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The study of bird bones from archaeological sites,
ornithoarchaeology or avian zooarchaeology/archaeozoology fo-
cuses on the study of past bird-human relationships (Davis 2012;
Morales-Muñiz 1993; Reitz andWing 1999; Bartosiewicz 2001,
2008; Serjeanston 2009). Studies of bird remains in prehistory
and history or avian zooarchaeology appear in many contexts,
including as musical instruments (Morejohn and Galloway
1983), cultural symbols, art and iconography (David
1989; Sparkes 1997), tools (Olsen 1979), adornment with
feathers (Berdan 2006), food (Peterson 1973), ethnology (Rea
2007) and medicine (Bezerra et al. 2013). Bird bone identifica-
tion and chronicling domestication history demands the develop-
ment of studies in comparative osteology (Cohen and
Sergeanston 1996; Gilbert et al. 1996), pathology (Shufeldt
1893; Brothwell 2002; Gál 2008a, 2008b, 2013) and identifica-
tion and ancient DNA studies (DeCupere et al. 2005; Camilla
et al. 2010). Depositional histories, preservation biases and
distinguishing of cultural from noncultural modification rely on
taphonomic investigations (Bickart 1984; Ericson 1987;
Livingston 1989; Bocheński 2002; Bovy 2002). All these topics
are of research interests that can involve field excavation,
actualistic study or experimentation, and ethnoarchaeology and
ethnographic evidence, as well as laboratory analysis
(Serjeanston 1998; Best and Mulville 2013; Soma 2013;
Gomes 2016).

Treatises addressing the topic of avian zooarchaeology in-
clude Grigson and Clutton-Brock (1983), Purdue et al. (1991)
and Serjeantson (2009) and works presented at the BirdWorking
Group (BWG) Meetings of the International Council for

Archaeozoology (Serjeantson 1994; Archaeofauna 1993(2);
International Journal of Osteoarchaeology 1997(7); Acta
Zoologica Cracoviensia 2002(45, special issue); Grupe and
Peters 2005a; Prummel et al. 2010; Bejenaru and Serjeantson
2014). In January 2016, the 8th BWG Meeting was held at the
University of Texas Rio Grande Valley (UTRGV), Edinburg,
TX, USA. The meeting was hosted by the Department of
Biology, College of Sciences, and the Office of Sustainability.
Researchers from Australia, New Zealand, Japan, the UK, the
USA,Mexico, France andArgentina gathered to present findings
and participate in birding events. The Lower Rio Grande Valley
(Starr, Hidalgo, Cameron andWillacy counties) provides habitat
supporting about 520 resident, migratory and rare bird species,
almost half of the 1114 recorded occurring in the USA as a
whole. The presence of many tropical bird species encourages
birders to visit in large numbers. Regional ecotourism that in-
cludes birding generated (as of ca. 2010) more than $300million
in local yearly revenue (Woosnam et al. 2011; Leslie 2016). We
review the articles resulting from this first meeting in the USA
and place them in contexts of taphonomy, hunting and domesti-
cation, and prehistoric and historic bird use.

Taphonomy

Bird bone biology challenges the preservation and recovery of
skeletal elements from archaeological sites. Bird bone reflects
adaptations to flight, except for flightless birds, and egg laying
through (1) structural matrix (e.g. trabecula), (2) relatively
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high bone density and low thickness, (3) pneumatisation and
(4) medullary bone (Dacke et al. 1993; Cubo and Casinos
2000; Dumont 2010; Doube et al. 2011). Bird size may also
challenge bone recovery, for many species are small and may
only be retrieved through water-sieving and fine screening
(Clason and Prummel 1977). This is not a standard practice
in many excavations, especially during rescue work where
time and resources are limited (James 1997). However, bird
remains can be frequently recovered from carefully collected
soil core samples and even from archaeobotanical assem-
blages (Ramsay et al. 2016). Taphonomic research on the
preservation, recovery and representation of bird bones con-
tinues to be of interest to archaeologists. In this special issue,
taphonomic research is found in the contributions of Dirrigl
et al., Tellkamp, and Hawkins et al.

