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Faunas, Institut Català de Paleontologia, Campus de la UAB, Cerdanyola del Vallès, Barcelona, Spain, 5Estación Biológica de
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Feral Pigeons have colonised all corners of the Earth, having developed a close association with humans and
their activities. The wild ancestor of the Feral Pigeon, the Rock Dove, is a species of rocky habitats, nesting
typically on cliff ledges and at the entrance to large caves. This habit would have brought them into close contact
with cave-dwelling humans, a relationship usually linked to the development of dwellings in the Neolithic. We
show that the association between humans and Rock Doves is an ancient one with its roots in the Palaeolithic
and predates the arrival of modern humans into Europe. At Gorham’s Cave, Gibraltar, the Neanderthals
exploited Rock Doves for food for a period of over 40 thousand years, the earliest evidence dating to at least 67
thousand years ago. We show that the exploitation was not casual or sporadic, having found repeated evidence
of the practice in different, widely spaced, temporal contexts within the cave. Our results point to hitherto
unappreciated capacities of the Neanderthals to exploit birds as food resources on a regular basis. More so, they
were practising it long before the arrival of modern humans and had therefore invented it independently.

D
iscussion of the association of humans with commensal species usually considers mammal species,
particularly as a prelude to domestication1. Birds are not usually discussed, other than with reference to
species that were eventually domesticated, for example chickens (Gallus gallus domesticus2). In the case of

mammals, the wolf (Canis lupus) is currently the species that appears to have had the longest association with
humans, possibly dating back to at least 33 thousand years ago3. The earliest evidence of domestication, of goats
(Capra hircus) and sheep (Ovis orientalis), is currently placed at 11 thousand years ago4. The Feral Pigeon
(Columba livia) is the bird species which is most associated with humans, having adapted to urban life on all
continents5. Morphologically, it is impossible to distinguish today between Feral Pigeons and the wild ancestor –
the Rock Dove – so that its natural geographical range cannot be determined6. Here, we show a clear connection
between humans and Rock Doves from findings recovered at Gorham’s Cave (Gibraltar). This connection
predates modern humans and transcends human lineage boundaries.

Geological, Chronological and Archaeological Setting: Gorham’s Cave, Gibraltar
Gibraltar (36u79N, 5u209W) is located at the southern end of the Iberian Peninsula (Figure 1A). The western coast
is sheltered by a wide bay, while the eastern side faces the Mediterranean Sea and is subjected to intense wave
action. This particular phenomenon led to the creation and development of cavities of which Gorham’s Cave is
one7. Its sedimentary filling, from the deepest galleries to the present sea level, comprises a pure sandy aeolian
record accumulated as a cliff-dune during climatic transgressive episodes. In the outermost area are frequent rock
falls consisting of thin clast layers and seismic-like rock avalanches. In the inner sector the stratigraphy only
displays local rock fall, aeolian dust, and karstic clay8.

The first excavation was carried out at the outermost zone of the cave (entrance area) by Waechter9,10 and was
characterised by a low density of archaeological remains. The sediments were composed of interbedded and
irregular-layered bright red clayey sand, reddish brown clay/sand with abundant charcoal flecks, dark yellowish
brown compact clay/sand, and tank/pink sands and clays11,12. Abundant limpets, other shells, and coarse, angular
travertine roof falls occur within the lighter pink calcareous sandy units. The outer area was also excavated in its
middle sector by Waechter9,10 and later by Barton et al.13 and Stringer et al.14 (Figure 1B) and displays a lower
sedimentation rate but also high human activity. These sediments tend to be somewhat less sandy than those in
the outermost zone but are similar overall. In general, they include dark-brown organic-rich silty clay, grey sand,
and irregularly bedded yellowish-brown sand containing coarse charcoal fragments; brown-black organic-rich
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clay with whitish gritty phosphatic lenses; and interbedded, massive,
homogeneous, coarse brown sand (see Collcut15 for more detail). The
inner sector was excavated at the beginning of this century by the
Gibraltar Museum, and the first results were published by Finlayson
et al.16. The excavations exposed an area of about 29 m2 of cave floor
and produced a stratigraphy with 4 main occupation levels (I–IV
from top to bottom). The sedimentary record in this zone is thinner
than in the outer part of the cave due to the higher position of the
bedrock. Likewise, its sedimentary composition differs from other
sectors due to a predominance of clay minerals, calcite, and quartz,

with small quantities of dolomite, ankerite, and feldspars7. The inner
sedimentary series seems to register a more condensed record than
the outer zone, making the stratigraphic and chronological correla-
tion between excavation areas difficult.

