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A B S T R A C T   

Bromalites are fossil traces of organisms, consisting of material from their digestive system, including coprolites, 
regurgitalites, consumulites, pabulites and digestilites (Hunt, 1992; Hunt and Lucas, 2021). As such, they inform 
about the interactions between bromalite-producing organisms and others, as well as between them and the 
environment generally, at a relatively fine temporal and spatial resolution. Yet, bromalites have often been 
dismissed in paleontological and, especially, archaeological research. This work discusses the relevance of 
bromalites as sources of paleoecological and even cultural information, and the importance of integrating 
multiple lines of evidence and different scales of analysis in the taphonomic study of bromalites. To do so, it 
reviews the different proxies that can be analysed, and illustrates this integral approach with examples of late 
Quaternary and modern contexts from an ongoing project in arid South America. It intends to show the potential 
of such a multiproxy and multiscale approach in order to elicit as much information as possible from these 
palaeobiological reservoirs.   

1. Introduction 

Bromalites are fossil traces of organisms, consisting of material from 
their digestive system, such as faeces and regurgitated pellets (Hunt, 
1992). They include coprolites or palaeofaeces,1 regurgitalites, con-
sumulites, pabulites and digestilites (Hunt and Lucas, 2021). As 
byproducts of vertebrate digestion, they inform about the organisms 
themselves even if their remains are not present. In addition, as they 
contain remains and traces of other organisms and of the physical me-
dium, they inform about the interactions between bromalite-genic or-
ganisms and others, as well as between them and the environment 
generally, at a relatively fine temporal and spatial resolution. Thus, they 
constitute a taphonomic mode (sensu Behrensmeyer, 1988) and, as 
Behrensmeyer and Hook (1992) pointed out over three decades ago, 
they deserve more attention and systematic study, part of which has 
been achieved in recent years. 

Fossil scats, pellets and other bromalites are in fact a valuable source 
of taphonomic and palaeobiological information, which is sometimes 

only preserved in this way (Andrews, 1990; Hunt, 1992; Lyman, 1994; 
Fernández-López, 2000; Gifford-Gonzalez, 2018, among others). This 
information is mainly taphonomic in nature in the broadest possible 
sense, as it informs both about the formation of the fossil record –both 
paleontological and archaeological– in terms of biases and about the 
palaeoecological context within which it was generated and modified to 
its current state. That is, it is relevant to both the negative and positive 
contributions of taphonomy (sensu Behrensmeyer and Kidwel, 1985) 
–such as biases in the fossil record and paleoecological information, 
respectively–. Furthermore, bromalites provide information about in-
teractions between humans and other animals that is relevant to 
archaeological inquiry. 

The aim of this work is to discuss the relevance of integrating mul-
tiple lines of evidence and different scales of analysis in the taphonomic 
study of bromalites, to review the different proxies that can be analysed, 
and to illustrate this integral approach with examples of late Quaternary 
and modern contexts from an ongoing research program in arid South 
America, specifically NW and central Argentina. The examples include 
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the analysis of fossil carnivore and herbivore palaeofaeces and raptor 
regurgitated pellets, as well as neo-taphonomic studies of mammalian 
carnivore scats and raptor pellet-derived bones. These case studies have 
been published and presented before separately, and they are cited so as 
to exemplify the general approach advocated here and being applied in 
our research program. By considering them all together here, I intend to 
show the potential of such an integral approach. 

2. A multiproxy approach to the study of bromalites 

The multiproxy methodological approach advocated here aims at 
integrating bromalites and their contents, along with contextual infor-
mation at different scales. This approach is recommended both for the 
analysis of fossil assemblages and for neo-taphonomic or actualistic 
studies, addressed at constructing frames of reference to help interpret 
taphonomic and paleobiologic information from the fossil record. 

By integrating different lines of evidence, we can identify the taxo-
nomic identity of the bromalite producers, which are sometimes not 
represented otherwise, as well as the identity of bromalite inclusions. 
These inclusions may remain into the bromalites, or else become iso-
lated when their matrix disintegrates, and even so have properties that 
allow recognizing their bromalite origin. 

