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A B S T R A C T   

Humans have been exploiting marine resources along the Levantine coast for millennia. Advances in biomole-
cular archaeology present novel opportunities to understand the exploitation of these taxa in antiquity. We 
discuss the potential insights generated by applying collagen peptide fingerprinting, ancient DNA analysis, and 
stable isotope analysis to groupers (Serranidae) and sea turtles (Chelonia mydas and Caretta caretta) in the Levant. 
When combined with traditional zooarchaeological techniques, biomolecular archaeology offers utility to further 
investigate human impacts on marine ecosystems.   

1. Introduction 

Marine resources have been a key resource to inhabitants of the 
Levantine coast for millennia. The Mediterranean Sea is very oligotro-
phic (Dugdale and Wilkerson, 1988) and hypersaline (Bethoux, 1980), 
supporting extensive biodiversity with estimates of over 17,000 marine 
species present (Bianchi and Morri, 2000; Coll et al., 2010). Anthropo-
genic effects during recent years have led many habitats in the Medi-
terranean Sea, such as rocky shores and seagrass beds, to now be 
designated as vulnerable by the European Commission (Gubbay et al., 
2017). Large vertebrates play crucial roles in regulating these habitats 
(Fossi et al., 2012; Hidding et al., 2010; Olff and Ritchie, 1998; Prato 
et al., 2013). Pre-commercial fisheries baseline data are often lacking in 
the Mediterranean, making it challenging to gauge the impact humans 
have had on large marine vertebrates and ecological potential of taxa 
when setting conservation targets. Zooarchaeology represents one 
means to illuminate historic baselines from Mediterranean archaeolog-
ical sites (Bekker-Nielsen and Gertwagen, 2016), however few studies 
have focused on the Levant (Çakirlar et al., 2016; Desse and Desse- 
Berset, 1994; Mylona, 2018; Trentacoste et al., 2018; Van Neer et al., 
2005a; Zohar and Artzy, 2019. As of yet, such studies have not given 
significant consideration to informing the management of present and 
future marine habitats, and the integration of biomolecular archaeology 
remains novel (Fuller et al., 2020; Guy et al., 2018; Tütken et al., 2020). 

Historical ecological baselines for the entire Mediterranean Sea have 

been estimated from the 1950’s and show a 34% reduction in abundance 
of commercially important fish species (Piroddi et al., 2017). Exploita-
tion of marine vertebrates commenced millenia prior to the mid-20th 
century, creating a substantial knowledge gap. Traditional zooarch-
aeological tools such as osteology, osteometry, and taphonomy (Fig. 2) 
can provide insight into catch size, intensity, and fishing technologies. 
Estimating population size, foraging strategies, and accurate species 
identification require additional methods of study. Advances in bio-
molecular archaeology now contribute to these queries but efforts are 
limited by the recovery of quality archaeological materials and the 
interpretation of results. 

Biomolecular archaeology offers the potential for additional insights 
into the past, thereby providing novel contributions of relevance to 
archaeology and historical and conservation ecology. We discuss the 
potential offered by our ongoing work applying these biomolecular 
methods to two marine taxa, groupers (Serranidae) and sea turtles 
(Chelonia mydas and Caretta caretta) from faunal assemblages collected 
from the coastal sites of Kinet Höyük, Tell Fadous-Kfarabida (from here 
on referred to as Tell Fadous), and Tell el-Burak (Fig. 1). Occupational 
phases being studied span approximately 3000 BCE through 1400 CE. 
These species have been and are keystone marine vertebrates of 
ecological and social importance in the eastern-Mediterranean. 
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1.1. Sea turtles 

There are seven extant sea turtle species in the world of which only 
the endangered (IUCN, 2020) green turtle (Chelonia mydas) and the 
loggerhead turtle (Caretta caretta) breed and nest in the Mediterranean 
Sea. Loggerheads are common in the Mediterranean and rookeries range 
from the central basin to the eastern limits. Green turtle rookeries are 
confined to the Levantine coast, from present-day Turkey to Egypt, 
although beaches with large nest numbers are few (Casale et al., 2018) 
(see Fig. 1). Nesting for green turtles occurs predominantly in Turkey 
and Cyprus, with five beaches accounting for ~80% of all nests (Kas-
parek et al., 2001). Small population sizes (~700 nesting females in the 
Mediterranean versus ~167 k in the North Atlantic (Seminoff et al., 
2015) and geographically limited nesting areas make Mediterranean 
green turtles particularly vulnerable to anthropogenic threats. Current 
threats to turtles include bycatches, pollution, and nesting habitat 
degradation (Casale et al., 2018). 

