	mandible LP3 LP3	in	mandible LP4	 LP4	in	mandible LM1/LM2 LM1	in	mandible LM2	in	mandible LM3 LM3	in	mandible Total	No.	Mandibles Total	No.	Teeth	in	sample
This	study GDM;	MM;	NHM;	NMSZ LP Għar	Dalam MALTA Maltese 13 3 36 11 78 13 37 16 21 103 15 31 346

This	study Camarina	_MCSN	Comiso LP Contrada	Cimillà	di	Ragusa SICILY D.	carburangelensis 0 0 0 0 0 0 0 3 14 0 19 20 36

This	study GGG LP Grotta	di	San	Teodoro SICILY "P."	carburangelensis 0 1 0 1 0 1 1 1 0 0 0 1 5

Gliozzi	et	al.	(1993) GGG;		Rome	-	La	Sapienza;	 LP Puntali,	San	Teodoro,	Zà	Minica,	Carburangeli	&	Fata	Donnavilla SICILY C.	e.	siciliae 0 4 0 9 1 11 0 14 19 2 13 24 73

Lister	(1981;	PhD	thesis) Torquay;	NHM LP Kent's	Cavern UK C.	elaphus 0 1 2 2 7 2 2 6 5 11 3 6 41

Lister	(1981;	PhD	thesis) NHM H Star	Carr UK C.	elaphus 2 26 1 28 1 31 2 32 33 3 28 41 187

Lister	(1981;	PhD	thesis) NHM;	UMCZ;	SMG H Cambridgeshire	Fens UK C.	elaphus 0 11 0 13 0 17 0 18 17 0 16 18 92

This	study NMSZ R Richmond	Park UK C.	elaphus 0 47 0 50 0 50 0 50 50 0 43 50 290

Lister	(1981;	PhD	thesis) ? R Isle	of	Rùm UK C.	e.	scoticus 0 0 0 0 0 68 0 0 0 0 69 72 137

Lister	(1981;	PhD	thesis) NMSZ R Richmond	Park;	Epping	Forest UK_Chapman D.	dama 0 14 0 16 0 16 0 16 16 0 16 16 94

Lister	(1981;	PhD	thesis) AA;	BM;	NCM ? Misc UK_Misc. D.	dama 0 1 0 1 1 2 2 3 3 1 3 3 17

Appendix Table A11 Total number of teeth, mandibulae and maxillae included in the present study, with sources, museum collection and site information. Museum abbreviations are given 
in Table 1.7 (Chapter 1). Age/Stage abbreviations: LP = Late Pleistocene; H = Holocene; R = Recent. 
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Abbreviation  Upper dentition Location 

PR Protocone Anterior lingual cusp 

H Hypocone Posterior lingual cusp 

PA Paracone Anterior buccal cusp 

M Metacone Posterior buccal cusp 

hyp Hypoconule Posterior lingual cusp UM3 only 

pas Parastyle Anterior wing of paracone 

mss Mesostyle Anterior wing of metacone 

mts Metastyle Posterior wing of metacone 

clc Central lingual column Between protocone and hypocone UM1-3 only 

   

Abbreviation Lower dentition Location 

prd Protoconid Anterior buccal cusp 

hd Hypoconid Posterior buccal cusp 

md Metaconid Anterior lingual cusp 

ed Entoconid Posterior lingual cusp 

hld Hypoconulid Posterior lobe LM3 only 

pad Paraconid Anterior lingual cusp LP2-LP4? 

pasd Parastylid Anterior wing of paraconid/protoconid? 

ensd Entostylid Posterior wing of entoconid 

mtsd Metastylid Anterior wing of metaconid 

cbc Central buccal column Between protoconid and metaconid LM1-3 only 

 
Appendix Table A12 Nomenclature, abbreviations and anatomical positions for maxillary (upper) and 
mandibular (lower) tooth cusps. Illustrated in Appendix Figures A5-9. 
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Measurement Teeth Protocol Figure A10a-b: 
LENGTH 
 

Lower molars and 

premolars 

Measured at the junction of crown and root, from 

antero-lingual ‘edge’ to postero-lingual ‘edge’. 

 

a) Top row: 

LP3, cf. LM1 & 

LM3 

 Upper molars and 

premolars 

Measured at the junction of crown and root, from 

antero-buccal ‘edge’ to postero-buccal ‘edge’. 

 

a) Bottom row: 

UP4 & cf. UM2 

WIDTH  
(Measured on the 

anterior half or  

lobe, by 

convention) 

Upper premolars Measured from point X (the junction of crown and 

root directly below the central buccal conid [sic]), 

to the maximum lingual extension of the lingual 

wall, normal to the line tangential to the dorso-

ventral curvature at point X. 

 

Refer to b) Top 

row: UM3 

shown 

 Upper molars Measured on the anterior half of the tooth, as 

though it were an upper premolar (see above). 

 

b) top row: 

UM3 

 Lower molars Measured from point X (the junction of crown and 

root directly below the antero-lingual conid) to the 

maximum buccal extension of the antero-buccal 

conid, normal to the line tangential to the dorso-

ventral curvature at point X. 

 

Refer to b) top 

row: UM3 

shown 

 Lower premolars Measured from the “average line” (see Figure) of the 

lingual crown base, to the maximum buccal 

extension of the buccal wall, normal to the line 

tangential to the “average” dorso-ventral curvature 

of the lingual crown base. 

 

b) Bottom row: 

LP4 

CROWN HEIGHT 
(Measured on the 

anterior lobe, 

unworn) 

Upper premolars Measured parallel to central buccal cone, from the 

junction between crown and root at its most dorsal 

extension, to the maximum extension of the top of 

the crown. 

 

a) Bottom row: 

UP4 

 Upper and lower 

molars 

Measured on the anterior half of the tooth (lingually 

in lowers, buccally in uppers), as though it were an 

upper premolar (see above). 

 

a) Top row: cf. 

LM1 & LM3; 

bottom row: cf. 

UM2  

 Lower premolars Measured parallel to the central lingual conid, from 

the junction between crown and root at its most 

ventral extension, to the maximum extension of the 

top of the crown. 

 

a) Top row: LP3 

 
Table A13 Lister’s (1981) measurement protocol for upper and lower molars and premolars used in the present 
study. Measurements are illustrated in Figure A10 a-b 
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Sample No. 

Mandibles 

Mandible Measurements 

 

  1 2 3 4 5 6 7 8 9 10 11 12 

Malta 31 2 5 7 12 10 4 2 2 1 11 15 15 

Dama 

carburangelensis 

20 - - - - - - - - - 10 - - 

Cervus elaphus 

siciliae 

24 nm 2 2 7 7 nm nm nm nm nm 11 nm 

C. elaphus (Star 

Carr, UK) 

41 nm nm 22 25 29 nm nm nm nm nm nm nm 

C. elaphus 

(Fens, UK) 

18 nm nm 14 14 15 nm nm nm nm nm nm nm 

C. elaphus (UK 

Recent) 

50 39 40 50 50 50 32 30 31 29 40 40 40 

C. e. scoticus 

(Rùm, UK) 

 nm nm nm nm nm nm nm nm nm nm nm nm 

Dama dama 

(UK Recent) 

16 nm nm 8 8 8 nm nm nm nm nm nm nm 

D. dama 3 nm nm 1 1 3 nm nm nm nm nm nm nm 

 

Table A14 Mandible measurements taken for each sample from different sources. Measurements 1-12 are listed in 

Table 2.3.22 and illustrated in Figure 2.3.28. ‘-‘ = measurement was not available due to damage; ‘nm’ = ‘not 

measured’ (i.e. these measurements were not given in the original sources). No measurements could be taken on the 

single “Praemegaceros carburangelensis” mandible, and all Late Pleistocene C. elaphus dental material from Kent’s 

Cavern consisted of loose teeth. Also, Lister (1978-79) does not give any mandible measurements for Recent C. 

elaphus from the Isle of Rùm. 
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Appendix Table A15 Morphological characters scored on bones. (Also includes some characters scored on antlers) 

SOURCE CHARACTER	TYPE CHARACTER	NUMBER CHARACTER	DESCRIPTION CHARACTER	STATES Notes
Lister,	1996; ANTLER	1 A1 Back	tine 0	=	Back	tine	absent	(C) NA	=	When	fragment	too	short/broken	before	expected	position	of	back	tine	
Lister	et	al.	2005 1	=	Back	tine	present	(D	+	M) 0	=	No	evidence	of	back	tine	given	sufficient	beam	length

Lister,	1996; ANTLER	2 A2 Bez	tine 0	=	Bez	tine	absent	or,	occasionally,	a	very	small	offer	(D	+	M)
Lister	et	al.	2005 1	=	Bez	tine	present	(C)

Lister,	1996; ANTLER	3 A3 Antler	palmation 0	=	Palmation	absent	(C) NA	=	When	fragment	too	short/broken	before	expected	commencement	of	palmation	(e.g.	distal	to	"trez"	or	middle	tine
Lister	et	al.	2005 1	=	Palmation	present	(D	+	M) 0	=	No	evidence	of	palmation	distal	to	"trez"	or	middle	tine

Lister,	1996	 ANTLER	4 A4 Posterior	angle	of	departure	of	beam	from	line	of	pedicle 0	=	Angle	weakly	oblique	(C) Judged	by	sight,	need	to	quantify
1	=	Angle	strongly	oblique	(D)

Lister,	1996 ANTLER	5 A5 Anterior	angle	of	departure	of	brow	tine	from	base	of	beam	(rose) 0	=	May	be	acute,	often	oblique	(C) Unclear;	by	deduction	if	not	obviously	1	(D)	or	acute,	then	will	likely	be	scored	as	0	(c)
1	=		Almost	always	oblique	(D) NA	=	If	less	than	1.0	cm	of	brow	intact	(25/11/14	re-scored	using	angle	16	measurements	as	well	as	photos)	

Lister,	1996 ANTLER	6 A6 Antler	ornament:	pearling	and	longitudinal	ridges	on	beam	and	tines 0	=	Strong	(C)	(NB.	Often	abraded	in	fossils) 0	(C)	=	Strong	F;	0	(c)	F	but	often	worn;	
1	=	Weak	or	absent	(D) NA	=	If	Fs	are	completely	worn	smooth

Lister,	1996; HUMERUS	1	(1)	-	distal H1 Relative	size	of	medial	and	lateral	fossae	of	distal	humerus	(cranial	view) 0	=	No	division	between	fossae/	fossae	of	equal	size
	Lister	et	al.	2005 1	=	Lateral	fossa	larger	(D)

2	=	Medial	Fossa	larger	(C)

Lister,	1996; HUMERUS	2	(2)		-	distal	 H2 Bulge	on	disto-lateral	edge	of	humerus	capitulum	in	lateral	view 0	=	Bulge	broad,	weakor	absent	(C)
	Lister	et	al.	2005 1	=	Clear	bulge	present	(D)

Lister,	1977	(unpublished) HUMERUS	3	(2,5,6,7,8!)	-	distal H3 Elevated	distal	end	of	(lateral?)	epicondylar	crest 0	=	Not	elevated	(C	+	D)
Lister	et	al.	2005 1	=	Elevated	(M)

Lister,	1977	(unpublished) HUMERUS	4	(4)	-distal H4 Anterior	pit	in	the	trochlea	(synovial	fossette) 0	=	Absent	(C	+	D)
Lister	et	al.	2005 1	=	Present	(M)

Lister,	1996; RADIUS	1	(4)	-	proximal R1 Extent	of	proximal-lateral	tuberosity	in	relation	to	proximal	edge	of	radius 0	=	Space	between	tuberosity	and	proximal	edge	(C)
	Lister	et	al.	2005 1	=	tuberosity	reaches	proximal	edge	(D)

Lister,	1996; RADIUS	2	(5)	-	proximal R2 Angle	of	proximo-lateral	tuberosity	relative	to	proximo-lateral	edge	of	bone 0	=	Slopes	down	anteriorly	(C)
	Lister	et	al.	2005 1	=	Parallel	to	proximal	edge	of	bone	(D)

Lister,	1996; RADIUS	3	(6)	-proximal R3 Height	of	posterior	(caudal)	edge	of	proximal	articulation	relative	to	coronoid	process 0	=	Not	stronly	elevated	(D)
	Lister	et	al.	2005 1	=	Strongly	elevated	(C)	

Lister,	1996; RADIUS	4	(7)	-	proximal	 R4 Attachment	ridge	for	ulna	on	posterior	(caudal)	face	of	proximal	radius 0	=	Weak	or	no	ridge	(C)
	Lister	et	al.	2005 1	=	strong	ridge	(D)

Lister,	1996 RADIUS	5	(3)	-	proximal R5 Topography	of	proximal	facet 0	=	No	break	in	articular	surface	(C)
1	=	Break	in	articular	surface	(D)

Lister,	1996 RADIUS	6	(2)	-	proximal R6 Shape	of	posterior	edge	of	proximal	facet	at	site	of	ulna	attachment	medially 0	=	Weakly	indented(C)	
1	=	Strongly	indented	(D)

Lister,	1996 RADIUS	7	(1)	-	proximal R7 	See	Lister,	1996	-Radius	1

Lister,	1996; RADIUS	8	(1)	-	distal R8 Shape	of	anterior	(cranial)	edge	of	medial	facet	of	distal	articulation 0	=	Concave
	Lister	et	al.	2005 1	=	Flat	(C)

2	=	Convex	(D)

