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European cave salamanders (genus Hydromantes)?
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During the last decades, studies on species ecology has im-
proved considerably, becoming continuously more focused
on individual needs (EMATA & MARTE 1992, LINK & HE-
SED 2015, MAZEROLLE et al. 2007). To this end, research-
ers increasingly use Capture-Mark-Recapture (CMR) tech-
niques, which allow to obtain ecological and behavioural
data on individuals (EMATA & MARTE 1992, PIERCE et al.
2014, SANCHEZ-CAMARA & BOOTH 2004). One of the cru-
cial aspects is the selection of appropriate marking meth-
ods, a decision that may strongly affect the outcome of a
study (BRANNELLY et al. 2014, DAvIS & Ovaska 2001, Ro-
BISON-COX 1998, SWANSON et al. 2013). Therefore, many
studies aim at evaluating the efficiency of marking meth-
ods (BUCKMEIER & IRWIN 2000, JERRY et al. 2001, LEMARIE
et al. 2000, POTTS 2012, WoODS 2005) and related activi-
ties (ANHOLT et al. 1998, KINKEAD et al. 2006) in various
species.

Visual Implant Alpha tags (VIA; Northwest Marine
Technology, Inc., Shaw Island, Washington) are one of
the more widely used marking methods (BUCKLEY et al.
1994, HEARD et al. 2008, MEASEY et al. 2001, OSBOURN et
al. 2011). VIA are biocompatible tags (standard size 1.2 x
2.7 mm or large size 2 x 5 mm) that have black text on a
fluorescent and coloured background on one side (see
Fig. 1) meant for being implanted subcutaneously; their
combination of an alpha-numeric code (one letter and two
numbers) with four colours facilitates up to 10,000 differ-
ent markings. Tags are inserted under the skin of animals
by means of a specialized injector. However, despite the
number of successful studies (ARCE et al. 2003, CROOK &
WHITE 1995, EMATA & MARTE 1992, TUREK et al. 2014), this
method seems to have some limitations that will prevent its
use in various circumstances. Firstly, there may be handling

problems related to tag implantation, e.g., the insertion of
tags seems to be not that easy in some instances, requiring
a team of experts and maybe controlled conditions, render-
ing this method not always practical in the field (HEARD et
al. 2008). In some species, anaesthesia and/or skin cuts are
required to properly implant the tags (BucHAN et al. 2005,
GOWER et al. 2006). Furthermore, tags may be accidentally
flipped over during insertion or slip beneath muscle tis-
sue, or come to rest under heavily pigmented skin, all of
which will affect their readability (HEARD et al. 2008, ISELY
et al. 2004, WAGNER et al. 2013). Secondly, there are some
concerns about tag retention, which seems to be not high
enough in several circumstances (ISELY & GRABOWSKY
2004, PILLAI et al. 2009, REPLINGER & WoOD 2007) and
probably positively correlated with the sizes of individu-
als, making this method not the best choice to mark early
life-stages of small-sized amphibian species (DAvis et al.
2014, ISELY et al. 2004). Finally, some authors reported that
wounds produced by the injector may require a long time
to heal, i.e., several days, consequently paving ways for tag
expulsion and pathogen infections (BUCKMEIER & IRWIN
2000, HEARD et al. 2008, REPLINGER & WOOD 2007, ROBI-
soN-Cox 1998). As far as amphibians are concerned, VIA
tags were tested only in few species (BUCHAN et al. 2005,
GOWER et al. 2006, HEARD et al. 2008, KAISER et al. 2009,
KINKEAD et al. 2006, OSBOURN et al. 2011, PITTMAN et al.
2008). Considering the potential problems it is extreme-
ly important to test VIA tags in other study species prior
to their application since the method may produce biased
data.

Two types of marking techniques were successfully ap-
plied in previous studies on European cave salamanders
(genus Hydromantes, see also WAKE 2013), i.e., Visual Im-
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plant Elastomers (SaLvipIo 2013) and photographic recog-
nition (SALVIDIO et al. 1994); however, to the best of our
knowledge, VIA was never tested before for them. Here we
report on our tests and evaluation of VIA tagging in two
species of European cave salamanders, Hydromantes itali-
cus and H. flavus.