Zooarchaeological evidence from the Levantine coast indicates that 
humans have hunted sea turtles since the early Holocene. Turtle remains 
have been recovered from Early Bronze Age contexts (2700 BCE − 2000 
BCE) at Tell Fadous-Kfarabida in Lebanon, with fewer turtle bones at 
this site from the start of the Middle Bronze Age (2000 BCE − 1650 BCE). 
Assemblages with turtles from the Middle Bronze Age, Iron Age, and 
Medieval occupations are also found at Tell el-Burak on the Lebanese 
coast, from 2000 BCE onwards (Çakirlar et al., 2019; 2014). These bones 

exhibit chop and cut marks consistent with butchering (Çakırlar et al., 
2021 in press). Kinet Höyük in the Gulf of İskenderun has sea turtle 
bones dating to the Middle and Late Iron Age (800 BCE − 550 BCE) 
(Çakirlar et al., 2018; Çakırlar et al. in press, 2021). Today this location 
is an important nesting area for green turtles (Casale et al., 2018), 
lending the suggestion that these archaeological sea turtle assemblages 
come from the exploitation of local seasonal nesting aggregations, 
although the method of capture is unclear. Sea turtle remains have been 
found at many other Bronze and Iron Age sites throughout the Levant, 
such as Sidon, Ashkelon, and Tell Dor (Vila, 2006; Çakırlar et al. in press, 
2021), however they have not yet been studied in detail. 

Species identification of sea turtles among faunal assemblages is 
challenging due to the lack of robust osteomorphological comparisons of 
extant sea turtles and the fragmentary nature of the zooarchaeological 
materials. Distinguishing between C. mydas and C. caretta is critical to be 
able to compare past marine conditions, and turtle populations, with the 
present-day situation. Morphological and osteometric criteria to 
distinguish between the two species are based on three bones: the cor-
acoideum, humerus, and femur (Koolstra et al., 2019), in addition to the 
skull (Wyneken, 2001). Morphological and osteometric species deter-
mination is advantageous as it is non-destructive, low cost (depending 
on access to a good skeletal collection and anatomic expertise), and 
requires no specialized equipment other than calipers. Many assem-
blages consist of fragmented bone, especially shattered carapace (turtle 
shell bone), making species determination infeasible. A further chal-
lenge to assigning correct species is the presence of another aquatic 
turtle within some of the assemblages. The Nile softshell turtle (Trionyx 
triunguis) is found throughout Africa and the Levant. Previously thought 
to only inhabit freshwater environments, it appears that the Mediter-
ranean sub-population also spends a significant part of its life cycle in 
the sea (Taşkavak and Akçınar, 2009). Nile softshell turtles migrate to 
the sea and can nest on marine beaches (Agha et al., 2018), presumably 
how specimens turn up in coastal zooarchaeological assemblages on the 
Levant. Some Nile softshell turtle bones, such as the carapace, are easily 
discernible from sea turtles whereas identification from other frag-
mented bones are problematic. In contrast, some biomolecular methods 
can easily distinguish among species, even from highly fragmented 
specimens. 

1.2. Groupers 

Groupers are predatory fish belonging to the family of seabasses, 
Serranidae, and are largely in the genus, Epinephelus. Groupers are found 
in tropical and subtropical waters across the globe and have been 
consumed by humans throughout the Mediterranean for millenia (Desse 
and Desse-Berset, 1994). Due to their high culinary value, groupers are a 
staple for modern fisheries in the Mediterranean Sea. Five species of 
groupers are endemic to the eastern Mediterranean (E. marginatus, E. 
costae, E. aeneus, E. caninus, and Hyporthodus haifensis (Dragičević et al., 
2019) and are top level predators and fundamental to functional, 
thriving ecosystems (Di Franco et al., 2018; Prato et al., 2013). 