As Shillito et al. (2020) put it, coprolites can be regarded as 
self-contained multiproxy “packages” of information. This can be 
extended to bromalites generally. The analytical approach favoured 
here allows accounting for these particular ichnofossils, both in fossil 
accumulations consisting mainly of bromalites and their byproducts, 
and in other paleontological and archaeological contexts where they are 
“intrusive” or “diluted” –that is, a minor component as compared to 
those contributed by other agents or processes (e.g., Mondini, 2005a)–. 
The multiproxy approach, especially when it is multi-scale, also allows 
supporting broader, palaeoecological inferences –including diet, home 
range, zoonoses, palaeoenvironment, among others–, as well as 
human-animal interactions and even cultural practices. 

In this section, while I will referring mainly to bromalites, all vari-
ables are meant to apply to their modern counterparts as well (carnivore 
scats, herbivore dung, raptor pellets, among others), which are the 
subject of neo-taphonomic studies. The case studies mentioned to 
illustrate the variables refer to both. 

2.1. Bromalite properties 

Properties of the bromalites themselves –such as size, shape, colour 
and odour– serve as a basis for identifying their zoological origin 
(Jouy-Avantin et al., 2003; Chame, 2003; Hunt and Lucas, 2012; 
Taglioretti et al., 2014; Sanz et al., 2016; Shillito et al., 2020, among 
others). Visible inclusions –indicating what the bromalite-genic actor 
has ingested– may also help. Yet, some studies have shown morpho-
logical variables to be ambiguous, and molecular identification through 
DNA, biliary acids or other methods may prove necessary (e.g., Lon-
singer et al., 2015). Bromalite characterization is also intended to 
examine its integrity and taphonomic history (Reinhard et al., 2019), so 
variables such as fragmentation and weathering are relevant. 

In order to accomplish this type of analysis, a robust comparative 
collection is necessary, including a wide array of actors, intra-specific 
variation, different environments in which the faeces, pellets and 
other digestive byproducts are produced, and different preservation 
conditions (see Andrews, 1990). It is sometimes difficult to convey the 
importance of these collections to institutions (see Denys et al., 2023), 
but this is a task we should not give up, especially in the context of 
climate change and extinctions we are currently facing. 

By way of example, two case studies from the South-Central Andes 
can be cited. One is that of two puma (Puma concolor) palaeofaeces from 
Peñas de las Trampas 1.1 paleontological/archaeological site in Anto-
fagasta de la Sierra, in the Argentinian Puna, dated to the final Pleis-
tocene (>16,500 cal BP) (Petrigh et al., 2019). The other one is that of 

some goat (Capra hircus) faecal pellets from Los Viscos archaeological 
site in the nearby high-altitude El Bolsón valley, associated to occupa-
tions dated to the early Hispanic-Indigenous contact time (c. 400 cal AP) 
(Petrigh et al., 2021). In both cases, faeces producers were preliminary 
determined by external properties and inclusions, and then checked 
with ancient DNA. In neither case had these species been identified 
otherwise at the sites, and their identification has important implica-
tions. In the case of the puma scats, this confirmed the presence of the 
largest modern-day carnivore at a time when humans would have been 
hardly entering these Andean highlands. And in that of the goat faeces, 
the study suggested the early presence of Eurasian livestock in an area 
not yet dominated by the Spanish at the time. 

2.2. Faunal contents 

In bromalites of carnivorous and omnivorous animals –including 
humans (Shillito et al., 2020 and references therein)–, several faunal 
remains can be found that have survived ingestion and passage through 
the digestive tract. They include both hard tissues and some others, and 
are informative of a number of properties of the organisms and their 
prey, the relationships between them and humans, and the environment 
generally. 

