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The analysis of coupled coprolite and surrounding sediment samples from the archaeological level M (Middle
Paleolithic) of the Abric Romani rock shelter (north-eastern Spain) has proven an efficiency of palynological studies
of coprolite samples. Although pollinic concentration in both coprolite and surrounding sediment samples is
relatively low, the research provides reliable taphonomical and paleoenvironmental data. Thus, hyena dietary
habits do not influence coprolite pollen spectrum. Reconstructed vegetation communities reflect unstable climatic
conditions of MIS 3 and comprise variety of opened and closed vegetation communities. Based on non-pollen
palynomorph analysis local environmental conditions are reconstructed.
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Introduction

Cave palynology, as well as coprolite pollen
analyses enables the strengthening of the re-
gional paleoenvironmental reconstructions
based on continental deposits analysis. The Abric
Romani cave deposits and coprolite samples give
an opportunity to obtain information for the dry
region of north-eastern Spain, where conven-
tional palynological researches are less effective
because of bad preservation of pollen grains. The
regional data, coming directly from the investi-
gated area provide a basis for reliable paleoenvi-
ronmental reconstructions and enable direct cor-
relation of multi-proxy data, avoiding interpola-
tion of the data from other regions. The aim of
the current research is taphonomic study of the
coupled coprolite - surrounding sediment sam-
ples from the archaeological level M (Middle Pa-
leolithic) of the Abric Romani rock shelter. Both
pollen analysis and non-pollen palynomorphs
study were carried out to get information about
regional (pollen) and local (non-pollen palyno-
morphs) environment. The reliability of the cop-
rolite analyses was verified by comparison of the
results to pollen spectrum of the surrounding
sediment and data available from the former pa-
lynological study of the corresponding level of
the Abric Romani calcium carbonate deposits.

Abric Romant is a travertine rock shelter pro-

viding a unique environmental and archaeologi-
cal record spanning the Late Pleistocene and
Early Holocene of north-eastern Iberia and corre-
sponding to the period, when Homo neandertha-
lensis was present on the Iberian Peninsula. The
sequence dated at the present day between 70
and 40 ka is characterised by high temporal reso-
lution within a well-calibrated chronology, which
enables detailed archaeological and paleoenvi-
ronmental implications. Due to its location, Abric
Romani is a source of information about the terri-
tory significant for the Homo neanderthalensis
dispersal on the Iberian Peninsula and environ-
mental context of the corresponding period. The
emergence of early modern Europeans and the
fate of the Neanderthals are major topics in hu-
man evolution research and this is especially so
in the Iberian Peninsula because, south of the
Ebre basin (the «Ebre frontier»), Neanderthals
seem to have persisted longer than elsewhere in
Western Europe [45; 21; 46; 18].

Abric Romani rock shelter gives wide possi-
bilities for interdisciplinary studies, providing
several proxy-data — micro- and macro-fauna,
palynological and anthracological data, as well as
archaeological material. The stratigraphy of the
cave is pronounced and allows reconstruction of
formation processes and corresponding climatic
and hydrological conditions. The main part of the
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studied Abric Romani stratigraphy was formed
during Marine Isotope Stage MIS 3, and only the
bottom layers correspond to MIS 4.

Abric Romani: Presentation of the site

The Abric Romani is a wide rock shelter («ab-
ric» in Catalan) in a travertine cliff called Cinglera
del Capelld, located in a karstic landscape near
Capellades (Barcelona, Spain) on the west bank
of the Anoia River, 50 km west of Barcelona
(UTM Zone 31T, E 390695.5, N 4599032) [37].
The Abric Romani has an elevation of 317 m a.s.l.
and 50 m above a narrow gorge of the Anoia
River [39].

Two main lithological units characterise the
stratigraphy of Romani rock shelter. The upper-
most unit, composed of 3 m of red silts and sands,
is an aeolian deposit and was largely removed by
early excavations. The basal unit, with a mini-
mum thickness of 17 m, is mainly composed of
tufa, tufa gravels, carbonate sands and silts [4;
12; 44]. The sequence has yielded a series of
U/Th dates between 70 and 40 ka cal BP, with
only the bottom layers coresponding to Marine
I[sotope Stage (MIS) 4 and the main part of the
studied Abric Romani stratigraphy to MIS 3 [10].

At the Abric Romanf all excavated levels be-
long to the Middle Paleolithic, except the upper-
most level A which belongs to the Early Upper
Paleolithic. The sequence is formed by a succes-
sion of well stratified travertine platform, where
the archaeological levels appear as sandy layers
interstratified and well delimited in between
those platforms [19]. Several lines of evidence
emphasize the differences between the rock shel-
ter interior, where occupation was more intense,
and the exterior [37].