Groupers are monandric protogynous hermaphroditic, not reaching 
sexual maturity until 5+ years of age with the transition to being male 
occurring anywhere between 9 and 16 years of age dependent on the 
species and individual (Bouain and Siau, 1983; Bruslé, 1985; Chauvet, 
1988). They grow the most quickly for the first few years of life with the 
rate of growth slowing dramatically around 30 years of age (Condini 
et al., 2014). Groupers are found along rocky shorelines, traditionally in 
more shallow waters but their observed depth range has been altered in 
the recent past by fishing (Mazzoldi et al., 2019). Most species spawn in 
predictable aggregations throughout the summer making them easy for 
fishermen to harvest (Özbek et al., 2013). These biological character-
istics of groupers make them particularly vulnerable to overfishing and 
can quickly lead to populations dominated by sexually immature fe-
males as the larger, more fecund individuals are targeted by fisheries 
(Condini et al., 2018; Uusi-Heikkilä, 2020). 

Fig. 1. Map depicting the northern coastal levant and three archaeological sites 
(black squares) with grouper and sea turtle assemblages; Kinet Höyük, Tell el- 
Burak, and Tell Fadous. Yellow triangles indicate current green turtle 
(C. mydas) breeding sites, green diamonds indicate current known nesting lo-
cations with at least 100 clutches per year, and pink diamonds indicate two 
sites in Lebanon with minor (4–14 clutches per year) nesting activity (data 
adapted from (Casale et al., 2018)). Blue circles indicate current fishing ports on 
the Turkish Levant that land a considerable ’Best Day’s Catch’ for E. aeneus 
(White Grouper) [at least 40 kg, maximum length at least 80 cm] and/or 
E. marginatus (Dusky Grouper) [at least 10 kg, maximum length at least 60 cm], 
data adapted from (Mavruk et al., 2018). 
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There are numerous challenges to studying ichthyoarchaeological 
material using traditional zooarchaeological methods. Inconsistencies in 
recovery methods remain a key concern, particularly for archaeological 
sites in the eastern Mediterranean which suffer from a scarcity of 
practicing specialists and limited access to adequate reference collec-
tions (Van Neer et al., 2005a). Morphological identifications to species 
level can be difficult as has previously been discussed for Mediterranean 
groupers (Desse and Desse-Berset, 1996). Important insights have been 
gained employing traditional zooarchaeological methods. For example, 
osteometric comparison of Early Neolithic grouper bones from Cyprus 
with modern individuals of known size has allowed the reconstruction of 
catch sizes and subsequent inferences regarding fishing methods (Desse 
and Desse-Berset, 1994). Butchered Iron Age grouper bones from Kinet 
Höyük have attested to the size of exploited groupers during antiquity 
and methods for processing fish (Çakirlar et al., 2016). Further study of 
grouper bones from the Levant presents a unique opportunity to apply 
biomolecular archaeological techniques to enhance our understanding 
of the ecohistory and species abundance of a keystone species which has 
yet to be intensively studied. 

2. Molecular techniques 

2.1. Isotopes 

There are different isotopic ratios of carbon (13C/12C) and nitrogen 
(15N/14N) in various food sources which over time, will be reflected in 
an organism’s tissues. In paleodietary reconstruction, carbon isotopes 
are commonly studied to infer the type of plants consumed and nitrogen 
isotopes provide insight into trophic levels (Deniro and Epstein, 1981; 
Schoeninger and DeNiro, 1984). Applied to zooarchaeological material 
this method furthers understanding of past trophic relations in an 

ecosystem (Fry, 1988; Minagawa and Wada, 1984). 
There are only a handful of studies incorporating stable isotope 

analysis of archaeologically derived fish from the Mediterranean, with a 
mere twelve specimens representing groupers, eight of which are from 
the eastern Mediterranean (Francalacci, 1988; Fuller et al., 2020; Gar-
cia-Guixé et al., 2010; Vika and Theodoropoulou, 2012). At present, 
there are no published stable isotope values for archaeologically-derived 
turtles in the Mediterranean. 

