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1. Introduction

ABSTRACT

The striped hyena is the largest living omnivorous scavenger in SW Asia. It generally lives in semi-arid desert
steppe regions, often denning in small caves, rock shelters, and burrows close to human settlements. Bone frag-
ments of wild and domestic animals and desiccated scats are frequently found in the hyena dens. In this study,
eight striped hyena desiccated scats were subjected to pollen analysis. All scats were rich in pollen and the
exine was well-preserved with no visible sign of corrosion. Pollen spectra revealed interesting information on
the regional and local vegetation, as well as the foraging behavior and diet of the animal. They reflected an
array of different landscapes ranging from natural/semi-natural xerophytic desert steppes, agricultural fields,
and grazing pastures. Some scats contained certain pollen taxa very rarely observed in wetland sediments, indi-
cating the high potential of hyena “copropalynology” in providing detailed information on the past floristic com-
position of the landscape. When comparing with archeobotanical data from the area, the hyena scat assemblages
show that the general physiognomy of the landscape has remained almost unchanged since the 6th millennium
B.C., with only minor changes in the composition or density of the woody components of the desert steppe. As
most of the Holocene fossil coprolites in archeological and paleontological sites of SW Asia would have been
left by striped hyena, the study of the modern analogs of such accumulations in extant hyena dens is helpful to
correctly interpret the fossil faunal assemblages to reconstruct the paleolandscapes, land-use change, and animal
paleoethology.

Carrién et al., 2007; Argant and Philippe, 2011; Djamali et al., 2011).
Their growing use by palynologists has led some scholars to use the

In drylands, where wetland systems are hard to find, alternative
paleoenvironmental archives have been explored by paleoecologists.
Among these, the organo-sedimentary structures such as packrat mid-
dens, bat guanos, and coprolites have been very informative (Scott,
2000; Pearson and Betancourt, 2002; Carrién et al., 2006). Coprolite re-
mains, originating mainly from carnivores, constitute one of the most
attractive materials for Quaternary paleoecology and have been increas-
ingly analyzed by palynologists around the world (Scott et al., 2003;
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term “copropalynology” to refer to this new sub-discipline in palynol-
ogy (Argan, 2014). Most of the well-preserved coprolites found in pale-
ontological and archeological contexts are of carnivorous origin, mainly
belonging to Hyaenidae family (Horwitz and Goldberg, 1989; Argant
and Philippe, 2011; Diedrich, 2012a). Due to the absolute dominance
of hyena coprolites in the Pleistocene deposits of Eurasia and Africa,
Hunt and Lucas (2019) define a biogeographic/taphonomic province
that they name “Hyenacoprus province” as opposed to “Castrocorpus
province” of N.- and S. America, the latter being dominated by herbivore
coprolites. Attribution of coprolites to hyenas has been based on:
(i) morphological analogies with modern hyena droppings, (ii) associa-
tion with hyena bones, and more recently (iii) identification of hyena
ancient DNA (Horwitz and Goldberg, 1989; Bon et al., 2012; Diedrich,



2012a; Fourvel and Fosse, 2017). It seems that social and denning be-
havior of hyenas defecating on the same latrine sites and the high con-
tent of hydroxyapatite in their feces, facilitating the consolidation and
fossilization, are the main factors for their good preservation in Quater-
nary sediments (Hunt and Lucas, 2019). Bone remains found in hyena
coprolite-bearing Pleistocene deposits of Eurasia and Africa suggest
that they probably belong to the extant spotted hyena, i.e., Crocuta
crocuta (Erxleben, 1777) or its extinct subspecies called the “cave
hyena” Crocuta crocuta subsp. spelaea (Goldfuss, 1823) (Yl et al,,
2006; Argant and Philippe, 2011; Bon et al., 2012; Diedrich, 2012b).
However, the presence of striped hyena or Hyaena hyaena (Linnaeus,
1758) coprolites has also been reported in some archeological sites in
the Eastern Mediterranean region (Horwitz and Goldberg, 1989;
Mashkour 2004a). Although no palynological study has been performed
on these latter coprolites, their macromorphological, mineralogical, and
petrographic examinations have yielded ample paleoenvironmental in-
formation. The striped hyena fossil fecal material can thus be potentially
interesting for paleoecological investigations in semi-arid to arid re-
gions located within the distribution range of the species (Fig. 2a).