The botanical data have been yielded by paly-
nological and anthracological sequences. The pol-
len sequence includes the entire known deposit,
and the charcoal record comes from the different
excavated layers and has an anthropic ori-
gin [10]. The summarised paleobotanical studies
reveal very low variability of taxa. The sequence
is mainly related to pine forests, and near or
within these dominant forests there were smaller
plant formations and/or secondary species with
a Mediterranean and/or Atlantic character: a
patchy landscape, with different vegetation as-
semblages including forests, riverside forests,
prairies, and steppes with more or less humid
connotations. This landscape has no present
analogy [38], as such rapid and abrupt climatic
changes have not occurred again since then [10].

Materials and methods

The studied level M is located beneath 8-cm-
thick coarse tufa platform and has a maximum
thickness of 44 cm, although archaeological re-
mains are concentrated within a maximum
thickness of 20 cm. The excavated area is about
180 m2and has a high density of artefacts, includ-
ing faunal and lithic remains, hearths, and plant
remains (charcoal and wood imprints) [37]. The
travertine layer on the top of the archaeological
level M is dated to 51.8 +1.4 ka (Ref.Lab. 02-23)
and 61.7 2.2 ka (Ref. Lab. 03-67) by the U/Th
dating method [40]. It corresponds to MIS3
which is characterised as a cold period, alternat-
ing with warmer and more humid phases [6].
Previous pollen analysis revealed a higher num-
ber of taxa that were probably located in the sur-
roundings of the shelter. Open habitat taxa, such
as Poaceae, Artemisia, and Pinus, were identified,
whereas in the more temperate periods taxa like
Quercus, cf.Juniperus, Olea-Phillyrea-type, Pis-
tacia, or Cistus are present [6; 19].

Among the samples collected during the exca-
vation season 2002, 12 coupled coprolite - sur-
rounding sediment (coprolite periphery) samples
were chosen for palynological analysis to enable
comparison between these two kinds of samples.
The coprolite producing agent is identified at the
field as spotted hyena (Crocuta crocuta). This ex-
plains the position of the samples: in living spot-
ted hyenas, social defecation tends to occur not
far from the cave opening [5] and the Abric Ro-
mani level M coprolite samples were discovered
near or close to the cave entrance (K, L, and M
squares lines), on or outside the conjectural drip
line (Fig. 1).

The samples were treated using the protocol
proposed by Goeury and Beaulieu (1979),
slightly modified by the elimination of acetolysis
(which enables distinguishing of modern pollen
grains due to preservation of protoplasm of the
pollen grains, clearly visible under the micro-
scope) according to Girard and Renault-
Miskovsky (1969), and the protocol developed by
Burjachs et al. (2003). The procedure included
the following key steps: Hydrochloric acid sedi-
ment reduction (HCl, 50%) for removing of the
carbonates from the carbonate-rich travertine
samples; Sodium hydroxide (NaOH, 10%) diges-
tion to break up the matrix and dissolves the hu-
mic materials; Thoulets heavy liquid (water solu-
tion of Potassium lodide (KI) and Cadmium lo-
dide (CdI) with a specific gravity 2.1 g/cm3, which
allows pollen to float on its surface) flotation to
concentrate pollen grains and non-pollen paly-
nomorphs contained in the sample with subse-
quent filtration through the glass filter; Hydroflu-



KAM'SSHA AOBA 37

oric acid (HF, 70%) treatment aims for destruc-
tion of glass fibre filter as well as removal of sili-
cates and clay materials; Hydrochloric acid (HC,
50%) processing aims for removing of sili-
cofluorides formed during the Hydrofluoric acid
treatment and colloidal silicon dioxide (SiO.);
conservation of the residue and mounting the
slides. The slides were counted on an optical mi-
croscope (Nikon SE) at 600x magnification (15x
eyepiece used with a 40x objective lens). The to-
tal sum of approximately 300 pollen grains (in-
cluding Pinus) were counted. For some slides it
was not possible to count this amount. In these
cases, every line was counted until the end of the
slide was reached. For non-pollen palynomorphs
two lines of each slide were counted. Identifica-
tions were made using the pollen reference col-
lection of IPHES (Tarragona, Catalonia, Spain)
and pollen atlases of Moore et al. (1991) and
Reille (1995; 1998; 1999), van Hoeve &
Hendrikse (1998) and van Geel (1978). Calcula-
tions and pollen and NPP diagrams elaboration
were carried out using the TILIA 1.7.16 soft-
ware [24; 25].

