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The use of the species concept in paleontology.
Comment on “Nesiotites rafelinensis sp. nov., the earliest shrew
(Mammalia, Soricidae) from the Balearic Islands, Spain”
by Rofes et al., 2012
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ABSTRACT

The earliest representative of Nesiotites from Calé d’en Rafelino (Mallorca) has
been recently described as a new species (Nesiotites rafelinensis) based on a single
hemimandible with p4-m3. A thorough inspection of large collections of different spe-
cies of Nesiotites from the Balearic Islands reveals wide intraspecific morphological
variation within these Plio-Pleistocene shrews. Six out of seven diagnostic characters
of N. rafelinensis fall within the variability of the oldest species previously known, N.
ponsi. We thus conclude that no traits sufficiently support the definition of a new spe-
cies, and in our opinion this material should be better referred to N. ponsi or to a
closely related form (N. aff. ponsi/ N. cf. ponsi).
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INTRODUCTION

Deciding which fossil specimens deserve the
definition of a new species and which others do
not, is not always an easy matter. Paleontolo-
gists—actually, all biologists—must consider a fact
directly related with the very nature of evolution
and natural selection before describing a fossil
specimen as a new species: individual morphologi-
cal variation exists in all monospecific populations.
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That is, new species should not be erected based
upon single specimens (especially if they are not
complete), unless one or more diagnostic traits are
completely out of the range of variation of all
related species already known.

A good example to assess this issue is found
in the recent work “Nesiotites rafelinensis sp. nov.,,
the earliest shrew (Mammalia, Soricidae) from the
Balearic Islands, Spain” by Rofes et al. (2012). In
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FIGURE 1. Boxplot comparing the measurements of Nesiotites from Calé d’en Rafelino with the other known fossil
populations of the genus in the Balearic Islands. Notice that the only specimen of “N. rafelinensis” falls always within
the variability range of N. ponsi from Cap Farrutx and/or N. aff. ponsi from Pedrera de s’Onix. Small circles represent
outliers for each population (i.e., values exceeding between 1.5 and 3 times the box height above the top of the box
or below its bottom). In the samples from Cap Farrutx with n=2, the box does not represent quartiles, but a total range
according to maximum and minimum values provided by Reumer (1979).

our opinion, this is a nice descriptive and well-illus-
trated work on early fossil material of Nesiotites,
the endemic insular genus of shrews that inhabited
the Balearic Islands during the Pliocene and the
Pleistocene. We regret, however, that the definition
of this new species was only based upon one sin-
gle specimen, a left mandibular fragment preserv-
ing only four teeth. Unluckily, it seems that we (i.e.,
both Rofes et al. and ourselves) have been carry-
ing out complementary research unaware of each
other’s work. Our recent publication (Pons-Monjo
et al., 2012), in which we studied more than 4,000
specimens of Nesiotites from the two main Balearic
Islands, Mallorca and Menorca, focused on the
interspecific and intraspecific variability of this
genus. After our research, it has become evident
that the genus Nesiotites displayed a high variabil-
ity within all its populations. These results on the
variability of three monospecific assemblages of
Nesiotites from Pedrera de s'Onix (PO), Cova de
Canet (CC) and Barranc de Binigaus (BB) would
certainly have benefitted Rofes and co-workers in
assessing the taxonomic importance of different
characters, had they known of this beforehand. As
it is, the information from both papers became
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available simultaneously, and we can only com-
pare the results in retrospect. In our opinion, the
variation observed in the various assemblages of
Nesiotites is wide enough to undermine the validity
of the characters of N. rafelinensis as diagnostic for
the definition of a new species.

MATERIALS AND METHODS

In the present attempt to assess the intraspe-
cific variability on size and morphology within Bale-
aric Nesiotites, we have extracted data from
literature (Pons-Monjo et al., 2012; Reumer, 1979,
1980, 1984; Rofes et al., 2012), and obtained new
information by personal reexamination, compara-
ble to the holotype of N. rafelinensis (IMEDEA
91950; Rofes et al., 2012, figure 3). In the localities
from Mallorca we measured all the left hemimandi-
bles sufficiently clean and preserving the complete
lower molar row (Pedrera de s’Onix, n=93; Cova
de Canet, n=65). In Barranc de Binigaus (Menorca)
we measured all (left and right) hemimandibles
available preserving m1 and m3 because the sam-
ple was much smaller (n=7). For morphological
inspection, we employed all the comparable ele-



ments available, either left or right. Figure 1 was
performed using PAST 1.88 (Hammer et al., 2001).
In the case of Cap Farrutx, the boxplots could not
be generated because the samples were insuffi-
cient (n=2). In these cases only the ranges were
depicted, represented by two whiskers, minimal
and maximal values. Photographs of Nesiotites
mandibles in Figure 2 were taken with a Leica Bin-
ocular Stereoscope MZ 16 connected to a PC
Computer with Leica Application Suite software.
Both figures were later edited with Adobe Photo-
shop CS2 9.0.2 to improve their final quality.