Lister,	1996 RADIUS	9	(2)	-	distal	 R9 Shape	of	posterior	(caudal)	edge	of	medial	facet	of	distal	articulation 0	=	Smooth	(C)
1	=	Angled	(D)

Lister,	1996 RADIUS	10	(3)	-	distal R10 Shape	of	lateral	edge	of	central	facet	of	distal	articulation 0	=	Wide	angle	(C)
1	=	Sharp	angle	(D)	

Lister,	1996 RADIUS	11	(4)	-distal R11 Depth	of	medial	facet	of	distal	articulation	in	anterior	(cranial)	view 0	=	Deep	(C)
1	=	Shallow	(D)

Lister,	1977	(unpublished) RADIUS	12	(9)	-	proximal R12 Shape	of	medial	edge	of	proximal	end	of	radius	in	anterior	or	posterior	view 0	=	There	is	a	'lip'	at	the	proximal	edge	(M)
Lister	et	al.	2005 1	=	There	is	no	'lip'	but	a	ridge	just	distal	to	the	proximal	edge	(C	+	D)

Lister,	1977	(unpublished) RADIUS	13	(10)	-	proximal R13 Proximal	extent	of	radius	bone	on	either	side	of	ulnar	notch 0	=	Lateral	peak	higher	(M)
Lister	et	al.	2005 1	=	Medial	peak	higher	(C)

Lister,	1977	(unpublished); RADIUS	14	(1)	-	proximal R14 Contour	of	lateral	edge	of	proximal	articular	surface 0	=	Concave
Lister	et	al.	2005 1	=	Straight	(C	+	D)

2	=	Convex	(M)

Lister,	1977	(unpublished); RADIUS	15	(2)	-	proximal	 R15 Lateral	ulnar	notch	in	posterior	side	of	proximal	articular	surface 0	=	Shallow	(M	+	D)
Lister	et	al.	2005 1	=	Deep	(C)

Lister,	1977	(unpublished); RADIUS	16	(14)	-distal R16 Posterior	edge	of	articulation	for	scaphoid	carpal 0	=	Faces	medially	(C	+	D)
Lister	et	al.	2005 1	=	Faces	posteriorly	(M)

Lister	et	al.	2005 RADIUS	17	-	distal R17 Lateral	(scaphoid)	facet	of	distal	radius 0	=	More	posteriorly	placed	(C	+	D)
1	=	More	anteriorly	placed	(M)

Lister,	1996; METACARPUS	1	(1&2)	-	proximal MC1 Posterior	union	of	the	medial	(trapezoid)	and	lateral	(unciform)	proximal	facets	over	 0	=	They	meet,	usually	by	a	small	downturned	facet	(D)
	Lister	et	al.	2005 synovial	fossette 1	=	They	do	not	meet	(C)

Lister,	1996; METACARPUS	2	(5)	-	proximal MC2 Form	of	anterior	proximal	tuberosity	of	metacarpal 0	=	Not	bounded	by	neat	ridges	(C)
	Lister	et	al.	2005 1	=	Bounded	by	neat	ridges	(D)

Lister,	1996; METACARPUS	3	(6)	-	distal MC3 Distal	split	between	metacarpals	3	and	4	in	anterior	and/	or	posterior	view 0	=	Split	not	visible	(D)
	Lister	et	al.	2005 1	=	Split	visible	(C)

Lister,	1977	(unpublished); METACARPUS	4	(1)	-	proximal MC4 Shape	of	postero-lateral	corner	of	proximal	metacarpal	in	articular	view 0	=	Points	posteriorly	(C	+	D)
Lister	et	al.	2005 1	=	Does	not	point	posteriorly	(M)

Lister,	1977	(unpublished); FEMUR	1	(2)	 F1 Proximity	of	two	main	muscle	attachment	ridges	posteriorly	on	diaphysis	of	femur 0	=	Narrowly	spaced	(C	+	D)
Lister	et	al.	2005 1	=	Widely	spaced	(M)

Lister,	1996; TIBIA	1	(1)	-	proximal T1 Relative	height	of	medial	and	lateral	intercondylar	tubercles 0	=	Medial	tubercle	higher	than	lateral	tubercle	(C)
	Lister	et	al.	2005 1	=	Tubercles	of	equal	height	(D)

Lister,	1996; TIBIA	2	(5)	-	distal T2 Shape	of	medial	edge	of	distal	articulation	with	malleolus 0	=	L-shaped	(C)
	Lister	et	al.	2005 1	=	U-shaped	(D)

Lister,	1977	(unpublished); TIBIA	3	(1)	-	proximal T3 Shape	of	postero-medial	edge	of	lateral	proximal	articular	condyle	in	articular	view 0	=	Angled	close	to	end,	weakly	or	not	at	all	(C)
Lister	et	al.	2005 1	=	Strongly	angled	in	middle	(D	+	M)

Lister,	1977	(unpublished); TIBIA	4	(2)	-	proximal T4 Number	of	muscle	attachment	ridges	on	posterior	face	of	tibia 0	=	2-4	ridges	(C	+	D)
Lister	et	al.	2005 1	=	5-6	ridges	(M)

Lister,	1996; METATARSUS	1	(2)	-	proximal MT1 Relative	height	(proximal	extent)	of	medial	and	lateral	proximal	facets	of	metatarsal 0	=	Facets	more	or	less	level	where	they	meet	anteriorly	(D)
	Lister	et	al.	2005 1	=	Lateral	facet	clearly	displaced	above	medial	facet	(C)

Lister,	1996; METATARSUS	2	(3)	-	proximal MT2 Appearance	of	proximal	metatarsal	canal	in	articular	view 0	=	Single	large	foramen	(C)
	Lister	et	al.	2005 1	=	Foramen	partly	covered	posteriorly	with	web	of	bone,	often	with	pores	(D)

Lister,	1996; METATARSUS	3	(1)	-	proximal MT3 Anterior	separation	of	medial	and	lateral	facets	of	proximal	articulation 0	=	Facets	meet	(D)
	Lister	et	al.	2005 1	=	Facets	separated	(C)

Lister,	1996; METATARSUS	4	(4)	-	distal MT4 Posterior	appearance	of	distal	metatarsal	canal 0	=	Foramen	absent	or	small	(D)
	Lister	et	al.	2005 1	-=	Foramen	large	(C)

Lister,	1996; METATARSUS	5	(5)	-	distal MT5 Visibility	of	distal	split	between	metatarsals	3	and	4 0	=	Split	not	visible	(D)
	Lister	et	al.	2005 1	=	Split	visible	(C)

Lister,	1977	(unpublished); METATARSUS	6	(2)	-	proximal MT6 Small	tuberosity	between	cuneiform	and	medial	cubonavicular	facets 0	=	Absent	(C	+	D)
Lister	et	al.	2005 1	=	Present	(M)

Lister,	1977	(unpublished); METATARSUS	7	(3)	-	proximal MT7 Prolongation	of	long	posterior	cubonavicular	facet	towards	lateral	side 0	=	Short	(M)
Lister	et	al.	2005 1	=	Long	(C	+	D)

Lister,	1977	(unpublished); METATARSUS	8	(5)	-	proximal MT8 Slope	of	long	posterior	cubonavicular	facet	in	posterior	view 0	=	Not	steep	(C	+	D)
Lister	et	al.	2005 1	=	Steep	(M)

Key:
Purple	text	=	Characters	which	separate	Megaloceros	from	Cervus	+	Dama	(e.g.	see	Lister	et	al.	2005)
Black	text		=	Characters	which	separate	Cervus	from	Dama	(e.g.	see	Lister,1996)	
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Appendix Table A16 Morphological characters scored on teeth. 

SOURCE CHARACTER	NUMBER	 CHARACTER	TYPE CHARACTER	DESCRIPTION CHARACTER CHARACTER	STATES
IN	SOURCE 	NUMBER

Lister,	1981	(unpubl.) LP1 LOWER	PREMOLAR	 Separation	of	anterior	wing	of	hypoconid/posterior	wing	of	entoconid	and	metaconid/posterior	wing	of	protoconid	in	P2 LP1 0	=	Sometimes	closely	attached	(D)
Lister,	1996 LP1 1	=	Always	well-separated	(C)

Lister,	1981	(unpubl.) LP2 LOWER	PREMOLAR	 Number	of	anterior	elements	visible	in	P2	(lingual	view) LP2 0	=	Only	one	anterior	element	-parastylid-visible	(C)
Lister,	1996 LP2 1	=	Parastylid	plus	small	paraconid	sometimes	visible	(D)

Lister,	1981	(unpubl.) LP3 LOWER	PREMOLAR	 Separation	of	'hypostylid'	from	posterior	wing	of	hypoconid	 LP3 0	=	Never	separated	(C)
Lister,	1996 LP3 1	=	Soemtimes	separated	high	in	the	crown	(especially	in	P2)	(D)

Lister,	1981	(unpubl.) LP4 LOWER	PREMOLAR	 Separation	of	paraconid	and	parastylid	in	upper	part	of	the	crown	in	P3 LP4 0	=	Not	always	well-separated	(C)
Lister,	1996 LP4 1	=	Always	well-separated	(D)

Lister,	1981	(unpubl.) LP5 LOWER	PREMOLAR	 Orientation	of	entoconid	in		P2	-	P4 LP5 0	=	Aligned	labio-lingually	(C)
Lister,	1996 LP5 1	=	Aligned	antero-posteriorly	(D)
Lister	et	al.	(2005) 22

Lister,	1981	(unpubl.) LP6 LOWER	PREMOLAR	 Fusion	of	entoconid	with	anterior	hypoconid	wing	in	P3	and	P4 LP6 0	=	Always	fused	(C)
Lister,	1996 LP6a 1	=	Often	separate	(D)

Lister,	1981	(unpubl.) LP7 LOWER	PREMOLAR	 Depth	of	lingual	division	between	entoconid	and	posterior	hypoconid	wing	in	P2	-	P4 LP7 0	=	Never	deep	(C)
Lister,	1996 LP7 1	=	Sometimes	deep	(D)	

Lister,	1981	(unpubl.) LP8 LOWER	PREMOLAR	 Strength	of	anterior	cingulum	of	P4 LP8 0	=	Very	weak	or	absent	(D)
Lister,	1996 LP8 1	=	Sometimes	well-developed	(C)	

Lister	et	al.	(2005) 21 LOWER	PREMOLAR	 Molarisation	of	P4 LP9 0	=	P4	unmolarised
1	=	P4	molarised

Lister,	1981	(unpubl.) LM1 LOWER	MOLAR Relative	strength	of	central	buccal	column	in	M1	and	M2 LM1 0	=	Stronger	in	M1	(D)
Lister,	1996 LM1 1	=	Equally	strong
Lister	et	al.	(2005) 24 2	=	Stronger	in	M2	(C)	

Lister,	1981	(unpubl.) LM2 LOWER	MOLAR Development	of	anterior	buccal	cingulum	of	M1 LM2 0	=	Weakly	or	moderately	developed	(C)
Lister,	1996 LM2 1	=	Moderately	or	strongly	developed	(D)

Lister,	1981	(unpubl.) LM3 LOWER	MOLAR Antero-posterior	separation	of	the	protoconid	and	hypoconid	in	M1	-	M3 LM3 0	=	More	separated	(D)
Lister,	1996 LM3 1	=	Less	separated	(C)

Lister,	1981	(unpubl.) LM4 LOWER	MOLAR Strength	of	lingual	conids	and	stylids	in	M1	-	M3 LM4 0	=	weak	(D)
Lister,	1996 LM4 1	=	Moderate
Lister	et	al.	(2005) 19 2	=	Strong	(C)

Lister,	1981	(unpubl.) LM5 LOWER	MOLAR 	Curvature	of	entoconid	column	towards	its	base	in	M1	-	M3 LM5 0	=	Does	not	curve	anteriorly	(C)
Lister,	1996 LM5 1	=	Curves	anteriorly	(D)

Lister,	1981	(unpubl.) LM6 LOWER	MOLAR 	Shape	of	posterior	wing	of	hypoconid	in	M1	-	M3 LM6 0	=	Not	sinuous	(C)
Lister,	1996 LM6 1	=	Sometimes	sinuous	(D)

Lister,	1981	(unpubl.) LM7 LOWER	MOLAR 	Presence	of	folds	in	the	region	of	overlap	between	the	anterior	wing	of	the	entoconid		and	posterior	wing	of	the	metaconid	in	M1	-	M3 LM7 0	=	Absent	(D)
Lister,	1996 LM7 1	=	Present	(C)

Lister,	1981	(unpubl.) LM8 LOWER	MOLAR Strength	of	chagrine	at	the	base	of	the	metaconid	in	M1	-	M3 LM	8 0	=	Weak	or	moderate	(D)
Lister,	1996 LM8 1	=	Strong	(C)

Lister,	1981	(unpubl.) LM9 LOWER	MOLAR Amount	by	which	the	posterior	metaconid	wing	overlaps	the	anterior	entoconid	wing	in	the	upper	half	of	the	crown	in	M3 LM9 0	=	A	lesser	amount,	if	at	all	(C)
Lister,	1996 LM9 1	=	A	greater	amount	(D)

Lister,	1981	(unpubl.) LM10 LOWER	MOLAR Form	of	the	region	anterior	to	the	metastylid	in	M3 LM10 0	=	Gently	sloping	area	(D)
Lister,	1996 LM10 1	=	Sometimes	a	pouch	(C)