Results

Pollen data. Taphonomic analysis. Paly-
nological characteristics of the studied samples
are given in Table. 4.1. Results of palynological
study of the samples are presented as pollen dia-
grams. Occurrence of taxa is expressed as abso-
lute frequencies, calculated as pollen grains per
gram of dried sediment (volumetric method,
Loublier, 1978), and relative frequencies (%) of
pollen of each taxon in total pollen sum of arbo-
real and herbaceous plants of this sample, exclud-
ing Cyperaceae (local taxon). Exclusion of Cyper-
aceae is a common practise when dealing with
small specific areas, where the local pollen source
can predominate over the regional contribu-
tion [33]. The Pinus pollen wasn’t excluded from
the pollen sum in this case, because abundance of
pine trees in the surroundings of the site during
the studied period is confirmed by anthracologi-
caldata[1; 8; 9].

«Indeterminate» and «indeterminable» pollen
grains were also excluded from the pollen sum.
Their percentage in a sample was calculated as a
sum of arboreal and herbaceous plants in each
sample plus amount of «indeterminate» / «inde-
terminable» pollen grains in this sample related
to the amount of indeterminate pollen grains in
this sample.

Some post-depositional contamination by
modern pollen grains is observed in all samples
except of K41-15B coprolite sample.

Pollen concentration (PC) is higher in the sur-
rounding sediment samples, being, however,
generally very low for all samples. Pollen taxa
diversity is intermediate, with 45 types in total,
equal or exceeding 15 types in most samples. The
diversity of herbaceous plants (24 taxa) is only
insignificantly higher than that of arboreal ones
(21 taxa) (Fig.2, 3). Both arboreal and non-
arboreal taxa diversity is higher in the surround-
ing sediment samples (Table 1).

The main pollen dominant in both coprolite
and sediment samples is Pinus, with the highest
content of 70% and an average content of 57,4%
(Fig. 2). Other arboreal taxa don’t reach high con-
centration, having the highest value for Quercus
deciduous (12.1%), an average content - 5,4%,
and Quercus ilex-coccifera - 7,7% as the highest
and 1,4% as an average (Fig.2). Non-arboreal
plants reach relatively high values in some sam-
ples: Artemisia (highest value - 23,8%, average
content - 9,0%), Poaceae (highest value - 15,8%,
average content - 5,3%) and Asteraceae (As-
teraceae tubuliflorae-type - 12,5%, Asteraceae
liguliflorae-type - 24,0%; an average content of
4,2% and 5,7% respectively) (Fig.2). Other
common non-arboreal types, represented in
most of the samples, although not reaching high
concentrations, are (an average content): Cheno-
podiaceae (1,2%), Helianthemum (2,4%), and
Apiaceae (1,0%). Percentage of Cyperaceae (ex-
cluded) is quite high in most of the samples,
reaching the maximum of 28,9%.

Pollen concentration (Fig.3) is low for most
arboreal and non-arboreal taxa. Taxa, that have
higher absolute concentration and non-zero val-
ues in most of the samples, are Pinus - 6.6
grains x g, Quercus deciduous - 8.78 grainsxg,
and Quercus ilex-coccifera - 7.7 grains x g. Herba-
ceous plants with relatively stable and high con-
centration are Helianthemum (6.1 grains x g), Ar-
temisia (18.4 grains x g), Poaceae (7.9 grains x g),
Asteraceae tubuliflorae-type (6.7 grains x g), As-
teraceae liguliflorae-type (9.3 grainsxg) - the
highest absolute frequencies values are given.
Absolute frequencies of Cyperaceae is relatively
high in all samples with the maximal value of
17.2 grainsx g.

The pollen content of ecologically significative
taxa (Fig. 4) shows great variability, but there is
difficult to trace any distinct correlation between
pollen frequency fluctuations of different taxa.
Pinus pollen is present in great amounts in all
samples, while other ecologically interesting ar-
boreal types such as Alnus and Olea, occur
sparsely in low concentrations. Although also
ecologically significative, such taxa as Betula,
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Acer, Corylus, and Viburnum only occur sporadi-
cally (Fig. 3). In contrast, significative herbaceous
species, such as Helianthemum, Artemisia,
Poaceae and Asteraceae are generally abundant.

This comparative diagram (Fig. 4) shows that
despite of the low pollen concentration in the
samples, there is almost no contradiction be-
tween relative frequencies (dependent variable)
and absolute frequencies (independent variable).
This reinforces the value of the results.

Non-pollen palynomorphs (NPPs) data. As it
has been shown by Carrion & Navarro (2002),
non-pollen palynomorphs (NPP) records, com-
bined with pollen analysis, can be important for
detailed taphonomy and paleoenvironment re-
constructions on the local level.