Hyena coprolites have been reported from Iranian caves (Djamali
et al,, 2011). In the Wezmeh Cave, located in the Zagros Mountains in
western Iran, a copropalynological analysis of hyena fossil feces has re-
vealed a lot of information on the regional vegetation as well as the local
floristic composition of the landscape, through the detection of some
rare endemic plants (Djamali et al., 2011). Archeozoological identifica-
tions of bone remains from the same cave strongly suggest the domi-
nance of the rests of spotted hyena, although the presence of striped
hyena is not excluded (Mashkour et al., 2008; Monchot, 2008). The lat-
ter species has also been documented from other Paleolithic sites of
Zagros (Turnbull, 1975; Marean and Kim, 1998). With the decline of
the spotted hyenas at the onset of the postglacial period (Mashkour
et al., 2008), striped hyenas gradually became the largest dominating
scavenger in the dry landscapes of SW Asia. It is thus logical to assume
that during the terminal Pleistocene to Holocene, hyena remains belong
to the latter species.

This study is the first copropalynological analysis of modern striped
hyena scats recovered directly from a hyena den complex in the circum-
desert areas of central Iran. The hyena den of Kaftar Khun (Fig. 1) was
surveyed and sampled for its faunal remains, in order to understand
the diet and foraging behavior of the animal in present-day dry land-
scapes of central Iran (Monchot and Mashkour, 2010). The aims of this
study are to evaluate the potential of the striped hyena scats: (i) to in-
corporate and preserve pollen grains, (ii) to reflect their surrounding
vegetation and flora, (iii) to reveal their foraging behavior in relation
to natural ecosystems and human activities.

2. Setting
2.1. The site

Kaftar Khun (also “Kaftarkhun” or “Kaftar Khun” in Persian)
paleotravertine is located at about 5 km to the southwest of the city of
Kashan in central Iran (33°54’19”N, 51°22/20"E, 1190 m a.s.l.). Geolog-
ically, it is one of a series of eroded fossil travertine and tufa deposits
formed along a fault system on the eastern foothills of the Karkas Moun-
tains in the west-central Iran (Biglari, 2004; Heydari et al.,, 2009). The
Kaftar Khun travertine formed along the central segment of the active
Kashan fault and no longer has any active spring (Berberian et al.,
2012). The site displays several small hollows and rock shelters which
have harbored, until very recently, an active striped hyena den complex
(Heydari et al., 2009; Monchot and Mashkour, 2010). Indeed, etymolog-
ically, Kaftar Khun is composed of “Kaftar” (Kaftar) meaning “hyena”
and “Khun” (Khiin) meaning “house” in Persian. The Kaftar Khun
hyena dens were visited in several occasions from 2003 to 2005 and
many bone fragments and desiccated scats were collected and identi-
fied (Mashkour, 2004a, 2004b; Monchot and Mashkour, 2010).

Unfortunately, over the past 15 years the intensive mining activities
(to exploit the travertine deposits), along with the construction of a
poultry house and a horse stable, have all contributed to the destruction
of the site and its surrounding environment, forcing hyenas to abandon
their dens.

Kaftar Khun (33°54/18.72"N, 51°22/20.46"E, 1192 m) is located close
to the well-known archeological site of Tepe Sialk in the vicinity of Ka-
shan. This site, composed of two main mounds (“South Mound” and
“North Mound”), displays a succession of cultural phases from Late Neo-
lithic to Classical Antiquity (ca. 6200 BC-550 BC) (Ghirshman, 1938-
1939) interrupted by recurrent abandonments related to paleo-
earthquakes and climatic changes (Berberian et al, 2012).
Archeobotanical and archeozoological studies of the botanical and fau-
nal materials, collected during the 2003-2005 excavation seasons of
Sialk, reveal preliminary information on the plant and animal economy
during the Neolithic to Iron Age periods (Mashkour, 2004a, 2004b;
Tengberg, 2004; Shirazi and Tengberg, 2012; Ilkhani et al., 2019;
Mashkour et al., 2019). They show: (i) significant cultivation of cereals
including both wheat (Triticum spp.) and barley (Hordeum vulgaris),
(ii) intensive exploitation over millennia of woods mainly for fuel
(both riparian and desert steppe woody species), (iii) beginning of ar-
boricultural activities during the Iron age, and (iv) presence of steppe
animals like gazelles and Persian indicating an arid environment. The
availability of these natural plant and animal resources, as well as spring
water resources for cereal farming, close to the sites have been two
major factors attracting pre-historic human communities to these
fringes of the Central Iranian Great Desert (Berberian et al., 2012). The
presence of water resources has been also demonstrated in another
nearby archeological site of Shamshirgah, an Iron Age settlement on
the outskirt of the central desert (Mashkour and Fahimi, 2019).