Lister,	1981	(unpubl.) LM11 LOWER	MOLAR Offset	(clear	"step")	between	lingual	walls	of	entoconid	and	hypoconulid	in	M3 LM11 0	=	Lingual	wall	of	hypoconulid	not	displaced	(C)
Lister,	1996 LM11 1	=		Lingual	wall	of	hypoconulid	displaced	(D)
Lister	et	al.	(2005) 23

Lister,	1981	(unpubl.) LM12 LOWER	MOLAR Strength	of	ridge	between	posterior	wing	of	entoconid	and	hypoconulid	in	M3 LM12 0	=	Weak	or	absent	(D)
Lister,	1996 LM12 1	=	Clear	(or	strong?)	(C)

Lister,	1981	(unpubl.) LM13 LOWER	MOLAR Cuspules	on	the	lingual	wall	of	the	hypoconulid	in	M3 LM13 0	=	Absent	(D)
Lister,	1996 LM13 1	=	Present	(C)
Lister	et	al.	(2005) 25

Lister,	1981	(unpubl.) LM14 LOWER	MOLAR Width	of	anterior	section	of	posterior	root	in	lingual	view	in	M3 LM14 0	=	Narrow	(D)
Lister,	1996 LM14 1	=	Broad	(C)

Lister,	1981	(unpubl.) UP1 UPPER	PREMOLAR Strength	of	groove	in	the	lingual	wall	of	P4 UP1 0	=	No	trace	of	groove	(D)
Lister,	1996 UP1 1	=	Sometimes	show	weak	groove	(C)

Lister,	1981	(unpubl.) UP2 UPPER	PREMOLAR Presence	of	cingulum	on	posterior	side	of	lingual	wall	of	P4 UP2 0	=	Weak	cingulum	often	present	(D)
Lister,	1996 UP2 1	=	Cingulum	never	present	(C)

Lister,	1981	(unpubl.) UP3 UPPER	PREMOLAR Angle	of	incline	of	the	lingual	wall	(especially	in	P4	) UP3 0	=	More	sloping	(D)
Lister,	1996 UP3 1	=	More	upright	(C)

Lister,	1981	(unpubl.) UM1 UPPER	MOLAR Strength	of	lingual	cones	and	styles	in	M1-M3 UM1 0	=	weak	(D)
Lister,	1996 UM1 1	=	Moderate
Lister	et	al.	(2005) 19 2	=	Strong	(C)

Lister,	1981	(unpubl.) UM2 UPPER	MOLAR Fold	inside	anterior	wing	of	protocone	in	early	wear	in	M1-M3 UM2 0	=	Absent	(C	+	M)
Lister,	1996 UM2 1	=	Present	(D)
Lister	et	al.	(2005) 20

Lister,	1981	(unpubl.) UM3 UPPER	MOLAR Strength	of	lingual	column	and	associated	cingulum	in	M1-M3 UM3 0	=	Weak	(D)
Lister,	1996 UM3 1	=	Moderate	(C)
Lister	et	al.	(2005) 16 2	=	Strong	(M)

Lister,	1981	(unpubl.) UM4 UPPER	MOLAR Formation	of	buccal	'cingulum'	by	horizontal	deflection	of	buccal	cones	and	styles	at	buccal	crown	base	in	M1-M3 UM4 0	=	Never	(C)
Lister,	1996 UM4 1	=	Often	(D	+	M)
Lister	et	al.	(2005) 17

Lister,	1981	(unpubl.) UM5 UPPER	MOLAR Shape	of	antero-buccal	edge	of	tooth	at	crown	base	in	M1-M3 UM5 0	=	Straight	(C)
Lister,	1996 UM5 1	=	Angled	(D)

Lister,	1981	(unpubl.) UM6 UPPER	MOLAR Ridge	and/or	concavity	on	posterior	root	and/or	crown	of	M3 UM6 0	=	Absence	of	concavity	or	ridge	(C)
Lister,	1996 UM6 1=	Concavity	present,	often	accompanied	by	ridge	(D	+	M)
Lister	et	al.	(2005) 18
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Appendix Table A17 Combined Malta-Sicily radii character scores and measurements. Refer to Chapter 2, Section 2.3.9, p. 104 for method. 

BONE LOCALITY MUSEUM LOCATION L/R FIELD	No. SPECIMEN R1	score R1	ID R2	score R2	ID R3	score R3	ID R4	score R4	ID R5	score R5	ID	* R6	score R6	ID	* R7	score R7	ID	* R8	score R8	ID	* R9	score R9	ID	* R10	score R10	ID	* R11	score R11	ID	* R12	score R12	ID R13	score R13	ID R14	score R14	ID R15	score R15	ID R16	score R16	ID R17	score R17	ID ID sp_R
prox D:	95%	(21) prox D:	88%	(20) prox D:	88%	(20) prox D:	92%	(18) prox D:	81%	(17) prox D:	71%	(17) prox D:	97%	(16) dist D:	96%	(23) dist D:	79%	(21) dist D:77%	(19) dist D:	100%	(19) prox M:	85%	(11) prox M:	88%	(6) prox M:	88%	(10) prox M:	90%	(10) dist M:	96%	(13) dist M:	93%	(10) >=0.67	is	C	ID

C:	51%	(22) C:	81%	(33) C:	81%	(33) C:	88%	(4) C:	100%	(20) C:	98%	(21) C:	62%	(21) C:	86%	(32) C:	72%	(30) C:57%	(35) C:	56%	(31) C:	98%	(12) C:	86%	(11) D:	83%	(6) D:	92%M	(6) D:	100%	(6) D:	100%	(6) <0.67	indet
M:	100%D	(13) M:	88%D	(20) M:	97%D	(8) M:	100%C	(5) D:	100%C	(6) D:	50%C	(4) C:	70%D	(12) C:	98%	(11) C:	95%D	(11) C:	70%D	(5) C C/M C/D D/M D M tot	n C	score M	score D	score total	score C	% n<8	insufficient A B C D E F

Radius Malta MM Box	15 R GH.D	139 C C C C c c C C/M C C C C d N C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 10 1 5 0 0 0 16 16 1 5 22 0.73 C 135.0 13.7 29.0 15.2 24.2 6.1 maR34

Radius Malta GDM 8/D1	(Upper) L GD_10628 C C c c C	+	D C/D C	+	D C/D 2 0 3 0 0 0 5 5 0 3 8 0.63 insufficient	data 15.3 29.6 maR30

Radius Malta GDM 8/D1	(Upper) R GD_10615 C C C C D D/M C C/M C C C C D D d d d N C	+	D C/D m m/d C	+	D C/D C C C	+	D C/D 5 1 3 2 2 0 13 9 3 7 19 0.47 indet 157.0 16.3 31.0 26.2 6.3 maR3

Radius Malta GDM 8/D1	(Upper) R GD_10611 C C C C C C/M C C C C C C C C C C C	+	D C/D m m/d C	+	D C/D C C C	+	D C/D 8 1 3 1 0 0 13 12 2 4 18 0.67 C 161.0 17.6 32.0 29.3 8.1 maR4

Radius Malta GDM 8/D1	(Upper) L GD_10609 C C C C C C C C/M C C C C C C C C C C C	+	D C/D C	+	D C/D C C C	+	D C/D 9 1 3 0 0 0 13 13 1 3 17 0.76 C 150.0 16.5 32.4 29.0 6.4 maR2

Radius Malta GDM 8/D1	(Upper) L GD_10614 d N D D/M d d/m C C/M C C d d c c C	+	D C/D m m/d C	+	D C/D C C C	+	D C/D 3 1 3 3 1 0 11 7 4 7 18 0.39 indet 16.6 32.5 28.9 8.4 maR27

Radius Malta GDM 8/D1	(Upper) L GD_10607 C C d d C C C C C C c c C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 7 0 4 0 1 0 12 11 0 5 16 0.69 C 201.0 20.2 33.1 36.0 8.7 maR11

Radius Malta GDM 8/D1	(Upper) L GD_10616 D N D D/M C C C C/M C C C C C C d d C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 6 1 4 1 1 0 13 11 2 6 19 0.58 indet 169.0 16.7 34.3 29.1 maR7

Radius Malta MM Box	15 L LCD	14	20 d N D D/M C C d d C C C C C C C C C C C C C	+	D C/D m m/d C	+	D C/D C C C	+	D C/D C	+	D C/D 8 0 4 2 1 0 15 12 2 7 21 0.57 indet 161.0 16.7 34.6 17.9 29.1 7.0 maR35

Radius Malta GDM 8/D1	(Upper) L GD_10613 c c C C D D/M c c/m C C C C C C C C D N C	+	D C/D C	+	D C/D C C C	+	D C/D 7 1 3 1 0 0 12 11 2 4 17 0.65 indet 167.0 16.4 35.0 31.1 6.8 maR5

Radius Malta GDM 8/D1	(Upper) L GD_10617 C C C C C C c c/m C C C C C C C C C C C	+	D C/D c c/d C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 169.0 19.8 35.8 29.3 maR6

Radius Malta GDM In	situ	in	Col	 L LCD	14	RC	6 c c c c c c C	+	D C/D 3 0 1 0 0 0 4 4 0 1 5 0.80 insufficient	data 36.5 19.6 maR32

Radius Malta NHM Cooke R M	4744	(a) 167.0 16.5 36.6 20.6 31.4 7.7 maR49

Radius Malta MM Box	15 R LCD	14	19 C C c c C C d d C C c c C C C C C C C C C C c	+	d c/d C C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 11 0 5 0 1 0 17 16 0 6 22 0.73 C 170.0 18.6 36.7 18.5 30.1 7.3 maR36

Radius Malta MM Box	15 L LCD	14	18 C C c c D D/M C C/M C C C C C C C C C C C C C	+	D C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 9 1 4 1 0 0 15 14 2 5 21 0.67 C 205.0 22.1 36.9 20.4 34.2 8.8 maR43

Radius Malta MM Box	15 L GH.D	134 C C c c D D/M C C/M C C C C C C C C C C C C m m M M/D C	+	D C/D C C C	+	D C/D C	+	D C/D 9 1 3 2 0 1 16 13 4 5 22 0.59 indet 182.0 18.7 37.4 18.2 32.2 7.8 maR39

Radius Malta MM Box	15 L GH.D	135 C C C C c c c c/m C C C C C C C C C C C C C	+	D C/D m	+	d d/m C	+	D C/D C	+	D C/D 9 1 3 1 0 0 14 13 2 4 19 0.68 C 177.0 19.1 37.5 20.6 32.1 8.9 maR37

Radius Malta GDM 8/D1	(Upper) L GD_10633 N c c C C/M C C d d C C C C C C C C 6 1 0 0 1 0 8 7 1 1 9 0.78 C 185.0 37.6 33.9 maR9

Radius Malta NHM Cooke R "M	4744	(d)" 37.8 20.8 maR55

Radius Malta GDM 8/D1	(Upper) R GD_10602 D N D D/M C C C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 7 1 4 1 0 0 13 12 2 5 19 0.63 indet 202.0 18.8 38.0 32.9 maR12

Radius Malta NMSZ Cooke L 1893.18.37 C C c c D D c c C C C C C C C C C	+	D C/D C C C	+	D C/D C	+	D C/D 8 0 3 0 1 0 12 11 0 4 15 0.73 C 189.0 18.5 38.1 17.8 33.3 7.6 maR56

Radius Malta MM Box	15 R GH.D	132 c c c c C C C C/M C C c c D D C C c c C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 9 1 5 0 1 0 16 15 1 6 22 0.68 C 195.0 19.6 38.2 20.1 32.2 8.1 maR41

Radius Malta NHM Cooke R M	4744	(	c	) 188.0 17.4 38.3 21.0 31.4 7.7 maR50

Radius Malta MM Box	15 L GH.D	136 C C C C C C C C/M C C C C C C d d d d c c C C C	+	D C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 9 1 4 0 2 0 16 14 1 6 21 0.67 C 179.0 19.7 38.6 20.4 30.7 8.4 maR38

Radius Malta GDM 8/D1	(Upper) L 19430 D N C C C C C C/M C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 7 1 4 0 0 0 12 12 1 4 17 0.71 C 173.0 20.6 39.3 32.4 maR8

Radius Malta GDM 8/D1	(Upper) L GD_10606 C C C C D D/M C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 8 1 4 1 0 0 14 13 2 5 20 0.65 indet 197.0 20.5 39.3 32.8 9.0 maR10

Radius Malta GDM 8/D1	(Upper) L GD_10627 C C C C C C C C/M C C C C C C d d d N C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 7 1 4 1 0 0 13 12 2 5 19 0.63 indet 204.0 19.9 40.4 34.4 maR13

Radius Malta NHM Cooke L M	4745	(a) 203.0 19.6 40.5 34.7 maR51

Radius Malta GDM 8/D1	(Upper) L GD_10620 C C C C D D/M C C/M C C C C C C C C C C C	+	D C/D C	+	D C/D C C C	+	D C/D 8 1 3 1 0 0 13 12 2 4 18 0.67 C 222.0 24.2 40.6 35.1 10.0 maR20

Radius Malta MM Box	15 R GH.D	133 C C C C D D/M C C c c C C C C C C C	+	D C/D C	+	D C/D c c C	+	D C/D C	+	D C/D 8 0 4 1 0 0 13 12 1 5 18 0.67 C 194.0 21.3 40.7 21.1 32.0 8.8 maR40

Radius Malta GDM 8/D1	(Upper) R GD_10603 C C C C/M C C C C C C C C C C C	+	D C/D c c/d C	+	D C/D C C C	+	D C/D 7 1 4 0 0 0 12 12 1 4 17 0.71 C 220.0 21.0 40.9 36.5 9.2 maR18