2.2.1. Skeletal remains 
Bones and teeth are usually the main faunal remains included and 

preserved in bromalites. The relative abundance of certain anatomical 
parts of microvertebrate prey and their breakage and digestion patterns 
are key to identifying the zoological origin of these bromalites, as has 
been shown by Andrews and Fernandez-Jalvo (e.g., Andrews, 1990; 
Fernández-Jalvo and Andrews, 1992; Fernández-Jalvo et al., 2016) and 
subsequently several other authors, like Montalvo and Fernández in 
South America (e.g., Fernández et al., 2017; Montalvo and Fernández, 
2019; Montalvo et al., 2020). 

We have used the approach just described to characterize the Achala 
fox (Lyxcalopex culpaeus smithersi), an endemic subspecies of the Lyx-
calopex South American fox restricted to the Achala highlands of central 
Argentina, for the first time (Coll et al., 2021). Based on microvertebrate 
skeletal contents of modern scats, we found it to best fit the category of 
extreme modification (category 5 as defined by Andrews, 1990), and to 
display types and proportions of taphonomic attributes similar to other 
South American mammalian predators. We have also used the analytical 
approach mentioned above to identify the origin of microvertebrate 
skeletal remains on the surface of Los Viscos archaeological site as 
corresponding to the American barn owl Tyto furcata (Mondini et al., 
2020). 

While microvertebrates are the most common vertebrate prey re-
mains to be found in bromalites, some contain skeletal remains of larger 
animals, even with no microvertebrates at all. In the case of meso- and 
mega-vertebrates, bones are usually highly fragmented and few are 
identifiable, if any at all. This requires rather different methodological 
approaches, which emphasize digestion modifications over anatomical 
patterning, while allowing to characterize these assemblages in a uni-
form way (Fisher, 1981; Mondini, 2003, 2012; Esteban-Nadal et al., 
2010; Mallye et al., 2012; Campmas et al., 2018; Ballejo et al., 2022, 
among others). 

In the case of the Pleistocene puma scats introduced above, which 
only contained remains of larger vertebrates with heavy digestive 
attrition, only two specimens could be determined, and they were 
identified as immature camelid bones (Mondini, 2019). This helps un-
derstand terminal Pleistocene environments and the role of top preda-
tors, as well as the context of the human peopling of the region, as it 
informs of the predatory community in which the earliest 
hunter-gatherer groups inserted, and of the potential food niche overlap 
of puma and human populations, the staple prey of whom were precisely 
camelids (Muñoz and Mondini, 2007 and bibliography therein). 

While these patterns of small and larger vertebrates are very useful, 
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sometimes the bromalite skeletal remains are not identifiable, and more 
general patterns –such as bone size and modifications regardless of their 
identity– become important (Andrews, 1990; Stallibrass, 1990; Schmitt 
and Juell, 1994; Schmitt and Lupo, 1995; Sanz et al., 2016, among 
others). Although seldom recognized, taxon-free and element-free pat-
terns of bromalite-derived bone accumulations and digestion modifica-
tions are in fact taphonomically informative. 

In the puma case, digestive attrition in all of the bones contained in 
one of the scats and in most of the bones in the other one was found to be 
of a heavy to extreme degree (sensu Campmas et al., 2018) (Mondini, 
2019), in agreement with previous information on these felids (see 
Mondini, 2017; Montalvo and Fernández, 2019 for a synthesis). This 
pattern is informative on these taphonomic agents even when only two 
out of 58 bone specimens could be identified and, in turn, it sheds light 
on the probably puma scatological origin of some corroded bone spec-
imens found at Peñas de las Trampas 1.1 site. 

This approach was also applied to modern scatological assemblages 
generated in multiple locations of Andean NW Argentina by small 
predators, namely foxes, where most skeletal elements corresponded to 
microvertebrates but only few were identifiable due to high comminu-
tion (Mondini, 2000, 2003, Mondini, 2004, 2005b, 2012). By assessing 
variables like the magnitude of bone accumulations and bone modifi-
cations, fragmentation and identifiability, together with contextual in-
formation, we were able to characterize these assemblages commonly 
accumulated in rockshelters, to establish patterned regional variation in 
different ecological areas, to assess significant differences with 
non-ingested skeletal assemblages, and to build robust frames of refer-
ence to compare to archaeological assemblages containing micro-
vertebrate bones and teeth. 