VIAs are provided as plastic sheets (100 tags each) in
which the single tags are attached by at their short sides.
To load the injector, a label must be placed inside the nee-
dle, and it is released from the sheet by twisting the in-
jector. However, this sometimes produces an imperfect tag
separation, creating sharp edges that represent a serious
danger to individuals. In such cases we cut away the sharp
parts using small scissors. Given the limited plasticity of
tags (although being soft their shape will not change) and
considering possible dangers due to sub-optimal tag load-
ing, we preferred to apply tags only on limbs, as these body
parts do not hold vital organs and can be regenerated if
necessary (LANzA et al. 2006, SCARAVELLI et al. 2002). We
also avoided tagging tails, as these salamanders are able
to autotomise them (LANzA et al. 2006). We chose to ap-
ply standard-size VIAs only in individuals large enough to
withstand the size of the needle (for standard tag ~2 mm).
We first applied alpha tags on three individuals of H. itali-
cus from a cave in the northern Tuscan Apennines (lat.
43.90° long. 11.11°); however, the dark colouration of the
ventral side obscured the tags even right after applica-
tion, so that we aborted the test with this species. We then
applied them to individuals of H. flavus from six caves
in Monte Albo, northwestern Sardinia (lat. 40.53°, long.
9.63°). This species has a pale/white ventral colouration,
so that tag readability would probably be better. Perforat-

ing the salamander skin with the injector was not always
easy, and the large wound left behind by the injector nee-
dle allowed tags to easily slip out from their subcutaneous
position. In these cases, we manually reinserted the tags
using tweezers. In a few instances tags slid between mus-
cles and became partially illegible, while in one case the
tag flipped and became unreadable thus. Well-positioned
tags were easily readable with bare eyes (Fig. 1). After tag
application, individuals were observed for 15 minutes to
monitor their physical well-being. Injections into H. itali-
cus legs were performed by only one operator, while the
application of VIA tag in H. flavus were carried out by at
least two operators in most of the surveys. All operations
were performed while wearing sterile latex gloves, and all
equipment was disinfected with bleach and then washed
with water after each survey.

We marked 114 individuals of Hydromantes flavus (61
females, 50 males, and 3 juveniles) with VIA tags. No sal-
amander incurred any problematic injury. Time required
for individual marking differed substantially depending on
the number of operators, ranging from an average of 9o
seconds needed by one operator to an average of 15 sec-
onds with two operators. Within twelve surveys, we recap-
tured 14 different individuals (~12% of total marked), and
only one of them was recaptured twice. None of these sala-
manders showed injuries. First recaptures were made af-
ter six days and last recaptures were made after 272 days.
During our first revisits (within 14 days), four out of eight
recaptured salamanders showed incompletely healed tag-
ging wounds, making us aware of an apparent risk of tag
loss. In fact, in two recaptured individuals, tags were par-
tially hanging from the wound, and in one of them we had

Figure 1. Example of a successfully implanted VIA tag in the forelimb of a Hydromantes flavus.
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to implant a new one, as the previous tag was lost during
handling. Proper tag retention (not counting flipped and
slipped tags) in recaptured individuals occurred in 60%
within the first 30 days and 50% thereafter.

Given the low number of recaptures, we were not able
to provide any relevant information on the sizes of the
studied populations. Thus, we only discuss the reliability
of VIA marking technique here. VIA tags represent one
of the newest commonly used marking methods, which
seems to be fit for use in a wide range of species (EMATA &
MARTE 1992, GOWER et al. 2006, TUREK et al. 2014, WooDS
2005). Some of its advantages are the relatively low costs of
tags (around 0.80-0.90 $ each) and a fixed code for each
tag. However, the use of this marking method encounters
several obstacles in some species, which may significant-
ly influence the entire study outcome (HEARD et al. 2008,
REPLINGER & WOOD 2007, WAGNER et al. 2013). During our
test of VIA tags on Hydromantes, we basically experienced
all problems previously noted by other authors (BuCkMEI-
ER & IRWIN 2000, DAVIS et al. 2014, HEARD et al. 2008, ISE-
LY & GRABOWSKY 2004). Our major concerns were related
to the survival of individuals. The most risky phase of the
marking procedure occurred during the insertion of tags,
i.e., performing the injection without assistance was more
or less impossible. Also, the needle size for standard tags
basically equals the average width of limbs in adult Hydro-
mantes and, considering both needle rigidity and length,
it is easy to imagine that an imperfect application can be
harmful to the salamanders. We did not use any anaesthe-
sia, so the presence of a second operator was essential for
keeping individuals immobile and succeeding in tag ap-
plication. The size of the needle strongly limits the range
of salamander species this method can be used on; thus,
considering the body size of Hydromantes species (LANZA
et al. 2006), only few adults and almost no juveniles were
suitable for being marked with VIA tags. This renders this
method unsuited for long-term studies aiming at record-
ing data on, e.g., individual growth. Tag retention was low
and probably influenced by the length of time wounds re-
quired to heal. Open wounds provided a chance for easily
losing tags. This was observed in 50% of the individuals re-
captured during the first 14 days, so that it is reasonable to
assume that it may frequently occur in tagged salamanders.
Seemingly low recapture rates may therefore plausibly ex-
plained simply by tag loss. Even if VIAs were retained by
the marked salamanders, the readability of their tags was
not always adequate since improper tag implantation may
impede their detection.
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