Radius Malta GDM 8/D1	(Upper) R GD_10601 D N D D/M D D/M c c/m C C C C c c C C C C C	+	D C/D C	+	D C/D C C C	+	D C/D 6 1 3 2 0 0 12 10 3 5 18 0.56 indet 209.0 21.4 41.5 37.9 8.1 maR15

Radius Malta NHM Cooke L M	4722 206.0 23.5 41.5 22.2 36.7 10.4 maR52

Radius Malta MM Box	15 R GH.D	131 C C C C c c C C/M C C C C c c C C C C C C C C C	+	D C/D C C/D C	+	D C/D c c C	+	D C/D C	+	D C/D 11 1 5 0 0 0 17 17 1 5 23 0.74 C 200.0 20.1 41.7 24.0 37.1 9.5 maR42

Radius Malta GDM 8/D1	(Upper) L GD_10621 D N D D/M D D/M C C/M C C C C C C C C C	+	D C/D c c/d C	+	D C/D C C C	+	D C/D 5 1 4 2 0 0 12 10 3 6 19 0.53 indet 212.0 22.4 42.0 38.3 9.6 maR17

Radius Malta GDM 8/D1	(Upper) L GD_10622 c c C C/M C C C C C C C C c c C	+	D C/D C C/D C	+	D C/D C	+	D C/D 6 1 4 0 0 0 11 11 1 4 16 0.69 C 225.0 22.1 42.8 37.4 9.6 maR23

Radius Malta GDM 8/D1	(Upper) R GD_10605 C C C C C C C C/M C C C C C C C C c c C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 22.8 43.0 36.3 maR28

Radius Malta GDM 8/D1	(Upper) L GD_10618 C C C C C C C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 223.0 23.3 43.1 36.6 10.1 maR21

Radius Malta GDM 8/D1	(Upper) L GD_10624 C C C C C C C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 212.0 22.0 43.1 38.6 9.4 maR16

Radius Malta GDM 8/D1	(Upper) L GD_10619 C C C C C C C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 228.0 23.5 43.4 37.9 9.7 maR24

Radius Malta GDM 8/D1	(Upper) L GD_10623 C C C C C C C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C	+	D C/D 8 1 4 0 0 0 13 13 1 4 18 0.72 C 240.0 24.0 43.5 40.6 9.5 maR26

Radius Malta GDM 8/D1	(Upper) L GD_10625 C C c c C C C C/M C C C C C C C C c c C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 9 1 4 0 0 0 14 14 1 4 19 0.74 C 224.0 25.0 43.6 37.3 maR22

Radius Malta GDM In	situ	under	stal	1R AL	C	2014	2 c c c c c c/m C C c c c	+	d c/d C C 5 1 1 0 0 0 7 7 1 1 9 0.78 C 43.7 23.7 maR33

Radius Malta GDM 8/D1	(Upper) R GD_10604 C C c c C C C C/M C C c c d d C C C C C	+	D C/D C C/D C	+	D C/D C C c	+	d C/D 8 1 4 0 1 0 14 13 1 5 19 0.68 C 221.0 23.2 44.4 39.2 8.6 maR19

Radius Malta GDM 8/D1	(Upper) L GD_10626 C C C C D D/M C C/M C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D 8 1 4 1 0 0 14 13 2 5 20 0.65 indet 209.0 20.6 44.4 37.1 10.3 maR14

Radius Malta MM Box	15 R GH.D	128 C C C C C C C C/M C C C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D c c C	+	D C/D C	+	D C/D 10 1 5 0 0 0 16 16 1 5 22 0.73 C 236.0 22.3 44.4 25.5 39.1 10.2 maR46

Radius Malta NHM Cooke L "M	4745	(b)" 210.0 24.1 44.8 24.7 42.1 9.9 maR53

Radius Malta MM Box	15 R GH.D	130 D N d d/m c c C C/M C C C C C C C C C C C C C C C	+	D C/D C C/D c	+	d c/d C C C	+	D C/D C	+	D C/D 9 1 5 1 0 0 16 15 2 6 23 0.65 indet 220.0 21.6 45.3 25.4 38.7 9.2 maR44

Radius Malta GDM 8/D1	(Upper) R GD_10600 C C C C C C C C/M C C C C C C C C C C C	+	D C/D c c/d C	+	D C/D C C C	+	D C/D 9 0 4 0 0 0 13 13 0 4 17 0.76 C 232.0 24.0 46.4 39.7 maR25

Radius Malta MM Box	15 R GH.D	129 d N c c c c C C/M C C C C C C C C C C C C C C C	+	D C/D C C/D C	+	D C/D C C C	+	D C/D C	+	D C/D 10 1 5 0 0 0 16 16 1 5 22 0.73 C 230.0 21.4 46.9 27.4 38.2 9.6 maR45

Radius Malta GDM 8/D1	(Upper) R GD_10629 D D 0 0 0 0 1 0 1 0 0 1 1 0.00 insufficient	data 14.4 24.9 maR29

Radius Malta NHM Cooke R M	4744	(b) 32.9 maR54

Radius Malta MM Box	15 L LCD	14	21 C C C C C C C C C	+	D C/D C	+	D C/D 4 0 2 0 0 0 6 6 0 2 8 0.75 C 24.3 38.0 10.4 maR47

Radius Malta MM Box	15 L LCD	14	22 C C C C C C C C C	+	D C/D C	+	D C/D 4 0 2 0 0 0 6 6 0 2 8 0.75 C 19.9 36.2 9.1 maR48

Total:	31 Total:	36 Total:	42 Total:	41 Total:	38 Total:	42 Total:	8 Total:	42 Total:	42 Total:	40 Total:	16 Total:	39 Total:	31 Total:	43 Total:	40 Total:	42 Total:	16 Total:	47
C:	27	(87%) C:	21	(58%) C:	22	(52%) C/M:	32	(78%) C:	37	(97%) C:	36	(86%) C:	6	(75%) C:	35	(83%) C:	36	(86%) C:		34	(85%) C:		16	(100%) C/D:	37	(95%) C/D:		22	(71%) C/D:		41	(95%) C:	36	(90%) C/D:	42	(100%) C/D:	16	(100%) C:	31
c:	4	(13%) c:	8	(22%) c:	9	(21%) c/m:	5	(12%) c:	1	(3%) c:	5	(12%) c:	2	(25%) c:	2	(5%) c:	1	(2%) c:		6	(15%) c:		0	(0%) c/d:	1	(2.5%) c/d:		4	(13%) c/d:		2	(5%) c:	3	(7.5%) c/d:	0	(0%) c/d:	0	(0%) indetermite:	13
C+c	tot:	100% C+c	tot:	80% C+c	tot:	73% C+c/M+m	tot:	90% C+c	tot:	100% C+c	tot:	98% C+c	tot:	100% C+c	tot:	88% C+c	tot:	88% C+c	tot:	100% C+c	tot:	100% C/D+c/d	tot:	97.5% C/D+c/d	tot:	84% C/D+c/d	tot:	100% C+c	tot:	97.5% C/D+c/d	tot:	100% C/D+c/d	tot:	100% insufficient	data:	3
D/M:	0	(0%) D/M:	6	(17%) D/M:	10	(24%) D:		1	(2%) D:	0	(0%) D:		0	(%) D:		0	(%) D:	3	(7%) D:	0	(0%) D:	0	(0%) D:	0	(0%) M:	0 M/D:	1	(3%) M:0	(0%) D/M:	0 M:	0	(0%) M:	0	(0%)
d/m:	0	(0%) d/m:	1	(3%) d/m:	1	(2%) d:		3	(7%) d:	0	(0%) d:	1	(	2%) d:	0	(0%) d:	2	(5%) d:	5	(12%) d:		0	(0%) d:		0	(0%) m:	1	(2.5%) m/d:	4	(13%) m:	0	(0%) d/m:	1	(2.5%) m:	0	(0%) m:	0	(0%)
D+d/M+m	tot:	0% D+d/M+m	tot:	20% D+d/M+m	tot:	27% D+d	tot:	10% D+d	tot:0% D+d	tot:	2% D+d	tot:	0% D+dtot:	12% D+d	tot:	12% D+d	tot:	0% D+d	tot:	0% M+m	tot:	2.5% M/D+m/d	tot:	16% M+m	tot:	0% D/M+d/m	tot:	2.5% M/m	tot:	0% M+m	tot:	0%

C C/M C/D D/M D M

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 1 ACQ_R1 C C C C C C D D C C C C C C C C C C C C c	+	d c/d C C/D C	+	D C/D C C C	+	D C/D 10 4 1 15 14 1 5 20 0.70 C 259.0 31.6 54.2 28.8

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 2 ACQ_R2 C C C C C C c c/m C C C C c c c	+	d c/d C	+	D C/D C C 7 1 2 10 10 1 2 13 0.77 C 47.3 25.5

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 3 ACQ_R3 C C D D D D/M D D C C D D D N c	+	d c/d M c	+	d c/d d d/m 2 3 2 3 10 7 6 5 18 0.39 indet 50.6 26.7

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 4 ACQ_R4 C C C C C C C C/M C C c c d N C	+	D C/D m m C C 6 1 1 1 9 8 2 1 11 0.73 C 44.0 22.9

Radius Acquedolci	Sicily MdFM_ACQ LB	Office L 5 ACQ_R5 C C d d D D/M C C/M C C d N c	+	d c/d c c/d C	+	D C/D C C 3 1 3 1 1 9 7 2 5 14 0.50 indet 47.8 24.0

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 6 ACQ_R6 D D C C C C C C C	+	D C/D 3 1 1 5 4 0 2 6 0.67 insufficient	data 47.8 9.4

Radius Acquedolci	Sicily MdFM_ACQ LB	Office R 7 ACQ_R7 C C C C C C C C C	+	D C/D C	+	D C/D 4 2 6 6 0 2 8 0.75 C 46.1 10.9

Radius Acquedolci	Sicily MdFM_ACQ LB	Office L 8 ACQ_R8 C C C C 2 2 2 0 0 2 1.00 insufficient	data 42.7 10.4

Total:	5 Total:	5 Total:	5 Total:	5 Total:	4 Total:	5 Total:	2 Total:	4 Total:	3 Total:2 Total:4 Total:	5 Total:	2 Total:5 Total:	5 Total:	3 Total:	1 Total:	8
C:	5	(100%) C:	3	(60%) C:	3	(60%) C/M:	2	(40%) C:	4	(100%) C:	3	(60%) C:	1	(50%) C:	3	(75%) C:	3	(100%) C:	2	(100%) C:	4	(100%) C/D:	1	(20%) C/D:		1	(50%) C/D:	3	(60%) C:	4	(80%) C/D:	3	(100%) C/D:	1	(100%) C:	4
c:	0	(0%) c:	0	(0%) c:	0	(0%) c/m:	1	(20%) c:	0	(0%) c:	1	(20%) c:	1	(50%) c:	0	(0%) c:	0	(0%) c:	0	(0%) c:	0	(0%) c/d:	4	(80%) c/d:		1	(50%) c/d:	1	(20%) c:	0	(0%) c/d:	0	(0%) c/d:	0	(0%) indetermite:	2
C+c	tot:	100% C+c	tot:	60% C+c	tot:	60% C+c/M+m	tot:	60% C+c	tot:	100% C+c	tot:	80% C+c	tot:	100% C+c	tot:	75% C+c	tot:	100% C+c	tot:	100% C+c	tot:	100% C/D+c/d	tot:	100% C/D+c/d	tot:	100% C/D+c/d	tot:	80% C+c	tot:	80% C/D+c/d	tot:	100% C/D+c/d	tot:	100% insufficient	data:	2
D/M:	0	(0%) D/M:	1	(20%) D/M:	2	(40%) D:	2	(40%) D:	0	(0%) D:		1	(20%) D:		0	(0%) D:	1	(25%) D:	0	(0%) D:	0	(0%) D:	0	(0%) M:	0 M/D:	0	(0%) M:	0	(0%) D/M:	0 M:	0	(0%) M:	0	(0%)
d/m:	0	(0%) d/m:	1	(20%) d/m:	0	(0%) d:	0	(0%) d:	0	(0%) d:		0	(0%) d:		0	(0%) d:	0	(0%) d:	0	(0%) d:	0	(0%) d:	0	(0%) m:	0	(0%) m/d:	0	(0%) m:	1	(20%) d/m:	1	(20%) m:	0	(0%) m:	0	(0%)
D+d/M+m	tot:	0% D+d/M+m	tot:	40% D+d/M+m	tot:	40% D+d	tot:	40% D+d	tot:0% D+d	tot:	20% D+d	tot:	0% D+d	tot:	25% D+d	tot:	0% D+d	tot:	0% D+d	tot:	0% M+m	tot:	0% M/D+m/d	tot:	0% M+m	tot:	20% D/M+d/m	tot:	20% M/m	tot:	0% M+m	tot:	0%

m=M,	c=C,	d=D
ID	TOTALS Measurement	dataSpecies	scores
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Appendix Table A18 Character scores on Maltese upper premolars and molars: UP4s. Refer to Section 2.3.9 

(p.104) for method 

 