The NPP data on the samples are given in Ta-
ble 2. Non-pollen palynomorphs where identified
in all coprolite and sediment samples and their
overall diversity comprise 26 taxa and 2 groups
of «varia» remains: algae and zoo.

For nomenclature of NPPs of unknown or con-
troversial biological origin, the sequence estab-
lished by van Geel et al. (1978) was followed. The
types indicated by a number can be considered as
provisionally, but not formally, named form-
taxa [14; 28].

Identified NPPs were grouped into the follow-
ing categories: spores, algae, fungi and zoo-
remains. There is also a category of «undefined»
NPPs, including those ones which origin is still
unclear.

Spores are only represented by monolete
spores, while algae category includes 3 taxa, fungi
- 12 taxa, and zoo-remains - 4 taxa. 6 taxa were
classified as «undefined». Some of identified al-
gae and zoo-remains were specified as «varia»
inside the categories, because more precise iden-
tification was impossible or unknown.

The non-pollen palynomorphs relative fre-
quency (percentage) diagram (Fig. 6) shows con-
tinuous abundance of Gloeotrichia algae with the
highest value of 41,0% and an average content of
11,4%, together with presence of «varia (algae)»
in all samples with their maximal content of
28,6% and an average of 4,8%. Zygnema and Spi-
rogyra only occur sporadically in some samples.

The category of fungi is mostly represented by
«hyphae», which are abundant in all samples
with the highest content of 43,8% and have an
average frequency of 13,0%. Polyporisporites-
type occur in some samples, having very high
maximal frequency of 46,8%, but relatively low
average frequency of 7,5%. Other fungi species
only show sporadic occurrence in some samples.

For both of these categories - algae and fungi

- maximal values are characteristic for coprolite
samples. There is also sporadic occurrence of
monolete spores in only one surrounding sedi-
ment - coprolite sample couple.

Zoological material is quite frequent and is
mostly represented by «type 52» (with the high-
est frequency of 50,0% and an average frequency
of 25,2%). There are also single micro remains of
acari, as well as sporadic presence of «type 36»
and «type 36¢c». «Varia (zoo)» is presented non-
continuously and generally has low frequency
(with the highest value of 7,4% and an average
content of 2,0%). In this case the highest values
were discovered in surrounding sediment sam-
ples.

Among the NPPs being placed to the unde-
fined category, «protists» and «type 303» are
present continuously and demonstrate quite high
frequencies (maximal of 40,0% and 24,3% and
an average of 17,9% and 11,8% respectively).
Other species are only present in low frequencies
in some of the samples.

NPP concentration ranges from 29.4 to 451.0
grains x g in the coprolite samples, and from 26.7
to 173.5 grainsx g in the surrounding sediment
samples, being thus significantly higher than ab-
solute concentration of pollen grains (Table 1).
However, it differs greatly in different samples
and for different taxa (Fig. 6).

Comparative diagram of relative and absolute
frequencies was constructed for selected signifi-
cative NPP taxa. In this case some of the algae and
fungi taxa were grouped according to the eco-
logical conditions under which they normally
occur [142; 17; 41] (Table 3, Fig. 5, 6). Other spe-
cies were united in two general categories of
«zoo-remains» and «indifferent», because their
presence does not indicate any specific environ-
mental parameters.

Comparative diagram of non-pollen palyno-
morphs percentage and absolute frequency gen-
erally demonstrates a good correlation of these
values.

The M46-7B coprolite sample shows the high-
est concentration of Polyporisporites (178.3
grainsxg), «type52» (1119 grainsxg), and
«type 303» (31.5 grains x g), as well as one of the
highest «protists» frequency (35.0 grainsxg).
Consequently, this sample has the highest total
frequency of fungi, zoo-remains, and monolete
spores and high total frequency of algae. At the
same time this sample has very low absolute
concentration of pollen grains (29.8 grainsx g)
and the highest percentage of indeterminate pol-
len (18,1%) (Table 1).0n the contrary, K41-14B,
L41-18B, and K52-10B surrounding sediment
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samples and K52-20B coprolite sample, demon-
strating high absolute NPP frequency (Table 2),
show relatively high absolute frequency of pollen
grains and relatively low relative frequency of
indeterminate pollen at the same time (Table 1).
All of these four samples are characterised by
high values of Gloeotrichia, «hyphae» and
«type 52» Zoo-remains.