2.2. Climate and vegetation

Based on data from the meteorological station of Kashan (Fig. 1c), lo-
cated a few kilometers from the site, the area has an Irano-Turanian
pluviseasonal continental climate. This bioclimate, equivalent to Medi-
terranean pluviseasonal continental in the Mediterranean region, dom-
inating the central part of the Iranian plateau is characterized by high
continentality (M-m 2 21, where M is the mean of maxima of warmest
and m is the mean of minima of coldest months), very scarce precipita-
tion during the growing season (<200 mm/yr) and a long dry season
lasting up to 8 months (Djamali et al., 2011; Rivas-Martinez et al.,
2011). Under the control of such a harsh bioclimate, the vegetation on
the eastern foothills of the Karkas mountains falls in the “xerophytic de-
sert steppe” belt dominating elevations <1500 m in central Iran
(Dehghani et al., 2017). Here, the vegetation is composed of a typical
Irano-Turanian Artemisia steppe (mostly represented by A. dumosa, a
name which is replaced by A. sieberi in the Flora Iranica (Podlech,
1986, 2013). The open dwarf-shrub steppe is well developed on the
well-drained alluvial plains with numerous xerophytic and tragacanthic
herbaceous species and co-dominated by xerophytic shrubs/dwarf
shrubs of Ephedra spp., Zygophyllum atriplicoides, Pteropyrum aucheri,
and subshruby Astragalus species. The vegetation is very rich in ephem-
erals and xerophytic species, mainly belonging to Asteraceae, Brassica-
ceae, Boraginaceae, Papaveraceae, and Poaceae. Further to the east, the
vegetation is either psamophytic developed on the vast sand dunes or
halophytic developed in the saline depressions both surrounding the
city of Kashan or gypsophytic formations on gypsum hills in the east
of Kashan. In the vicinity of the Kaftar Khun hyena den complex, the
sparse steppe vegetation is dominated by Artemisia sp., Astragalus spp.,
Acantholimon spp., Bromus tectorum, Noaea mucronata, Cleome
coluteoides, Peganum harmala, Scariola orientalis, and Stachys inflata in-
dicating an overgrazed desert steppe vegetation.
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2.3. Striped hyena in Iran

Hyaena hyaena (Linnaeus, 1758) is the only extant species of
hyaenidae in Iran (Firouz, 2005). The Striped hyena, a “near-threat-
ened” species in the I[UCN Red List (AbiSaid and Dloniak, 2015), is also
considered vulnerable in this country, suffering from the loss of its nat-
ural habitats, less availability of carcasses, persecution by local human
populations, and vehicle collision (Tourani et al,, 2012). Studies of hab-
itat evaluation of the species show that open landscapes dominated by
Artemisia steppes, with the presence of limestone outcrops providing
rock shelters, are the ideal environmental conditions for denning activ-
ities (Rezaei et al., 2017). Striped hyenas are nocturnal foragers, mostly
scavenging on remains of other animals left by large carnivores; how-
ever, they can occasionally hunt small animals such as lizards, rabbits,

rodents, and insects (Rieger, 1979; Wagner, 2006; Monchot and
Mashkour, 2010). Unlike spotted hyenas, the striped hyenas rarely
form groups and are mostly solitary animals, occasionally foraging in
pairs (Fig. 2). They are adapted to arid and semi-arid conditions but
need to regularly drink from water resources located within 10 km of
their habitats (Rieger, 1979; Wagner, 2006). Striped hyenas can be con-
sidered as omnivorous scavengers because they also feed on fruits, veg-
etables, and occasionally human refuse (Rieger, 1979; Wagner, 2006).
The availability of these plant food resources, as well as the livestock
carcasses around human settlements, is increasingly drawing striped
hyenas to peri-urban areas, habitations, and landfills (Monchot and
Mashkour, 2010; Shamoon and Shapira, 2019) which is not necessarily
beneficial to the survival of this threatened species (Tourani et al.,
2012).