Dirrigl et al. (this issue) examine the effects of salinisation of
bird bones, by exposing bird wing bones to laboratory conditions
simulating salt lake substrate and overlying salt water. They ex-
posed domestic chicken humeri, ulnae and radii to simulated salt
lake conditions for up to 32 weeks. Data gathered included bone
mineral content from ashed bone and chemical concentrations
and element to phosphorus ratios using inductively coupled plas-
ma optical emission spectroscopy (ICP-OES). Their results dem-
onstrated that in salt lake environs, exposed wing bones in-
creased significantly in bone mineral content, which indicated
that wing bones most likely became stronger. Additionally, they
found the ionic concentrations of Ca2+, K+, Mg2+, Na+, P5+, Sr2+

and Si4+, except Fe3+, to change significantly among all wing
boneswith saline exposure. Changes in bonemineral content and
ion concentration took place in as little as 4 weeks. Element to
phosphorus ratios suggested that in an ionic substitution, where
Mg2+ replaced Ca2+, occurred in bird bone, which further be-
came Na+-enriched when exposed to the mimicked saline lake
conditions. Their contribution would be important to consider in
future stable isotope and x-ray fluorescence studies that include
bird bones recovered from sedimentary contexts of saline soils,
flooded coastal marine sites, remnant saline lakebeds and geo-
graphical areas sensitive to airborne salt drift (Grupe and Peters
2005a; Buddhachat et al. 2016).

Screening or sieving bias of archaeological bone has long
been recognised by zooarchaeologists; however, studying the
effect of screening on bird bone is less common (Steward and
Wigen 2003; Gordon 1993; see also review in Lyman 2012).
Tellkamp (this issue) offers new insights into the importance of
using 1/8 in. (3.175 mm) or finer mesh to recover Passeriformes
(songbirds) and Columbiformes (doves) from archaeological
sites. Using bird bone data from three Ecuadorian sites in the
Santa Elena Peninsula, the researchers found that the differences
among sites for Passeriformes and Columbiformes bones recov-
ered reflected taphonomic, screening and resource use by
Guangala peoples across four cultural phases. The unusual abun-
dance of these taxa perhaps reflects a prehistoric specialisation of
small bird hunting, later forest conversion with agricultural

intensification and Ecuadorian coastal paleoecology. Tellkamp’s
findings provide continued evidence for bird exploitation that
includes hunting specialisation on small songbirds during past
prehistoric droughts.

Cave assemblages containing bird bones are evidence of rap-
tor predation and human consumption. However, it is often dif-
ficult to distinguish one from the other (Bocheński and Tomek
1997; Gál 2008b; Blasco and Peris 2009; Peresani et al. 2011).
On the island portion of Timor-Leste (East Timor), Hawkins
et al. (this issue) investigate excavated bird remains from a cave
and examined the bones for modification and digestion patterns.
Quail (Galliformes represented by Cortunix and Turnix) and
songbirds (Passeriformes) dominated among the 730 bird bones.
The assemblage exhibited bone breakage potentially from owl
consumption or post-depositional processes, pitting and corro-
sion from owl digestion and minor discoloration not originating
from food preparation or disposal (i.e. cultural burning).
Additionally, the data support a higher survivorship for sternum,
wing and leg bones. Hawkins et al. suggest that the evidence
demonstrates a prehistoric episode, where Pleistocene Laili peo-
ples did not hunt commonly for birds. These findings are relevant
in the discussion of avian extinction events and the role of pre-
historic peoples. Because the bird bone assemblage is attributed
to owl predation, Hawkins et al. heed caution to other researchers
interpreting human behaviour from cave archaeofaunal deposits
and recommend continued taphonomic examination.

Hunting and domestication

Birds play an important role in ancient economies and culture
(Serjeanston 2006; Twiss 2012). Beyond hunting and seasonal
exploitation of birds among terrestrial and aquatic habitats,
fowling and domestication reflect people-bird interactions and
selection (Shrubb 2013). Fowling differs from hunting or hus-
bandry of large mammals and livestock in techniques and social
meaning (Nørrevang 1986). Specific aspects of using birds may
be reflected in patterns of consumption most directly represented
by food refuse and ritual deposits of birds having presumed
symbolic meaning (Benn 1989). Relationships between hunting
and meat utility are investigated more often for mammals, such
as white-tailed deer, caribou, guanaco and seal (Binford 1978;
Lyman et al. 1992; Madrigal and Holtz 2002; Borrero 2014).

