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ABSTRACT: This work intends to analyze the effects of the differences in nature between small and large mammal records for pa-
leoecological studies using the Neogene of the Old World Database (NOW). Several variables at generic taxonomic level and MN
unit as temporal scale have been used for the diversity comparisons. The results obtained indicate the necessity to evaluate the
database quality used, in order to avoid artificial results and interpretations resulting from insufficient and/or heterogeneous data
through time and space. Our evaluation of the NOW database seems to indicate, that the set of localities included represent a het-
erogeneous sampling for large mammals while homogeneous for small mammal (except for MN12).   
Key-words: mammals, Neogene of the Old World Database (NOW), Europe.

¶∂ƒπ§∏æ∏: ∏ ÂÚÁ·Û›· ·˘Ù‹ ¤¯ÂÈ ÛÎÔfi ÙËÓ ·Ó¿Ï˘ÛË ÙË˜ Â›ÙˆÛË˜ ÙˆÓ ‰È·ÊÔÚÒÓ ÌÂÙ·Í‡ ÙÔ˘ ·Ú¯Â›Ô˘ ÌÈÎÚÒÓ Î·È ÌÂÁ¿ÏˆÓ
ıËÏ·ÛÙÈÎÒÓ ÛÙÈ˜ ·Ï·ÈÔ-ÔÈÎÔÏÔÁÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ÌÂ ÙËÓ ¯Ú‹ÛË ÙË˜ µ¿ÛË˜ ¢Â‰ÔÌ¤ÓˆÓ ÙÔ˘ ¡ÂÔÁÂÓÔ‡˜ ÙÔ˘ ¶·Ï·ÈÔ‡ ∫fiÛÌÔ˘. °È· ÙË˜
Û˘ÁÎÚ›ÛÂÈ˜ ÔÈÎÈÏfiÙËÙ·˜ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ÔÏÏ¤˜ ·Ú¿ÌÂÙÚÔÈ ÛÂ Â›Â‰Ô Á¤ÓÔ˘˜ Î·ıÒ˜ Î·È ÌÔÓ¿‰Â˜ ª¡ ÛÂ ¯ÚÔÓÈÎ‹ ÎÏ›Ì·Î·.
∆· ·ÔÙÂÏ¤ÛÌ·Ù· ‰Â›¯ÓÔ˘Ó fiÙÈ Â›Ó·È ·Ó·ÁÎ·›· Ë ·ÔÙ›ÌËÛË ÙË˜ ÔÈfiÙËÙ· ÙË˜ µ¿ÛË˜ ¢Â‰ÔÌ¤ÓˆÓ Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡ÌÂ, ÒÛÙÂ Ó·
·ÔÊ‡ÁÔ˘ÌÂ ·ÔÙÂÏ¤ÛÌ·Ù· Î·È ÂÚÌËÓÂ›Â˜ ÏfiÁˆ ·ÙÂÏÂÈÒÓ Î·È ÂÙÂÚÔÁÂÓÒÓ ÏËÚÔÊÔÚÈÒÓ Ì¤Û· ÛÙÔÓ ¯ÚfiÓÔ Î·È ÙÔÓ ¯ÒÚÔ. ∏
·ÔÙ›ÌËÛË˜ Ì·˜ ÙË˜ µ¿ÛË˜ ¢Â‰ÔÌ¤ÓˆÓ ‰Â›¯ÓÂÈ fiÙÈ ÔÈ ı¤ÛÂÈ˜ Ô˘ ÂÚÈ¤¯ÔÓÙ·È ÂÎÚÔÛˆÔ‡Ó ¤Ó· ÂÙÂÚÔÁÂÓ¤˜ ‰Â›ÁÌ· fiÛÔÓ ·ÊÔÚ¿ Ù·
ÌÂÁ¿Ï· ıËÏ·ÛÙÈÎ¿ ÂÓÒ ÙÔ ‰Â›ÁÌ· Â›Ó·È ÔÌÔÁÂÓ¤˜ ÁÈ· Ù· ÌÈÎÚ¿ (ÂÎÙfi˜ ÙË˜ ª¡12).    
§¤ÍÂÈ˜-ÎÏÂÈ‰È¿: £ËÏ·ÛÙÈÎ¿, µ¿ÛË ¢Â‰ÔÌ¤ÓˆÓ ÙÔ˘ ¡ÂÔÁÂÓÔ‡˜ ÙÔ˘ ¶·Ï·ÈÔ‡ ∫fiÛÌÔ˘, ∂˘ÚÒË.