ID

TOOTH LOCALITY MUSEUM LOCATION L/R SPECIMEN	No. LENGTH WIDTH CROWN	HEIGHT W_U
UP4	char	1	

state
UP4	char	1	

ID
UP4	char	2	

state
UP4	char	2	

ID
UP4	char	3	

state
UP4	char	3	

ID C	score D	score total	score C	% Only	100%C	=	C	ID
UP4 Malta MM Box	6 L LCD/PM/1 9.9 12.4 14.3 U 1 c 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/2 9.3 12.2 14.6 U 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/3 11.7 15.9 16.1 V.EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/4 9.0 13.1 13.7 V.EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/5 10.8 14.4 15.4 U 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/6 9.7 14.3 14.2 V.EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/7 9.6 14.6 14.5 EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/8 9.4 13.3 14.7 U 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/9 9.7 14.3 13.9 V.EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/10 9.8 13.8 14.7 EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/11 9.4 13.5 12.3 EW 1 c 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/12 10.6 14.9 14.6 V.EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/13 9.3 13.5 15.0 EW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/14 11.7 17.5 16.8 EW 1 c 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/15 10.9 15.1 15.2 U 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/16 12.2 13.0 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/17 9.9 13.9 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/18 10.3 14.7 NA TW 0 D 1 C 1 C 2 1 3 0.67 indet
UP4 Malta MM Box	6 R LCD/PM/19 10.6 12.4 NA TW 1 C 1 C 1 c 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/20 10.2 15.2 NA TW 1 C 1 C 0 d 2 1 3 0.67 indet
UP4 Malta MM Box	6 R LCD/PM/21 12.3 13.3 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/22 12.5 17.1 NA TW 0 D 1 C 1 1 2 0.50 indet
UP4 Malta MM Box	6 R LCD/PM/23 10.3 15.4 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/24 10.6 17.2 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/25 11.9 17.0 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/26 10.8 18.9 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/27 13.4 15.2 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/28 11.7 15.4 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/29 11.6 15.9 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/30 11.8 16.6 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/31 11.7 16.0 NA TW 1 C 0 d 1 1 2 0.50 indet
UP4 Malta MM Box	6 L LCD/PM/32 13.3 16.7 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/33 11.9 17.0 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/34 8.7 13.3 NA TW 1 C 1 C 1 0 1 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/35 11.4 16.0 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/36 12.4 14.5 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/37 11.2 15.8 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/38 9.5 13.0 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/39 9.4 14.5 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/40 12.0 16.5 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/41 11.2 16.5 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/42 11.9 17.6 NA TW 1 C 1 0 1 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/43 9.3 11.3 NA TW 1 C 1 0 1 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/44 12.2 16.5 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/45 10.7 12.0 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/46 12.8 13.2 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/47 10.0 14.2 13.6 EW 1 C 1 c 1 c 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/48 12.1 16.1 NA TW 1 C 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 L LCD/PM/49 11.1 15.5 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/50 10.5 14.2 NA TW 1 c 1 C 2 0 2 1.00 indet
UP4 Malta MM Box	6 R LCD/PM/51 13.2 16.6 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/52 9.3 13.8 NA TW 1 c 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 R LCD/PM/53 10.5 13.7 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD/PM/54 10.4 14.7 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD/PM/55 9.6 15.5 NA TW 1 c 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 R LCD/PM/56 11.4 15.0 NA TW 0 D 1 C 1 1 2 0.50 insufficient	data
UP4 Malta MM Box	6 L LCD/PM/57 10.4 14.2 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD/PM/58 11.8 16.6 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD/PM/59 10.0 12.5 NA TW 1 c 1 0 1 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD/PM/60 8.2 12.9 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/104 9.6 13.3 NA TW 0 D 0 1 1 0.00 insufficient	data
UP4 Malta MM Box	6 R LCD15/PM/105 10.8 15.2 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/106 10.7 12.4 NA TW 0 D 1 C 1 C 2 1 3 0.67 indet
UP4 Malta MM Box	6 L LCD15/PM/107 8.4 11.7 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 L LCD15/PM/108 9.6 14.7 NA TW 0 D 0 d 1 C 1 2 3 0.33 indet
UP4 Malta MM Box	6 R LCD15/PM/109 10.5 13.8 NA TW 1 c 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/110 12.2 13.5 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/111 10.2 15.6 NA TW 0 D 0 1 1 0.00 insufficient	data
UP4 Malta MM Box	6 L LCD15/PM/112 10.0 15.6 NA TW 1 c 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/113 10.8 15.2 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta MM Box	6 R LCD15/PM/114 12.1 14.3 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD15/PM/115 11.6 16.9 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 R LCD15/PM/116 9.7 11.9 NA TW 1 c 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD15/PM/117 9.8 11.7 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 L LCD15/PM/118 9.4 11.7 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 R LCD15/PM/119 10.4 12.0 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta MM Box	6 R GD/12101 10.7 15.1 NA TW 1 C 1 C 1 C 3 0 3 1.00 C
UP4 Malta NMSZ NA R 1948.49.32 9.4 13.9 NA TW 1 C 1 C 2 0 2 1.00 insufficient	data
UP4 Malta NHM 35_A_3 L M4731 10.9 15.5 NA TW

Species	scores
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Appendix Table A18 continued. Character scores on Maltese upper premolars and molars: UM1/ UM2. Refer to Section 2.3.9 (p.104) for method. 