Fig. 2. a. Two striped hyenas recently photographed in central Iran (not Kaftar Khun). b. Den complexes are mostly found in rock shelters formed in limestone outcrops. c. The position of
the den complex in a travertine outcrop, photo looking north. d. Photo looking northwest: foreground shows xerophytic desert Artemisia steppe and background shows the suburbs of the
city of Kashan and the central Iranian desert. Photo a is courtesy of wildlife photographer M. Saeed Davari. Photos, b, ¢, and d by MM.

3. Materials and methods

Some 30 modern hyena scats were collected from the Kaftar Khun
rock shelter and put into small plastic bags in 2005 by the second au-
thor. Eight of the best-preserved scats were selected for pollen analysis
(samples KK1-KK8, Table 1, Fig. 3). After cleaning their surfaces, sam-
ples were prepared using the standard extraction technique described
by Moore et al. (1991). One Lycopodium tracer tablet (Batch 1030,
Lund University) was added to each sample before treatment, to calcu-
late the pollen concentrations in grains/g of dry material (Stockmarr,
1971). A minimum of 207 pollen grains were identified and counted
under x 500 magnification using a Zeiss Axiolab 5 light microscope
equipped with Phase Contrast. The Iranian pollen reference collection
hosted at the Institut Méditerranéen de Biodiversité et d'Ecologie (Aix-
en-Provence, France), as well as the pollen atlases of Reille (1992,
1995, 1998), Bonnefille and Riollet (1980), and van Zeist and Bottema
(1977) were consulted for identification of difficult pollen grains.

Table 1
Size measurements and some pollen values of the studied desiccated hyena scats of Kaftar
Khun.

Sample  Size No. Total Weight Pollen
m pollen  Pollen  of concentration
(mm) (mm) types counts  treated No. /g
sample
(g)
KK1 N/A N/A 16 428 0.5 31,982
KK2 26 23 20 377 1.1 52,538
KK3 39 20 25 207 1.1 14,694
KK4 70 21 27 380 15 10,845
KK5 28 31 29 283 13 55,345
KK6 87 26 33 428 1.8 17,896
KK7 31 28 27 344 2.7 6881
KK8 53 34 16 379 19 70,485

A pollen percentage diagram was created in the R package “rioja”
(Juggins, 2019). Principal Component Analysis (PCA) was performed
on n = 8 (number of individuals/observations) by p = 74 (number of
taxa/variables) pollen matrix of percentages. This analysis allows for
the extraction of important information from a multivariate data table
(containing individuals/observations described by multiple inter-
correlated quantitative variables), it expresses this information as a con-
densed set of new variables called principal components that can poten-
tially reveal environmental gradients. These new variables correspond
to a linear combination of the originals. Thus, PCA reduces the dimen-
sionality of a multivariate data to two or three principal components,
that can be visualized graphically, with minimal loss of information. Be-
fore PCA analysis, data were square-root transformed to stabilize the
variance. Rare taxa, i.e. those present in only one sample (or with a rel-
ative abundance consistently <1%), were removed from the analysis.

Fig. 3. Pictures of six of the hyena scats studied in this paper.



Along with the PCA, a Hierarchical Clustering on Principal Components
(HCPC) was also performed. The goal of HCPC is to identify groups
(i.e., clusters) of similar objects within the data set (using the Ward's
criterion on the selected principal components). PCA analysis was per-
formed using “ade4” R package (Dray et al., 2020) and presented in
Fig. 5. The results were then visualized using the R packages “magrittr”
(Bache and Wickham, 2014) and “factoextra.” (Kassambara, 2020) Fur-
thermore, Cluster Analysis was applied to the PCA results using
“FactoMineR” package (Husson et al., 2020). "Another PCA biplot cre-
ated in "vegan" (Oksanen et al., 2019) with more illustrative details
was put in the Supplementary Materials. The climate diagram, in
Fig. 1c, was created in the “climatol” package (Guijarro, 2019). All R
packages were run in RStudio version 3.5.3 (RStudio Team,2015).

