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Abstract

Monitoring carnivore populations requires sensitive and trustworthy assessment methods to make reasonable and effective
management decisions. The Eurasian fish otter Lutra lutra experienced a dramatic population decline throughout Europe
during the twentieth century but is currently recovering in both distribution range and population size. In Austria, most
assessments on otter distribution have applied a modified version of the so-called “British” or “standard” method utilizing
point-wise surveys for otter spraints at predefined monitoring bridges. In this study, we synthesize several recent statewide
assessments to compile the current otter distribution in Austria and evaluate the efficiency and sensitivity of the “monitoring
bridge” approach in comparison to the “standard” method. The otter shows an almost comprehensive distribution throughout
eastern and central Austria, while more western areas (Tyrol and Vorarlberg) are only partially inhabited, likely due to a still
ongoing westward expansion. Furthermore, the bridge monitoring method utilizing presence/absence information on otter
spraints reveals itself to be a time- and cost- effective monitoring tool with a tolerable loss of sensitivity for large-scale otter
distribution assessments. Count data of spraints seem to be prone to observer bias or environmental influences like weather

or flooding events making them less suitable for quantitative analyses.
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Introduction

Carnivores are known to be particularly sensitive to human
disturbances due to their usually large home ranges, low
population densities, long generation times, and low fecun-
dity (Woodroffe 2000; Purvis et al. 2000; Baker and Leberg
2018) but also because of direct persecution (Purvis et al.
2000; Treves and Karanth 2003). Consequently, areas of
high human population density and intense land use, such as
central Europe, have had their carnivore populations reduced
or depleted (Ripple et al. 2014; Chapron et al. 2014). How-
ever, due to protective legislation, changes in public per-
ception, and successful implementation of conservation
practices, European countries are currently experiencing a
stabilization or even expansion of various carnivore species.
While from a conservation perspective, these developments
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are fundamentally positive; they may also trigger increased
human-wildlife conflicts in these areas (Breitenmoser 1998;
Liordos et al. 2019). The conflicting objectives among
stakeholders involving conservation, agriculture, fisheries,
and wildlife management and the embedding of carnivore
management in a broader political, socioeconomic, and
emotional context make monitoring their populations a par-
ticularly sensitive and complicated challenge that requires
efficient, objective, and trustworthy methodologies to inform
management decisions (Ripple et al. 2014; Chapron et al.
2014; Liordos et al. 2019).

The Eurasian fish otter Lutra lutra (hereafter “otter”)
experienced a dramatic population decline throughout
Europe during the twentieth century (Macdonald and
Mason 1994; Roos et al. 2015), attributed to direct persecu-
tion, deterioration, or loss of habitat and/or pollution such
as with polychlorinated biphenyls (Mason and Macdonald
1986; Foster-Turley et al. 1990; Macdonald and Mason
1994; Roos et al. 2015). Becoming rare or extinct in
most central European countries in the second half of the
twentieth century, the otter was included in Annex II and
Annex IV of the EU Habitats Directive (Council Direc-
tive 92/43/EEC). In Austria, the otter received initial legal
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protection in the 1940s and since 1994; it is listed as NT
(near threatened) in Austria’s “Red list of endangered spe-
cies” (Spitzenberger 2005). The otter was presumably con-
tinuously present throughout the twentieth century only
in two refuge areas located along border regions of neigh-
boring countries: (A) in northern Austria in the states
Upper and Lower Austria bordering the Czech Republic,
and (B) in the southeast of Austria in the states of Styria
and Burgenland bordering Slovenia and Hungary (Fig. 1).
Information on otter presence during the mid-twentieth
century heavily relies on hunting reports, museum materi-
als or regional assessments (e.g., Jahrl 1995, 2001) and the
first nation-wide attempts to map otter distribution were
conducted in the 1990s. These mapping efforts summa-
rized data of various regional studies and showed a clear
clustering of frequent otter records in the two presumed
refuge areas (Gutleb 1994; Jahrl 1999; Fig. 1). Between
the mid-1990s and 2020s, multiple state wide-assessments
targeting current otter distribution or population size esti-
mations were conducted throughout Austria, documenting
a clear re-expansion during the 2010s and 2020s. Based on

these assessments, the otter is currently distributed across
the whole of Upper and Lower Austria, Styria, Carinthia,
Salzburg and Burgenland, and a small area of Tyrol with
only Vorarlberg reporting no occurrence (Kranz and
Polednik 2013a, 2020; Kofler et al. 2018; Holzinger et al.
2020; Schenekar and Weiss 2020, 2021a, b). While the
latest of these assessments incorporated genetic tools for
otter population size estimations, distribution assessment
is solely based on detection of otter spraints (otter scat or
anal jelly) at predefined monitoring sites, mostly bridges
across running waters.