2.2.2. Phanera 
Other faunal contents also contribute to the determination of the 

taxa ingested and of those who deposited the bromalites. Phanera like 
nails, claws, feathers and hair are resistant to digestion due to their 
keratin content, and are thus likely to survive the digestive system 
(Larkin et al., 2000; Lloveras et al., 2008; Esteban-Nadal et al., 2010; 
Sanz et al., 2016, among others). Besides, when surrounding bone, they 
help preserve it throughout the digestive tract, thus playing an impor-
tant taphonomic role (Andrews and Evans, 1983; Montalvo et al., 2012, 
among others). 

Hair helped identify both the prey and the predator –who may ingest 
its own hair while grooming– both in the case of the modern carnivore 
scats from NW Argentina, where Lycalopex culpaeus and Oncifelis geof-
frogi were identified (Mondini et al., 2006), and in that of the carnivores 
in the Achala plateau in central Argentina, where L. culpaeus smithersi 
and Puma concolor were determined (Pia, 2011, 2013; Pia et al., 2003), 
besides rodents in both of the studies. The differential preservation of 
bones surrounded by skin and hair was evident in digested micro-
vertebrate anatomical segments found in the actualistic studies carried 
out both in NW Argentina (Mondini, 2003, 2012) and in central 
Argentina (Coll et al., 2021). 

2.2.3. Parasites 
Ecto- and endo-parasites are also commonly present in bromalites, 

both deriving from prey and from the producing animals (Reinhard, 
1990; Guerra et al., 2003; Reinhard and Bryant, Jr. 2008; Beltrame et al., 
2011; Fugassa et al., 2018; Chin, 2021; Cañal and Beltrame, 2022, 
among others). They can help identify both, as well as support biogeo-
graphical, zoonotic, and palaeoenvironmental inferences. 

In the puma scats, Toxascaris leonina was identified among other 
parasites (Petrigh et al., 2019). This demonstrates the presence of this 
nematode parasite in South America since at least the final Pleistocene, 
presumably before human arrival. This has implications for the common 
belief that its presence in modern New World wild carnivores is only due 
to contact with domestic carnivores. The large number of T. leonina eggs 
and their larval state in the puma coprolites suggest a high infective 

capacity, implying zoonotic risk for other potential hosts, including 
humans. 

In the early introduced got faeces presented above, a highly in-
fections parasite, Fasciola hepatica, was found among other parasites 
(Petrigh et al., 2021) Yet, it was not found in contemporary or earlier 
camelid faeces at the site. This supports the hypothesis that this parasite 
entered the region along with Eurasian livestock, which is important to 
understanding the origins of a disease that has contributed to the 
displacement of traditional camelid pastoralism to higher altitudes and 
is increasingly common. 

2.2.4. Other faunal contents 
Other faunal inclusions are also found in bromalites, including fish 

scales, degraded soft tissues and invertebrates –such as arthropods, 
which tend to preserve better than others due to the chitin in their 
exoskeleton– (Reynolds and Aebischer, 1991; Hunt et al., 2012; Shillito 
et al., 2020, and references therein). Their presence and relative amount 
are indicative of the diet of different bromalite-producing organisms, as 
well as of environmental conditions. 

Bromalites also contain microfossils. Faunal spherulites originate in 
the digesting organism or may otherwise be included in the ingested 
prey viscera (e.g., Canti, 1998). They help identify not just the producing 
taxa but also cultural practices such as past animal enclosures. In our 
study area in NW Argentina, Alejandra Korstanje (2005; Korstanje et al., 
2014, 2021) has been able to identify the use of manure for fertilizing 
agricultural fields through the significant presence of camelid 
spherulites. 