A significant challenge to working with fish bones is that they are 
often poorly preserved in archaeology and collagen extraction (both 
yield and quality) is often too poor for analysis (Szpak, 2011). Recent 
studies of archaeologically derived fish in the Levant and eastern Med-
iterranean have had successful collagen yields for 21–54% of the sam-
ples studied (Fuller et al., 2020; Vika and Theodoropoulou, 2012). 
Obtaining stable isotope results for fish which are primary consumers is 
difficult due to their small size and thus small bones which are often not 
recovered from archaeological contexts, this is where stable isotope 
results from sea turtles could be very crucial in getting a more 
comprehensive picture of isotopic ecology in the past. An organism’s 
trophic position is dynamic (Polis and Strong, 1996), thus having stable 
isotope data for a taxon over a long period of time offers insights into 
changes in trophic ecology of the ecosystem (i.e. abundance, changes in 
biomass) and foraging strategies. 

2.2. ZooMS 

Collagen peptide mass fingerprinting, also known as Zooarchaeology 
by Mass Spectrometry (ZooMS) is a low-cost, efficient means of dis-
tinguishing species from morphologically nondiagnostic bones (Buckley 
et al., 2018; Collins et al., 2010). ZooMS requires known reference 
collagen peptide mass fingerprinting profiles recent work has 

Fig. 2. Infographic depicting the steps associated with analysing zooarchaeological remains, analysis tools and possible insights they can provide.  
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highlighted the potential in applying ZooMS to ichthyoarchaeological 
material to identify fish species among closely related taxa (Harvey 
et al., 2019); Korzow Richter et al., 2020). The advantages of ZooMS 
over osteomorphology has been demonstrated in extinct turtles (van der 
Sluis et al., 2014) and ancient marine turtles in the Caribbean (Harvey 
et al., 2019). Successful application of ZooMS to groupers and sea turtles 
would contribute greatly to understanding populations of each taxon in 
Levantine antiquity. 

2.3. aDNA 

Ancient DNA (aDNA) is the DNA extracted from historical/ancient 
tissue specimens, such as bone material. The DNA in dead tissue de-
grades over time, reducing the amount and quality of the endogenous 
DNA. In addition, the amount of exogenous DNA (e.g., from bacteria) 
increases over time. These specific issues, as well as post-mortem DNA 
modifications, present unique challenges for which solutions have been 
devised since the initial boom in aDNA analysis during the early 1990s 
(Fulton et al., 2019). Recently, aDNA analysis has identified two Gold 
Rush-era (1850’s) green turtles to species level (Conrad et al., 2018), 
however population-level aDNA assessments of sea turtles are lacking, 
highlighting the potential of using aDNA to infer the origins and popu-
lation dynamics of Mediterranean turtle populations. 

Fishes have also been subject to aDNA analysis, e.g., of archaeolog-
ical fish bones to assess genetic diversity (as a proxy for pre-exploitation 
abundance) of specific commercial fish species (Oosting et al., 2019). In 
a study of two Danish rivers, (Hansen, 2002) compared populations of 
brown trout (Salmo trutta) before and after stocking with hatchery raised 
trout began. aDNA analysis has been applied to identify groupers in a 
fish assemblage from an archaeological site in Madagascar (Grealy et al., 
2016), but as yet no aDNA analyses have focused on groupers in the 
Mediterranean Sea, e.g., to infer historic Mediterranean trade networks 
from fishbones. aDNA analyses of Viking Age cod bones from Haithabu 
in Northern-Germany, identified their origin to the North-East Arctic 
(Star et al., 2017). Applying aDNA research to the Mediterranean could 
provide a window to even older trade networks than elucidated with 
current archaeological approaches. 

