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Abstract

This study presents a zooarchaeological and taphonomic analysis of the remaining portion of the
Mousterian faunal assemblage from Unit A9 at Grotta di Fumane (northeastern Italy), offering
refined insights into Neanderthal subsistence behaviour during Marine Isotope Stage 3. Building on
the previously published analysis of the principal portion of the assemblage [1], the new data reaffirm
a subsistence strategy focused on selective transport and intensive on-site processing of high-utility
carcass components. The ungulate assemblage —dominated by Cervus elaphus and Capreolus capreolus,
with additional contributions from Rupicapra rupicapra and Capra ibex—characterised by the
dominance of hindlimb elements, moderate cranial representation, and a pronounced scarcity of axial
remains. These patterns indicate that carcass reduction commenced at kill sites, where low-yield
trunk segments were removed, while high-nutritional-value limb portions were preferentially
transported to the cave for secondary processing. Taphonomic indicators, including abundant cut
marks, percussion notches, and extensive bone fragmentation, demonstrate systematic defleshing,
marrow extraction, and possible grease rendering within the cave, activities that were spatially
associated with combustion features. Occasional cranial transport suggests targeted acquisition of
high-fat tissues such as brains and tongue, behaviour consistent with cold-climate optimisation
strategies documented in both ethnographic and experimental contexts. Collectively, the evidence
indicates that Unit A9 served as a residential locus embedded within a logistically organised mobility
system, where carcass processing, resource exploitation, and lithic activities were closely integrated.
These findings reinforce the broader picture of late Neanderthals as adaptable and behaviourally
sophisticated foragers capable of strategic planning and efficient exploitation of ungulate prey within
the dynamic environments of northern Italy.

Keywords: zooarchaeology; taphonomy; ungulates; subsistence behaviour; middle palaeolithic;
MIS 3

1. Introduction

This study presents a new bone assemblage from Grotta di Fumane, the Mousterian unit A9,
where discoid manufacturing lithic industries are extensively reported [2,3]. The aim of this research
is to provide a complete picture of the faunal assemblage by thoroughly examine the substantial bone
assemblage recovered from the innermost excavated area of the site, as this extensive collection has
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the potential to offer valuable insights into the subsistence strategies and foraging behaviours of the
Neanderthal inhabitants.

The Grotta di Fumane, extensively investigated over two decades, provides a unique
opportunity to explore Neanderthal foraging behaviour during the late Middle Palaeolithic period
[4]. This time period is characterised by extensive cultural replacements, as indicated by diverse
archaeological signatures, such as technological innovations that are the product of adaptive
strategies and changes in dietary habits [5-7]. The Mousterian unit A9 preserves a well-defined
cultural layer [8,9] that can provide additional insights and contribute to the understanding of these
topics, through the study of its faunal assemblage. The zooarchaeological and taphonomic
framework is used to examine the associated aspects of Neanderthal behaviour.

Human occupation at Fumane unit A9, is attested by numerous faunal remains, lithics artefacts
and combustion features [4,10] contained in a 15-20 cm thick stratigraphic complex characterised by
overlapping thin layers and lenses. The composition includes frost-shattered stones, aeolian silt and
sands, and dark sediments, all extensively distributed due to intense human activities. Topographical
mapping has identified intact or fragmented bones, teeth, and determinable fragments > 5 cm, while
smaller fragments, micromammal and small avifaunal bones were recovered through wet sieving [1].

2. Materials and Methods

Zooarchaeological and Taphonomical Frame of Reference

The faunal material discussed here represents the portion of the A9 assemblage that remains
unexamined, while the rest has already been analysed and published in 2014 [1,11].
Zooarchaeological analysis was conducted on the entire faunal assemblage recovered from 1m?
squares 137, 147, 157, 158, 167, and 168, totalling 6m? excavated in the innermost explored area
beyond the cave entrance. To determine anatomical and taxonomical classifications, first the
assemblage was classified following the same dimensional division method used in the previous
study. Additionally, burned and calcined bones were segregated from unburned specimens.
Taxonomic and anatomical identifications in this study was based on established zooarchaeological
comparative alpine and archaeological collection of the University of Ferrara and at Laboratory of
Prehistory and Zooarchaeology of MUSE, the Museum of Science, and a series of reputable
publications [12-16]. Microscopic analyses of bone surfaces were aided by a Leica S6D Greenough
stereomicroscope with 0.75-70x magnification range. The studied material was recorded in a database
specifically catered for the study’s aims.