 ID

TOOTH SPECIMEN	No. LENGTH WIDTH W_U
UM1+2	char	
1a	styles

UM1+2	char	
1a	styles	ID

UM1+2	char	
1b	cones

UM1+2	char	
1b	cones	ID

UM1+2	char	
2

UM1+2	char	
2	ID

UM1+2	char	
3a	column	
state

UM1+2	char	
3a	column	
ID

UM1+2	char	
3b	cingulum	

state

UM1+2	char	
3b	cingulum	
ID

UM1+2	char	
4	state

UM1+2	char	
4	ID

UM1+2	char	
5	state

UM1+2	char	
5	ID C C+M C+D D+M D M n C	score M	score D	score total	score C	%

n<5	is	insufficient	
data.	Score	
%>=0.75	taken	as	
C,	%<0.75	indet

UM1 GD/12111 13.2 16.1 TW 2 C 0 D 0 C 0 C 3 1 4 3 1 4 0.75 insufficient	data
UM2 GD/12111 15.2 NA TW 2 C 0 D 0 C 0 C 3 1 4 3 1 4 0.75 insufficient	data
UM1 GD/11995 13.3 16.2 TW 2 C 0 D 1 C+D 1 C+D 0 C 0 C 3 2 1 6 5 3 8 0.63 indet
UM2 GD/11995 15.4 16.7 TW 2 C 0 D 2 C+M 2 C 0 C 0 C 4 1 1 6 5 1 6 0.83 C
UM1 GD/12101 15.4 18.1 TW 2 C 2 C 0 D 2 C NA 0 c 4 1 5 4 1 5 0.80 C
UM1/UM2 GHD/343 18.8 22.6 TW 2 C 2 C 0 D 1 C+D 0 c 1 d 3 1 2 6 4 2 6 0.67 indet
UM1/UM2 GHD/564 14.6 18.4 TW 2 C 2 C 0 D 2 C NA 0 C 4 1 5 4 1 5 0.80 C
UM1/UM2 GHD/334 14.8 18.1 TW 2 C 2 C 0 C+D 1 C+D 0 c 0 C 4 2 6 6 2 8 0.75 C
UM1/UM2 LCD15/UM/1 15.9 18.1 U 2 C 0 D 0 C+M 1 C+D 2 C 0 C 0 C 4 1 1 1 7 6 1 2 9 0.67 indet
UM1/UM2 LCD15/UM/2 14.4 16.8 U 2 C 0 D 0 C+M 0 D 0 D 0 C 0 C 3 1 3 7 4 1 3 8 0.50 indet
UM1/UM2 LCD15/UM/3 16.9 20.3 EW 2 C 2 C 0 C+M 0 D 2 C 0 C 0 C 5 1 1 7 6 1 1 8 0.75 C
UM1/UM2 LCD15/UM/4 13.9 15.5 EW 2 C 0 D 0 C+M 1 C+D 1 C+D 0 C 0 C 3 1 2 1 7 6 1 3 10 0.60 indet
UM1/UM2 LCD15/UM/5 12.4 14.3 V.EW 2 C 0 D 0 C+M 0 D 2 C 1 D+M 0 C 3 1 1 2 7 4 2 3 9 0.44 indet
UM1/UM2 LCD15/UM/6 19.0 20.1 EW 2 C 2 C 0 C+M 1 C+D 1 C+D 0 C 1 d 3 1 2 1 7 6 1 3 10 0.60 indet
UM1/UM2 LCD15/UM/7 16.0 18.3 V.EW 2 C 0 D 0 C+M 2 C+M 2 C 1 d+m 0 C 3 2 1 1 7 5 2 2 9 0.56 indet
UM1/UM2 LCD15/UM/8 20.2 20.9 EW 2 C 2 C 0 C+M 2 C+M 2 C 0 C 0 c 5 2 7 7 2 9 0.78 C
UM1/UM2 LCD15/UM/9 15.7 16.1 U 0 D 0 D 0 C+M 2 C+M 2 C 1 d+m 0 c 2 2 1 2 7 4 2 3 9 0.44 indet
UM1/UM2 LCD15/UM/10 15.5 16.4 V.EW 2 C 2 C 0 C+M 1 C+D 1 C+D 0 C 0 c 4 1 2 7 7 1 2 10 0.70 indet
UM1/UM2 LCD15/UM/11 17.0 18.1 EW 1 C+D 1 C+D 0 C+M 2 C+M 2 C 0 C NA 2 2 2 6 6 2 2 10 0.60 indet
UM1/UM2 LCD15/UM/12 16.0 19.0 EW C 2 C 0 C+M 2 C+M 0 D 0 C 1 D 3 2 2 7 5 2 2 9 0.56 indet
UM1/UM2 LCD15/UM/13 13.0 16.8 U 2 C 0 D 0 C+M 0 C+D 1 C+D 0 C 0 C 3 1 2 1 7 6 1 3 10 0.60 indet
UM1/UM2 LCD15/UM/14 16.7 17.9 U 1 C+D 1 C+D 0 C+M 2 C+M 0 D 0 c 1 d 1 2 2 2 7 5 2 4 11 0.45 indet
UM1/UM2 LCD15/UM/15 18.7 18.8 EW 2 C 2 C 0 C+M 0 D 0 D 0 C 0 c 4 1 2 7 5 1 2 8 0.63 indet
UM1/UM2 LCD15/UM/16 12.7 15.6 V.EW 2 C 2 C 0 C+M 2 C+M 2 C 0 C 0 C 5 2 7 7 2 9 0.78 C
UM1/UM2 LCD15/UM/17 14.6 17.2 EW 2 C 2 C 0 C+M 1 C+D 1 D 0 C 0 C 4 1 1 1 7 6 1 2 9 0.67 indet
UM1/UM2 LCD15/UM/18 13.1 15.3 U 1 C+D 1 C+D 0 C+M 0 D 0 D 0 c 0 C 2 1 2 2 7 5 1 4 10 0.50 indet
UM1/UM2 LCD15/UM/19 16.2 16.4 U 0 D 0 D 0 C+M 2 C+M 2 C 1 d+m 0 c 2 2 1 2 7 4 3 3 10 0.40 indet
UM1/UM2 LCD15/UM/20 16.2 18.3 V.EW 2 C 0 D 0 C+M 1 C+D 1 C+D 0 C 1 D 2 1 2 2 7 5 1 4 10 0.50 indet
UM1/UM2 LCD15/UM/21 15.4 16.4 V.EW 2 C 2 C 0 C+M 0 D 2 C 0 C 0 C 5 1 1 7 6 1 1 8 0.75 C
UM1/UM2 LCD15/UM/22 15.8 18.0 V.EW 2 C 2 C 0 C+M 2 C+M 0 D 0 C 0 C 4 2 1 7 6 2 1 9 0.67 indet
UM1/UM2 LCD15/UM/23 16.7 19.1 EW 2 C 0 D 0 C+M 0 D 0 D 0 C 0 c 3 1 3 7 4 1 3 8 0.50 indet
UM1/UM2 LCD15/UM/24 18.8 20.1 EW 2 C 0 D 0 C+M 1 C+D 1 C+D 0 C 0 c 3 1 2 1 7 6 1 3 10 0.60 indet
UM1/UM2 LCD15/UM/25 15.0 17.4 V.EW 2 C 2 C 0 C+M 0 D 0 D 0 C 0 c 4 1 2 7 5 1 2 8 0.63 indet
UM1/UM2 LCD15/UM/26 13.4 15.8 EW 2 C 0 D 0 C+M 2 C+M 2 C 0 C 0 c 4 2 1 7 6 2 1 9 0.67 indet
UM1/UM2 LCD15/UM/27 14.8 17.2 U 2 C 0 D 0 C+M 0 D 0 D 0 C 0 C 3 1 3 7 4 1 3 8 0.50 indet
UM1/UM2 LCD15/UM/28 14.3 16.1 EW 0 d 0 d 0 C+M 1 C+D 1 C+D 1 d+m 0 C 1 1 2 1 2 7 4 2 4 10 0.40 indet
UM1/UM2 LCD15/UM/29 15.0 17.3 EW 2 C 2 C 0 C+M 2 C+M 2 C 0 C 0 C 5 2 7 7 2 9 0.78 C
UM1/UM2 LCD15/UM/30 13.3 16.5 EW 1 C+D 1 C+D 0 C+M 0 D 0 D 1 d+m 0 C 1 1 2 1 2 7 4 2 4 10 0.40 indet
UM1/UM2 LCD15/UM/31 15.9 17.3 EW 2 C 0 D 0 C+M 0 D 0 D 0 C 0 c 3 1 3 7 4 1 3 8 0.50 indet
UM1/UM2 LCD15/UM/32 13.1 15.8 TW 0 D 0 D 0 D 0 D 0 C 0 c 2 4 6 2 0 4 6 0.33 indet notable	preponderance	of	Dama	chacters,	but	not	in	perhaps	the	most	diagnostic	(#4	&	5).	NB	small	tooth
UM1/UM2 LCD15/UM/33 16.2 19.4 EW 2 C 2 C 0 C+M 2 C+M 0 D 0 c 0 C 4 2 1 7 6 2 1 9 0.67 indet
UM1/UM2 LCD15/UM/34 16.6 15.9 TW 2 C 0 D 1 C+D 1 C+D 0 C 0 C 3 2 1 6 4 0 3 7 0.57 indet
UM1/UM2 LCD15/UM/35 13.3 15.4 TW 2 C 2 C 2 C+M 0 D 0 C 1 d 3 1 2 6 4 1 2 7 0.57 indet
UM1/UM2 LCD15/UM/36 19.7 21.0 TW 2 C 2 C 1 C+D 0 D 0 C 1 D 3 1 2 6 4 1 2 7 0.57 indet
UM1/UM2 LCD15/UM/37 19.0 21.9 TW 2 C 2 C 2 C+M 0 D 0 C 0 C 4 1 1 6 5 1 1 7 0.71 indet
UM1/UM2 LCD15/UM/38 12.8 16.3 TW 2 c 2 C 1 C+D 1 C+D 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM1/UM2 LCD15/UM/39 14.8 14.4 TW 2 C 2 C 1 C+D 1 C+D 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM1/UM2 LCD15/UM/40 17.0 17.2 TW 2 C 0 D 1 C+D 1 C+D 0 C 0 C 3 2 1 6 5 0 3 8 0.63 indet
UM1/UM2 LCD15/UM/41 13.9 16.4 TW 2 C 0 D 0 D 2 C 0 C 0 C 4 2 6 4 0 2 6 0.67 indet
UM1/UM2 LCD15/UM/42 13.8 15.6 TW 2 C 2 C 0 D 0 D 1 d+m 0 C 3 1 2 6 3 1 3 7 0.43 indet
UM1/UM2 LCD15/UM/43 17.3 19.7 TW 2 c 2 c 2 C+M 0 D 0 C 0 C 4 1 1 6 5 1 1 7 0.71 indet
UM1/UM2 LCD15/UM/44 14.8 18.4 TW 2 C 0 D 0 D 0 D 0 C 0 C 3 3 6 3 0 3 6 0.50 indet
UM1/UM2 LCD15/UM/45 16.2 17.4 TW 2 c 2 c 0 D 2 C 1 d+m 0 C 4 1 1 6 4 1 2 7 0.57 indet
UM1/UM2 LCD15/UM/46 12.8 15.7 TW 2 C 0 D 0 D 0 D 0 C 0 C 3 3 6 3 0 3 6 0.50 indet
UM1/UM2 LCD15/UM/47 15.2 17.1 TW 2 C 0 D 0 D 0 C 1 d 2 3 5 2 0 3 5 0.40 indet
UM1/UM2 LCD15/UM/48 19.1 20.3 TW 2 C 2 C 0 C 0 c 4 3 7 4 0 3 7 0.57 indet
UM1/UM2 LCD15/UM/49 13.1 15.4 TW 2 C 0 D 1 C+D 1 C+D 1 d+m 1 d 1 2 1 1 5 3 1 4 8 0.38 indet
UM1/UM2 LCD15/UM/50 20.2 21.4 TW 2 C 2 C 2 C+M 0 D 1 d+m 1 d 2 1 1 2 6 3 2 3 8 0.38 indet
UM1/UM2 LCD15/UM/51 17.5 20.6 TW 2 C 2 C 1 C+D 1 C+D 0 c 0 C 4 2 6 6 0 2 8 0.75 C
UM1/UM2 LCD15/UM/52 16.5 17.7 TW 2 C 0 D 2 C+M 2 C 0 C 0 C 4 1 1 6 5 1 1 7 0.71 indet
UM1/UM2 LCD15/UM/53 14.3 17.5 TW 2 C 0 D 1 C+D 1 C+D 0 C 0 C 3 2 1 6 5 0 3 8 0.63 indet
UM1/UM2 LCD15/UM/54 11.9 16.0 TW 2 c 2 c 0 D 2 C 0 C 0 C 5 1 6 5 0 1 6 0.83 C
UM1/UM2 LCD15/UM/55 19.4 22.0 TW 2 C 2 C 2 C+M 0 D 0 C 0 C 4 1 1 6 5 1 1 7 0.71 indet
UM1/UM2 LCD15/UM/56 14.4 17.5 TW 2 c 2 c 1 C+D 1 C+D 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM1/UM2 LCD15/UM/57 20.7 22.1 TW 2 C 2 C 2 C+M 0 D 0 c NA 3 1 1 5 4 1 1 6 0.67 indet
UM1/UM2 LCD15/UM/58 16.4 18.4 TW 2 C 0 D 0 D 2 C 0 C 0 c 4 2 6 4 0 2 6 0.67 indet
UM1/UM2 LCD15/UM/59 14.2 18.4 TW 0 D 0 D 0 D 0 C 0 C 2 3 5 2 0 3 5 0.40 indet
UM1/UM2 LCD15/UM/60 15.2 17.5 TW 2 c 2 c 0 D 0 D 0 C 0 C 4 2 6 4 0 2 6 0.67 indet
UM1/UM2 LCD15/UM/61 14.2 16.0 TW 2 C 0 D 1 C+D 1 C+D 1 d+m 0 C 2 2 1 1 6 4 1 4 9 0.44 indet
UM1/UM2 LCD15/UM/62 17.1 19.6 TW 0 D 0 D 0 D 0 c 0 C 2 3 5 2 0 3 5 0.40 indet
UM1/UM2 LCD15/UM/63 15.7 17.9 TW 2 c 2 c 2 C+M 0 D 0 C 1 d 3 1 2 6 4 1 2 7 0.57 indet
UM1/UM2 LCD15/UM/64 15.0 17.4 TW 2 C 0 D 1 C+D 0 C 0 C 3 1 1 5 4 0 2 6 0.67 indet
UM1/UM2 LCD15/UM/65 13.7 15.8 TW 2 c 2 c 0 D 0 D 0 C 0 C 4 2 6 4 0 2 6 0.67 indet
UM1/UM2 LCD15/UM/66 14.2 17.4 TW 2 C 0 D 0 D 0 D 0 C 0 C 3 3 6 3 0 3 6 0.50 indet
UM1/UM2 LCD15/UM/67 12.4 15.4 TW 2 C 0 D 2 C+M 2 C 0 C 0 C 4 1 1 6 5 1 1 7 0.71 indet
UM1/UM2 LCD15/UM/68 19.3 20.9 TW 2 C 2 C 0 D 0 D 1 d+m NA 2 1 2 5 2 1 3 6 0.33 indet
UM1/UM2 LCD15/UM/69 14.9 16.8 TW 1 C+D 0 D 0 D 2 C 0 c 0 C 3 1 2 6 4 0 3 7 0.57 indet
UM1/UM2 LCD15/UM/70 15.1 17.7 TW 2 C 0 D 0 D 0 D 0 c NA 2 3 5 2 0 3 5 0.40 indet
UM1/UM2 LCD15/UM/71 14.8 18.5 TW 2 C 0 D 1 C+D 1 C+D 1 2 1 4 3 0 3 6 0.50 insufficient	data
UM1/UM2 LCD15/UM/72 17.4 19.3 TW 2 C 0 D 1 C+D 2 C 0 C 0 C 4 1 1 6 5 0 2 7 0.71 indet
UM1/UM2 1948.49.32 14.5 17.3 TW 2 C 1 C+D 2 C 0 c NA 3 1 4 4 0 1 5 0.80 insufficient	data
UM1/UM2 1948.49.32 16.0 18.2 TW 2 C 1 C+D 2 C 1 d+m NA 2 1 1 4 3 1 2 6 0.50 insufficient	data
UM1/UM2 GHD.173 NA NA TW 0 0
UM1/UM2 GHD.173 12.3 16.2 TW 0 0
UM1/UM2 M4718 11.9 15.5 TW 2 C 2.0 C 2 C+M 2 C 0 C 0 C 5 1 6 6 1 0 7 0.86 C
UM1/UM2 M4731 13.7 18.3 TW 0 0
UM1/UM2 M4731 15.4 18.7 TW 0 0

Species	scoresID	totals
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Appendix A 

Chapter 2: Materials and methods 

Appendix Table A18 continued. Character scores on Maltese upper premolars and molars: UM3s. Refer to Section 2.3.9 (p.104) for method. 

ID

TOOTH SIZE	GROUP SPECIMEN LENGTH ANT_WIDTH POST_WIDTH W_U
UM3	char	1	
SCORE	LDS

UM3	char	1	
state	LDS

UM3	char	1	
ID	LDS

UM3	char	
1a	styles	
state

UM3	char	
1a	styles	

ID

UM3	char	
1b	cones	
state

UM3	char	
1b	cones	

ID
UM3	char	2	
state	LDS

UM3	char	2	
ID	LDS

UM3	char	3	
SCORE	LDS	

UM3	char	3	
state	LDS

UM3	char	3	
ID	LDS

UM3	char	3a	
column	state

UM3	char	3a	
column	ID

UM3	char	3b	
cingulum	state

UM3	char	3b	
cingulum	ID

UM3	char	4	
state	LDS

UM3	char	4	
ID	LDS

UM3	char	5	
state	LDS

UM3	char	5	
ID	LDS

UM3	char	6	
state	LDS

UM3	char	6	
ID	LDS C C+M C+D D+M D M n C	score M	score D	score total	score C	%

n<5	is	insufficient	
data	%>=0.75	
taken	as	C,	%<0.75	
indet.

