


Neomys identification using facial line of demarcation

Figure 3 — The shape of the facial line of demarcation in life Neomys fodiens and N.
milleri is discernible on camera trap footage (a, ¢) and in captured animals (b, d). Ac-
cording to the species-specific diagnostic feature as proposed by Lapini et al. (1995) and
further evaluated in the current study, these specimens could be determined as N. fodi-
ens (a, b) and N. milleri (c, d), respectively. Camera trap footage (a, ¢) was obtained using
a Reconyx HyperFire2 Professional White Flash Small Mammal Camera built into a MiniM-
ammalCamBox (Vinciguerra, 2022) in the canton of St.Gallen (CH). The specimen in b) was
captured in the canton of St.Gallen, subsequently genetically analysed, and determined as
N. fodiens; photo: © René Giittinger, RGBlick. The specimen in d) was captured during a
project conducted by UNA (unabern.ch) in the canton of Uri (CH), subsequently genetic-
ally analysed, and determined as N. milleri; photo: © Adrian Dietrich..

lateral view. This convexity might be only faintly visible (Fig. 1d). In
other cases, this convexity is less conspicuous, but the stripe of white
fur on the rostrum, in between the line of demarcation and the upper
lip of the mouth, is exceedingly dorsoventrally narrow and/or antero-
posterioryl shortened (Fig. le, f) or totally absent (Fig. 1f), so that the
line of demarcation touches large portions of the upper lip, including
the labial angle (Fig. le, f). In sum, the dark facial mask of N. milleri
usually involves the corner of the mouth, while in N. fodiens it does not
(Lapini et al., 1995).

Of the 113 analysed Swiss Neomys-specimens, 109 (96 %) showed
a match between species determination via genetic and/or traditional
morphological methods and the above-described determination of the
shape of the facial line of demarcation according to Lapini et al. (1995)
(Fig. 1 and Supplement S1). Four of the Swiss specimens (4 %) could
not be correctly determined via the shape of the facial line of demarc-
ation (Supplementary Dataset, Supplementary Fig. S1). Only one of
those was genetically determined. In one of these cases, a N. milleri
showed a facial line of demarcation as typical for N. fodiens; in three
cases, N. fodiens showed a facial line of demarcation as typical for V.
milleri (Fig. S2). In the smaller international sample (n=32), featuring
specimens from areas outside of Switzerland and across Europe, 30
specimens (90 %) showed a match between the species determination
via established methods and the shape of the facial line of demarcation.
Two specimens (from France) were incorrectly determined (Fig. S2).

Discussion

Our findings corroborate with what Lapini et al. (1995), Locatelli and
Paolucci (1998), and Amori et al. (2008) suggested for Italian Neomys
fodiens and N. milleri and suggest that the shape of the facial line of
demarcation could be used as an additional tool for species identifica-
tion also North of the Alps in Central European Neomys. This is useful
if tissue or scat samples (for DNA-analysis) and mandibles are not ap-
plicable, e.g., in many museum specimens or if only photographs are
available. Species identification via camera trap footage is generally
difficult in eulipotyphlans (Kays et al., 2022), particularly in Neomys,
where diagnostic features are usually hidden by other parts of the body
and thus obscure. However, the facial line of demarcation is often read-
ily visible in life animals and on camera trap footage and might there-
fore be a particularly useful tool for monitoring programs using camera
traps (Fig. 3).

On the other hand, misidentification according to the shape of the
facial line of demarcation still occurred in a few of the here examined
specimens (Supplement S1 and Fig. S2). Reasons for this might be
found in the variation of the character, especially in N. milleri (Fig. 1),
which might hamper a dichotomous classification. Other reasons might
be found in wrongly determined specimens in museum collections,
which we could not further investigate and confirm in all the question-
able cases. Also, hybridization between the two species might pose
an issue for species identification, although this seems not likely due
to their comparatively great genetic distance (Catzeflis, 1984). In any
event, due to the small number of misidentified specimens in the cur-
rent study, we recommend that additional external features should — if
possible — be used for species identification in sympatric N. fodiens and
N. milleri. Whether the facial line of demarcation is a distinguishing
feature also between the sympatric N. anomalus and N. fodiens on the
Iberian Peninsula, remains to be tested. {%

References

Amori G., Contoli L., Nappi A., 2008. Fauna d’Italia. Mammalia II: Erinaceomorpha —
Soricomorpha — Lagomorpha — Rodentia. Edizioni Calderini, Bologna.

Aulagnier S., Haffner P., Mitchell-Jones A.J., Moutou F., Zima J., 2008. Die Siugetiere
Europas, Nordafrikas und Vorderasiens: Der Bestimmungsfiihrer. Haupt-Verlag, Bern.

Braun M., Dieterlen F., 2005. Die Sdugetiere Baden-Wiirttembergs, Band 2. Ulmer, Stut-
tgart.

Biihler P., 1964. Zur Gattungs- und Artbestimmung von Neonys-Schideln — Gleichzeitig
eine Einfithrung in die Methodik der optimalen Trennung zweier systematischer Ein-
heiten mit Hilfe mehrerer Merkmale. Z. Saugetierkd. 29: 65-93.

Catzeflis F. 1984. Différentiation génétique entre populations des especes Neomys fodiens
et N. anomalus par électrophorese des protéines (Mammalia, Soricidae). Revue Suisse
de Zoologie, 91(4): 835-850.

135



Hystrix, It. J. Mamm. (2023)  34(2): 133-136

Croose E., Carter S.P., 2019. A pilot study of a novel method to monitor weasels (Mustela
nivalis) and stoats (M. erminea) in Britain. Mamm. Commun. 5: 6-12.