4. Results and discussion

Samples were relatively rich in pollen, with the pollen concentration
ranging between 6881 to 70,485 pollen/g of dried fecal material
(Table 1). Pollen counts varied between 207 and 428 per slide
(Table 1), with all pollen grains being included in the total pollen sum
to calculate percentages. The pollen percentage diagram is illustrated
in Fig. 4 and the PCA biplot of the variables (taxa) versus samples is pro-
vided in Fig. 5. Overall the samples are generally reflecting an open land-
scape, with herbaceous pollen dominating the spectra and arboreal
pollen comprising very low percentages of the total pollen sum
(Fig. 4). A PCA-based non-constrained hierarchical classification helped
define clusters of samples based on similarity of their pollen
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percentages (right side of the pollen diagram, Fig. 4). The PCA biplot in
Fig. 5 shows how the eight projected samples are explained by different
pollen taxa and along two first PCA Axes.

PCA Axis 1 and Axis 2 together explain 23.1% and 18.6% of variance
and indicate that half of the samples (KK1, 2, 4, and 8) present a rela-
tively homogeneous pollen assemblage and group together in the posi-
tive side of PCA Axis 1 (KK1, 2, 4, and 8). This is also evident in the HCPC
dendrogram lower cluster (Fig. 4). These are dominated by Artemisia
and Chenopodiaceae s. str. Please note that in this paper, we prefer to
use the name Chenopodiaceae despite the fact that Angiosperm Phylog-
eny Group Classification (Byng et al., 2016) suggests a broader sense by
using Amaranthaceae. Our argument is that the pollen structure of
Chenopodiaceae represents arid habitat in contrast to Amaranthaceae
s. str., in which many species are of tropical origin. The whole cluster
of KK1, 2, 4, and 8 indicate the hyenas foraging in the natural dry

steppes. The negative side of Axis 1 is more difficult to interpret because
the pollen types with highest contributions are of both natural and an-
thropogenic origin (e.g., Resedaceae and Brassicaceae). PCA Axis 2 op-
poses sample KK5 and 7 in the negative side and sample KK6 in the
positive side. While KK7 is characterized by aquatic plants and riparian
trees (Sparganium-type, Cyperaceae, and Salix and Tamarix), suggesting
hyenas drinking from a water source (spring, qanat etc.), KK5 appears
more characterized by anthropogenic species (e.g., Plantago maritima-
type, Vitis, and Populus). In contrast, sample KK6 clearly indicates a
very anthropic landscape, possibly the abandoned arable lands and/or
overgrazed lands in the vicinity of human habitations (e.g., Tribulus
and Euphorbia). Any further interpretation of the other PCA biplot
axes may be an overinterpretation of data because according to the
scree diagram (top left, Fig. 5), there is little difference between vari-
ances explained by axis 3 onwards. We thus propose that the HCPC



results provide a better illustration to distinguish the dissimilarities be-
tween the different samples.