RESULTS AND DISCUSSION

The diagnosis of N. rafelinensis details seven
main characters (Rofes et al., 2012, p. 6): “1- Teeth
dimensions close to N. ponsi, but mandibular body
as large as in N. aff. ponsi from Pedrera de s’Onix;
2- Not having accessory cusps on the oblique crest
of m1 and m2; 3- Cuspule and lingual crest on the
posterolingual basin of p4 not as conspicuous as in
N. ponsi, N. aff. ponsi or N. hidalgo; 4- Buccal and
lingual cingula of the lower teeth comparatively
broader and more pronounced than in any other
species of Nesiotites; 5- Buccal cingulum of the
lower molars (as in A. gibberodon) less undulated
than in N. ponsi, N. aff. ponsi and N. hidalgo; 6-
Teeth stained a light orange at the top of the
crowns (as in A. gibberodon); 7- Mental foramen
slightly forward than in all other Nesiotites spe-
cies.” Below we present a thorough review of these
seven characters, based on the work of Rofes et
al. (2012) and new inspections on other fossil Bale-
aric populations of Nesiotites.

With respect to tooth size, there are several
objections. The first stems from figures 4 and 5 in
Rofes et al. (2012). In figure 4, the bivariate dia-
gram of the m1s L (length) and TAW (talonid width)
shows that the m1 from Calé d’en Rafelino (CdR)
is completely included in the 95% confidence
ellipse of N. ponsi and also within 95% of N. aff.
ponsi from PO. Thus, this element is undistinguish-
able in size from N. ponsi. In figure 5, the PCA
(PC1 vs PC2) also indicates that the specimen
from CdR falls within the 95% confidence ellipse of
both species (although not inside any convex hulls/
distribution). The logical deduction is that measure-
ments are not enough to confidently discriminate
this species from N. ponsi or N. aff. ponsi from PO.

As evidenced by the boxplot graph of Figure
1, the specimen from CdR is always included in the
variability range of N. ponsi, usually close to the
median of this species. Nesiotites rafelinensis
sometimes reaches values which could even corre-
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spond to N. aff. ponsi from PO. A last important
objection with respect to the size is that the m3 of
the type specimen of N. rafelinensis is broken
(Rofes et al., 2012, p. 6 and figure 3). Dimensions
of Lm1-m3 and Lm3 of N. rafelinensis are therefore
either not real or simply estimated, thus weakening
the comparative analysis with other similar spe-
cies.

The second diagnostic trait, the absence of
accessory cusps in m1 and m2, is a very irregular
character. Reumer (1979, p. 477) described this
character as “often” present in N. ponsi. In our
samples from BB, PO and CC we found that the
presence of cuspules in the oblique cristid of m1
and m2 varies from 53.21% to 83.33% of the
cases, being always more frequently present in m1
than in m2 within the same fossil assemblage
(Pons-Monjo et al., 2012). It is worth noting, how-
ever, that this tiny elevation is a very delicate struc-
ture placed in a shearing ridge. Thus, it is easily
worn by mastication and that usually leads to
underestimation of the real incidence. Judging by
the state of preservation of the holotype of N. rafe-
linensis, it seems difficult—if not impossible—to
ascertain whether this structure was really present
or not in the young animal. Therefore, it should not
be considered a trustworthy diagnostic character.

With respect to the cuspule and the lingual
crest on the posterolingual basin of p4, it is difficult
to ascertain whether those of N. ponsi, N. aff. ponsi
and N. hidalgo are more conspicuous than in N.
rafelinensis without comparing directly with the
original material. Actually, only Reumer com-
mented on this trait, specifying that “At the lingual
side [i.e., of the p4] the basin is bordered by a
small ridge running down from the protoconid”
(Reumer, 1980, p. 55), but his figures do not pro-
vide further details. In our opinion, neither the clas-
sic works (Reumer, 1979, figures 3, 4, 1980, figure
11; Pons-Moya and Moya-Sola, 1980, figure 1), nor
the recent one (Rofes et al., 2012, figure 3) have
sufficient resolution to carry out a reliable compari-
son to elucidate which taxon’s p4 has the most
prominent lingual crests and cuspules. In Figure 2
we provide photographs of other specimens from
PO and CC with the p4 showing no significant dif-
ferences with the material from Calé d’en Rafelino.
This trait is therefore not sufficient for future taxo-
nomic identifications.