Igea J., Aymerich P., Bannikova A.A., Gosdlbez J., Castresana J., 2015. Multilocus species
trees and species delimitation in a temporal context: application to the water shrews of
the genus Neomys. BMC Evol. Biol. 15(1): 1-16.

Kays R., Lasky M., Allen M.L., Dowler R.C., Hawkins M.T., Hope A.G., Kohli B.A.,
Mathis V.L., McLean B., Olson L.E., Thompson C.W., Thornton D., Widness J., Cove
M.V., 2022. Which mammals can be identified from camera traps and crowdsourced
photographs? J. Mammal. 103(4): 767-775.

Lapini L., dall’Asta A., Dublo L., Spoto M. Vernier E., 1995. Materiali per una teriofauna
dell’Italia nord-orientale (Mammalia, Friuli-Venezia Giulia). Gortania — Atti del Museo
Friulano di Storia Naturale. 17: 149-248.

Locatelli R., Paolucci P., 1998. Insettivori e piccolo roditori del Trentino. Provincia
Autonoma, Servizio parchi e foreste demaniali. 132 p.

Littlewood N.A., Hancock M.H., Newey S., Shackelford G., Toney R., 2021. Use of a novel
camera trapping approach to measure small mammal responses to peatland restoration.
Eur. J. Wildl. Res. 67(1): 12.

Marchesi P., Blant M., Capt S. (Eds.) 2008. Sdugetiere der Schweiz — Bestimmungsschliis-
sel. Fauna Helvetica 22. Centre Suisse de cartographie de la faune (CSCF)/ Sch-
weizerische Gesellschaft fiir Wildtierbiologie (SGW), Neuchatel.

McCleery R.A., Zweig C.L., Desa M.A., Hunt R., Kitchens W.M., Percival H.F., 2014. A
novel method for camera-trapping small mammals. Wildl. Soc. Bull. 38(4): 887-891.

Miiller J.P., Dietrich A., 2021. Wasserspitzmaus. In: Graf R.E., Fischer C. (Eds.) Atlas der
Sdugetiere. Schweiz und Liechtenstein. Schweizerische Gesellschaft fiir Wildtierbiolo-
gie SGW. Haupt Verlag, Bern. 192-195.

Miiller J.P., Marki K., 2021. Sumpfspitzmaus. In: Graf R.F., Fischer C. (Eds.) Atlas der
Sédugetiere. Schweiz und Liechtenstein. Schweizerische Gesellschaft fiir Wildtierbiolo-
gie SGW. Haupt Verlag, Bern. 196-197.

Mos J., Hofmeester T.R., 2020. The Mostela: an adjusted camera trapping device as a
promising non-invasive tool to study and monitor small mustelids. Mamm. Res. 65(4):
843-853.

136

Ruedi M., Manzinalli J., Dietrich A., Vinciguerra L., 2023. Shortcomings of DNA bar-
codes: a perspective from the mammal fauna of Switzerland. Hystrix, the Italian Journal
of Mammalogy. doi:10.4404/hystrix-00628-2023

Soininen E.M., Jensvoll I, Killengreen S.T., Ims R.A., 2015. Under the snow: a new camera
trap opens the white box of subnivean ecology. Remote. Sens. Ecol. 1(1): 29-38.

Spitzenberger F., 1990a. Neomys anomalus (Cabrera, 1907) — Sumpfspitzmaus. In: Ni-
ethammer J., Krapp F. (Eds.) Handbuch der Sdugetiere Europas, Band 3: Insekten-
fresser, Herrentiere. AULA-Verlag, Wiesbaden. 317-333.

Spitzenberger F., 1990b. Neomys fodiens (Pennant, 1771) — Wasserspitzmaus. In: Nietham-
mer J., Krapp F. (Eds.) Handbuch der Séugetiere Europas, Band 3: Insektenfresser, Her-
rentiere. AULA-Verlag, Wiesbaden. 334-374.

Vinciguerra L., 2022. Method report «MiniMammalCamBox»: Newly developed
camera trap-boxes for small mammal monitorings. Naturmuseum St.Gallen —
Naturinfo. https:/naturinfo.ch/wp- content/uploads/2023/02/Naturinfo-Methodenreport\
_MiniMammalCamBox.pdf

Associate Editor: G. Amori

Supplemental information

Additional Supplemental Information may be found in the online version of this arti-

cle:

Supplement S1 Dataset.

Supplement S2 Figure of here examined Neomys fodiens and N. milleri specimens,
in which the shape of the facial line of demarcation did not match the hypothesis
as suggested by Lapini et al. (1995).



Neomys fodiens

Neomys milleri

Supplement S2. Figure of here examined Neomys fodiens and N. milleri specimens, in which
the shape of the facial line of demarcation did not match the hypothesis as suggested by
Lapini et al. (1995). A — D depict specimens that were determined as N. fodiens according to
traditional identification methods but exhibit a facial line of demarcation as typical for N.
milleri. E — F depict specimens that were determined as N. milleri according to traditional
identification methods but exhibit a facial line of demarcation as typical for N. fodiens (for
details and references see main text and Fig. 1).

A) MHNG 1256.010: N. fodiens (France), species determination according to measurement of
the mandibular coronoid process (Blihler 1964).

B) NMBE 1007874: N. fodiens (Switzerland), species determination according to traditional
external characteristics (photo mirrored).

C) NMBE 1007875: N. fodiens (Switzerland), species determination according to traditional
external characteristics.

D) NMBE 1007888: N. fodiens (Switzerland), species determination according to traditional
external characteristics.

E) BNM 17119: N. milleri (Switzerland), species determination according to genetic analyses
and measurement of the mandibular coronoid process (Blihler 1964).

F) MHNG 1674.038: N. milleri (France), species determination according to traditional external
characteristics.