Giardina’s (this issue) research provides needed bird eco-
nomic utility indices for the Rheidae (rhea family), and com-
pares his rhea data with other flightless ratites, such as the emu
(Dromaius novaehollandiae) and kiwi (Apterygidae) previ-
ously reported (Kooyman 1990; Garvey et al. 2011). In addi-
tion to determining the meat utility index (MUI) of Rhea
pennata (Darwin’s rhea), Giardina also provides the marrow
index (MI), white grease index (WGI) and general utility
(GUI) indices. He found the pelvis and sacrum followed by
the proximal tibiotarsus and distal femur to have the greatest
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MUI. Comparatively, the proximal and distal tibiotarsi
reflected the maximum marrow index (MI). Similar to the
MUI, the pelvis and sacrum had the greatest WGI followed
by the sternum, proximal tibiotarsus and distal femur. Finally,
he calculated the GUIstandardised and modified general meat
utility (MGUI), finding the greatest values in the pelvis and
sacrum followed by the proximal tibiotarsus and distal femur.
Giardina also properly considers the effects of bone mineral
density previously reported (Cruz and Elkin 2003) and found
a positive correlation. His investigation demonstrates how his
rhea economic utility indices can be used to examine archae-
ological assemblages to infer hunting and transportation for
other ratites based on utilisation rather than meat weight.

The class Aves is taxonomically far more diverse than the
group of mammals routinely identified at archaeological excava-
tions worldwide (Bartosiewicz and Gál 2007). Thus, the zoolog-
ical identification of bird bones and recognition ofmorphological
evidence for domestication pose logistic problems (MacDonald
1992). Domestic chicken research necessitates accurate dating of
assemblages, comparative osteology and cross-comparisons
among sites. Eda et al. (this issue) study Neolithic and Bronze
Age sites in the Zhejiange Province, China. Their work reflects
each of these demands in the examination of bird remains.
Particularly, they examined the Tianluoshan site located along
the lower Yangtze river to determine the evidence for chicken
(Gallus Gallus domesticus) domestication from wild red jungle
fowl (G. gallus). This examination focused on comparing the
morphology and metrics of a single recovered Phasianidae
(pheasants and fowl) scapula to those of modern specimens.
Eda et al. adopted the proper conservative identification approach
to determine that the scapula could possibly be from six different
Phasianidae species. With the low representation of Phasianidae
at the site among 11 avian families and 10 orders, the results
contradict other researchers’ suggestions for early Holocene ex-
ploitation of domestic chicken. Moreover, they found no evi-
dence of red jungle fowl northward expansion during the Early
and Middle Holocene.

Prehistoric and historic bird use

Prehistoric, historic and ethnographic examples of bird use
and people-bird relationships are useful in cross-validating
archaeological interpretations between different geographic
regions and time periods (Murty 1981; Makowiecki et al.
2014). These interpretations often transcend basic bird use
for food. Beyond Egyptian burials, purposeful bird carcass
interment with people in burials in Eastern and Western
Europe, Russia and North America is repeated (Ubelaker
and Wedel 1975; Lauwerier 1993; Mannermaa 2008;
Mannermaa et al. 2008; Kristensen and Holly 2013; Baron
2018a, 2018b). Bird remains in an archaeological site can also
indicate distinguished social status. For example, hawking

evidence not only identifies bird-people intimate relationships
but also infers status based on bird species and sex kept
(Dobney and Jaques 2002).

Ledogar et al. (this issue) reported on bird remains found in
association with a cemetery from the Eneolithic in western
Ukraine. Most bird remains were of wild species that were
probably eaten, such as black grouse (Tetrao tetrix) and com-
mon quail (Coturnix coturnix), but also the domestic chicken
(Gallus gallus). Chickens may have occurred due to move-
ments of nomads from the northern Black Sea area or
(controversially) due to early domestication in what is now
western Ukraine. Very few waterbirds were found, perhaps
due to the site’s location away from major wetland/riverine
environments. Most species are characteristics of woodland or
grassland habitats and still occur regularly in the area. Some
birds of prey were found. However, at least for owls, these
may have originated from individuals using the caves as
roosting or nesting sites. Overall, the abundance of bird re-
mains from galliform birds suggests that the site represents a
mortuary feast, although other uses could not be ruled out.

Kyselý and Meduna (this issue) analysed the early archae-
ological and historical evidence of Turkey (Meleagris
gallopavo) in what is now the Czech Republic. Turkeys were
probably introduced into the area by the later 1500s, after
explorers and traders brought them back from the Americas
(probably from Mexico). Evidence suggests that serving ex-
otic turkey at feasts was an indication of high social status for
royalty and important politicians. Turkeys were soon bred
domestically, at first by the wealthy, and much later by diverse
landowners. Turkeys replaced peafowl (Pavo cristatus),
which had been consumed since the twelfth century, as the
former became more commonly available.