* ¶ÔÈÎÈÏfiÙËÙ· ÙˆÓ ıËÏ·ÛÙÈÎÒÓ ÙÔ˘ ¡ÂÔÁÂÓÔ‡˜ ÙË˜ ∂˘ÚÒË˜: ™‡ÁÎÚÈÛË ÙË˜ ÔÈfiÙËÙ·˜ ÙˆÓ ‰Â‰ÔÌ¤ÓˆÓ ÌÈÎÚÒÓ Î·È ÌÂÁ¿ÏˆÓ ıËÏ·ÛÙÈÎÒÓ ÛÙË µ¿ÛË ¢Â‰ÔÌ¤ÓˆÓ
ÙÔ˘ ¡ÂÔÁÂÓÔ‡˜ ÙÔ˘ ¶·Ï·ÈÔ‡ ∫fiÛÌÔ˘

INTRODUCTION  

Computers have revolutionized the world of calculation,
data storage, and communication (internet). With the
NOW (Neogene of the Old World) database, fossil mam-
mal specialists follow this trend. The database, main-
tained and coordinated at the University of Helsinki by
Mikael Fortelius (http://www. helsinki.fi/science/now/)
contains information about Eurasian Miocene to Pleisto-
cene land mammal taxa and localities. Several publi-
cations (see the website) have used the database, and it
played a central role in the ESF EEDEN project. Of
course, it needs constant updating and correction of
errors of determination and stratigraphic assignments, to
which end an advisory board is responsible. However, in
spite of these (relatively few) errors, the database has
already generated remarkable and new results, especially
after the introduction of the concept of “locality
coverage” as a proxy for commonness by JERNVAL &
FORTELIUS (2004).

FORTELIUS et al. (1996) published the first paleobio-
logical synthesis of late Miocene large and small mam-
mals using the combined Karlsruhe (rodents and insecti-

vores) and NOW (large mammals) databases. They
thoroughly discussed the general problem of sampling
bias (e.g. correlation between number of taxa and
localities) and investigated the data-sampling quality
(with completeness indices), but did not analyse the
effects of the differences in nature between micro- and
macromammal data. The latter analysis is the subject of
this paper, in order to evaluate differences of taxon
richness (either counts or indexes) between large and
small mammals. We specifically address the consistency
and uniformity of the data of the two categories
throughout the successive MN units. 

MATERIAL AND METHODS 

We use NOW database, version 030717, the interval MN
3-MN 16, and the European localities west of 20 degrees
longitude. This subset contains 589 localities, and the
number of taxon-locality occurrences is 5654. Genera
rather than species are employed to measure richness and
diversity, because there exists supposedly more consensus
on genus assignments than on species determinations, for
which, in addition, open nomenclature may have been
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used. In addition, for this analysis we have used only the
land mammals (excluding marine mammals and
Chiroptera). The basic data used are: 
1) number of localities per MN unit (Nloc), 
2) average number of genera per locality per MN unit 

(Ngenloc), 
3) number of genera per MN unit (Ngen), 
4) genus occurrences per MN unit (Occ), and 
5) age determination in terms of MN units (MNspan).

For the study of the mammal diversity of the western
European Miocene we have set the temporal scale at MN
units, following earlier studies. Given that we want to
compare species counts from the different MN units, we
distinguish between two sources of sampling heteroge-
neity. The first one is the sampling effort at each locality
(the better sampled a locality is, the higher the number of
taxa occurrences), and the second is the number of
samples per MN (i.e. the number of localities sampled in
each MN unit).

Estimates on the number of genera present at any
given time slice are thwarted by the fact, that neither the
number of localities nor the number of specimens are
equivalent between the MN units. Thus, biodiversity
results could be no more than the reflection of sampling
effort. To avoid this undesirable correlation one needs to
transform the raw data either to standardized counts (e.g.
by means of the rarefaction techniques), or to indexes
insensitive to variations in sample size (e.g. Fisher alpha).
The rarefaction method proposed by (SANDERS, 1968)
and corrected by (HURLBERT, 1971) allows the reduction
of samples of different sizes to an equal smaller one,
based on the relative abundances of the taxa. It assumes
that the abundance distributions are similar in all studied
samples, which may not be the case when one compares
assemblages produced under different taphonomic
conditions, and/or originated from different periods or
geographic areas (DAAMS et al., 1999c; TIPPER, 1979).
Nevertheless, while it is true that the use of rarefaction
methods as a tool to compare species counts has its
problems, it is a powerful method to analyze taxon
diversity (richness and relative abundances) (OLSZEWSKI,
2004).

