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A PIT tag based analysis of annual movement patterns of adult fire
salamanders (Salamandra salamandra) in a Middle European habitat

Ulrich Schulte!, Daniel Kiisters2, Sebastian Steinfartz!"

Abstract. We studied patterns of annual movement of individual adult fire salamanders (Salamandra salamandra) during
the years 2001 and 2002 in Western Germany in a typical middle European habitat for this species. We tested whether
salamanders inhabit small home ranges and move little during the activity period as predicted for a species that shows strong
site fidelity to a limited area. Initially, 98 individuals were collected in their natural habitat and marked with passive integrated
transponder (PIT) tags. Of those individuals 88 were released at the collection site for recapture during the activity periods of
the years 2001 and 2002. Ten marked individuals were kept in captivity to test for the tolerance of PIT tags. We did not find any
negative impact of PIT tags on marked individuals of S. salamandra, neither under captive nor natural conditions. Forty-seven
of the marked individuals (corresponding to 53% of the 88 released ones) were recaptured at least once and 28 individuals
(corresponding to 32%) were recaptured multiple times. The return rate of males (78%) was higher than for females (43%).
Mean home range size (and standard deviation) was estimated to 494 + 282 m? for 4 individuals as the minimum convex
polygon based on 5 to 6 recapture events for each individual per year and to 1295 + 853 m? for 3 individuals with 8 records
over two years. Minimum distances moved inferred from individual recaptures increased during the activity period of both
years with time, indicating that individuals have more of a tendency to disperse than to stay within a limited area. Our data
suggest therefore that S. salamandra adults display site fidelity, but use a much larger area than hitherto documented for this
and other terrestrial salamander species.
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Introduction for the fire salamander (Salamandra salaman-
dra), which also often serves as a text book ex-
ample of strong site fidelity of European urode-

les (e.g., Pough et al., 2001). First evidence of

Strong site fidelity to a limited area and small
home ranges seem to be a characteristic trait
of terrestrial salamanders. It appears to be
especially pronounced in species without an
aquatic stage in the life cycle (Mathis et al.,
1995) and is therefore reported for plethondon-
tid salamanders (e.g., Plethodon kentucki in-
habited home ranges of a few square meters

strong site fidelity in S. salamandra to a lim-
ited spatial area dates back to over 40 years ago
(Joly, 1963), showing that adult S. salamandra
remained within an area of only 68 m? for 7
years. Recently, site fidelity has been confirmed

over several years; Marvin, 2001) and Euro-
pean terrestrial salamanders of the family Sala-
mandridae. Strong site fidelity in combination
with small home range size has been shown for
Alpine salamanders, Salamandra atra (Klewen,
1991; Bonato and Fracasso, 2003) and S. lanzai
(Riberon and Miaud, 2000). It was also shown
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for a population of S. s. gallaica in an anthro-
pogenically structured environment in Portugal
(Rebelo and Leclair, 2003).

In this study we investigate the annual move-
ment behaviour of adult fire salamanders in a
typical middle European habitat for this species
during subsequent activity periods of the years
2001 and 2002. First, we tested whether previ-
ously reported strong site fidelity of S. salaman-
dra to a limited area is reflected by movement
patterns observed for individuals during two an-
nual activity periods. If fire salamanders display
as strong a site fidelity as was shown for Alpine
salamanders, then the distance moved should
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Figure 1. Location (Gauss-Krueger coordinates; Potsdam) of the study site near Donrath in which movement patterns of fire
salamanders (Salamandra salamandra) were studied during the years 2001 and 2002. The area in which fire salamanders
were recorded is sketched in grey. Home ranges of individuals that have been recaptured at least 5 times (see table 1) are

presented.

quickly reach an asymptote over time. Further-
more, we tested whether fire salamanders do in-
deed inhabit the small home range sizes as indi-
cated by the studies of Joly (1963, 1968) by es-
timating home range during a one- and two-year
period for individuals that have been recaptured
several times. Our data add important new infor-
mation on movement characteristics of adult fire
salamanders and suggest that basic spatial char-
acteristics of this species may be site-specific.