In the inner area, the chronology is based on a stratigraphically
coherent series of AMS (Accelerator mass spectrometry) radiocar-
bon dates obtained from charcoal fragments. Level III is dated
between ca. 12,640 and 10,880 BP for the Magdalenian horizon (level
IIIa) and between ca. 18,440 and 16,420 BP for the Solutrean horizon
(level IIIb). Level IV is dated between ca. 32,560 and 23,780 BP15. In

Figure 1 | (A) Location of Gorham’s Cave, Gibraltar, in the southern Iberian Peninsula; (B) Top: General plan of Gorham’s Cave showing the location of

the excavated sectors [outer sector including the entrance and middle area of the cave, and inner sector (back of the cave)]; Bottom: Geological

interpretative section of Gorham’s Cave (NW-SE section or B-A projection in top) based on Jiménez-Espejo et al.7 and previous publications (e.g.9,10,12,16);

(C) Geological sequence of Gorham’s Cave - left: schematic profile of the outer sector (middle area of the cave) modified from Collcut15 (see Barton et al.27

for more details); right: stratigraphic profile of the inner sector. Red boxes mark the archaeological levels/units studied here. The photograph in (A) was

taken by C. Finlayson and the maps/graphs in (A, B) were made by J.R. and J.R.-V. by using CorelDRAW Graphics Suite 12 and CorelDRAW X3 software.

We would like to acknowledge S.N. Collcut and R.N.E. Barton for the permission granted for the use of the geological sequence of Gorham’s Cave shown

in C-left, courtesy of the School of Archaeology, Oxford.
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the outer area, a combination of AMS radiocarbon and OSL dates is
used to locate chronologically the outer deposits. Radiocarbon results
reported by Higham et al.17 indicate an age of between ca. 29 and
51 kyr BP for UBSm.7 and BeSm.1. Nevertheless, the dates from the
underlying LBSmff.1–5 of between ca. 42 and 56 Kyr BP suggest that
most of the charcoal fragments from UBSm.7 and BeSm(OSsm)
could have been moved up by the soft sediment loading17. The
Single Grain (SG) OSL chronology and the Bayesian age model show
sediments of MIS 5 age near the base of the sequence (119,300 6

14800 kyr for CSm), with deposition occurring into early to mid
MIS3 (48,700 6 4000 for BeSm [PLSsm].3 and 38,500 6 5800 kyr
for UBSm.6)18. The lowest layer studied here (SSLm [Usm].5) yielded
an OSL age of 67,900 6 5150 kyr18.

In the middle and lower layers of the outer stratigraphic sequence,
lithic tools are consistent with the Middle Palaeolithic techno-com-
plexes. The knapping technique follows discoid reduction sequences,
although a significant increase of laminar flakes coming from bipolar
Levallois cores can be detected at SSLm.5–6 (MIS 4). Lithic tools
belonging to the Upper Palaeolithic were identified from CHm.5
(unite D of Waechter10; see Collcut and Currant19 for correlations).
In the inner sector, level IV corresponds to a Mousterian horizon
characterized by the use of flint and fine-grained sandstone and to a
lesser extent quartzite, quartz, and dolomite. These materials are
usually exploited following Levallois and discoid reduction
sequences. In some cases, the obtained flakes are configured as scra-
pers, side-scrapers, and denticulates. A significant change can be
detected at level III, which is characterized by a blade technology,
plain retouch, and the configuration of artefacts that could be clas-
sified into the Upper Palaeolithic techno-complexes with diagnostic
pieces attributable to the Solutrean and Magdalenian20,21.