The couple of surrounding sediment - copro-
lite samples L41-16B - L41-17B, which have the
lowest NPP absolute frequency, have intermedi-
ate and low absolute frequency of pollen grains
respectively, and intermediate relative frequency
of indeterminate pollen. Gloeotrichia was identi-
fied in both of these samples, while Zygnema is
only present in the L41-17B coprolite sample.
Nevertheless algae, including also «varia (algae)»,
comprise the most represented NPP category in
these samples. The category of fungi is only rep-
resented by «hyphae», and zoo-remains - by
«type 52». Both of these samples are also charac-
terised by relative abundance of undefined NPP
(«protists» and «type 303»).

Discussion

According to Carridn et al. (2004), the reliabil-
ity of palynological investigations can be esti-
mated basing on pollen counts (more than 200
grains/sample) and taxonomic diversity (above
15 taxa/sample). Not all investigated samples
meet these conditions. Taxa diversity is lower
than 15 taxa in three of the samples, and the pol-
len counts range from 96 to 199 in one of these
samples and in two other samples. However, as it
was pointed out above, the reliability of the re-
sults is supported by good correlation of relative
and absolute pollen frequency - two independent
variables fluctuating in a similar way.

All studied samples demonstrate quite low
absolute pollen frequency (grains x g), which is
however also typical for most of Abric Romani
palynological samples investigated during the
previous studies. Previously studied calcium car-
bonate sediments of the cave demonstrate abso-
lute frequency of ca. 100 grains x g, with maximal
values of about 3000 grains x g at the top and the
bottom of the Abric Romani sequence [6]. In the
currently studied samples the highest absolute
frequency value is 99.4 grainsxg for the sur-
rounding sediment and 77.4 for the coprolite
samples. All of the investigated coprolite samples
were polliniferous, which can be considered a
successful case regarding to the age of the copro-
lites and existence of partly negative results for
the Paleolithic coprolite samples from caves in
Spain [36].

The exine thinning in pollen grains, reported
for brown hyena coprolites of South Africa[34],
and spotted hyena coprolites of north Spain [20]
and southern Africa[35] generally wasn't ob-
served. Pollen preservation in coprolite and sur-
rounding sediment samples is similar.

Due to existence of pine forest in the prox-
imity of the site, Pinus pollen is present in high
quantities in all samples, indicating climatic and
ecological conditions favourable for this taxon.
Other arboreal taxa - Cupressaceae (cf Juniperus),
Betula, Fagus, Quercus, Acer, Castanea-type, Tilia,
Platanus, Juglans, Syringa, Viburnum, and Olea -
didn’t participate in the landscape to such extend.
Low frequency of Betula pollen in the samples
agrees with the hypothesis of relatively closed
pine forest, as this heliophilous taxon can only
inhabit open spaces not occupied by pine.

Acer, which don't participate in formation of
the pine forest, could be a part of mesothermo-
philous forest of deciduous Quercus. This kind of
forest was residual at that period of time and was
only preserved in microclimatic refuges. Apart
from this Acer - is a taxon with low pollen pro-
ductivity. Both of these factors explain low pollen
frequency of this taxon in the samples.

Olea and Viburnum are taxa that actually con-
stitute a part of evergreen oak forests. They also
can be present in thermophilous vegetal forma-
tions, which exist on the margins of microclimatic
refuges. These taxa only occurred sparsely, hav-
ing low frequency in the samples, which corre-
sponds to low presence of these plants in the
vegetation community.

Other arboreal taxa, such as Corylus, Ulmus,
Fraxinus, Alnus, and Salix, could comprise a part
of the riverside wood. Low values of these taxa in
the palynological spectrum means that this kind
of forest must have been reduced, which indi-
cates that the climate of this period was cold and
arid. At the same time Cyperaceae frequency is
relatively high, reflecting humid local conditions.

Arid climate favoured the development of dry
steppic vegetation communities with presence of
Helianthemum and Artemisia; steppic taxa As-
teraceae and Ephedra were abundant as well.
Cool and dry climatic conditions generally re-
sulted in dominance of bushes and herbs in the
landscape.

Some identified taxa reflect an existence of
more or less humid conditions of Mediterranean
meadows. Most of these taxa - Plantago, Rumex,
Fabaceae, Euphorbia, Caryophyllaceae, Scrophu-
lariaceae, Dipsacaceae, Liliaceae, Galium, Ranun-
culaceae, and Apiaceae - have sporadic occur-
rence in the samples, and only Poaceae shows
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constant presence in most of the samples.