Both identified remains and those deemed unidentifiable based on morphological or size
characteristics were categorised into three mammal body-size classes, following the methodology of
Bunn et al. [17]: I - small (i.e., Lepus sp. and other lagomorphs, Mustelidae, Vulpes vulpes); Il - Medium
(i.e., Capreolus capreolus, Rupicapra rupicapra, Capra ibex, Canis lupus); III- Large (i.e., Cervus elaphus,
Ursidae, Megaloceros giganteus, Bovinae). This categorisation is deemed more useful for evaluating the
faunal assemblage of these sites, emphasising the disparity in body size between red deer and giant
deer/bovids. When species determination is indeterminable, specimens were identified to their
family (e.g., Cervidae, Caprinae) or genus (e.g., Capra/Cervus, Rupicapra/Capreolus, Bos/Bison sp.)
level.

According to modern animal birth criteria, the age at death and the state of epiphysis fusion
were determined using tooth eruption, replacement sequences, and dental wear. Priority was given
to ungulates, such as Capreolus capreolus [18], Cervus elaphus [19-21], and bovids [22-24].

All taxonomically identified specimens, including shaft fragments, were considered in the
analysis of skeletal part profiles. NISP (Number of Identified Specimens) [25] and MNI (Minimum
Number of Individuals) [26], indexes were used in order to evaluate species abundance. MNI were
estimated considering all skeletal elements, including both bones and teeth, with a particular
emphasis on the tibia for ungulates and teeth for carnivores (if any). MNE (Minimum Number of
Elements) was calculated by selecting the zone with the highest representation of >50%, which was
further combined with side and fusion data for each specific element.
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The identification of taphonomic alterations, whether organic (microorganism, animal, plant,
etc.) or inorganic and mechanical (manganese strains, weathering, water circulation or sediment
mobilisation, sediment compaction, etc.), were reliant upon data presented in published materials
[14,27-37]. The evidence of anthropic modification was based on examining the position, type, and
their orientation of cutmarks. Incisions and scraping marks were identified as types of cutmarks
[30,32,38-40]. A concise analysis of cutmarks were conducted in order to infer possible actions carried
out on the bone, such as skinning, disarticulation, defleshing, tendons removal and periosteum
removal [41]. The analysis considered the number of striations, their location and distribution, and
orientation. Furthermore, the presence of chop marks was given attention. Chop marks refer to broad
and relatively short linear depressions with a V-shaped cross section [14,31]. Anthropic traces
resulting from bone breakage for extracting marrow were traced and categorised into two types:
percussion marks and impact flakes. Percussion marks take the form of semi-circular cavities located
on the fracture edges, with corresponding negative flake scars. Impact flakes, on the other hand, are
positive flakes of the percussion notches that result from breaking the diaphysis [34,35,42—44].
Deliberate bone fracturing to reach marrow was identified by analysing the form of the shattered
extremities of the shafts themselves [31,36,45-48]. Every anatomical element (over 3 cm long) was
examined both macroscopically and microscopically to identify surface alterations. The degree of
combustion was evaluated by the methodology developed by Stiner et al. [49]. Assessing the skeletal
representation of various species and the survival rates of bones was based on fragmentation indices
methodologies developed by Binford [32], Brain [33], and Lyman [14].

Ecological characteristics of the ungulate assemblage is proportional to two habitat types [50,51].
Ungulates such as moose (Alces alces), giant deer (Megaloceros giganteus), red deer (Cervus elaphus),
roedeer (Capreolus capreolus), and wild-boar (Sus scrofa) represents a mixed habitat, such as,
grasslands, wetlands and forests of the lower elevations, while mountainous habitats were preferred
by ibex (Capra ibex) and chamois (Rupicapra rupicapra), in higher elevations than the former.