Material and methods
Study site

Our study site is part of the Ellhauser Forest located in West-
ern Germany 25 km south-east of Cologne near Donrath
within the Bergisches Land (fig. 1). It is easily accessible
at night from major streets and has already served as a study
site for a paternity analysis in S. salamandra (Steinfartz et
al., 2006). According to Thiesmeier (2004) it represents a
typical habitat of S. salamandra in Germany, with small
permanent streams used for the deposition of larvae and a
forest that is mainly composed of beech (Fagus sylvatica)
and oak (Quercus robur). Its average altitude is around 200
m a.s.l. and the annual precipitation is around 1100 mm/m?.
Other amphibian species found in the Ellhauser forest in-
clude Triturus alpestris, T. vulgaris, T. helveticus, Bufo bufo

and Rana temporaria. Salamanders can be found in adjacent
forest patches and we expect that our study population rep-
resents an open population as salamanders are able to move
freely between these areas.

Marking and recapture of adult S. salamandra

Adult salamanders larger than 12 cm in total length were
collected during 10 rainy nights in spring of the year 2001 (5
nights in March, 2 nights in April and 3 nights in May) and
during another 3 nights in 2002 (one night each in March,
April and May). Coordinates (Gauss-Krueger, Potsdam-
Datum) were recorded using a differential Global Position-
ing System (GPS) with an accuracy of three meters. Ninety-
eight individuals were taken to the laboratory where they
were fitted with a Euro-1. D. bio-glass transponder (weight
0.09 g, length 12 mm, diameter 2.2 mm). Each transponder
had a unique code according to ISO 11784 that was verified
with a LID-500 hand scanner. Before transplantation, the
transponder and forceps were disinfected in 70% alcohol. A
tiny incision was made in the skin (dorso lateral trunk above
the costal grooves) with a sterile scalpel and curved forceps
were used to carefully lift up the skin from the underlying
muscle. The transponder was then inserted subcutaneously
into the incision. In order to prevent it from slipping out of
the incision the transponder was pushed further under the
skin from the insertion site. Healing had already begun by
the following day, and individuals were released in the study
area at the site of initial capture. As we used some of the in-
dividuals from this study site to also investigate patterns of
multiple paternity (Steinfartz et al., 2006) we had a bias of
females among marked individuals. Eighty-eight individu-
als (61 females, 23 males and 4 individuals of unknown sex)
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fitted with PIT tags were released at the site of initial capture
and 10 individuals (5 males and 5 females) with PIT tags
were kept in captivity from 2001-2003 as a control group to
test for the tolerance of applied PIT tags.

As fire salamanders are mainly active at night and only
if humidity is high, we conducted field visits during rainy
nights to locate marked individuals. Field visits consisted of
repeated intensive searches using torches by 2-3 persons for
5-6 hours in a fixed sub-area of the Ellhauser forest (corre-
sponding to 0.290 km?, see fig. 1) during 34 rainy nights
(initial capture events included) in the salamanders’ activ-
ity period from March until October in 2001 (21 nights: 5
x March, 2 x April, 3 x May, 6 x June, 1 x July, 3 x
September, 1 x October) and 2002 (13 nights: 1 x Janu-
ary, 1 x February, 2 x March, 1 x April, 2 x May, 2 x
June, 1 x July, 2 x September, 1 x October). Each sala-
mander located was scanned with a LID-500 hand scan-
ner and if a transponder was detected both the correspond-
ing transponder code and the coordinates (Gauss-Krueger,
Potsdam-Datum) of the recapture site were recorded using
a differential Global Positioning System (GPS).

Estimating annual movement

We estimated the annual movement of an individual as
the sum of the minimum distances between recapture lo-
calities (in a chronological order) for the activity peri-
ods of years 2001 and 2002 separately. Distances moved
were calculated as the Euclidian distance d(x,y) =
\/(xl —x2)2 + (y1 — ¥2)? (coordinate site A(x;/y1), co-
ordinate site B(x/y2)) on the basis of the Gauss-Krueger
coordinates of the two locations and then summed for a spe-
cific individual. Some individuals were analysed for both
activity periods, if this individual had been found at least
two times in each annual activity period. In order to test
whether distances moved are time-dependent (i.e., distances
moved increase over time) or remained unchanged, correla-
tions among variables (time between first and last capture
vs. the corresponding distance) were tested with a Spearman
rank test using the program Statistica 7.0. We tested whether
the individual distances moved differed between sexes by
using a two-tailed Mann-Whitney U-test.