4.1. Regional vegetation

The pollen spectra of all the examined hyena scats are largely domi-
nated by pollen taxa characteristic of an open dry landscape covered
with an Irano-Turanian Artemisia steppe containing significant amounts
of xerophytic shrubs and dwarf shrubs. Artemisia accounts for 50-80%
of the total pollen sum except in samples KK2 and KK5 (Fig. 4). Poaceae
and Chenopodiaceae (sensu Herndndez-Ledesma et al., 2015 and not
Byng et al., 2016) are the next most abundant pollen types accompanied
with many other herbaceous plants with low pollen values. Pollen of de-
sert trees/shrubs dominated by Calligonum-type constitute by far the
most abundant arboreal pollen in most of the samples (0.8-15%).
Calligonum-type pollen is produced by two woody genera of
Polygonaceae family, i.e., Calligonum spp. and Pteropyrum spp. (excluding
P. naufelum) (Doostmohammadi et al., 2019). The latter species has its
own characteristic morphology. While Pteropyrum, as a C3 plant, tempo-
rarily dominates seasonal water runnel and alluvial soils near Kashan and
the eastern flank of Karkas Mountains, Calligunum, a C4 lineage, is a
psamophytic genus with several species growing in desert dunes in
lower altitudes. Both shrubs are not, however, halophytic and prefer
well-drained substrates. Ephedra distachya-type pollen is also a back-
ground pollen, present in almost all spectra but with very low values
(<1%). Nowadays, Ephedra spp. are found in the foothills of the Karkas
mountains at lower elevations and gypsum hills in the southeastern
parts of the region. The presence of Quercus pollen is interesting, showing
that the values between 0.3 and 4% of oak pollen can highlight long-
distant transport, mostly from the Zagros open oak forest located some
200 km to the west and brought by the prevailing westerly winds. Com-
parison of the pollen spectra of the Kaftar Khun hyena scats with the
modern surface pollen spectra from a mountain-desert transect in
north-central Iranian Plateau (Dehghani et al., 2017) indicates a surpris-
ingly high similarity, with those spectra coming from the “xerophytic de-
sert to semi-desert steppe” dominated by Artemisia dumosa on dry soils
and Pteropyrum aucheri in dry river beds. In both cases Artemisia pollen
varies between 40 and 80% and Chenopodiaceae and Poaceae pollen
mostly remain around or under 10%. The “xerophytic desert/semi-
desert” steppe vegetation belt is found between 800 and 1500 m
(Dehghani et al,, 2017), suggesting that the striped hyena foraging area
is limited to this altitudinal range. This vegetation belt also covers vast
areas on the southern foothills and alluvial plains of the Alborz Mountains
in north-central Iran (Klein, 1994).

Anthracological investigations at the archeological site of Tape Sialk
(8 km northwest of Kaftar Khun) reveal significant prehistoric exploita-
tion of woody components of the xerophytic desert steppes of the region
over millennia (Shirazi and Tengberg, 2012). The consumed woody taxa
in the Sialk layers are dominated by a mixture of desert trees/shrubs
(Haloxylon sp., Lycium sp.,) and riparian (Fraxinus sp., Elaeagnus
angustifolia, Salix sp., Tamarix sp.) and montane cliff species (Celtis sp.).
Absence of the charcoals of Pteropyrum/Calligonum and Ephedra, the
main shrub pollen taxa found in the Kaftar Khun scat assemblages is note-
worthy. It may be explained by: (i) once lower abundance of these taxa or
their former extirpation from the landscape by humans, (ii) easier access
to riparian species and Haloxylon sp., (iii) lower energetic values of
Pteropyrum/Calligonum as fuel compared to other exploited species, and
(iv) incomplete sampling of the archeological layers causing a bias in
data. It should also be noted that Haloxylon pollen is difficult to distin-
guish from several other species of Chenopodiaceae and its pollen has
certainly been grouped under this family in our pollen diagram.

4.2. Anthropogenic imprints in pollen spectra

Pollen types related to human activities are present in all the hyena
scats and include cultivated (ornamental and fruit) trees, cereals, and

pulses, segetal plants associated with cultivated fields and ruderal
plants indicating disturbed soils and pastoral activities (Fig. 4). Diversity
and abundance of these pollen types demonstrate that the hyenas had
been living in a mosaic of environments mostly impacted by different
human activities. Some of the pollen types (e.g., pastoral indicators Eu-
phorbia, Plantago lanceolata-type) have been sourced from vast semi-
natural ecosystems, such as the grazed/overgrazed xerophytic shrub
steppes extended on the mountain slopes and alluvial plains far from
the villages and cities. Others (crops and cultivated trees) are however,
mostly limited to permanent settlements and urban/peri-urban areas.
Some pollen types identified and quantified in the scats provide very
specific information on agricultural crop types. Sample KK1, for in-
stance, contains about 1% pollen of pomegranate (Punica), a very under-
represented tree in modern pollen rain (van Zeist et al., 2001) and
samples KK1 and KK3 display pollen of Vigna cf. unguiculata or cowpea,
a cultivated bean of West and/or East African origin (Xiong et al., 2016)
nowadays grown in different parts of Iran including the study area. Ce-
reals are also significantly present in most of the samples, a fact that is
largely expected because dry and irrigated cereal farming is commonly
practiced in the plain as well as the mountain areas around Kaftar Khun.
Among the ruderal and segetal taxa, the presence of the pollen of
Hypecoum and Fumaria, two rarely encountered pollen types in palyno-
logical samples is worth mentioning. Both Hypecoum pendulum L. and
Fumaria asepala Boiss. were observed flowering in May 2015 by MD in
Kamou village (30 km to southwest of Kaftar Khun). They are ruderal
plants growing in abandoned fields, trampled soils, along water courses
and roadsides and even in the fissures of paved sidewalks. Hypecoum
pendulum also occurs in the Artemisia steppes. Erodium pollen, present
in most of the samples, is produced by species such as E. cicutarium
(L) L'Hér., which is common in ruderal and semi-natural steppe soil, it
was also observed in Kamou as a weed in the abandoned fields in May
2015. All samples contained the dung-associated fungal spores belong-
ing to Sporormiella sp. The values varied from <1% (KK1, KK4, and KK7)
to enormous amounts in KK2 (2920% calculated based on the total sum
of pollen grains excluding Sporormiella), indicating the significant pres-
ence of livestock in hyena foraging areas and the possible consumption
of their entrails by hyenas.