3. Results
3.1. Zooarchaeology and Taphonomy

Out of a total of 5825 bone fragments chosen for analysis (>1 cm), 692 (11.9%) were sufficiently
preserved to allow morphological assessment. Of these, 424 specimens (61.3%) were successfully
identified to species or genus level (Table 1). Natural modifications in the assemblage are primarily
marked by manganese stains (44.8%), followed by root marks (32.5%). Weathering-related micro
fissures (5.5%) and trampling (6.5%) are comparatively low, while other modifications, including
exfoliations (1.9%), carbonate concentrations (0.8%), carnivore marks (2.1%), rodent gnawing marks
(1.4%), and corrosion (0.3%), each account for less than 3% of the total. Burned fragments accounts
for 2.3% of the total, while calcined fragments make up to approximately 2% of the total assemblage
(Figure 1). Carnivore and rodent contribution to the accumulation is minimal, collectively does not
exceed 5% of the total assemblage, suggesting that carnivores may had secondary access to the
assemblage, but did not make a huge impact to the bone accumulation.

Table 1. Taxonomical determinations of the assemblage followed by NISP and MNIL

Taxa NISP NISP% MNI
Rodentia indet. 4 0.9 1
Tot. Rodentia 4 0.9 1

Aves 1 0.2 1

Tot. Aves 1 0.2 1
Vulpes vulpes 1 0.2 1
Ursus arctos 3 0.7 3
Ursus spelaeus 2 0.5 2
Ursus sp. 3 0.7 3
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Meles meles 2 0.5 1
Carnivora indet 1 0.2
Tot. Carnivora 12 2.8 10
Megaloceros giganteus 1 0.2 1
Alces alces 2 0.5 1
Cervus elaphus 92 21.7 8
Capreolus capreolus 30 7.1 3
Large Cervidae 3 0.7 2
Cervidae indet. 12 2.8 5
Caprine 6 1.4 1
Capra ibex 8 1.9 3
Rupicapra rupicapra 18 4.2 2
Ungulata indet. 235 55.4
Tot. Ungulata 407 96 26
TOT. NISP 424 100.00 38
Undetermined Specimens
Small size mammals 1 0.1
Medium size mammals 18 2.6
Medium-Big size mammals 27 3.9
Big size mammals 8 1.2
Undetermined 214 30.9
TOT. UNDETERMINED 268 38.7
TOT. NR 692 100.00

Root marks { |

Weathering S

Manganese stains {

Exfoliations D

Carbonate concretions D

Trampling abrasions -i:]
Carnivore marks D

Rodent marks D

Corrosion -H

Burnt D
Calcined D

0 10 20 30 40
Percentage of fragments (%)

Figure 1. Natural modifications observed in the assemblage.

The ungulates represent nearly 96% of the total assemblage, primarily through their limb bones
(Figure 2). Red deer and roe deer are the most common species, indicating a sparse forest
environment. Thought the relatively low presence of giant deer and moose is an indicative cold-
temperate environment with occasional access to open grazing areas. These ecological conditions are
consistent with those found in the vicinity of the site, which could also serve as a refuge for species
such as chamois and ibex. The high frequency of cervids aligns with faunal records from Mousterian
contexts globally [52-56]. In the preceding layers (A11-10) at Fumane, there is a noticeable increase
in these species, with a corresponding decline in those adapted to open environments [1].
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Figure 2. Ungulate distribution across the faunal assemblage.

Hunting and foraging practices appear to be biased towards forested environments, as reflected
in the taxonomic composition of the assemblage. This suggests a focus on lowland areas and valley
bottoms. Larger prey, such as moose and giant deer, likely had lower encounter and success rates
compared to red deer and roe deer. However, these larger species may have been more successfully
hunted than smaller prey in higher altitudes.