Home range size

A rough estimate of the annual home range was calculated
for 1 male and 3 females (individuals 18, 41, 47 and 56) that
were recaptured between 5 to 6 times within one activity
period. The first capture locality was assumed to be within
the individual’s home range and was used as the home
reference position. Home range size was estimated as a
minimum convex polygon using the software CALHOME
(Calhome, 1994). We tested a 90% utilization distribution
to make use of all datapoints. Additionally, we estimated
the home range size over both years for 3 individuals
(individuals 41, 47 and 87) that were recaptured 8 times
during 2001 and 2002. Note, that individuals 41 and 47 were
also analysed for the one-year period in 2001.
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Results
Recapture data and tolerance of PIT tags

Forty-seven (corresponding to 53%) of the ini-
tially 88 marked and released individuals were
recaptured once and 28 (corresponding to 32%)
of them multiple times. The ratio of recap-
tured males compared to recaptured females
was high, as 78% of marked males were re-
captured, whereas only 43% of marked females
could be relocated. Multiple recaptures varied
between 2 to 8 per individual for both years.
The proportion of non-recaptured individuals
was 47% (corresponding to 41 individuals).

All 10 individuals that had been fitted with a
transponder and kept in captivity between 2001-
2003 survived and did not show any behavioural
differences with regard to the 10 unmarked in-
dividuals that were kept under identical condi-
tions. Also, several females that were marked
with PIT tags produced normal larvae under nat-
ural conditions, as reported in Steinfartz et al.
(2006).

Annual movement characteristics of S.
salamandra

The annual movement distances of 34 adult S.
salamandra monitored during the activity pe-
riod of 2001 increased significantly as time be-
tween captures increased (Spearman rank cor-
relation ry; = 0.401, P < 0.05, n = 34, fig.
2). A similar result was obtained for the activ-
ity period of the year 2002, in which the dis-
tance moved of 17 individuals increased with
time (ry, = 0.697, P < 0.01, n = 17; fig. 2).
We could not detect sex-specific differences in
movement, neither for selected time windows
in the year 2001 (0-20 days, Mann-Whitney U -
test, z = —0.25, P = 0.905, n = 4 and 5;
120-140 days, U-test, z = —0.98, P = 0.413,
n = 4 and 5), nor over the whole activity period
(2001: U-test, z = —0.37, P = 0.728,n = 14
and 16; 2002: U-test, z = —0.29, P = 0.833,
n = 8 and 5). Mean distance moved (and stan-
dard deviation) for both sexes in 2001 was 52 +
49 m and 117 & 173 m in 2002. We found that
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Figure 2. Dispersal of individual adult fire salamanders in the study area during the activity period of the years 2001 (n = 34)
and 2002 (n = 17). For each individual that was recaptured at least twice during the respective activity period the distance
moved was plotted against the time in which the movement occurred (see Material and Methods for details). Individuals were
grouped into time intervals of 20 days and the mean distance moved plus the 0.95" non-outlier range is shown. Note that

some of the individuals were monitored in both years.

individuals remained in more or less the same
locality for 3 months and moved a maximum of
503 m within 2 months.

Home range size

A rough home range estimate for one activ-
ity period was calculated for individuals that
were recaptured at least five times. Considering
a 90% utilization contour of the minimum con-
vex polygon we found that individuals used a
minimum area of 78 m? and a maximum area
of 678 m? (mean & SD = ¢ 494 + 282 m?).
The home range size for three individuals that
were recaptured 8 times during 2001 and 2002
increased to a minimum area of 659 m? and a
maximum area of 2265 m? (mean & SD = 1295
+ 853 m?; table 1 and fig. 1).

Table 1. Estimated home range sizes (HR) of the program
CALHOME as minimum convex polygons for 4 adult S.
salamandra for a one year activity period and for 3 adults
for a two year activity period. Please note that some of the
individuals were used for both estimations.