2.3. Plant contents 

Plant macro- and micro-remains may also survive partial or complete 
ingestion and the passage through the digestive tract. They are infor-
mative about diet, home range, environment, anthropic disturbance and 
cultural practices, among other issues. Indirectly, they inform about the 
zoological origin of the bromalites themselves as well, like in the case of 
domestic animals fed with domestic plants. Even carnivores eat plants, 
so their remains are found in a range of bromalite producers. 

2.3.1. Plant macro-remains 
Hard plant parts like pits, stones and seeds may survive passage 

through the digestive tract, and cellulose may help preserve some other 
parts as well, which can be identified via histology (León-Lobos and 
Kalin-Arroyo, 1994; Castro et al., 1994; Martínez Tosto et al., 2016; 
Mosca Torres et al., 2022, among others). Taphonomic studies on the 
effect of digestive acids on these remains, though, are rare (O’Meara, 
2014). 

By way of example, plant macro-remains containing well-preserved 
cellulose have been found in the Andean carnivore scats from modern 
dens (Mondini and Rodríguez, 2006). They belong mostly to grasses, 
overlapping with plants commonly transported by humans into rock-
shelters, and helped characterize carnivore diet in these arid environ-
ments. As to digestive damage on these plant remains, low levels were 
observed, which might be related to the relative resistance of the 
structures of these grasses and also partly to the dominance of small 
carnivores in the regional predatory community. 

2.3.2. Plant microfossils 
Micro-plant remains such as pollen, silicophytoliths, starch, among 

many others, derived from ingested plants or indirectly carried by the 
prey ingested, are usually found in bromalites as well (Fernández-Jalvo 
et al., 1999; Carrión et al., 2004; Wood and Wilmshurst, 2013; Haas 
et al., 2013; Gil-Romera et al., 2014; Velázquez et al., 2021, among 
others). They are also informative of the different aspects mentioned 
above (Korstanje et al., 2014). 

The early goat faecal pellets introduced above contained pollen of 
different types including one of either Chenopodium quinoa or 
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Amaranthus sp. (Petrigh et al., 2021). Both taxa have been recorded in 
the area at pre-Hispanic times, and stopped being grown there in his-
torical times (Maloberti et al., 2016), which is in agreement with the age 
attributed to these pellets. Pollen also helped identify which camelid 
faeces might correspond to wild species (Lama guanicoe and/or Vicugna) 
and which to the domestic llama (L. glama) at this site (Petrigh et al., 
2021). 

2.4. Chemical and molecular composition of bromalites and their contents 

Chemical and molecular studies such as those of bile acids, lipids, 
ancient proteomics and aDNA also allow identifying both the bromalites 
and their contents, and are thus crucial to help tackle ambiguity in this 
regard (e.g., Bull et al., 1999; Shillito et al., 2011; Karpinski et al., 2017; 
Hagan et al., 2020; Borry et al., 2020). 

In the case of the goat faecal pellets, aDNA allowed confirming that 
they belong to Capra hircus, and this is now the earliest molecular record 
of the species in the region (Petrigh et al., 2021). And in the case of the 
puma scats, this is the oldest molecular determination of a coprolite in 
South America and one of the oldest worldwide (Petrigh et al., 2019). 
Although this felid’s presence in Pleistocene South America was recently 
demonstrated based on skeletal morphological characters (Chimento 
and Dondas, 2018; Prevosti and Forasiepi, 2018), this is the oldest 
molecular record of the species, in spite of the absence of its remains. 
Finally, parasite identity was also confirmed via ancient DNA, and in the 
case of Toxascaris leonina, this is the world’s oldest DNA obtained for a 
parasite, providing a new maximum age for the recovery of ancient DNA 
of this origin (Petrigh et al., 2019). 

Direct radiocarbon dating is another crucial analysis, when possible, 
as it provides taxon-dates to both the bromalite producer and the or-
ganisms ingested. As bromalites and their contents can migrate once 
entering the lithosphere, the association of these findings and the strata 
including them should be demonstrated in each case. 