A range of species can be identified among the carnivore remains. The presence of the red fox
(Vulpes vulpes) and ursids (genus Ursus) indicates a preference for forested habitats. A complete first
phalanx of a brown bear (Ursus arctos) is the only human-induced modification found in the carnivore
assemblage. The cut marks on this bone suggest skinning, possibly related to the removal of fur for
utilitarian or subsistence purposes.

3.2. Exploitation of Carcasses

Anthropic marks, indicative of butchering activities, are observed on the surfaces and fresh
fracture edges of bones from all types of ungulates (Table 2). The occurrence of cranial elements
suggests that large ungulates, such as red deer, were processed differently from smaller prey species,
including roe deer, chamois, and ibex. The presence of cranial elements suggests that whole carcasses
were transported to the camp, rather than just the more economically advantageous meaty portions
being brought to the site.

Cut marks made by lithic tools are abundant, with 111 marks found on ungulates (Table 2) and
86 on undetermined bone fragments. The majority of butchered specimens are red deer, with 33
specimens bearing cut marks and percussion marks (Table 3, Figures 4 and 5). Butchering marks on
other commonly represented species, such as roe deer (n=11), chamois (n=5), and ibex (n=3), are
relatively few. This can be partly explained by the relatively high number of undetermined ungulate
remains bearing cut marks (n=65), suggesting that a larger proportion of these species were processed
but cannot be precisely taxonomically identified.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Representation of the frequence of anatomical elements for the main taxa of ungulates.
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Figure 4. Cut marks on ungulate diaphysis (A9-RF 264) (left) and Cut marks (skinning action) on Cervus elaphus

diaphysis (A9-RF 155) (right).

Table 2. Ungulates with a list of butchering marks, thermal-alterations and carnivore marks. CM: cut marks;

PM: percussion marks; CM + PM: cut marks + percussion marks; Tot. BM: Total butchering marks; % BM: %

butchering marks; R: retoucher; B: burned-black/brown bones; C: calcined-grey/white bones; GM: carnivore

gnawing marks.

Taxa NISP CM PM CM+PMTot. BM% BM R B C GM
Megaloceros gigantieus 1

Alces alces 2 1 1 50.00 1

Cervus elaphus 92 28 4 1 33 3587 1 3 7
Capreolus capreolus 30 9 1 1 11 36.67 1 1

Large Cervidae 3

Cervidae indet. 12 1 1 8.33

Caprine 6 2 1 1 4 66.67

Capra ibex 8 2 1 3 37.50

Rupicapra rupicapra 18 3 1 1 5 27.78 1 2

Ungulata indet. 235 65 2 69 29.36 2 6 8 5
TOTAL 407 111 10 6 127 31.20 4 13 12 12

Table 3. Number of anatomical elements of Cervus elaphus and with anthropic modifications and carnivore

marks. CM: cut marks; PM: percussion marks; CM + PM: cut marks and percussion marks; IF: impact flakes; CM

+ IF: cut marks + impact flakes; Tot. BM: Total butchering marks; % BM: % butchering marks; R: retoucher; B:

burned-black/brown bones; C: calcined-grey/white bones; GM: carnivore gnawing marks.

Anatomical Element NISP CM PM CM+PM Tot. BM

%BMR B C GM

Cranium

Hemimandible 5 1 1
Tooth 4

Hyoid

Total cranium 9 1 1
Atlas-axis

Vertebra

Rib

Total axial skeleton

Scapula

Humerus 6 2 2
Radius 5 3 3
Ulna

Metacarpal 14 4 4
Total forelimb 25 9 9
Coxal 1

Femur 12 3 3 1 7
Tibia 13 4 4
Metatarsal 12 6 6
Total hindlimb 38 13 3 1 17
Metapodials 6 2 1 3
First phal. 7 2 2
Second phal.