Animal  Sex HR Sightings Year

18 female 78 m? 6 2001
41 female 659 m? 6 2002
41 female 659 m? 8 2001/2002
47 female 563 m? 5 2002
47 female 2266 m? 8 2001/2002
56 male 678 m? 5 2001
87 unknown 963 m? 8 2001/2002
Discussion

As with most other terrestrial salamanders, fire
salamanders are assumed to display a strong site
fidelity within a limited area. This assumption
dates back to the studies of Joly (1963, 1968)
who showed that S. salamandra remained on
average in a relatively small area of 68 m” over
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several years. Although the study of Klewen
(1985) in a geographically close and similarly
structured habitat as our study site generally
supported this view, it also showed that one in-
dividual moved nearly one kilometre between
years. The most recent study investigating site
fidelity of Salamandra salamandra is the one of
Rebelo and Leclair (2003) in an anthropogeni-
cally structured habitat in Portugal. Within an
area of approximately one hectare in an aban-
doned orchard the return rate of 582 initially
marked individuals was around 60% over a six-
year time period, indicating considerable site fi-
delity of recaptured individuals over the years.
In our study we were interested in the an-
nual movement patterns of adult S. salamandra
and whether these movement patterns are in line
with the assumed strong site fidelity of S. sala-
mandra to a limited area. Therefore, we used
the same approach Bonato and Fracasso (2003)
applied to a population of Alpine salamanders
(Salamandra atra aurorae) in which an increase
in distances moved over time was taken as evi-
dence for a tendency to disperse, whereas strong
site fidelity to a limited spatial area would be in-
dicated by stagnating movement distances over
time. According to this approach Bonato and
Fracasso (2003) found that adults of S. a. au-
rorae were attached to a restricted spatial area,
whereas juveniles had a tendency to disperse.
According to this classification the adult fire
salamanders in our study area showed a clear
tendency to disperse within an activity period
(years 2001 and 2002; fig. 2). Still, most of
these animals were found during the two-year
period in the study area. Our data therefore sug-
gest that fire salamanders display site fidelity
but can use larger home ranges than was found
in other populations. This view is in line with
our estimated home range size (mean & SD =
494 4 282 m?) for a single activity period and
the home range size (mean = SD = 1295 +
853 m?; fig. 1) calculated for two years that
are much larger than previously estimated home
ranges sizes for other S. salamandra popula-
tions by Denoél (1996; mean = 55 m?) and
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Joly (1968; mean = 68 m?). Also, in compar-
ison to other closely related terrestrial salaman-
drid species such as S. lanzai that inhabit home
ranges between 16-98 m? (Riberon and Miaud,
2000) our values are much larger. Although our
estimate of home range size is very rough due
to the low number of datapoints, it can be seen
as an underestimation of the real home range
size since home range size generally increases
with number of records and over time (Rose,
1982). Furthermore, compared to some North-
American Plethodon species that inhabit home
ranges of only a few square meters (Kramer et
al., 1993; Marvin, 2001) the relatively large es-
timated home ranges of S. salamandra indicate
within- and between-species differences among
terrestrial salamanders.

We found that the return rate of males (78%)
was nearly twice as high as for females (43%).
This could be interpreted as a sign that site fi-
delity is more strongly expressed in males than
in females. However, we did not find that the
moved distances of males during an activity pe-
riod were different for those moved by females.
Rather, we think that the higher return rate of
males correlate with general differences in ac-
tivity patterns between sexes. Klewen (1985)
found that 60% of observed animals between
March-May were females, whereas 75% of the
animals observed during the rest of the activ-
ity period (May-November) were males. Eval-
uating sex-specific activity patterns of salaman-
ders in our study area during the activity period
of 2002 (n = 143 males and 124 females) we
obtained a similar picture. Fifty-six percent of
all observed animals between March and May
were females, whereas 60% of all animals found
from May until November were males. Thus,
we conclude that the higher percentage return
rate in males compared with females is caused
by a higher activity of males than females.

Although amphibians are generally portrayed
as poor dispersers with terrestrial salamanders
being extreme examples of this strong site fi-
delity to small areas with more or less no ob-
servable movement over time, Smith and Green
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(2005) suggest that amphibians are much bet-
ter dispersers than hitherto thought. Our results
support this new view, as they show that fire
salamanders, cited as text book examples of
strong site fidelity with small home ranges, use
much larger home ranges than expected for a
terrestrial salamander. We think that the disper-
sal ability of adult fire salamanders remains un-
derestimated and that future studies should fo-
cus on larger study areas that will also take
into account possible long distance dispersal of
individuals. We also would like to point out
that many of the movement characteristics of
S. salamandra rest mainly on the proportion of
individuals that have been recaptured in rather
small study areas. Although return rates were
relatively high in our and other studies (e.g.,
Rebelo and Leclair, 2003), more than 40% of
the marked fire salamanders were not recap-
tured at all. Therefore it is possible that addi-
tional movement characteristics of this species
have not yet been explored.
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