Based on the previous palynological analysis
of the Abric Romani calcium carbonate sedi-
ments [6; 7] level M was characterized by high
frequencies of Artemisia and Poaceae, a pine for-
est (pine pollen reaching 68,8%) with up to 33%
warm temperate taxa. During the warmer peri-
ods (short climatic oscillations) of MIS 3 such
mesothermophilous arboreal taxa as cf. Juniperus,
Quercus spp., Olea-Phillyrea-type, Rhamnus, and
Fabaceae and Scrophulariaceae herbs were also
present in the pollen assemblages [10]. Resulting
palynological data can be interpreted as those
corresponding to a patchy landscape (Fig. 8), in-
cluding pine stands, forests and riverside wood,
as well as steppe vegetation with more or less
humid connotations. The level M pollen spectrum
reflects MIS 3 unstable climatic conditions [10;
43]. Although not strongly pronounced on the
Iberian Peninsula [6], this climate favoured crea-
tion of particular vegetal communities that re-
flected rapid changes and strong climatic fluctua-
tions. Periods of forest formation alternated with
development of semi-arid communities as a re-
sponse to warm and cool phases respec-
tively [10].

Non-pollen palynomorphs analysis gives addi-
tional information as to the local environmental
conditions of the site. Four categories of NPPs
present in the samples demonstrate existence of
various microenvironments (Fig. 9). The category
of algae is represented by oligotrophic Gloeotri-
chia algae and mesoeutrophic Spirogyra and Zyg-
nema which indicate presence of shallow stag-
nant water [14]; algal zygospores in the copro-
lites are possibly derived from drinking wa-
ter [13; 36]. Oligotrophic algae, only represented
in the studied samples by one taxon, are never-
theless the most abundant and are present in all
samples.

The most abundant group of fungi comprise
saprofita fungi Alternaria-type and Helmin-
thosporium, as well as «type 3Ba», «type 16c»,
«type 18», indicating the decay of organic matter.

Coprophilous fungi Polyporisporites-type and
Exesisporites-type, inhabiting the environments
with higher concentration of faecal material and
dungs, were identified in both coprolite and
sediment samples.

Despite of the abundance of hearths in the ar-
chaeological level M, carbonicolous fungi Chae-
tomium-type, corresponding to charcoal accumu-
lation, were only identified in low amount in one
sediment sample. The possible explanation is that
the samples don’t come from the direct proximity
of the hearths or burned wood accumulations

(Fig. 1).

Glomus spp., which indicate erosion or wood
decay (lignicolous fungi), were only present in
low frequency in one surrounding sediment
sample.

Among the taxa considered «indifferent» sto-
mata gives an interesting information. Although
it has been concluded by Solé et al. (2013) that
the wood was introduced to the cave by Nean-
derthals, NPP studies suggest that high frequency
of stomata in some samples has natural origin as
it doesn’t correspond to the wood imprints or
hearths (Fig. 1).

According to previous coprolite analysis from
Abric Romani level I [2; 8] all Crocuta coprolite
specimens were sterile. Thus, the current study
of the Abric Romani coprolite samples is the first
successful one. Difference between pollen con-
tent and taxa diversity in the coprolite and sur-
rounding sediment samples can be due to influ-
ence of the behaviour of spotted hyenas on cop-
rolite pollen spectra, as these might reflect the
vegetation of particular areas visited. Spotted
hyenas are known to range up to 50 km from
their dens (Carrién et al,, 2001; Mills, 1989) and
disparity in the composition of the pollen spectra
in hyena coprolites reflects the existence of a
range of habitats in the surrounding area, includ-
ing pine-dominated forests and steppe-like land-
scapes with a sparse tree and shrub cover [16;
18]. Thus, reconstructed patchy landscape may
be considered representative and not influenced
substantially by hyena dietary.

There are no distinct taphonomic differences
between coprolite and surrounding sediment
samples. All distinctions, when present, are not
specific to a particular sample type. Zygnema can
be considered as the only exception, being gener-
ally more abundant in the coprolite samples
(Fig. 7).

Pollen analysis of hyaena coprolites may cer-
tainly provide valuable information on past vege-
tation and landscape. But there are surely many
pitfalls behind the interpretation of such data,
because very little is known on how pollen is in-
corporated and preserved into hyaena droppings
and coprolites, and it is necessary to rely on
comparison with pollen sequence of cave infill,
which limits the quality of correlation [13].

Conclusions

Investigation of both cave sediments and cop-
rolites is considered «risky» from the palynologi-
cal point of view [36]. That makes successful in-
vestigations of this materials even more impor-
tant, encouraging following research in this field.



KAM'SSHA AOBA 4|

The current study of the Abric Romani cou-
pled coprolite - surrounding sediment samples
from the archaeological level M bears first of all
taphonomic character, supporting the paly-
nological results previously obtained for the Ab-
ric Romani stratigraphic sequence. This is the
first successful coprolite study for this site and
one of the few successful Paleolithic coprolite
studies for the northern Spain region (Carrién
2007,2009).