Goffette et al. (this issue) analyse bird remains from a wide
variety of archaeology sites across modern-day Belgium, from
the Iron Age onward. Widely varying numbers and types of
sites prevented a systematic presentation of trends in bird spe-
cies or their groups, but important trends can be seen.
Domestic chickens (Gallus) were abundantly represented, in-
dicating their use even as early as the Roman period. Greylag
geese (Anser anser) and mallards (Anas platyrhynchos) were
also commonly present, but it was difficult to determine which
were caught in the wild versus being domesticated. Other
species, including geese and galliform birds, such as human-
raised turkey, peafowl and pheasant, were less abundant, as
was the wild grey partridge (Perdix perdix). Among other bird
groups, corvids were most frequent, probably reflecting the
greater likelihood of recovering bones of these large-bodied
passeriformes since sieving was not always done. Awide va-
riety of other birds, including many passerines, were found
and the trends generally follow proportions in the current avi-
fauna, with some exceptions.

Large birds of prey, such as the white-tailed eagle
(Haliaeetus albicilla), often serve as charismatic
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representatives of bird communities and as indicators of eco-
system health. Zeiler (this issue) documents the changing sta-
tus of the white-tailed eagle in the Netherlands. In the relative-
ly intact ecosystems with low human populations of the
Neolithic, white-tailed eagles were regularly hunted for food
and possibly ceremonial uses. Hunting pressure seems to have
increased in the Roman period, and then eagle populations
likely declined during the Medieval period, probably due to
human population growth and altered habitats. Persecution,
encouraged by authorities, likely caused continued declines
of white-tailed eagles as the human population grew, and the
species was slow to recover, with a significant increase in
wintering birds especially after DDT was banned in the
1970s. Currently, the small breeding population is carefully
protected and is viewed as a symbol of primaeval nature.

Russell (this issue) analyses the birds remains from the
archaeologically well-known Neolithic site of Çatalhöyük in
central Turkey. Although many birds were likely taken for
food, the data suggest that many were exploited for ceremo-
nial reasons. Particularly, vulture feet were well-represented,
likely indicating their symbolic importance. Many wetland
birds such as geese, ducks, herons and egrets were killed,
probably reflecting both their dietary and ceremonial signifi-
cances and the proximity of the settlement to a significant
wetland, no longer present. Human-associated species such
as white storks (Ciconia ciconia) were not well-represented,
but scavenged feathers may have been used ceremonially.
Other large birds, such as great bustards (Otis tarda), were
taken in numbers suggesting their past abundance in pristine
steppe habitat, while currently shrinking populations reflect
the intensive human use of steppes. Although some common
species were not well-represented, the avian remains generally
reflected the diverse bird communities in the Çatalhöyük area
functioning as an important wintering site, breeding site and
migratory stopover in central Anatolia.

Leonardi and Sutton (this issue) tackles the taxonomic and
nomenclatural history of the Lanner Falcon (Falco
biarmicus), a large falcon traditionally placed in the subgenus
Hierofalco, along with Gyrfalcon (F. rusticolus) and Saker
Falcon (F. cherrug). Interestingly, it is the third most frequent-
ly mummified bird in Egypt. The bird’s easy training in fal-
conry prompted the word ‘lanier’ to be associated with cow-
ardice, even by the emperor Fredrick II, who brought birds
back from the Crusades. Leonardi reports that there was some
confusion with Saker Falcon due to similarity in plumage and
overall size. Falco lanarius was sometimes used as scientific
name for the Lanner Falcon, based on earlier behavioural de-
scriptions, not on the softness of the plumage. The description
of Lanner Falcon by Linnaeus more closely matched the
Gyrfalcon. There was confusion about their geographic range
and taxonomy in Europe into the 1800s, cleared up by
Strickland (1840), who named the species F. biarmicus.
Confusion about subspecies limits and validity was cleared

up somewhat by Hartert (1912, 1915), but concerns remain.
Overall, Leonardi reports the Lanner Falcon is a polytypic
species with several disjunct breeding populations in
Mediterranean Europe and Asia Minor, in need of genetic
and morphological analyses including closely related
Gyrfalcon and Saker Falcon. Leonardi’s work compliments
the extensive literature regarding falconry (Gersmann and
Grimm 2018).