Archeobotanical evidence from Sialk suggests that cereal farming
(both wheat and barley) was practiced by human communities settled
in the area since the Neolithic (6th millennium BCE), with possible
grapevine cultivation at least since the Iron Age (Tengberg, 2004). The
present-day mixture of diverse landscapes including natural/semi-
natural steppes, riparian systems, agricultural lands, orchards, pastures,
and urban areas have thus been present in the area since the early-mid
Holocene, leaving thousands of years for striped hyenas to adapt to their
changing environment by humans.

4.3. Paleoecological and paleoethological potential

In general, pollen grains identified and counted in the examined
scats were well-preserved and almost no traces of digestion by gastric
acids of the animal could be observed, confirming similar observations
from Africa (Scott et al., 2003). Pollen data of the eight examined
hyena scats clearly reveal the strong potential of these fecal materials
in: (i) reconstructing the natural/semi-natural ecosystems in local and
regional scale, (ii) understanding human agro-pastoral activities, (iii)
revealing the foraging behavior and diet of the striped hyenas, and
(iv) detecting rare plant taxa.

Both the spotted and striped hyenas are very mobile animals travel-
ing up to 20 km/24 h, mainly during the night (Wagner, 2006; Kolowski
et al,, 2007). The bone accumulation is, however, much more practiced
by striped hyenas compared to spotted hyenas (Fourvel et al., 2015).
The high mobility, combined with the proximity to human settlement
areas, allows the striped hyenas to visit a diverse mosaic of landscapes
more or less impacted by human activities. Several studies suggest
that the hyena scat pollen spectra represent the whole area foraged by



the animal and not only around the den site (Carrion et al., 2001; Scott
et al,, 2003). Indeed, the pollen can be added to a scat through multiple
ways: (i) pollen settled on the food before ingestion, (ii) pollen depos-
ited on the scat after defecation, (iii) pollen found inside the digestive
tube of the herbivores, (iv) direct ingestion of flowers, (v) pollen
found in drinking water, and (vi) pollen absorbed through cleaning by
their rough tongues (Scott et al.,, 2003; Mohamed Ahmed et al., 2012).
The latter process may have been underestimated as a recent study
has observed that striped hyenas take time to clean each other in captiv-
ity, on average 1.15 min per day (Mohamed Ahmed et al.,, 2012). These
diverse sources and processes of pollen ingestion can explain the abun-
dant and diverse pollen flora encountered in hyena feces.