Data on relative abundances of taxa (needed for
diversity measures) are not available for many of the
studied localities, either because they have not been
recorded or, because they are not comparable due to
different sampling methods (especially important when
using data on small and large mammals together). Only in
studies at local scale with a priori isotaphonomic
conditions and focused on restricted taxonomical groups,
relative abundances may be reliable (DAAMS et al.,
1999c). To remedy the lack of data on relative abun-
dances for taxa from the Miocene of Western Europe, we
follow JERNVALL & FORTELIUS (2004) using taxa
occurrence as a proxy (=locality coverage). They assume
a positive abundance-occupancy correlation, regardless of

the existence of underlying biological causes behind this
correlation (GASTON, 2000; HARTE et al., 2001; HARTLEY,
1998; WRIGHT, 1991). JERNVALL & FORTELIUS (2004),
who studied Neogene large mammals only, calculated
locality coverage as the proportion of the total number of
fossil localities that are occupied by a taxon. Here,
studying both large and small mammals, we follow the
same procedure using total locality numbers per mammal
category. A taxon that occurs in 30 out of 50 possible
localities has a standard occurrence (Sdocc) (= locality
coverage, occupancy) of 60. In this way we avoid
differences in frequencies due to differences in number of
sampling units (localities). Once the standard occurrences
have been calculated, and assuming the positive
correlation between abundance and occupancy, we
calculate the distribution of relative abundances for each
of our temporal units (Fig. 1). 

RESULTS

Taxonomic richness
Richness indexes: Several richness indexes have been
proposed (PEET, 1974), but for each of them we have to
assume that all our samples show a similar and known
species/specimens relationship, which a priori may not be
the case (see above). According to (BUZAS et al., 1982) the
number of species and the number of occurrences fit a log
series distribution. Therefore, for our study Fisher’s alpha
is considered to be the most adequate richness index.
Table 1 shows the results for some of the richness indexes
calculated with the PAST program using the actual and
standard occurrences 

Taxon counts: Fig. 2 shows the calculated rarefaction
curves for all mammals, large mammals and small mam-
mals from each MN unit. It shows both the expected
richness for a given sample size and the relative abun-
dances per MN unit. Comparing, for example, the curves
for MN 10 and MN 13 (Fig. 2A), it appears, that both have
a similar number of species for a sample of 1200 speci-
mens, while for smaller samples the richness of MN 10 is
much higher. The explanation of this phenomenon is that
the sample from MN 10 shows a more even relative-
abundance distribution (fewer taxa with high and very low
abundances, see histogram of Fig. 1) than that of MN 13.
Figure 2 also shows that the relative richness among MN
units does not change significantly for samples of more
than 500 specimens, and that most of the curves have zero
slope around sample size of 1000. To compare the taxon
counts obtained by rarefaction techniques for each of the
tree mammals categories studied, we have chosen a sample
size of 800 for the whole land-mammal fauna, and of 400
for small and large mammals, since they are the maximum
number of standard occurrences in some of the MN units.
In addition, the rarified counts have been compared in
figure 3 with the Fisher alpha index calculated also for
each of the three groups. 
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Fig. 1. Histograms showing the variation of the standard occurrences per MN unit for all land mammals (1A), large mammals (1B), and small
mammals (1C). See text for further explanation.

(1A)
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(1B)

PELAEZ  16/10/2009  12:42  Σελίδα108



109Hellenic Journal of Geosciences, vol. 44, 105-115

(1C)
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The taxonomic richness per MN unit of all land-
mammal taxa shows a first small drop at MN 6, and two
later strong drops at MN 10 and MN 12 (Fig. 3). Several ad
hoc hypotheses could be proposed to explain the observed
pattern such as: 
1) the decrease observed at MN 6 may be related to the

climatic changes occurred during MN 5 (mid-Miocene
cooling event at the end of the middle Aragonian).
DAAMS et al. (1999c) indicated a significant local
change in community composition in this period; 

2) the low richness in MN 10 may be interpreted as the
result of the mid-Vallesian crisis occurring around that
period (AGUSTí & MOYÀ-SOLÀ, 1990; CASANOVAS-
VILAR et al., 2005). 

3) the low diversity of MN 12 may be due to sampling
bias, since the localities MN unit are more restricted
geographically. Thus its low diversity could be the
result of a smaller area (and/or a lower number of
habitats) sampled. 
The independent analysis of small and large mammals
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Fig. 2. Calculated rarefaction curves for all mammals (2A), large
mammals (2B), and small mammals (2C) per MN unit. See text for
further explanation.

TABLE 1
Calculated Fisher’s alpha diversity index for each MN unit, using the

standard occurrences (occurrences per 100 localities).
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(Fig. 3) shows that the richness pattern of large mammals
contributes strongly to the pattern of all mammals between
MN 4 and MN 11, while the small mammals contribute
strongly to the pattern between MN 12 and MN 16. Large
mammals show higher diversity during Aragonian and
early Vallesian while the small mammals during the
Ruscinian and Villafranchian. 

In order to check the consistency of those patters one
has to study the relationships of the number of genera per
MN unit with other factors, as discussed before. We will
focus mainly on the relationship between number of
genera per MN unit (Ngen), number of localities (Nloc)
and number of genera per locality (Ngenloc). 