The faunal record in Gorham’s Cave is typically European (i.e.,
without African influences) and fairly constant in taxonomical com-
position through the sequence with no marked fluctuations of species
per archaeological units, especially in the case of macro-mammals22.
The majority of identified ungulate remains belong to two species –
Cervus elaphus and Capra ibex. This apparent stability of the envir-
onment surrounding the cave supports the hypothesis that southern
Iberia did not suffer the extreme cold of glaciations or the aridity
potentially generated by it. Only the occurrence of Grey Seal
(Halichoerus grypus) registered by Sutcliffe in the D unit (CHm in
Currant system; see Collcut and Currant19 for correlations) can be
interpreted as punctual evidence of a cold phase since this species has
never been previously recorded so far south22; this presence may
simply reflect conditions to the north that may have forced some
marine species south and not actual conditions on site. The amphi-
bian and reptile assemblages from the inner part of the cave involve
at least 24 taxa, including newts, toads, frogs, tortoises, turtles, lacer-
tid and scincid lizards, geckos, and several snakes. These findings
show an increase in the atmospheric temperature range during the
latest Pleistocene, mainly due to lower winter temperatures23. The
largest assemblage in the outer area comes from LBSmcf.11, which
yielded 21 species with the southern spadefoot toad (Pelobates cul-
tripes) as the most frequent taxa24. The small mammal record is
remarkably stable with five dominant species – Oryctolagus cunicu-
lus, Apodemus sylvaticus, Eliomys quercinus, Microtus brecciencis and
Pitymys (Microtus) duodecimcostatus. In addition to these taxa, a
selection of other species occurs in lower proportions though widely
distributed through the stratigraphic sequence25.

Finally, the excavation works in the outer area produced a rich and
diverse avifaunal assemblage, including at least 90 species (seabirds,
ducks, birds of prey, partridges, waders, pigeons, swifts, crows, and
small passerines)26. These taxa are especially concentrated on a rela-
tively narrow section of the overall stratigraphic sequence (LBS –
Lower Bioturbated Sands). A typical core assemblage of common
taxa is apparent throughout the sequence, consisting of partridge
(Alectoris sp.), chough (Pyrrhocorax sp.), Common/Pallid Swift

(Apus apus/pallidus), and especially, Rock/Stock Dove (Columba
livia/oenas)26.

Data Presentation and Results
Here, we examined 1,724 Rock Dove bones from inner [III and IV
levels] and outer [BeSm (Ossm).1 to SSLm (Usm).5] areas of
Gorham’s Cave (Figure 1C; Table S1; Table S2), spanning the time
range from 67 kyr to 28 kyr16,27. This temporal range coincided with
the occupation of the cave by Neanderthals and, subsequently, by
modern humans. Twenty discrete archaeological units were exam-
ined taphonomically. Nineteen of these contexts were associated
with Neanderthals and one with modern humans (level III from
inner area)16,27. We found evidence of human intervention on Rock
Dove bones in 11 (57.89%) of the Neanderthal contexts, as well as in
the modern human context (Table 1). There was no observable dif-
ference in the tendency of damaged bones between Neanderthals and
modern humans, both of whom appeared to have regularly processed
Rock Doves, presumably for food. In the case of the Neanderthal
occupation units, we detected cut-marks on 28 dove bones, 16 from
level IV and 12 from the outer area (Table 1; Table S3; Figure 2).
Incisions tend to occur both on the wing (n 5 22 of 992 or 2.22%) and
lower limb bones (n 5 5 of 282 or 1.77%), as well as on one sternum
fragment (16.67%) (Table S3; Figure 2). Although the proportion of
cut-marked specimens is not high, it is important to emphasize that
the size of these prey makes the use of stone tools unnecessary for
direct consumption. After skinning or feather removal, direct use of
hands and teeth would be the best way to remove the meat and fat/
cartilage from the bones28,29. The proof of this is the human tooth-
marks and associated damage observed on some dove bones (n 5 15
of 1364 or 1.1%). These imprints and alterations resulting from
disarticulation and/or direct consumption (bone breakage by over-
extension, e.g., arrachement and peeling) match up with the
anthropogenic alterations described both experimental and archae-
ologically by Lefèvre and Pasquet30, Higgins31, and Laroulandie32–34.