The palynological results obtained fit well
with the character of the MIS 3 vegetation com-
munities. There is a clear evidence of changeable
climatic conditions of this period, reflected in the
mosaic of open and wooded habitats. Both copro-
lite and surrounding sediment samples pollen
spectra correspond to a patchy landscape includ-
ing closed pine stands, mixed deciduous forests
and riverside wood communities, as well as
steppe and Mediterranean meadows vegetation.
This kind of landscape can be considered typical
for MIS 3 with strong and abrupt climate fluctua-
tions. Two older samples from the sub-level M3
demonstrate lower presence of the arboreal pol-
len (excluding Pinus), that reflects colder, in re-
spect to the upper sub-level M2, climatic condi-
tions.

Results obtained are also broadly in keeping
with previous paleoenvironmental reconstruc-
tions for Abric Romani calcium carbonate sedi-
ment for this period [6; 7]. Availability of paly-
nological data on the Abric Romani sequence
gives additional advantage of comparing two
types of analysed material. It can be inferred that
hyaena coprolite pollen spectrum is not mark-
edly biased compared with the regional pollen
rain.

Non-pollen palynomorphs study gives extra
information about the local conditions of the
cave. Detected NPP taxa indicate presence of the
suitable environments for oligotrophic and
mesotrophic algae, which inhabit shallow stag-
nant water (karstic waters in the cave, present
during the level M formation), and different types
of fungi, specific for the decay of organic matter -
coprolites, wood and carbon, as well as saprofita
fungi.

Successful results of this study contribute to
the experience of coprolite pollen analysis, sup-
porting the opinion, that coprolite can provide
reliable information on the vegetation of the sur-
rounding area. An important question of how
well pollen spectra in hyaena coprolites are pre-
served and how well they represent contempo-
rary vegetation can be answered in a positive
way in this case, since both coprolite and sur-

rounding sediment pollen analyses provided reli-
able results. It is possible to conclude, that pollen
data are not biased by the influence of hyena die-
tary habits, as no pronounced and distinct differ-
ences are traced in the coprolite and surrounding
sediment sample pollen spectrum. The investiga-
tion can provide a basis for further Abric Romani
coprolite studies as well as contribute to subse-
quent taphonomic coprolite studies.
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Bunozpadosa OaeHa, Bypdxcaw Kacac Ppanueck

IlasiHOoIOTiYHMM aHAJIi3 3pa3KiB KONPOJIITIB i NpuJjerjoro rpyHTy: TagOHOMis NNJIKY cepeJHbONaJ1e0/iTHIHOT0
mapy M neyepu A6puk Pomani (Kaneabsigec, Icnanis)

AHani3 3paskie konpoaimis i npusieasno2o rpyHmy 3 apxeosoziuHozo wapy M (cepedHitl naseonim) neyepu A6puxo Pomani
(nieHiuHo-cxioHa IcnaHis) nidmeepdus epekmusHicmsb nasiHon02iuHO20 docaidxceHHs Konpoaimis. Lle nepwe ycniwHe docai-
diceHHs1 Konpoaimy 045 yiei cmosiHKu Ui o0He 3 HebazamuvoX yChiwHUX NaaeoAimu4YHux 0ocaidxceHs konpoaimy y nigHiuHill 4a-
cmuHi Icnanii.

HocmosipHi magoHomiuHi ma naseoekoso2iuHi daHi ompumaHi, He3gaxcaroyu Ha 8I0HOCHO HU3bKY KOHYEeHmMpayiro nujiky 6
060x munax 3paskie. Omaice, diema 2ieHu He 8n/1UBA/IA HA nNAiHO/I02iYHUll ckaad 3pa3kie konposaimis. PekoHcmpyllosaHull Xa-
pakmep pocauHHocmi 8idobpadcae HecmabinbHi kaimamuyHi ymosu Mopcwkoi [3omonHoi Cmadii 3 (MIC 3) i exatouae pisHoma-
HimHI 3akpumi ma 8idkpumi pocauHHi yepynosanHs. Cnekmpu nujKy 3paskie konpoaimy il omoyyroyux gidksadeHs gidnogioa-
oMb nAAMUCMOMY AaHOwWadmy, 8KAUAKOUU 3AMKHYMI COCHO8I HacadyiceHHs, 3MIWaHi AucmsaHi sicu ma npubepedxcHi aicosi
cycninbemed, a makoxe pocAUHHICMb cmenosux i ceped3eMHOMOPCLKUX Jy2ie. Lletl aud naHdwagmy MoxcHa esaxcamu muno-
8um 0151 MIC 3 i3 cunbHUMU ma pi3KUMU KoAUu8aHHAMU Kaimamy. /lea cmapiwux 3pasku 3 niopieHst M3 demoHcmpyroms 6iabul
HU3bKY npucymsicms depegHoz20o nuaky (ukaouarovu Pinus), skuil eidobpadicace 6iab X0100Hi, NOPIBHAHO 3 8epXHIM nidpigHem
M2, kanimamuvHi ymosu.