UM3 1 LCD15_UM_80 11.6 13.2 11.6 EW 1 0 D 0 D 0 D 2 1 d 1 C+D 0 C 0 C 2 1 2 5 3 0 3 6 0.50 indet
UM3 1 LCD15_UM_112 11.7 14.5 14.1 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 1 C+D 0 C 0 c 0 C 4 3 7 7 0 3 10 0.70 indet
UM3 1 1948_49_33 12.6 16.4 15.2 TW 4 2 C 2 C 1 C+D 4 1 C 2 C+M 2 C 0 C 0 C 4 1 1 6 6 1 1 8 0.75 C
UM3 1 LCD15_UM_95 13.0 13.8 12.2 TW 3 1 2 C 1 C+D 3 1 C 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 1 LCD15_UM_148 13.2 14.9 14.1 V.EW 3 1 2 C 1 C+D 0 C+M 4 1 C 2 C+M 2 C 0 C 0 c 4 2 1 7 7 2 1 10 0.70 indet
UM3 1 LCD15_UM_92 13.4 16.1 15.3 TW 4 2 C 2 C 2 C 3 1 C 1 C+D 0 D 0 C 0 C 0 c 5 1 1 7 6 0 2 8 0.75 C
UM3 1 LCD15_UM_143 13.5 16.1 14.9 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM3 1 LCD15_UM_129 13.6 17.8 16.5 TW 2 0 d 1 C+D 0 D 2 0 d 0 D 0 D 1 d_m 0 c 1 1 1 3 6 2 1 5 8 0.25 indet NB	This	molar	has	D%	of	0.625,	not	sufficient	to	identify	it	as	Dama.	
UM3 1 LCD15_UM_154 13.6 16.1 15.2 TW 3 1 2 C 1 C+D 3 1 c 0 D 2 C 0 C 0 c 4 1 1 6 5 0 2 7 0.71 indet
UM3 1 LCD15_UM_160 13.6 16.2 15.0 TW 3 1 2 C 1 C+D 4 1 C 1 C+D 2 C 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM3 1 LCD15_UM_162 13.7 15.7 14.9 TW 4 2 C 2 C 1 C+D 3 1 c 0 C 2 1 3 3 0 1 4 0.75 insufficient	data
UM3 1 LCD15_UM_100 13.8 16.0 14.0 TW 3 1 2 C 1 C+D 4 1 C 2 C+M 2 C 0 C 0 C 4 1 1 6 6 1 1 8 0.75 C
UM3 1 LCD15_UM_113 13.8 15.6 14.4 TW 2 0 d 1 C+D 0 D 2 0 d 0 D 1 C+D 0 C 0 C 0 c 3 2 2 7 5 4 9 0.56 indet
UM3 2 LCD15_UM_145 13.8 17.0 16.4 TW 3 1 2 C 1 C+D 4 1 C	 1 C+D 2 C 0 C 0 c 4 2 6 6 0 2 8 0.75 C
UM3 2 LCD15_UM_165 13.8 16.4 15.3 TW 3 1 2 C 1 C+D 4 1 C 2 C 0 C 3 1 4 4 0 1 5 0.80 insufficient	data
UM3 GHD.173 13.9 16.0 14.7 0 0 insufficient	data
UM3 1 LCD15_UM_118 13.9 14.8 13.4 TW 3 1 2 C 1 C+D 4 1 C 2 C+M 2 C 0 C 0 C 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 2 LCD15_UM_122 13.9 17.2 16.2 TW 2 0 d 1 C+D 0 D 1 0 D 0 D 0 D 0 C 0 C 2 1 3 6 3 4 7 0.43 indet
UM3 2 LCD15_UM_134 14.0 16.6 15.3 TW 3 1 2 C 1 C+D 4 1 C 2 C 0 C 1 d_m 3 1 1 5 4 1 2 7 0.57 indet
UM3 2 LCD15_UM_140 14.0 16.4 15.7 TW 4 2 C 2 C 1 C+D 3 1 c 1 C+D 1 C+D 0 C 0 C 3 3 6 6 0 3 9 0.67 indet
UM3 2 LCD15_UM_101 14.2 16.4 14.8 TW 2 0 d 1 C+D 0 D 4 1 C 2 C 1 d_m 0 C 0 c 3 1 1 1 6 4 1 3 8 0.50 indet
UM3 2 LCD15_UM_111 14.2 17.5 16.4 TW 3 1 1 C+D 1 C+D 3 1 C 1 C+D 0 C 0 C 0 C 3 3 6 6 3 9 0.67 indet
UM3 2 LCD15_UM_137 14.3 16.5 15.0 TW 1 0 D 3 1 c 1 C+D 0 C 0 c 2 1 3 3 1 4 0.75 insufficient	data
UM3 2 LCD15_UM_131 14.4 16.5 15.3 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 1 C+D 0 C 0 C 0 c 4 3 7 7 0 3 10 0.70 indet
UM3 2 LCD15_UM_110 14.5 16.6 15.1 TW 3 1 2 C 1 C+D 5 2 M 2 C+M 2 C 0 C 0 c 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 2 LCD15_UM_114 14.5 17.9 16.7 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 D 0 C 0 C 0 c 4 2 2 8 6 4 10 0.60 indet
UM3 2 LCD15_UM_132 14.5 17.7 16.9 TW 4 2 C 2 C 1 C+D 4 1 C 2 C+M 2 C 0 C 0 C 4 1 1 6 6 1 1 8 0.75 C
UM3 2 LCD15_UM_89 14.5 16.6 15.3 TW 3 1 2 C 1 C+D 3 1 C 2 C 0 c 0 C 0 C 5 1 6 6 0 1 7 0.86 C
UM3 2 LCD15_UM_170 14.6 16.4 15.3 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 1 C+D 0 C 0 C 0 C 4 3 7 7 0 3 10 0.70 indet
UM3 2 LCD15_UM_96 14.6 16.4 15.1 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 0 c 4 2 6 6 0 2 8 0.75 C
UM3 2 LCD15_UM_115 14.7 17.1 15.8 TW 2 0 d 1 C+D 0 D 3 1 c 0 c 0 C 0 C 3 1 1 5 4 2 6 0.67 indet
UM3 2 LCD15_UM_141 14.8 18.2 17.6 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 2 LCD15_UM_99 14.8 17.5 16.5 TW 2 0 d 1 C+D 0 D 1 0 D 0 D 0 C 0 C 1 d_m 2 1 1 2 6 3 1 4 8 0.38 indet
UM3 2 LCD15_UM_120 14.9 17.5 16.8 TW 4 2 C 2 C 1 C+D 2 0 d 1 C+D 0 C 0 C 0 C 4 2 6 6 2 8 0.75 C
UM3 2 LCD15_UM_139 14.9 16.4 15.3 TW 3 1 2 C 1 C+D 5 2 M 2 C+M 2 C 0 c 0 C 0 c 5 1 1 7 7 1 1 9 0.78 C
UM3 2 LCD15_UM_77 14.9 16.7 15.2 EW 3 1 2 C 1 C+D 0 C+M 3 1 C 2 C+M 1 C+D 0 C 0 c 1 d_m 3 2 2 1 8 7 3 3 13 0.54 indet
UM3 2 LCD15_UM_123 15.0 16.6 16.2 TW 1 0 D 0 D 0 D 3 1 C 1 C+D 0 C 0 c 2 1 2 5 3 0 3 6 0.50 indet
UM3 2 LCD15_UM_163 15.0 16.2 15.4 TW 2 0 d 1 C+D 0 D 2 0 d 0 D 0 C 0 C 2 1 2 5 3 0 3 6 0.50 indet
UM3 2 LCD15_UM_116 15.1 17.1 16.1 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 D 0 C 0 C 3 1 1 5 4 0 2 6 0.67 indet
UM3 2 LCD15_UM_130 15.1 16.9 15.3 TW 3 1 2 C 1 C+D 3 1 c 2 C+M 1 C+D 0 C 0 C 3 1 2 6 6 1 1 8 0.75 C
UM3 2 LCD15_UM_142 15.1 17.2 15.9 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 2 LCD15_UM_97 15.1 17.0 15.9 TW 3 1 2 C 1 C+D 4 1 C 2 C+M 2 C 1 d_m 0 C 1 d_m 3 1 1 2 7 5 2 3 10 0.50 indet
UM3 2 LCD15_UM_135 15.2 16.7 15.7 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 2 C 0 C 0 c 4 2 6 6 0 2 8 0.75 C
UM3 2 LCD15_UM_159 15.2 16.9 15.9 TW 4 2 C 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 2 LCD15_UM_138 15.3 17.8 16.5 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 C 0 C 3 1 1 5 4 0 2 6 0.67 indet
UM3 2 LCD15_UM_151 15.3 17.2 15.0 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 2 LCD15_UM_79 15.3 16.7 15.7 TW 3 1 2 C 1 C+D 1 0 d 0 D 0 c 0 C 0 C 4 1 1 6 5 0 2 7 0.71 indet
UM3 2 LCD15_UM_144 15.4 17.4 15.8 TW 4 2 C 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM3 2 LCD15_UM_88 15.4 16.9 15.2 TW 3 1 4 1 C 2 C+M 2 C 0 c 0 C 0 C 4 1 5 5 1 0 6 0.83 C
UM3 2 LCD15_UM_133 15.5 17.1 16.5 TW 3 1 2 C 1 C+D 4 1 C 2 C 0 C 0 C 4 1 5 5 0 1 6 0.83 C
UM3 2 LCD15_UM_153 15.6 17.5 16.2 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 0 C 4 2 6 6 0 2 8 0.75 C
UM3 2 LCD15_UM_104 15.7 17.4 16.5 TW 4 2 C 2 C 1 C+D 4 1 C 1 C+D 2 C 0 C 0 C 0 C 5 2 7 7 0 2 9 0.78 C
UM3 3 LCD15_UM_150 16.0 17.4 16.4 TW 4 2 C 2 C 1 C+D 3 1 C	 1 C+D 0 c 0 C 0 c 4 2 6 6 0 2 8 0.75 C
UM3 3 LCD15_UM_108 16.1 18.5 16.7 TW 4 2 C 2 C 2 C 4 1 C 2 C+M 2 C 0 C 0 C 0 c 6 1 7 7 1 0 8 0.88 C
UM3 3 LCD15_UM_119 16.2 17.1 15.6 TW 4 2 C 2 C 1 C+D 3 1 C 2 C 0 C 0 C 0 C 5 1 6 6 0 1 7 0.86 C
UM3 3 LCD15_UM_121 16.2 17.7 16.7 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 D 0 C 0 c 0 c 4 1 2 7 5 0 3 8 0.63 indet
UM3 3 LCD15_UM_126 16.2 18.5 17.9 TW 3 1 2 C 1 C+D 2 0 d 2 C+M 0 D 0 C 0 c 0 C 4 1 1 1 7 6 1 2 9 0.67 indet
UM3 3 LCD15_UM_107 16.3 18.5 17.0 TW 4 2 C 2 C 1 C+D 4 1 C 1 C+D 2 C 1 d_m 0 C 0 c 4 2 1 7 6 1 2 9 0.67 indet
UM3 3 LCD15_UM_166 16.3 17.6 16.0 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 0 c 4 2 6 6 0 2 8 0.75 C
UM3 3 LCD15_UM_117 16.4 17.9 16.6 TW 4 2 C 2 C 1 C+D 4 1 C 1 C+D 0 C 0 C 0 C 0 C 5 2 7 7 0 2 9 0.78 C
UM3 3 GD19691 16.5 18.9 17.4 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 D 1 D_M 0 C 0 C 3 1 1 2 7 4 1 4 9 0.44 indet
UM3 3 GHD331 16.5 18.2 17.1 TW 3 1 2 C 1 C+D 3 1 C 2 C 0 C 0 C 4 1 5 5 0 1 6 0.83 C
UM3 3 LCD15_UM_136 16.5 18.2 17.9 TW 3 1 2 C 1 C+D 2 0 d 1 C+D 0 D 0 C 0 C 0 C 4 2 1 7 6 0 3 9 0.67 indet
UM3 3 LCD15_UM_152 16.5 19.9 18.5 TW 3 1 2 C 1 C+D 3 1 c 0 D 2 C 0 c 0 c 4 1 1 6 5 0 2 7 0.71 indet
UM3 3 LCD15_UM_91 16.5 18.0 16.5 TW 3 2 C 2 C 2 C 3 1 C 2 C 0 C 0 C 0 C 6 6 6 0 0 6 1.00 C
UM3 3 LCD15_UM_161 16.6 17.0 16.3 TW 3 1 2 C 1 C+D 2 0 d 1 C+D 0 D 1 d_m 0 C 2 2 1 1 6 4 1 4 9 0.44 indet
UM3 3 LCD15_UM_94 16.6 19.3 17.8 TW 3 1 2 C 1 C+D 1 0 d 0 D 0 C 1 D 0 c 3 1 3 7 4 0 4 8 0.50 indet
UM3 3 LCD15_UM_128 16.7 19.2 17.7 TW 3 1 2 C 1 C+D 3 1 c 2 C+M 1 C+D 0 C 0 c 3 1 2 6 6 1 2 9 0.67 indet
UM3 3 LCD15_UM_147 16.7 18.7 17.8 EW 3 1 2 C 1 C+D 0 C+M 2 0 d 0 D 0 C 1 d 2 1 1 2 6 4 1 3 8 0.50 indet
UM3 3 GD19690 16.9 17.4 16.9 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 C 0 c 3 2 5 5 2 7 0.71 indet
UM3 3 LCD15_UM_127 16.9 19.0 18.7 TW 3 1 2 C 1 C+D 2 0 d 1 C+D 0 C 0 c 0 C 4 2 6 6 2 8 0.75 C
UM3 3 LCD15_UM_102 17.0 18.6 17.0 TW 3 1 3 1 C 1 C+D 0 C 0 C 1 d_m 2 1 1 4 3 1 1 5 0.60 insufficient	data
UM3 3 LCD15_UM_169 17.0 19.3 18.3 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 D 0 C 0 C 0 c 4 1 2 7 5 0 3 8 0.63 indet
UM3 3 LCD15_UM_168 17.1 18.6 17.4 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 D 0 C 0 C 3 2 1 6 5 0 3 8 0.63 indet
UM3 3 LCD15_UM_171 17.1 19.1 18.7 TW 2 0 d 1 C+D 0 D 3 1 c 1 C+D 1 C+D 0 C 0 C 0 c 3 3 1 7 6 0 4 10 0.60 indet
UM3 3 LCD15_UM_105 17.2 19.4 17.3 TW 3 1 2 C 1 C+D 3 1 c 0 D 1 C+D 1 d_m 0 C 0 C 3 2 1 1 7 5 1 4 10 0.50 indet
UM3 3 LCD15_UM_157 17.2 18.7 17.6 TW 4 2 C 2 C 1 C+D 2 0 d 0 D 0 C 0 c 0 c 4 1 1 6 5 0 2 7 0.71 indet
UM3 3 GHD352 17.4 18.1 17.0 TW 2 0 d 1 C+D 0 D 2 0 d 0 d 0 d 0 C 0 C 0 c 3 1 3 7 4 0 4 8 0.50 indet
UM3 3 LCD15_UM_149 17.5 19.6 17.3 TW 2 0 d 1 C+D 0 D 1 0 D 0 D 1 d_m 0 C 0 C 2 1 1 2 6 3 1 3 7 0.43 indet
UM3 3 LCD15_UM_158 17.5 18.8 18.2 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 1 C+D 0 C 0 c 3 3 6 6 0 3 9 0.67 indet
UM3 3 LCD15_UM_125 17.6 18.8 17.6 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 C 0 C 0 C 4 1 1 6 5 0 2 7 0.71 indet
UM3 3 LCD15_UM_75 17.6 20.4 18.9 TW 4 2 C 2 C 2 C 3 1 C 1 C+D 0 C 0 C 0 C 5 1 6 6 0 1 7 0.86 C
UM3 3 LCD15_UM_73 17.7 21.5 19.3 TW 4 2 C 2 C 2 C 3 1 C 0 C 0 c 0 C 5 5 5 0 0 5 1.00 C
UM3 3 GD19688 17.8 19.6 18.6 TW 3 1 2 C 1 C+D 2 0 d 1 C+D 0 D 0 C 0 C 0 c 4 2 1 7 6 0 2 8 0.75 C
UM3 3 LCD15_UM_167 17.9 20.9 19.2 EW 2 0 d 1 C+D 1 C+D 0 C+M 3 1 c 1 C+D 0 C 0 c 0 c 3 1 3 7 7 1 3 11 0.64 indet
UM3 4 LCD15_UM_124 18.3 20.2 18.6 TW 3 1 2 C 1 C+D 3 1 C 1 C+D 0 c 0 C 3 2 5 5 0 2 7 0.71 indet
UM3 4 LCD15_UM_90 18.5 20.9 18.9 EW 4 2 C 2 C 1 C+D 0 C+M 5 2 M 2 C+M 2 C 0 C 0 c 1 d_m 4 2 1 1 8 6 1 2 9 0.67 indet
UM3 4 GHD338 18.6 20.7 19.0 TW 3 1 2 C 1 C+D 3 1 c 2 C+M 0 D 0 C 0 c 0 C 4 1 1 1 7 6 1 2 9 0.67 indet
UM3 4 LCD15_UM_156 18.7 20.7 19.5 TW 3 1 2 C 1 C+D 1 0 D 0 D 0 c 0 C 0 C 4 1 1 6 5 0 2 7 0.71 indet
UM3 4 LCD15_UM_82 18.7 20.1 18.6 TW 4 2 C 2 C 2 C 3 1 C 1 C+D 0 C 0 C 0 C 5 1 6 6 0 1 7 0.86 C
UM3 4 GD19687 18.8 20.9 18.9 TW 3 1 2 C 1 C+D 3 1 C 2 C+M 2 C 1 d_m 0 c 0 C 4 1 1 1 7 6 2 1 9 0.67 indet
UM3 4 LCD15_UM_93 18.9 21.8 19.9 TW 4 2 C 2 C 2 C 3 1 C 2 C+M 1 C+D 0 C 0 C 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 4 LCD15_UM_155 19.0 19.8 18.6 TW 3 1 2 C 1 C+D 3 1 c 1 C+D 0 c 2 2 4 4 0 2 6 0.67 insufficient	data
UM3 4 LCD15_UM_98 19.0 20.2 19.6 TW 4 2 C 2 C 1 C+D 3 1 C 2 C+M 0 C 0 c 0 C 4 1 1 6 6 1 1 8 0.75 C
UM3 4 LCD15_UM_106 19.2 20.4 18.1 TW 3 1 1 C+D 0 D 4 1 C 2 C 0 C 0 C 0 C 4 1 1 6 5 0 2 7 0.71 indet
UM3 4 LCD15_UM_76 19.2 20.2 18.3 TW 3 1 2 C 1 C+D 3 1 C 1 C+D 2 C 1 D_M 0 C 1 D_M 3 2 2 7 5 2 4 11 0.45 indet
UM3 4 LCD15_UM_146 19.3 21.5 18.9 U 4 2 C 2 C 1 C+D 0 C+M 4 1 C	 2 C+M 1 C+D 0 C 1 D 2 2 2 1 7 6 2 3 11 0.55 indet
UM3 4 LCD15_UM_74 19.3 21.3 18.7 TW 4 2 C 2 C 2 C 2 0 d 0 D 0 C 0 C 0 C 5 1 6 5 0 1 6 0.83 C
UM3 4 LCD15_UM_86 19.5 22.3 19.6 TW 3 1 4 1 C 0 C 0 C 0 C 3 3 3 0 0 3 1.00 insufficient	data
UM3 4 LCD15_UM_81 19.6 21.3 19.5 TW 4 2 C 2 C 2 C 3 1 C 1 C+D 0 c 0 C 0 C 5 1 6 6 0 1 7 0.86 C
UM3 4 GD19689 19.8 21.4 19.1 TW 4 2 C 2 C 1 C+D 4 1 C 2 C+M 1 C+D 0 C 0 c 1 d_m 3 1 2 1 7 6 2 3 11 0.55 indet
UM3 4 LCD15_UM_103 19.9 20.6 18.4 TW 3 1 2 C 1 C+D 3 1 C 1 C+D 0 C 0 C 0 c 4 2 6 4 2 2 8 0.50 indet
UM3 4 LCD15_UM_164 19.9 19.7 18.6 TW 4 2 C 2 C 1 C+D 4 1 C 2 C 0 c 0 c 1 d_m 4 1 1 6 5 1 2 8 0.63 indet
UM3 4 LCD15_UM_78 19.9 22.3 22.0 TW 4 2 C 2 C 2 C 4 1 C 2 C+M 1 C+D 0 c 0 C 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 4 LCD15_UM_83 19.9 20.5 18.8 TW 4 2 C 2 C 2 C 3 1 c 2 C+M 0 D 1 d_m 0 C 0 C 4 1 1 1 7 5 2 2 9 0.56 indet
UM3 4 LCD15_UM_84 20.0 21.8 19.6 TW 4 2 C 2 C 2 C 3 1 C 1 C+D 2 C 0 c 0 C 0 C 6 1 7 7 0 1 8 0.88 C
UM3 4 GHD365 20.3 20.9 19.1 TW 3 1 2 C 1 C+D 4 1 C 2 C+M 1 C+D 0 c 0 C 3 1 2 6 5 1 1 7 0.71 indet
UM3 4 LCD15_UM_87 20.3 21.2 19.3 TW 4 2 C 2 C 2 C 3 1 C 2 C+M 0 D 0 C 0 C 1 d_m 4 1 1 1 7 5 2 2 9 0.56 indet
UM3 4 LCD15_UM_85 20.5 21.5 20.9 TW 4 2 C 2 C 2 C 4 1 C 2 C+M 1 C+D 0 C 0 C 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 4 GHD354 20.8 22.6 20.4 TW 3 1 2 C 1 C+D 5 2 M 0 C+M 0 C 0 c 0 C 0 C 5 1 1 7 7 1 1 9 0.78 C
UM3 4 LCD15_UM_109 20.8 22.8 19.0 TW 3 1 1 C+D 0 D 3 1 C 1 C+D 1 C+D 0 C 0 C 0 c 3 3 1 7 6 0 4 10 0.60 indet
UM3 4 LCD15_UM_172 19.5 17.5 TW 4 2 C 2 C 1 C+D 3 1 c 1 C+D 0 C 0 C 3 2 5 5 0 2 7 0.71 indet