Pigmentation is described in the diagnosis of
the species as “light orange at the top of the
crowns.” Nevertheless such coloration is not dis-
cernible in figure 3 of Rofes et al. (2012). Shad-
owed areas at the upper labial zones of the p4, m1
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FIGURE 2. Left hemimandibles of Nesiotites aff. ponsi from PO (1-4) and N. hidalgo from CC (5-7) showing morpho-
logical variability by combination of different states on the considered diagnostic characters of N. rafelinensis. 1-
IPS51548; 2-1PS52318; 3-IPS52125 (A-Lingual view; B- Occlusal view); 4-IPS51469; 5-50483 (A- Occlusal view; B-
Labial view); 6-IPS50626 (A-Labial view; B-Lingual view); 7-IPS50482. Arrows indicate the distance from the posterior
extreme of the mental foramen to the vertical line crossing the tip of the protoconid. Notice that in 3A and 5B (exam-
ples randomly selected), any of these possible ways of measuring Hm2 by the lingual or the labial side indicate a more
robust mandibular body than that of the specimen from Calé d’en Rafelino. Occlusal (3B, 5A) and lingual views (3A,
6B) of N. aff. ponsi and N. hidalgo have been included to be compared with the holotype of “N. rafelinensis” (Rofes et
al., 2012, figure 3). Notice that morphological differences between “N. rafelinensis” and N. aff. ponsi are minimal.

and m2 enamel are the only likely indications of a
possible residual pigmentation. Moreover, the
description states that “all dental elements are sup-
posed to be stained (...). However, only a trace of
the pigment remains at the very top of the crowns

(...), probably due to taphonomical reasons”
(Rofes et al., 2012, p. 6). After the thorough study
of our thousands of specimens from BB, PO and
CC, we found that the teeth of all Balearic Nesio-
tites are usually weakly pigmented (Figure 2.1) or



they even look completely white to the naked eye
(Figure 2.4, 2.7). Thus, the scarce pigmentation in
the holotype of N. rafelinensis is probably not a
taphonomical artifact, but a real biological charac-
ter. Pigmentation is, for instance, a variable charac-
ter in the ancestral subfamily Crocidorosicinae
(Furié et al., 2007). According to Dannelid (1998),
some soricine genera like Anourosorex, Chimarro-
gale and Nectogale have secondary unpigmented
teeth, but in the latter two tooth pigmentation is vis-
ible under UV light. Not by chance, these two gen-
era and Nesiotites belong to the same tribe, the
Nectogalini (sensu Hutterer, 2005). To sum up, the
light pigmentation of N. rafelinensis is not different
to that of other specimens of Nesiotites from
younger localities.

The fourth and the fifth diagnostic characters
of N. rafelinensis relate to the cingulids of the lower
teeth. Cingula are rather plastic structures, and
their development is possibly functional and related
to the reduction of strain during mastication
(Anderson et al., 2011). After detailed inspection of
our samples, we can point out several observa-
tions about these structural elements. First, the p4
usually displays a broad and well-defined curved
cingulid (Figure 2), not different to that of N. rafelin-
ensis. Second, lingual cingulids of the lower molars
in all our specimens tend to be (when discernible)
rather straight and broad, as in the holotype of this
new species (Figure 2). Third, the labial cingulid of
the m1 is usually thin and undulated in all the previ-
ously known Balearic Nesiotites spp., as correctly
noticed by Rofes et al. (2012) different to the condi-
tion of N. rafelinensis. We could assess, however,
some exceptions to this general rule in our speci-
mens from PO and CC, in which the labial cingulid
varies considerably from rather straight (Figure
2.1) to very undulated (Figure 2.7), and from quite
broad (Figure 2.6A) to very narrow (Figure 2.5B).
In any case, this infrequent morphology of the
labial cingulid of m1 in the specimen IMEDEA
91950 has been well observed by Rofes et al.
(2012), and indeed it could be the only trait that dif-
ferentiates this specimen from the rest of the other
known Nesiotites from the Balearic Islands. If Aso-
riculus is accepted as the ancestor of Nesiotites, a
straight and broad labial cingulid in m1 is probably
a plesiomorphic character inherited from the former
genus. The morphology of the labial cingulid of the
m1 in Asoriculus (as ‘Episoriculus’) is clearly
depicted in Reumer (1984, plates 28-31).