For that reason, we radiocarbon-dated the puma scats from Peña de 
las Trampas 1.1. site to 16,573–17,002 cal BP, and found them to be 
much younger than the stratum containing them –IV layer: 
23,195–23,913 cal BP– (Petrigh et al., 2019). This could be explained by 
the fact that this rockshelter was used as a denning place by mega-
herbivores, thus producing intensive trampling (Martínez, 2014). 

There are several other molecular and chemical analyses that can be 
performed to bromalites, like stable isotope analyses, which are infor-
mative of diet, environment and place of origin, although the possibility 
of measuring the microorganisms that rapidly colonize faeces and raptor 
pellets after deposition renders these analyses rather problematic 
(Reinhard and Bryant, 1992; Yang et al., 2022). 

2.5. Other lines of evidence 

Plenty of other studies can be performed on bromalites, the impor-
tance of which should be established case by case. They include the 
analysis of preserved soft tissues, diatoms, fungi, invertebrates such as 
arthropods, mineral contents, ancestral gut microbiomes, among others 
(see Sanz et al., 2016; Shillito et al., 2020; Yang et al., 2022, and 
bibliography therein). Thin-cut micromorphology can also help deter-
mine bromalite-producers and their contents (e.g., Shahack-Gross, 
2011; Sanz et al., 2016; Shillito et al., 2020; Hunt and Lucas, 2021). 

When they are not fully mineralized, bromalite supply of remains to 
sediments once the matrix disintegrates should also be assessed, 
including the chances of incorporation of inclusions and molecules to 
sediments, the survival potential of the different skeletal elements and 
plants ingested and the chances of identifying them as bromalite-genic, 
among others (Mondini, 2000, 2003, 2012; Shillito et al., 2020). In these 
cases, disentangling equifinality is crucial, as other processes may mimic 
digestion (e.g., Fernández-Jalvo et al., 2014). 

2.6. Multiproxy protocols 

Just like in any other fossil remain or trace, each bromalite has its 
own taphonomic history and should be analysed under this light. While 
several multiproxy protocols for the study of bromalites are available in 
the literature (e.g., Reynolds and Aebischer, 1991; Coil et al., 2003; 
Shahack-Gross, 2011; Korstanje, 2014; Korstanje et al., 2014; Wood and 
Wilmshurst, 2016; Velázquez et al., 2019, 2021; Fuks and Dunseth, 
2021; Tolar et al., 2021, among others), they are usually specific to some 
particular proxies and scales of analysis, while here we attempt to pro-
vide a broader, more integral perspective. Using consistent protocols in 
fossil and modern samples is also important (Coll et al., 2022). 

Analytical protocols generally tend to favour some lines of evidence 
over others, which may even be destroyed in the process. Thus, they 
should aim at maximizing the amount of information to be obtained 
with a limited amount of material for all necessary proxies, and at 
processing the samples in the proper order, while taking into account the 
research questions to help decide what to prioritize. 

3. Context and scales of analysis 

Spatial scales beyond the bromalite unit are also advocated, as 
contextual information both at the site and at the regional level are 
crucial for fully understanding these remains and their implications for 
palaeobiology and archaeology (e.g., Borrero and Martin, 1996). A 
multi-scale approach contributes to a better understanding of bromalite 
taphonomy. It should consider the different scales ranging from the 
properties of each bromalite and its inclusions, to those of the bromalite 
or the inclusions assemblage, the context of deposition –be it surface or 
stratigraphic-, the locus or site, the region and even the macroregion, or 
else larger stratigraphic units across space. Each scale allows eliciting 
different, complementary information. The broader ones also help 
identify biases in the fossil record and in taphonomic research as well 
(see, for instance, Hunt and Lucas, 2021; Mondini, 2017; Lyman, 2018). 