In addition, a proportion of the bird specimens show signs of
burning (n 5 158 of 1364 or 11.58%), some of them with double
colouring evidence (n 5 29 of 158 burnt bones or 18.35%) (Table S4).
The latter alterations are due to the fact that the entire surface of the
bone would not have been exposed to fire with the same intensity.
This happens when the prey or portions of it (skinned or not) are
placed on a fire place for roasting. The areas of the bone that have not
meat on them (or only a very thin tissue), are affected by the heat
more intensely, and therefore the degree of burning on these areas is
higher. In contrast, the bone areas covered with large muscle mass
remain unmodified or are modified only slightly, acquiring lower
degrees of colouring. At Gorham’s Cave, the double colouration on
the dove bones coincides with the areas of the skeleton with low
muscle mass. Thus, the highest grade of burning of the humerus is
detected on the head of the proximal joint, on the distal end of the
tibiotarsus and ulna, and on the distal part of the palmar surface of
the radius. This type of evidence was also documented in the early
Middle Palaeolithic of Bolomor Cave (Spain)28,35,36 and in sites with
more recent chronologies, such as in the Upper Magdalenian site of
La Vache (France)37 and at the Final Epigravettian levels of Grotta
Romanelli (Italy)38. In these sites the presence of double colorations
was interpreted as the result of birds being cooked over a fire or in
burning embers. Although this practice seems to have been used by
the Neanderthals of Gorham’s Cave, the highest proportions of com-
pletely burnt bones belong to degree 2 (brown colour) and 3 (black
colour) (n 5 139 of 158 or 87.97%). It must be taken into account that
burning on bone fragments might reflect other types of intentional
activities, such as the removal of waste for cleaning purposes, or
could be the result of unintended processes, such as accidental burn-
ing. It could even be a consequence of post-depositional damage (e.g.,
secondary burning when fire places were set up on bones buried close
to the surface). In the case of Gorham’s Cave, it is possible that part of
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the burning might be the result of non-nutritive events that occurred
after consumption and/or deposition. In contrast, modifications by
other agents, such as carnivores, were negligible. Only 0.81% (n 5
11) of all the elements showed marks by carnivore gnawing, and
0.22% (n 5 3) showed damage due to digestive action by birds of
prey. Only in layers LBSmcf.11 and LBSmcf.13 was there no evidence
of human exploitation while carnivore modifications were documen-
ted. Carnivore damage was represented by a unique tooth-marked
dove specimen in each layer. Despite this lack of anthropogenic
damage on Columba bones, other ungulate taxa showed human
processing in LBSmcf.11, which yielded one burnt cervid metatarsal
fragment and a Cervus elaphus radius shaft fragment retoucher22.
Besides, both LBSmcf.11 and LBSmcf.13 displayed a significant col-
lection of lithic industry following discoid and Levallois reduction
sequences39.

Discussion and Conclusions
Our results demonstrate unequivocally that Neanderthals, and later
on modern humans, consumed Rock Doves. Furthermore, this was
not an isolated or casual behaviour as it affected a significant number
of individual doves over a long temporal period. It points to the
origin of an association, within the context of caves, which has per-
sisted to the present day. Until now, the systematic exploitation of
birds has been considered to be an exclusive and defining feature of
modern human behaviour40, although recent evidence has pointed to
the regular exploitation of raptors and corvids (for feathers) by
Neanderthals in Gorham’s Cave41. There is also evidence of the use
of feathers in Grotta di Fumane (MIS 3, Italy)42 and of raptor claws in
Combe-Grenal (MIS 5b, France) and Les Fieux (MIS 3, France)43.
The exploitation of pigeons could date as far back as the Middle
Pleistocene from evidence of level IV of Bolomor Cave with 2 butch-
ered individuals of Columba sp. (MIS 5e, Spain)35,36 and from UA25
of Lazaret Cave with one processed specimen of Columba livia (MIS
6, France)44,45. These are, nevertheless, isolated events in comparison
with the diachronic consistency observed at Gorham’s Cave. The

regular use of Rock Doves for food is presented here for the first time
from 11 distinct Neanderthal occupation units from Gorham’s Cave.
The lack of anthropogenic damage on dove bones in the 8 remaining
layers might be explained by diverse factors. A potential problem is
that human activities on small prey do not always leave tell-tale
physical evidence on all bones46. Apart from the fact that the lithic
tool does not always come into contact with the bone, birds can be
butchered (after skinning and de-feathering) using only the teeth and
hands, which often makes it difficult to distinguish these alterations
from those generated by other predators. In this connection, it must
also be considered that differences in occupational patterns (mobility
and site functionality), socio-cultural factors, and/or human beha-
vioural diversity could condition the range of exploited species. That
is, Neanderthals could have developed different subsistence strat-
egies in the same landscape depending on behavioural variables,
which are difficult to control archaeologically36. Taking all the vari-
ables with the potential to obscure human intervention signals, in the
case of Gorham’s Cave we interpret the 11 Mousterian occupation
units with human use of pigeons as the strongest currently available
evidence of a recurrent and systematic behaviour by Neanderthals in
a specific area.