Third phal. 2

First phal. rudim.
Second phal. rudim. 1
Third phal. rudim. 1

20.0

111

33.3
60.0

28.6
36.0

58.3
30.8
50.0
44.7
50.0
28.6

1 1
1 1
1 2
1
1
1 1 1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Sesamoid 2 1 1 50.0
Diaphysis 1
Total indet. Limb 20 5 1 6 30.0
TOTAL 92 28 4 1 33 359 1 3 3 7

The number of bones bearing retouching impact marks is four (Figure 4): two from
undetermined ungulates and one each from red deer and chamois. Stigmata-like punctiform
impressions, linear impressions, retouch-induced striae, and notches can be explained by the fact that
the bones were used as hammers to knap flint.

Figure 5. Percussion marks and cut marks on Caprine Tibia (RF 046) (left) and retouching marks on Cervus
elaphus tibia (RF 002) (right) from Unit A9.

3.3. Carcass Representation Index

The anatomical composition of the A9 ungulate assemblage reveals a clear and structured
pattern of skeletal-part representation that provides important insights into carcass transport and
butchering practices carried out by Neanderthal groups at Fumane Cave. Cranial elements account
for 13.2% of the identifiable remains, most of which consist of isolated teeth. This moderate
proportion indicates occasional rather than systematic transport of heads, likely reflecting
opportunistic acquisition of the high-fat resources contained within the cranium. Axial remains
comprise only 2.7% of the assemblage, a figure consistent with the near absence of vertebrae and ribs
throughout the layer. The scarcity of these bulky, low-utility elements strongly suggests that primary
disarticulation occurred at kill sites, where axial portions were routinely discarded prior to transport.

Appendicular elements dominate the assemblage. Forelimb bones represent 18.5% of the total,
whereas hindlimb elements form the largest category at 33.5%. The marked abundance of femora,
tibiae, and metatarsals reflects their high flesh and marrow yield and corresponds to a transport
strategy prioritising anatomical segments with the greatest caloric return. Autopodial elements—
including metapodials, phalanges, and associated carpals and tarsals—comprise 21.5% of the
assemblage (Figures 3 and 6). Their notable frequencies relate both to their intrinsic structural
durability and to the regular transport of robust distal parts attached to major limb segments. This

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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distribution closely parallels the pattern described for A9 by Romandini et al. [1], who likewise
reported a dominance of hindlimb elements, moderate cranial representation, and minimal axial
remains. Combined, the two datasets present a consistent behavioural signal: carcasses were initially
reduced at kill locations, and only the nutritionally richest portions were transported to the cave.
Intermediate frequencies of forelimb and cranial elements point to a flexible, yet consistently selective
transport strategy designed to maximise caloric gain while minimising the labour involved in moving
heavy, low-yield anatomical parts.

Evidence for intensive on-site processing—including high levels of limb fragmentation and
frequent cut and percussion marks on transported elements —indicates systematic defleshing and
marrow extraction within the cave. These modifications support the interpretation of Unit A9 as a
habitation area where carcass reduction was routinely completed. Overall, the anatomical and
taphonomic data reflect a structured and efficient subsistence system in which Neanderthal groups
employed cost-effective transport and processing behaviours, fully consistent with the broader A9
faunal patterns documented by Romandini et al. [1] .

40

30

20

Percentage of Identifiable Remains (%)

Cranial Axial Forelimb Hindlimb Autopod
Anatomical Region

Figure 6. Carcass Representation Profile of Ungulates, Fumane Unit A9.

4. Discussion

The findings of this paper are consistent with those from the previously analysed section of the
Fumane A9 unit [1]. The earlier analysis covered the majority of the faunal assemblage, and the
present study examines the material that had not yet been analysed. With this analysis, the study of
the faunal material from Fumane cave’s A9 layer is now complete.

The zooarchaeological evidence offers a robust basis for reconstructing Neanderthal subsistence
behaviour within the region. With regard to ecological context, the data are consistent with an
environment characterised by sparse forest cover near open grazing zones. Such a mosaic landscape
appears to have encouraged a flexible, opportunistic approach to hunting rather than a strategy
targeting specific taxa. The diversity of species represented, coupled with the presence of individuals
of varying ages, supports the interpretation of a generalist subsistence strategy adapted to the
environmental heterogeneity of the Lessini plateau. Comparable behavioural plasticity has been
documented in units A5-A6 at Fumane [57,58] and at other MIS 3 Mousterian sites in northern Italy,
including Riparo Tagliente [59,60], Riparo Mezzena [61], and Grotta San Bernardino [62-64].