JlokanbHi ekos0214Hi yMo8U peKoHcmpyliogaHi Ha ocHosi docaidiceHHs1 Henuabyesux naaiHomopgis. Buseseni makcoHu
HIIII ska3zyromb Ha HasieHicmb 8idnogidHux cepedosuwy 04151 onicompogdHux i MesompogdHux sodopocmell, Wo HaceasIoMb MIAKY
3acmiliHy eody (kapcmosi eodu y neuepi, npucymmi nio 4ac ymeopeHHs pigHs M), i pisHi sudu epubis, cneyugiuHi d1a posnady
opaaHiuHoi pevosuHu — konpoaimu, depego ma 8ya/eyb, a makoxic canpo@imui epubu. YeniwHi peyasbmamu ybo2o 0ocaidiceH-
Hs1 cnpusiiomb docgidy aHanizy nuaky konpoaimis, nidmeepoxcyrouu dyMKy, Wo Konpoaimu Moxcyms Hadamu 0ocmosipHy iH-
¢opmayiro npo pocauHHICMb HABKOAUWHbOT Micyegocmi.

Kiro40Bi ci1oBa: naseoekoo02is, aHani3z nuaky ma Henusikogux naaiHomopgis, cepedHiii naseonim, MIC 3, A6puk Pomani,
magoHoMia nuAKy

Haditiwna do pedakyii / Received: 29.09.2018 CxeaneHo do dpyky / Accepted: 23.10.2018

Table 1. Palynological characteristics of hyena coprolites and surrounding sediment samples: abso-
lute pollen concentration, percentage of indeterminable pollen, total pollen sum, and taxa diversity
(AP - arboreal plants, NAP - non-arboreal plants)

Sub- Absolute pollen | “Indeterminate” | Pollen sum | Number of taxa
level Sample concentration | / “indetermin- | (AP+NAP) | ,p NAP
(grainsxg) | able” pollen (%)
K41-14B, Sur. sed. 99.4 4.7 259 13 12
K41-15B, Coprolite 38.9 10.3 96 6 10
L41-18B, Sur. sed. 85.1 4.1 267 10 10
L41-19B, Coprolite 77.4 1.8 265 3 7
M2 | L41-16B, Sur. sed 61.8 6.5 298 12 9
L41-17B, Coprolite 29.9 8.4 247 9
M46-6B, Sur. sed. 29.5 10.3 199 7
M46-7B, Coprolite 29.8 18.1 258 11 8
K52-10B, Sur. sed. 87.4 5.9 358 16 13
K52-20B, Coprolite 52.2 2.2 144 9 9
M3 L44-39B, Sur. sed. 50.0 7.2 317 5 10
L44-40B, Coprolite 67.0 6.2 315 5 7
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Table 2. Non-pollen palynomorphs data on the studied samples.

Non-pollen palyno- Non-pollen paly- | Number
Sub- .
Sample morphs concentration nomorphs sum of taxa
Level .
(grains x g)
K41-14B, Sur. sed. 157.1 117 16
K41-15B, Coprolite 97.4 37 8
L41-18B, Sur. sed. 173.5 93 13
L41-19B, Coprolite 50.4 49 10
L41-16B, Sur. sed. 26.7 30 6
M2
L41-17B, Coprolite 29.4 34 9
M46-6B, Sur. sed. 78.6 46 8
M46-7B, Coprolite 451.0 129 14
K52-10B, Sur. sed. 147.2 132 15
K52-20B, Coprolite 161.0 38 9
L44-39B, Sur. sed. 92.8 107 9
M3
L44-40B, Coprolite 57.5 45 8

Table 3. Grouping of ecologically significative species of algae and fungi.

Category | Name of the group | Species included Ecological conditions
Oligotrophic Gloeotrichia Poor environment
ALGAE Mesoeutrophic Spirogyra Medium to rich environment
Zygnema
Saprofita Alternaria-type Decaying of organic matter
Helminthosporium
type 3Ba
type 16c
FUNGI type 18
Coprophilous Polyporisporites Presence of faecal material, dungs
Exesisporites
Carbonicolous Chaetomium-type Presence of charcoal accumulations
Lignicolous Glomus spp. Wood decay; may also indicate erosion
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