3. Discussion 

Molecular tools provide opportunities to understand better a 
Levantine marine environment where anthropogenic environmental 
effects differed from the present-day situation in both size and scale. 
Where modern data is available, the comparison between past and 
present can shine light on significant changes that have occurred in diet 
or population size and give us an indication of the resilience or 
vulnerability of a species enduring certain conditions. 

Stable isotope studies of modern mediterranean sea turtles have 
provided information on which foraging grounds are utilised. By satel-
lite tracking green (Bradshaw et al., 2017) and loggerhead (Haywood 
et al., 2020) turtles from the Levant; nitrogen, carbon and sulphur stable 
isotope profiles of several distinct foraging locations were identified, 
other turtles were then able to be assigned to these foraging areas using 
bayesian statistical methods. Stable isotopes of ancient remains could 
confirm if sea turtles are still foraging in the same areas, and therefore 
provide a tangible indication of how important specific areas are to sea 
turtle conservation currently and in the future. Stable isotopic work 
comparing modern and Early Bronze Age fish demonstrates the differ-
ences in isotope ecology of Mediterranean fish in antiquity versus 
modern day (Garcia-Guixé et al., 2010). Changes in isotope values may 
reflect environmental and/or behavioural changes in taxa, albeit more 
robust data is required for assessment. 

aDNA studies, when possible considering the poor DNA preservation 
in Levantine archaeological remains (Lazaridis et al., 2016), can provide 
information on long term population dynamics especially when 
compared to modern data. We can better understand vulnerable species 

such as sea turtles and groupers by investigating if populations have 
gone through bottlenecks in the past, and assessing their ability to 
overcome such bottlenecks. By comparing archaeological data, such as 
the abundance of animal remains over time, with aDNA data we can 
better identify how genetic diversity is impacted by certain events or 
exploitation (Hofman et al., 2015). This can help conservation man-
agement predict how a species could react to certain conditions in the 
future. This is particularly important for vulnerable Levantine marine 
vertebrates as the Mediterranean marine ecosystem is expected to be one 
of the most affected by ongoing climate change (Kim et al., 2019). 

ZooMS offers a cost-effective and more timely way to quickly 
determine species identification from morphologically ambiguous bones 
such as those of sea turtles and groupers. Being able to identify such 
remains to a species level would provide insight into changes in species 
abundance over time, potentially offering insight into cultural or eco-
nomic preferences for species over time as has already been done for the 
Baltic Sea (Harvey et al., 2018) and Pacific salmon (Korzow Richter 
et al., 2020). Particularly in application to groupers, it is worth 
exploring if there were changes in species preference over time. 

Biomolecular archaeological techniques have limitations. Sub- 
sampling is destructive, raising ethical concerns and prompting discus-
sions of responsible sampling procedures (McGrath et al., 2019; 
Pálsdóttir et al., 2019). Preservation and recovery of zooarchaeological 
material; especially in regards to aDNA research (López Varela, 2018), 
present additional concerns. A persistent problem, faced by many older 
excavations, is a lack of consistency in the methodologies used to 
recover zooarchaeological material. Particularly for archaeological sites 
in the eastern Mediterranean where sieving has not been a standard 
practice (Van Neer et al., 2005b). Luckily there are various low-cost 
methods to 3D scan archaeological bones before destructive sampling, 
so that their original state is recorded (Evin et al., 2020). 

Incorporating marine ecology and evolution, zooarchaeology, and 
biomolecular archaeology generates insight into prehistoric baseline 
data for important Mediterranean marine vertebrates. While the con-
ditions of the Levantine Sea in prehistory may not be realistic to be used 
as a state for modern conservation to aim for, they are useful for 
ensuring that conservation targets are not too unambitious, and for 
gaining a better understanding of past ecosystem changes. By bridging 
multiple disciplines, insights from marine exploitation in the past can be 
used in conjunction with modern marine management strategies to 
collectively strive towards protecting the ecosystems and resources of 
the Mediterranean Sea, and for understanding long-term ecosystem 
dynamics. 
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