The skeletal-part representation of the A9 ungulate assemblage provides a coherent picture of
carcass transport and processing practices during the late Middle Palaeolithic occupation of the site.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202512.0092.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 December 2025 doi:10.20944/preprints202512.0092.v1

10 of 15

Hindlimb elements dominate the assemblage (33.5%), accompanied by substantial autopodial
representation (21.5%), while axial remains are notably scarce (2.7%) and forelimb (18.5%) and cranial
(13.2%) parts occur in more moderate proportions. This structured distribution mirrors the pattern
reported in the earlier A9 study [1] and indicates consistent, economically rational transport strategies
shaped by prey size, terrain, and logistical considerations.

Axial elements suggests that carcass processing typically began at kill locations, where bulky,
low-utility components were discarded. This behaviour aligns with established models of transport
optimisation [32,65,66], which predict that hunters negotiating complex topography, such as the
Monti Lessini foothills, would prioritise the removal of high-yield, low-weight anatomical parts. The
predominance of hindlimb elements —rich in flesh and marrow —supports this interpretation, as does
the high frequency of anthropogenic modifications, including cut marks, percussion damage, and
fragmentation indicative of marrow extraction. Taken together, the evidence points to the regular
introduction of high-utility limb elements into the cave for intensive secondary processing.

Cranial representation (13.2%) reflects a more variable transport pattern. Occasional transport
of skulls is consistent with the acquisition of nutritionally valuable resources such as brain, tongue,
and facial musculature—packages particularly advantageous during colder climatic phases
(biochemical basis: e.g., review of brain lipids; see [67,68]. Taphonomic evidence of cranial cut marks
and percussion in Neanderthal contexts, including Goyet [69], as well as zooarchaeological studies
documenting skull exploitation and selective transport [32,70] further supports this behaviour.
However, the moderate frequency of cranial remains indicates that head transport was not
systematic, reinforcing the interpretation that limb elements were preferentially transported over less
predictable nutrient sources. This pattern parallels the earlier findings for A9 [1], which likewise
suggested context-dependent decisions regarding head transport.

The relatively high proportion of autopodial elements (21.5%) merits particular attention.
Although some of this representation can be attributed to the high density and consequent
survivorship of distal limb bones, the recurrent presence of metapodials and phalanges suggests that
entire limbs or large limb sections were frequently transported. Similar patterns have been
documented at Middle Palaeolithic sites such as Bolomor Cave [71] where distal limb segments
accompanied proximal ones due to natural anatomical attachment and their supplementary value for
marrow, tendon, and hide processing. The A9 assemblage thus indicates that transported limb
packages were not restricted solely to the most profitable components but often included a broader
anatomical range.

Comparative data from other European Middle Palaeolithic contexts further situate the Fumane
A9 findings. Selective limb transport at sites such as Abri du Maras (Rhone Valley) [72] and Combe-
Grenal (France) [73], has been linked to mobility systems in which kill locations were spatially
separated from residential hubs. The A9 anatomical profile conforms to this pattern, suggesting that
Neanderthal groups hunted red deer and roe deer in nearby lowlands and transported high-utility
body parts to the cave for processing. Combustion features and dense concentrations of fragmented
limb bones at the cave entrance [1] reinforce the interpretation of A9 as a locus for regular food
processing rather than short-term or task-specific use. Collectively, the anatomical representation,
modification signatures, and inter-site comparisons indicate a subsistence system that maximised
caloric return through coordinated transport and processing within a logistical mobility framework.