However, ascertaining archaeologically the way Rock Doves were
procured is difficult, as different methods could have left no trace in
the fossil record. But even if birds may be perceived as elusive prey
due to their flight capabilities, no technology needs to be invoked for
their capture. Birds are forced to incubate their eggs in a fixed posi-
tion, the nest, where the nestlings grow until they reach full adult size
(for altricial birds such as the pigeon). This makes eggs, nestlings and
brooding adults relatively easy to catch by hand by a moderately
skillful and silent climber. Even roosting birds at night are practically
defenseless against stealth predators because birds rely on vision and/
or hearing for protection against predators, and contrary to mam-
mals they cannot exploit olfactory cues. Ethnographic examples indi-
cate that hunter-gatherers often catch wild birds as bushmeat47. To
catch birds, modern humans in traditional societies use a variety of

Table 1 | Number of specimens attributed to genus Columba (cf. Columba livia/oenas and Columba palumbus) from Gorham’s Cave,
Gibraltar. *Stratigraphic units/levels taken from Finlayson et al.16 and Barton et al.27. **Units containing Columba palumbus specimens:
LBSmcf.2 5 2; LBSmcf.4 5 2; LBSmcf.5 5 3; LBSmcf.9 5 1; LBSmcf.11 5 3; LBSmcf.13 5 1; SSLm (Usm).5 5 3. NISP 5 Number of
Identified Specimens; MNE 5 Minimal Number of Elements; MNI 5 Minimal Number of Individuals; Cm 5 Cut-marks; B Br 5 Bone
breakage by overextension; Burn 5 Burned bones; Carniv 5 Carnivore damage. See Supplementary Material (Tables S1–S4) for more
detail

Site location area Stratigraphic units*
Columba n %

NISP MNE MNI Cm B Br Burn Carniv Cm B Br Burn Carniv

Inner area III 360 335 37 5 8 21 7 1.39 2.22 5.83 1.94
IV 481 426 55 16 6 43 8 3.33 1.25 8.94 1.66

Outer area BeSm (Ossm).1 2 2 1
BeSm (PLSsm).3 81 70 8 2 9 2 2.47 11.11 2.47
LBSmff.1 (fine facies) 10 9 3
LBSmcf.1 (coarse facies) 3 2 1 1 33.33
LBSmcf.2** 116 93 12 5 2 27 4.31 1.72 23.28
LBSmcf.4** 195 157 22 2 5 58 1.03 2.56 29.74
LBSmcf. 1–4 general 11 9 2
LBSmcf.5** 52 47 7 1 5 1.92 9.62
LBSmcf.6 17 17 3
LBSmcf.7 22 20 2 2 9.09
LBSmcf.8 47 41 3 1 3 2.13 6.38
LBSmcf.9** 160 130 15 1 4 0.63 2.50
LBSmcf.10 3 3 1
LBSmcf.11** 58 53 8 1 1.72
LBSmcf.12 29 27 4 4 13.79
LBSmcf.13** 8 8 3 1 12.50
SSLm (Usm).3 2 2 1
SSLm (Usm).5** 67 58 10 2 2 2 2.99 0.00 2.99 2.99

1724 1509 198 33 23 179 21 1.91 1.33 10.38 1.22
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bird traps (typically snares or netting systems baited with food),
sometimes in combination with the imitation of bird calls by direct
vocalization or by using whistles to attract individuals from far
away48,49. In any case, active collection by hand or by different hunt-
ing techniques would not be mutually exclusive with the occasional
scavenging of dead animals in the cliff. Nevertheless, their relatively
high decomposition rate, i.e., rapid decomposition50, and the low
incidence of carnivores detected from their bones could relate to

immediate access by human groups to these animals. Even with this,
it is possible that pigeons were easier to catch than other quick-flying
animals. However, evidence of exploitation of avian species presum-
ably harder to catch (e.g., raptors and corvids) was previously
reported in Finlayson et al.41 for the same site. Similar observations
were also made in other Neanderthal contexts of France and Italy42,43.
Some cut-marked species coming from these studies are, for
example, Aquila chrysaetos, Gypaetus barbatus, Aegypius monachus,