Species	scoresID	TOTALS
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Appendix B 

Chapter 2: Results 

 
MALTA 3 vs. MALTA 2 

(Large vs. Medium) 
MALTA 3 vs. MALTA 1 

(Large vs. Small) 
MALTA 2 vs. MALTA 1 

(Medium vs. Small) 
 

ANCOVA F df p-value F df p-value F df p-value  

METACARPUS:           
Proximal 

Width x Length 
11.29 1,45 < 0.01 NA NA NA NA NA NA Slope 

 24.77 1,46 < 0.001 NA NA NA NA NA NA Intercept 
METATARSUS:           

Proximal 
Width x Length 

0.058 1,26 
0.811 
(n.s.) 

NA NA NA NA NA NA Slope 

 22.01 1,27 < 0.001 NA NA NA NA NA NA Intercept 
Diaphysis 

Width x Length 
0.11 1,31 

0.742 
(n.s.) 

1.24 1,13 
0.286 
(n.s.) 

0.175 1,24 
0.679 
(n.s) 

Slope 

 34.69 1,32 < 0.001 160.5 1,14 < 0.001 76.45 1,25 < 0.001 Intercept 

 
Appendix Table B1 Testing the difference between regression model slopes with Analysis of Covariance 
(ANCOVA) for Maltese size groups. F = ANCOVA test statistic; df = degrees of freedom (between groups, within 
groups), ‘NA’ (Not Available) indicates that the correlation coefficient (r) for one or both regression models was not 
significant (Refer to Table 2.4.8, Results). 
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WITHIN-TAXON 

DIFFERENCES 
BETWEEN-TAXON DIFFERENCES  

METACARPUS 
C. e. siciliae vs.  

C. elaphus 
D. carburangelensis vs.  

C. elaphus 
C. e. siciliae vs.  

D. carburangelensis 
Model angle 
or elevation 

ANCOVA F df p-value F df p-value F df p-value  

Distal Width x 
Length 

0.05 1,13 
0.820 
(n.s.) 

2.57 1,26 
0.121 
(n.s.) 

2.38 1,31 
0.133 
(n.s.) 

Slope 

4.91 1,14 < 0.05 11.51 1,27 < 0.01 48.74 1,32 < 0.001 Intercept 

Proximal 
Width x Length  

0.70 1,12 
0.421 
(n.s.) 

3.99 1,27 
0.056 
(n.s.) 

0.49 1,31 
0.489 
(n.s.) 

Slope 

2.28 1,13 
0.155 
(n.s.) 

19.20 1,28 < 0.001 36.62 1,32 < 0.001 Intercept 

Diaphysis 
Width x Length 

2.07 1,13 
0.174 
(n.s.) 

2.80 1,27 
0.106 
(n.s.) 

0.01 1,32 
0.927 
(n.s.) 

Slope 

17.85 1,14 < 0.001 219.30 1,28 < 0.001 373.80 1,33 < 0.001 Intercept 
METATARSUS           

Distal Width x 
Length 

- - - - - - 4.67 1,28 < 0.05 Slope 

- - - - - - 86.00 1,29 <0.001 Intercept 
 

Appendix Table B2 Testing the difference between RMA regression model slopes with Analysis of Covariance 
(ANCOVA) for Sicilian red (Cervus elaphus siciliae) and fallow deer (Dama carburangelensis), and Italian mainland 
red deer (Cervus elaphus). F = ANCOVA test statistic; df = degrees of freedom; n.s. = not significant at the 0.05 level 
(refer to Table 2.4.15). 
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Appendix Figure C1 Letter of provenance for Għar Dalam ‘Despott’ fossils 
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Appendix Figure C2 Specimen label for Għar Dalam ‘Despott’ fossils. 
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Variables Taxon N Slope Intercept r r2 p-value  
(2-tailed) 

Brow angle from 
beam (15) on 

Distance across the 
brow and bez tines 

(18)  

MALTA 13 1.37 27.95 0.12 0.02  0.689 (n.s.) 
Sicily: C. e. siciliae 22 -0.97 207.15 -0.29 0.08 0.198 (n.s.) 

Fens 30 -0.73 181.49 -0.59 0.35 < 0.001 
Star Carr 26 -0.84 203.21 -0.20 0.04 0.321 (n.s.) 

Ipswichian (MIS 5e) 11 0.14 107.57 0.15 0.02 0.663 (n.s.) 
MIS 7 Interglacial 9 -1.26 220.10 0.01 0.00 0.984 (n.s.) 
Hoxnian (MIS 11) 13 -0.56 124.27 -0.50 0.25 0.085 (n.s.) 

‘Cromerian’ 10 -0.44 170.10 -0.08 0.01 0.835 (n.s.) 
Recent       

Bez angle from beam 
(26) on Distance 

across the brow and 
bez tines (18)  

MALTA 21 0.98 30.17 0.34 0.12 0.131 (n.s.) 
Sicily: C. e. siciliae 16 2.64 -66.45 0.24 0.06 0.371 (n.s.) 

Fens 29 -0.56 131.67 -0.34 0.12 0.067 (n.s.) 
Star Carr 35 -0.68 148.70 -0.09 0.01 0.598 (n.s.) 

Ipswichian (MIS 5e) 5 -0.40 135.76 -0.27 0.07 0.665 (n.s.) 
MIS 7 Interglacial 8 0.21 68.19 0.20 0.04 0.642 (n.s.) 
Hoxnian (MIS 11) 8 -1.83 228.33 -0.37 0.13 0.372 (n.s.) 

‘Cromerian’ 11 -0.71 157.09 -0.21 0.05 0.530 (n.s.) 

Angle of bez 
emergence (26) on 

angle of brow 
emergence (15) from 

main beam 

MALTA 10 0.99 -24.45 0.27 0.07 0.459 (n.s.) 
Sicily: C. e. siciliae 15 2.46 -269.90 0.33 0.11 0.233 (n.s.) 

Fens 28 0.90 -19.86 0.45 0.21 < 0.05 
Star Carr 18 0.77 -12.05 0.46 0.21 0.057 (n.s.) 

MIS 7 Interglacial 7 0.45 34.60 0.23 0.05 0.713 (n.s.) 
Hoxnian (MIS 11) 5 0.95 -27.09 0.88 0.78 < 0.05 

‘Cromerian’ 5 1.64 -118.46 0.76 0.58 0.134 (n.s.) 

Angle between brow 
and bez tines (14) on 
Distance across brow 

and bez tines (18) 

MALTA 25 -0.94 93.03 -0.30 0.09 0.146 (n.s.) 
Sicily: C. e. siciliae 23 -1.25 112.63 -0.52 0.27 < 0.05 

Fens 31 -0.36 50.88 -0.56 0.32 < 0.001 
Star Carr 61 -0.64 77.89 -0.39 0.15 < 0.01 

Devensian 7 -0.42 73.07 -0.71 0.51 0.072 (n.s.) 
Ipswichian (MIS 5e) 32 -0.24 41.91 -0.31 0.10 0.084 (n.s.) 
MIS 7 Interglacial 32 -0.40 57.88 -0.42 0.18 < 0.05 
Hoxnian (MIS 11) 20 -0.83 96.79 -0.69 0.48 < 0.001 

‘Cromerian’ 24 -0.27 44.01 -0.44 0.19 < 0.05 
 

Appendix Table D1 Reduced Major Axis (RMA) regression equations for brow and bez emergence angles from the 
main beam plus the maximum distance across tines for Maltese deer, Sicilian red deer (Cervus elaphus siciliae), 
Pleistocene and Holocene red deer (Cervus elaphus).   
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Appendix Figure D2 Bivariate plot of Angle between the brow ad bez tines (variable 14) against distance 
across the two tines (variable 18) with RMA models overlaid for Malta, Sicily C. e. siciliae, Holocene and 
Pleistocene C. elaphus. Green dashed line indicates that the correlation coefficient for the Maltese RMA model 
was not significant at 0.05 level. Al equations are given in Appendix Table D1. 