The presence of a cut-marked bear bone, although limited in number, contributes to growing
evidence for infrequent but meaningful Neanderthal exploitation of ursids in northern Italy. As noted
by Romandini et al. [63], MIS 3 Mousterian sites such as Grotta San Bernardino and Grotta di Fumane
preserve clear indicators of bear carcass processing. While sporadic, such evidence underscores the
flexibility of Neanderthal foraging strategies and their willingness to exploit a wide array of available
resources. taphonomic observations reveal minimal evidence of carnivore or rodent disturbance and
low levels of weathering, confirming a predominantly anthropogenic accumulation. Burned and
calcined remains, representing approximately 4% of the assemblage, attest to proximity to hearths
[4,9] and the close association between faunal processing and combustion activities. The combined

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0092.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 December 2025 doi:10.20944/preprints202512.0092.v1

11 of 15

presence of cut marks, percussion damage, and retoucher use supports the interpretation of A9 as a
residential and processing area rather than a secondary deposition zone. Balanced representation of
axial and appendicular remains for larger ungulates, together with intensive butchery evidence,
further suggests that primary carcass processing, marrow extraction, and possibly hide preparation
occurred directly within the cave. These patterns are consistent with other structured on-site faunal
exploitation documented in Italian Mousterian contexts, such as Grotta de Nadale [75,76].

Taken together, the faunal and statistical evidence highlights the behavioural sophistication of
Neanderthal groups in the region. Subsistence practices at Fumane reflect logistical planning, broad-
spectrum prey selection, and efficient utilisation of carcass resources, paralleling patterns observed
in some Upper Palaeolithic contexts [77-79]. The integration of hunting, transport, butchery, and
resource processing —supplemented by evidence for cranial exploitation, retoucher production, and
controlled burning —demonstrates a high degree of cognitive flexibility and ecological awareness.
Within the broader European context, the Fumane A9 assemblage aligns with an increasingly
diversified Mousterian subsistence pattern during MIS 3, comparable to sites such as Teixoneres Cave
(Spain) and Pié Lombard (France) [80]. Among northern Italian sites, Fumane stands out for its
integrated faunal, lithic, and combustion evidence within a single stratigraphic unit, offering one of
the clearest examples of a well-organised residential base from this period.

5. Conclusions

The faunal assemblage from Unit A9 at Grotta di Fumane provides a refined perspective on
Neanderthal subsistence behaviour on the Lessini Plateau during MIS 3. Rather than reflecting purely
opportunistic foraging, the anatomical distribution of ungulate remains indicates a structured and
economically informed transport strategy. The strong predominance of hindlimb elements, combined
with the near absence of axial remains and moderate cranial frequencies, suggests that carcass
processing typically began at kill locations, where bulky, low-utility components were discarded.
High-yield portions—particularly femora, tibiae, and metatarsals—were selectively transported to
the cave for intensive secondary processing. This pattern mirrors that identified in the previously
analysed A9 assemblage and aligns with broader Middle Palaeolithic evidence from sites such as
Abri du Maras and Combe-Grenal, where selective limb transport has been interpreted as a key
feature of logistically organised mobility systems.

The frequent occurrence of cut marks, percussion impacts, and extensive fragmentation further
indicates that A9 functioned as a residential locus where carcass reduction and marrow extraction
were routinely carried out. The presence of cranial elements, though at moderate levels, points to
occasional skull transport for the acquisition of nutrient-rich tissues such as brain and tongue—
behaviours consistent with ethnographic and experimental models of fat-oriented transport during
cold climatic phases. Additional evidence, including cut-marked ursid remains, illustrates the
behavioural flexibility of Neanderthal groups at Fumane, who maintained a consistent focus on
cervids while opportunistically exploiting other taxa when encountered. Collectively, the faunal
evidence from Unit A9 highlights the planning depth, transport optimisation, and ecological
sensitivity that characterised Neanderthal lifeways in northern Italy. These results reinforce a
growing understanding across European Middle Palaeolithic contexts: Neanderthal foragers were
sophisticated, behaviourally complex hunter-gatherers who structured their subsistence systems
around high-utility carcass components, landscape constraints, and the energetic demands of
Pleistocene environments.
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