Figure 2 | Cut-marked bones of Rock Dove specimens from Gorham’s Cave: sternum (A), ulna (B, E) and humerus (C, D) from level IV, and tibiotarsus
from LBSmcf.2 (F). Note burning damage (Degree 3 -black colour) on tibiotarsus (F).
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Gyps fulvus, Falco vespertinus, Milvus milvus, and Pyrrhocorax pyr-
rhocorax/graculus. This core of evidence provides clear proof that
Neanderthal cognitive capacities to obtain different avian taxa were
comparable to those of modern humans. Thus, the exploitation of
pigeons reported here is further evidence that puts the Neanderthals’
abilities on par with those of modern humans.

The Rock Dove is a colonial and fast-reproducing species, making
it an ideal candidate for sustainable exploitation. The nesting habit of
the Rock Dove and its distribution in the landscape are practically
unique in the Palearctic51: the species is highly colonial any time of
the year in any kind of cliff or rocky outcrop, inland or on the coast6.
Few bird species are comparable in numbers and ubiquity. Seabirds
are colonial species which are invariably linked to coastal areas, and
other colonial bird species, such as herons, ibises, flamingos, and
waterfowl, breed and forage necessarily in wetlands; corvids are for-
est birds, and a few colonial species, such as Jackdaws or choughs,
that may breed in rocky outcrops or cliffs do not seem capable of
reaching such high population densities as doves52. Other colonial
birds, such as starlings, sparrows, swifts, and swallows, are again
highly seasonal in their breeding and too small in size to have become
staple prey. Furthermore, pigeon nesting colonies and foraging flocks
have practically no upper limit in size. Even today, millions of birds
may flock together, as in Argentina53, and the largest flocks ever
registered for any bird species were those of the now extinct passen-
ger pigeon54. The original distribution range of the Rock Dove
includes the mid-latitude belt in Eurasia, and the overlap with the
Neanderthal range would have been extensive. Few species of birds
had the potential to become so abundant within the distribution
range of the Neanderthals. In short, it seems that the Neanderthals
living in Gorham’s Cave regularly took this bird for food, and it was
one of a small suite of species with similar characteristics that would
have guaranteed a stable food supply in the rocky environment of the
Gibraltar landscape, as probably in many other parts of the
Neanderthal geographical range. Traditionally in human history,
the pigeon has been considered a symbol of peace, love, and fertility55,
three attributes that are deeply interwoven. Its origins may well have
been with the Neanderthals who exploited this very fertility in a way
that allowed them to target them for food without depleting their
numbers.

Methods Summary
Surface alterations were treated at both macroscopic and microscopic level (optical
light microscope, Nikon SMZ 1500 - magnification to 1253). Selected items were
examined with an analytical FEI QUANTA 600 Environmental Scanning Electron
Microscope (ESEM). Damage observed on dove remains included cut-marks
(e.g.56,57), fresh bone breakage, over-extending, burning, and human tooth-marks.
Fresh bone breakage on bird remains can be the result of several processes, such as
disarticulation or removal of marrow, fat, and cartilage. These phenomena generate
certain damage, such as peeling, notches, and/or arrachement. Peeling is defined as a
roughened surface with parallel grooves and fibrous texture and is characterized by a
superficial flaking on the bone. Arrachement is the loss of bone cortical tissue related
to dismembering by means of hyperextending the elbow. This activity produces a
breakdown of the olecranon fossa of the humerus and of the proximal joints of the
radius and ulna58. In addition, humans can also leave tooth marks on bird bones as a
consequence of direct consumption of meat, fat, or cartilage28,29,34,35. Given the risk of
confusion with carnivore gnawing, we identified human tooth-marks on the basis of
the criteria proposed by Laroulandie34 and made a systematic comparison with bone
damage generated by carnivores. Carnivore alterations were analysed following the
observations described by Bochenski and Tomek59 and Bochenski et al.60. Burning
damage was analysed in terms of presence/absence and based mainly on colour
changes and other physical alterations produced during exposure to fire, such as
cracks and fissures (e.g.33,34,37). The degree of alteration from burning was designated
according to six categories of intensity, with degree 0 being unburned bones and
degree 5 being calcined ones.
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