Prospects

Future avian archaeology research should continue to address
how people globally hunted and used birds, as well as ques-
tions concerning their domestication, osteology, identification
and taphonomy. Whereas archaeological sites provide infor-
mation to interpret past bird use, ethnographic accounts that
include both gender- and age-related observations constitute
oft-neglected tools for ornithoarchaeologists that will continue
to prove useful (Hollmann 2005; MacDonald 2007; Smith
et al. 2009). Equally important is the archaeologist’s ability
to interpret bird use and distinguish between cultural versus
non-cultural bird bone deposits (Laroulandie 2005).
Determining the evidence for bird domestication even beyond
gallinaceous birds shares equal value, for which genetic evi-
dence has advanced understanding of events (Birkhead et al.
2004; Kanginakudru et al. 2008; Speller et al. 2010; Eda et al.
2016).

Reports on bird bone osteology, comparative morphology
and measurement, identification and taxonomic distinction is
essential to avian archaeology (Morales-Muñiz 1993; Stewart
and Carrasquilla 1997; Bocheński and Tomek 2000; Wojcik
2002; Tomek and Bocheński 2009). This is particularly prob-
lematic with ageing bird bones. For example, the recognition
of fowling and stockbreeding practices to age group (i.e. co-
hort) is coarse at best (Lefèvre 1997). Bird skeletons lack teeth
and independent fusion centres on limb bones, precluding
calendars such as those that exist for mammals (Wolfson
1955; Louchart and Viriot 2011; Sullivan et al. 2017).
Further research would assist in reporting immature from
adult birds and hunting targets could prove helpful in
explaining past extinctions and local population crashes
(Duncan et al. 2002; Serjeantson 2002).

Likewise, expanded osteological collections that provide
chick to adult specimens of known age are vital to developing
ontogenetic measurement tables (Picasso 2012; Watanabe and
Matsuoka 2013) and generating sexual dimorphism data, al-
though bone measurements may limit sexual distinctions, tax-
onomic identifications or phenotypic size distinctions among
small birds (Rising and Somers 1989; Hutt 1929). With re-
strictions on exporting reference specimens and archaeologi-
cal finds (Lindsay 1990; Renner et al. 2012), the future devel-
opment of bird osteological collections should incorporate 3D
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bone scans and other digital resources (Estevez et al. 2002;
Causey and Trimble 2005; see Aves 3D at https://aves3d.org).

In addition to stable isotope analysis, advances in the use of
ancient DNA (aDNA) and zooarchaeology bymass spectrom-
etry (ZooMS) to fingerprint birds continue to be a research
area worthy of focus as existing methods are improved and
new extraction and replication procedures are developed to
distinguish phenotypically similar taxa (Barnes et al. 2000;
Herrmann and Hummel 2012; Collins et al. 2010). Recently,
advances in using peptide markers in bird eggshell and geo-
metric morphometrics show promise in distinguishing wild
from domestic fowl and breeds within chicken populations
(Stewart et al. 2013, 2014; Presslee et al. 2017).

Further taphonomic studies will increase researchers’ un-
derstanding of the factors that affect the preservation, recovery
and analysis of bird bone. Similar to mammal-based ‘main-
stream’ research in zooarchaeology, specialist knowledge is
needed regarding taphonomy, taxonomy and archaeological
interpretations. Neotaphonomic investigations that include
feeding birds to predators, signatures of bone use (e.g.
cooking, tool manufacturing) and burial in different contexts
are useful in this endeavour (Bocheński and Tomek 1997;
Nicholson 1998; Peresani et al. 2011). Ideally, coordinated
faunal and geoarchaeological examinations of bird remains
would be useful. Too often the bone assemblage is reported
in an article, but the assemblage is not examined from an
archaeological point of view, within burial context and stra-
tigraphy. Further histological investigations of recent bird
bone may also prove fruitful (Eda et al. 2010; Villagran
et al. 2017).

In conclusion, global cooperation and dialogue between
scholars are essential to further avian archaeology. Although
avifauna comparisons between different geographical regions
can be problematic (Stewart 2004), questions of preservation,
identification and osteology, recovery and laboratory methods
need to be discussed and coordinated internationally
(Bocheński 2008). Clearly, Bird Working Group and
International Council for Archaeozoology (ICAZ) meetings
have provided forums for such needed sharing of knowledge
and discussions. The presenters and attendees of the 8th BWG
Meeting held at the University of Texas Rio Grande Valley,
Edinburg, TX, USA, have contributed to this global
endeavour.
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