A number of studies indicate that while striped hyenas avoid direct
contact with humans, they remain close to pastoral communities inside
or outside the urban/peri-urban areas, which permits them to diversify
their food resources (Fourvel and Mwebi, 2011). Osteological identifica-
tions of faunal assemblage of the Kaftar Khun den complex by Monchot
and Mashkour (2010), shows that 84.6% of the identified specimens be-
long to domesticated animals with equids (horses, donkeys, and mules)
comprising 72.1%, followed by domestic cattle (8.1%) and sheep/goat
(3.0%). This high percentage of domestic animal bone remains makes
the authors suggest that the striped hyenas have become commensal
animals. A recent study of the hyena population density and distribution
in arid NW India also indicates that striped hyenas not only socially tol-
erate humans but take advantage of the availability of more food re-
sources in human-dominated landscapes (Singh et al., 2014). In that
study, the maximum number of animal detection was recorded at a dis-
tance between 1 to 3 km from human settlements. Availability of live-
stock carcasses and orchards are among the most important factors
attracting the animal to habitations (Karami et al., 2006; Singh et al.,
2010; Fourvel and Mwebi, 2011; Singh et al., 2014). Consuming the in-
ternal organs of domestic herbivores may be one of the most important
ways of ingestion of pollen of segetal, ruderal and cultivated plants into
the hyena scats. Finding the very rare pollen types in the Kaftar Khun
fecal samples (see Punica, Hypecoum, and Fumaria; Fig. 4) has similarly
been reported from the Wezmeh Cave in which rare plant taxa such
as tulips (Tulipa spp.) have been documented (Djamali et al., 2011).
Such pollen types are seldom found in sedimentary archives due to
the taphonomic history (see e.g., the long pollen records from Lake
Urmia, Djamali et al., 2008; pollen data accessible in the European Pol-
len Database: http://www.europeanpollendatabase.net/index.php).
These findings suggest that hyena fossil scats are an important source
of information in relation to the detailed floristic composition of steppe
vegetation.

Both spotted and striped hyenas have played a significant role as
omnivorous scavengers in the arid and semi-arid ecosystems of Eurasia
and Africa during the Pleistocene. The role of the striped hyena has be-
come increasingly important in SW Asia after the decline of the spotted
hyenas at the end of the last glacial period (Horwitz and Goldberg,
1989; Mashkour et al., 2008). Although no striped hyena fossil copro-
lites have so far been reported from the Iranian Plateau, we believe
that some recent coprolites found in the Wezmeh Cave in western
Iran correspond to this species, judging from very high morphological
similarities (cf. sample KK3 in Fig. 3 of this study to sample WC-2
(405 =+ 59 cal. BP) in Fig. 2 in Djamali et al.,, 2011). The increasing num-
ber of archeological excavations in SW Asian caves and rock shelters are
providing abundant faunal remains including hyena bones and copro-
lites (Mashkour et al., 2008; Scott et al., 2016). Our results show that
the pollen encapsulated in these coprolites can be a major source of in-
formation on their environments, their foraging behavior and diet, as
well as their interactions with human societies in the far and recent
past. Biological investigation of modern hyena scats collected from dif-
ferent ecosystems across the region can help establish modern analogs
for a robust interpretation of the data obtained from fossil fecal mate-
rials. Copropalynological investigations are only one of the many differ-
ent bioarcheological techniques that can be applied to these precious

fossil materials (Horwitz and Goldberg, 1989; Scott et al., 2016). Appli-
cation of molecular studies of coprolites, further refines the attribution
of coprolites to the lowest possible taxonomic levels (Bon et al., 2012;
Bennett et al., 2016) and is complementary to their bioarchaeological
study.

5. Concluding remarks

1. Like their spotted cousins, striped hyenas also leave feces that are
rich in well-preserved pollen grains with great potential for paleo-
ecological reconstructions.

2. Pollen grains in all the examined modern hyena scats were well-
preserved and of very different natural and anthropogenic sources.

3. All pollen assemblages revealed the general traits of the regional veg-
etation composed of a xerophytic desert steppe with sparse desert
wood shrubs.

4. Abundance of cultivated, segetal, and ruderal pollen can provide in-
valuable information on the human agro-pastoral activities and
land-use changes.

5. The mixture and diversity of pollen originating from both natural/
semi-natural ecosystems and anthroposystems, as well as the diver-
sity of pollen ingestion processes, provides the possibility to obtain a
detailed image of the foraging and dietary behavior of striped hyenas.

6. The studied hyena feces pollen assemblages clearly show a commen-
sal behavior of the animal and its use of food resources provided by
human activities.

7. Direct and indirect ingestion of flowers adds details to the recon-
struction of the floristic composition of the vegetation in the foraging
area of striped hyenas.

8. Analogy between the examined scats with some Holocene subfossil
hyena scats suggest that striped hyena coprolites from
archeological/paleontological sites can be of high potential in
bioarchaeological and paleoenvironmental studies.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.revpalbo.2020.104277.
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