The last differential character is the position of
the mental foramen. In our samples, this trait is
somewhat erratic. For instance, in PO samples the
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position of the mental foramen varies from almost
below the protoconid (Figure 2.4) to below the pos-
terior part of the reentrant valley of the m1 (Figure
2.6A). Of course this is not a long distance in abso-
lute terms, but these two extreme positions define
a wide range in which the specimen IMEDEA
91950 shows one of the two extreme conditions.
Moreover, as described in Pons-Monjo et al.
(2012), some specimens display a double mental
foramen, thus adding further variability within the
Balearic populations.

For all the reasons exposed above, we think
the morphological features of the specimen from
Calo d’en Rafelino are not strong enough to differ-
entiate it from N. ponsi. The morphological varia-
tion observed in the younger monospecific
populations of Nesiotites (Table 1) should preclude
the definition of a new species based on a single
specimen which absolutely falls within the variabil-
ity range of a previously known species. Prudence
should be even higher if the Calé d’en Rafelino fos-
sils are relatively early in their post-Messinian iso-
lation. This is because the initial insular
populations of Nesiotites would be expectedly less
morphologically constrained than later ones, and
variation would be probably larger. Usually, mam-
mals isolated in islands present in general a large
intraspecific variation (van der Geer et al., 2010).
This effect has been reported in the insular deer
from Gargano Hoplitomeryx, which experienced an
adaptive intraspecific radiation with several con-
temporaneous ecomorphs coexisting (van der
Geer, 2008). According to this author, the main
driving force is the urge to occupy new ecological
niches due to intraspecific competition. In the end,
the larger variation of endemic insular mammals
compared to their mainland relatives and the
strong endemism usually obscures taxonomy (van
der Geer et al., 2006).

Therefore, in the absence of further support
for the definition of a new species, it seems more
advisable to refer this specimen of Nesiotites from
Calo d’en Rafelino to N. ponsi, or N. aff. ponsi if the
authors think that the buccal cingulid of the m1 is a
trait sufficiently important to consider it as a distinct
(but related) form. Another option is to refer to this
specimen as N. cf. ponsi, a better solution for those
who might think that there are not sufficient traits to
distinguish it at the species level, and specimen
IMEDEA 91950 must be compared with N. ponsi.
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TABLE 1. Compared values of lower dental measures in PO, BB and CC. Shadowed files correspond to measure-
ments taken when sample was limited to 25 elements (Pons-Monjo et al., 2012), independently whether left or right, ‘in
situ’ (i.e., in mandible) or not (i.e., loose). White files correspond to the new measurements taken on all measurable left
hemimandibles with molar elements ‘in situ’ from each locality considered. Abbreviations: Ma: mandible; L: length;
Lm1-m3: length of the lower molar row; Max: maximum; Min: minimum; N: number of specimens; Par: parameter; SD:

standard deviation; TAW: talonid width; TRW: trigonid width; W: width.

Par.

Min.

Mean

PO

Max.

SD N Min.

Mean

BB

Max.

SD

N

Min.

Mean

cc

Max.

SD

N

m1

L

L
TAW
TAW
TRW
TRW

1.85
1.83
1.04
1.14
1.02
1.03

2.00
1.95
1.27
1.29
1.15
1.17

2.20
2.19
1.40
1.42
1.29
1.31

0.08
0.06
0.08
0.05
0.08
0.05

25
93
25
93
25
93

1.93
1.94
1.16
1.24
1.03
1.07

2.04
2.02
1.30
1.35
1.14
1.17

2.19
2.06
1.38
1.44
1.22
1.22

0.07
0.05
0.05
0.06
0.06
0.06

25
7
25
7
25
7

2.09
2.05
1.37
1.37
1.13
1.15

217
2.15
1.43
1.49
1.23
1.29

2.31
2.33
1.55
1.62
1.35
1.47

0.06
0.07
0.04
0.06
0.05
0.06

25
65
25
65
25
65

m2

TAW
TAW
TRW
TRW

1.72
1.53
1.03
0.99
1.01
0.97

1.84
1.75
1.12
1.14
1.09
1.13

1.96
1.94
1.18
1.29
1.15
1.32

0.07
0.07
0.04
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0.05
0.06

25
93
25
93
25
93

1.75
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1.02
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1.23
1.20
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5
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5
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5
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1.44

0.07
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65
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65

m3

L
L
w
w
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0.89

1.45
1.45
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0.05
0.08

21
7
21
7

1.38
1.31
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65
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4.88
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0.13
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93

4.95
4.95

5.08
5.08

5.28
5.28
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5.00

5.43
5.32

5.64
5.70
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0.12

25
65
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