Besides, bromalites are part of a larger system of food consumption 
and recycling of ingested and non-ingested remains, including residual 
assemblages at kill and scavenging sites and source-areas in the case of 
herbivorous animals, as well as transported assemblages and leftover 
accumulations (Binford, 1981; Montalvo et al., 2016; Hunt and Lucas, 
2021, among others). These assemblages should be regarded as a con-
tinuum in order to better understand the ecology of past (and modern) 
animals and their environments (Mondini, 2003). Taking into account 
the monitoring perspective (sensu Thomas and Mayer, 1983), that is, the 
behavioural context producing an accumulation and its spatial expres-
sion, is key to understanding each case in the broader picture. 

Time scale is also crucial. In the case of fossil assemblages, consid-
ering the long term and potential changes through time can be very 
informative (e.g., Behrensmeyer et al., 1992). In actualistic studies, 
being sensitive to seasonal and inter-annual variations is also important 
(e.g., Andrews and Fernández-Jalvo, 2018). 

This integral approach aims at avoiding taking singular cases as 
typical without an analysis of its position in the general scene. While 
characterizing the bromalites and contents produced by each taxon is 
critical, it is also important to survey the variability of specific actors 
under different ecological conditions, so as to avoid the risk of an 
essentialist assumption that one or a few cases can be extrapolated to a 
whole taxon. This also helps eliciting richer paleoecological information 
out of fossil accumulations. 

By way of example, on studying the modern carnivore dens from NW 
Argentina, we inferred a dual taphonomic pattern concerning small and 
large vertebrate accumulations in rockshelters, partly related to their 
entry as scatological or transported remains, respectively (Mondini, 
2003, 2004). Yet, they ended up in the same accumulation, as is com-
mon in denning contexts. Also, by taking a wide macroregional 
approach, we found that a light consumption of bones by pumas, 
commonly attributed to the species, is not that light under some specific 
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ecological conditions (Mondini, 2017). 

4. Conclusions 

Bromalites are important sources of paleoecological and even cul-
tural information. This work has discussed their relevance and shown 
the advantages of integrating multiple lines of evidence and different 
scales of analysis in the taphonomic study of bromalites. To do so, it has 
reviewed the different proxies that can be analysed, and illustrated this 
integral approach with examples of late Quaternary and modern con-
texts from an ongoing project in arid South America. This way, it has 
shown the potential of such a multiproxy and multiscale approach in 
order to elicit as much information as possible from these unique 
palaeobiological reservoirs. 

Finally, I would like to renew the plead made over the last 35 years 
by Andrews (1990), Behrensmeyer and Hook (1992), Hunt et al. (2012), 
Myhrvold (2012) and many others, to continue studying bromalites, as 
they are still overlooked to some extent as compared to other traces and 
remains (see, for instance, Zipfel et al., 2023). In archaeology, in 
particular, they have often been dismissed and regarded as not signifi-
cant. Yet, the so-called natural agents are not merely ‘background noise’ 
to try and eliminate in order to make inferences about the human past 
(see Gifford-Gonzalez, 2018). Instead, they provide us with important 
palaeobiological information about what the world was like in the past. 
Bromalites have a significant contribution to make in this regard. 
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Mondini, M., Rodríguez, M.F., 2006. Taphonomic analysis of plant remains contained in 
carnivore scats in Andean South America. Journal of Taphonomy 4 (4), 221–233. 

Mondini, M., Perovic, P.G., Rodríguez, M.F., 2006. Integrated taponomic analysis of 
macroremains in carnivore scats. In: International Council for Archaeozology, 10th 
Conference. Abstracts. Instituto Nacional de Antropología e Historia, México D.F, 
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Neolithic Çatalhöyük, Turkey. J. Archaeol. Sci. 38 (8), 1869–1877. 

Stallibrass, S., 1990. Canid damage to animal bones: two current lines of research. In: 
Robinson, D.E. (Ed.), Experimentation and Reconstruction in Environmental 
Archaeology. Oxbow Books, Oxford, pp. 151–165. 