The number of genera per locality depends on two
main factors: a) the sampling effort at the locality, and b)
the local diversity of the fossil assemblage (alpha
diversity). In order to determine which of the two is the
main factor influencing Ngen, we will compare Ngenloc,
mean number of genera per locality per MN unit (separately
for large and small mammals), with Ngenloc>5, the mean
number of genera per locality considering only localities in
which there are at least five genera, and with Maxgenloc,
the maximum number of genera recorded in one locality
per MN unit. We use Ngenloc>5 as a means to investigate
sampling effort at the localities, because poorly sampled
localities and isolated finds are excluded. Our working
hypothesis is that Ngenloc, Ngenloc>5 and Maxgenloc
must be correlated, if the main factor determining the

variation in Ngenloc among MN units is local diversity. No
correlation amongst them is expected if the sampling effort
varies between MN units affecting Ngenloc of each MN
unit in a different way.

Ngen versus Nloc (Fig. 4)
There is no clear relationship between Ngen of all mam-
mals and Nloc (p=0.058), no relationship at all between
Ngen of small mammals and Nloc (p=0.55), while Ngen of
large mammals and Nloc are significantly correlated
(p<0.01). The latter relationship indicates that the
metacommunity sampling effort (as the number of
localities sampled per MN unit) may be considered as a
main factor driving the observed large-mammal richness
(particularly for the period between MN 3 to MN 10).
Thus, the sampling for large and small mammals, as
recorded in the NOW database, is not equivalent implying,
that the richness pattern for all mammals probably
depends more on the proportion of localities of the two
subcategories than on environmental conditions.

Ngen versus Ngenloc (Fig. 5)
Ngen of the small mammals is significantly correlated with
Ngenloc (p< 0.001), while for the large mammals Ngen
and Ngenloc are correlated (p< 0.012) from MN 10 till
MN 16 only. 

Table 2 shows the calculated Pearson correlation coef-
ficient for large and small mammals. As regards the large

Fig. 3. Genus richness (rarified) and diversity (Fischer Alpha) for all mammals (All), large mammals (lala), and small mammals (smla) per MN
unit. See text for further explanation.
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mammals, Ngenloc is neither correlated with Ngenloc>5
nor with Maxgenloc. As pointed out above, Ngen is
correlated with Nloc, and the latter is also correlated with
Maxgenloc (p=0.002). Therefore, the large mammal re-
cord seems to be biased by the sampling effort at the
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Fig. 4. Comparisons between genus richness and number of localities
per MN unit for all mammals (4A), large mammals (4B), and small
mammals (4C). See text for further explanation.

Fig. 5. Comparisons between average number of genera per MN unit
(Ngen), average number of genera per locality, per MN unit
(Ngenloc), idem for localities with five or more genera (Ngenloc>5),
idem for localities with highest number of genera (Maxgenloc); all
mammals (5A), large mammals (5B), and small mammals (5C).

PELAEZ  16/10/2009  12:42  Σελίδα112



113Hellenic Journal of Geosciences, vol. 44, 105-115

TABLE 2
Pearson correlations.
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metacommunity level, as well as at the locality level. In
order to eliminate the bias due to the number of localities
sampled we have performed partial correlations control-
ling for Nloc (Table 3). It appears, that Ngen is strongly
correlated to Ngenloc (p<0.01), while the correlation
coefficients with Ngenloc>5 and Maxgenloc are lower. In
addition we see a change in the significance of the
correlation between Ngen and Maxgenloc, being signifi
cantly lower than when controlled by Nloc, thus indicating
that the correlation observed in table 2 is artificially high.
In conclusion, we propose that for large mammals the
main factor affecting Ngenloc is the sampling effort, rather
than the actual alpha diversity of the localities.

Ngenloc, Ngenloc5 and Maxgenloc of the small
mammals, on the contrary, show significant correlations
amongst each other. We assume, therefore, that bias due
to sampling effort is not the main factor affecting Ngenloc.
Instead we think that local diversity (alpha diversity) is the
main factor determining Ngenloc, and thus the values of
Ngen (gamma diversity). This is confirmed by the
coefficients of partial correlations controlling for Nloc
(Table 3): they are similar to the zero order correlations
indicating that there is no influence of Nloc on the
correlations among the studied variables.

CONCLUSIONS

The main conclusion obtained with this analysis is the
necessity of evaluation of the quality of the database
used, in order to avoid artificial results and interpre-
tations resulting from insufficient and/or heterogeneous
data through time and space.

Our evaluation of the NOW database seems to indi-
cate, that the set of localities included does not represent
an homogeneous sampling for large mammals. On the
other hand, the small mammal database is homogeneous
(except for MN 12). We do not wish to imply that any
part of the database is better than the other, we only
demonstrated that paleoecological studies, using the
NOW database including the large mammals, should be
carried out with caution since some results could be
artifacts due to the unbalanced sampling through time.
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