Taglioretti, V., Sardella, N.H., Fugassa, M.H., 2014. Morphometric analysis of modern 
faeces as a tool to identify artiodactyls’ coprolites. Quat. Int. 352, 64–67. 

Thomas, D.H., Mayer, D., 1983. Behavioral faunal analysis of selected horizons. In: 
Thomas, D.H. (Ed.), The Archaeology of Monitor Valley 2: Gatecliff Shelter. 
American Museum of Natural History, New York, pp. 353–391. 

Tolar, T., Galik, A., Le Bailly, M., Dufour, B., Caf, N., Toškan, B., Bužan, E., Zver, L., 
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parásitos, isótopos estables y ADN de heces de Lama guanicoe. Anales de Arqueología 
y Etnología 74 (2), 127–145. 

Velázquez, N.J., Martínez Tosto, A.C., Benvenuto, M.L., Fernández, N., Civalero, M.T., 
Burry, L.S., 2021. Multiproxy analysis of omnivore and herbivore coprolites: 
inferences on Mid-Holocene dietary habits in Argentine Patagonia. Quat. Int. 601 
(10), 130–142. 

Wood, J.R., Wilmshurst, J.M., 2013. Pollen analysis of coprolites reveals dietary details 
of heavy-footed moa (Pachyornis elephantopus) and coastal moa (Euryapteryx curtus) 
from Central Otago. N. Z. J. Ecol. 37, 151–155. 

Wood, J.R., Wilmshurst, J.M., 2016. A protocol for subsampling late Quaternary 
coprolites for multi-proxy analysis. Quat. Sci. Rev. 138, 1–5. 

Yang, L., Zhang, X., Zhao, X., Xiang, H., 2022. The technological advance and application 
of coprolite analysis. Frontiers in Ecology and Evolution 9, 797370. 

Zipfel, B., Montgomery, C., Neumann, F.H., Scott, L., Choiniere, J., Hancox, J.P., 2023. 
Overlooked or unimportant? An overview of the coprolite collections at the 
University of the Witwatersrand, Johannesburg, South Africa. Curator 66 (1), 
149–164. 

M. Mondini                                                                                                                                                                                                                                       

http://refhub.elsevier.com/S2666-0334(23)00033-3/sref85
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref85
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref85
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref86
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref86
http://refhub.elsevier.com/S2666-0334(23)00033-3/optFj5seJGB9f
http://refhub.elsevier.com/S2666-0334(23)00033-3/optFj5seJGB9f
http://refhub.elsevier.com/S2666-0334(23)00033-3/optFj5seJGB9f
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref87
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref87
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref87
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref88
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref88
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref88
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref89
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref89
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref89
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref90
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref90
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref90
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref91
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref91
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref92
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref92
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref93
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref93
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref94
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref94
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref95
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref95
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref95
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref96
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref96
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref96
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref97
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref97
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref98
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref98
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref98
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref99
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref99
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref99
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref100
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref100
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref100
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref100
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref100
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref101
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref101
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref101
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref101
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref102
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref102
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref102
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref103
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref103
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref104
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref104
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref105
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref105
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref105
http://refhub.elsevier.com/S2666-0334(23)00033-3/sref105

	An integral approach to the study of bromalites. Late Quaternary and neo-taphonomic case studies from arid South America
	1 Introduction
	2 A multiproxy approach to the study of bromalites
	2.1 Bromalite properties
	2.2 Faunal contents
	2.2.1 Skeletal remains
	2.2.2 Phanera
	2.2.3 Parasites
	2.2.4 Other faunal contents

	2.3 Plant contents
	2.3.1 Plant macro-remains
	2.3.2 Plant microfossils

	2.4 Chemical and molecular composition of bromalites and their contents
	2.5 Other lines of evidence
	2.6 Multiproxy protocols

	3 Context and scales of analysis
	4 Conclusions
	Funding
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