Assessments of otter presence in Austria generally fol-
low a modified version of the otter survey method, com-
monly termed “standard” or “British” method, originally
developed to assess otter distribution on the British Isles
in the 1970s and 1980s (Macdonald 1983). Because modi-
fied versions of this method have been adapted in multiple
countries with concerns being raised about varying sensitiv-
ity or the comparability across studies (O’Sullivan 1993;
Romanowski et al. 1996; Romanowski and Brzezinski 1997;
Reuther et al. 2000; Chanin 2003; Reid et al. 2013, 2014), a
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Fig. 1 Summary of otter reports in Austria between 1990 and 1998.
Data combines systematic assays and opportunistic records from mul-
tiple resources during that time period. Full black circles represent
a high number of records during that time, whereas half-full circles
indicate only rare or occasional records. Empty circles indicate nega-
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tive survey results only. The approximate location of two otter refuge
areas (A and B) is indicated by dashed circles. Inset shows locations
of the nine states of Austria. VO, Vorarlberg; TI, Tyrol; SA, Salzburg;
CA, Carinthia; UA, Upper Austria; LA, Lower Austria; ST, Styria;
VI, Vienna; BL, Burgenland. Modified from Jahrl (1999)
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standard protocol has been defined by Reuther et al. (2000).
This standard method recommends four predefined survey
sites (usually river stretches but also coast lines of lakes or
the sea) on a 10X 10-km UTM square grid. At each site, one
bank is searched for signs of otters (spraints or footprints),
for a total length of up to 600 m. If signs of otters are found
before reaching the total length, the search is terminated.
The overall result of each grid cell as well as the percentage
of otter-positive sites within a cell is reported.

In Austria, such bridge/grid surveys follow Reuther et al.
(2000), except that instead of surveying a river stretch up
to 600 m along one bank, only the immediate area under
a bridge is surveyed, but on both sides of the river. This
deviation was initially justified by the advantage of the
spraint being protected from rain or snow under the bridge
and therefore being detectable for a longer period of time,
a clearer definition of the survey sites and an overall higher
time and cost efficiency per area unit (Kraus 1997; Kranz
et al. 2003, 2005; Kranz and Polednik 2009a). This spot-
check-like approach was previously suggested to be a “use-
ful alternative” to the standard method (e.g., Chanin 2003).
Furthermore, only otter spraints are counted as a record for
otter presence but not tracks, presumably motivated by the
comparability with previous studies but also due to a high
risk of track mis-identification with other co-occurring mus-
telids (Kranz et al. 2003, 2005). Later surveys continued
with the same methodology as requested by state govern-
ments contracting out such assessments (e.g., Kofler et al.
2018; Holzinger et al. 2020; Schenekar and Weiss 2020).

In this study, we aim to synthesize the latest statewide
assessments of otter distribution for a current nation-wide dis-
tribution assessment of the otter in Austria and to evaluate and
discuss the efficiency and suitability of the applied bridge moni-
toring approach for assessing otter distribution in comparison
to the standard protocol suggested by Reuther et al. (2000).

Methods
Sources of field data

The field-derived data utilized in this study were origi-
nally produced in the framework of multiple statewide
assessments of the otter population commissioned by the
respective state governments. Thus, individual field data
sets derived from Styria (Holzinger et al. 2020), Carinthia
(Schenekar and Weiss 2020), Salzburg (Schenekar and
Weiss 2021b), Upper Austria (Schenekar and Weiss 2021a),
and Lower Austria (Kofler et al. 2018) were pooled for anal-
ysis. Additionally, distribution maps from assessments in
Burgenland (Kranz and Polednik 2013a) and Tyrol (Kranz
and Polednik 2020) were incorporated for the composition
of a nation-wide distribution map.

Selection of survey sites (monitoring bridges)

Selection of monitoring bridges was carried out in the
framework of prior studies of the above listed statewide
assessments (Kranz and Polednik 2009a, b, ¢, 2012, 2013b).
For initial selection, predefined bridges were classified on
a multi-level scale (unsuitable, suitable, well suitable, and
monitoring bridge) (e.g., Kraus 1997), which was later trans-
ferred into a “probability scale” of otters marking this bridge
if present in the area (e.g., Kranz and Polednik 2012). A high
marking probability was assumed when the area under the
bridge (1) had structures used as preferred marking sites
such as exposed rocks or stones, 2) was easily accessible
for otters, (3) lacked signs of frequent human activity, and
(4) exhibited a “cave-like” character based on vegetational
growth (no vegetational cover equals a cave-like character)
(Kranz and Polednik 2012, 2013c, 2020). For statewide
surveys, only bridges with the highest possible probabili-
ties were selected targeting on average four bridges per
10x 10-km grid cell.

Collection of field data

All bridges were monitored during or close to winter months
(November—March) and survey periods (time between first
and last day of fieldwork) were aimed to be kept as short
as possible. All surveys utilized professional field workers
trained in otter spraint identification, except for the assess-
ment in Upper Austria, which utilized volunteers of the pro-
vincial fisheries association who received training for otter
spraint and track identification beforehand. For all surveys,
the area under each monitoring bridge was checked for otter
spraint on both sides of the river and the encountered spraint
was classified into three categories of freshness: (A) fresh
spraint: still wet, intact shape, characteristic smell, color
not yet faded; (B) spraint of intermediate freshness: dry but
not yet dissociated and color not yet lost; (C) old spraint:
dry, dissociated and color faded. The total spraint counts as
well as spraint counts in the three categories were noted. In
Carinthia and Salzburg, spraint counts were capped at 50,
and sites with> 50 were simply labeled has having “51 +”
spraints. Thus, counts from other regions were also capped
at “514” to standardize the data set. Additionally, measures
on bridge dimensions were taken but collected data varied
among the individual surveys (Table 1). Predefined, assessed
bridges that were inaccessible during the survey period or
were identified to be not suitable for spraint deposition were
removed for analysis (34 bridges in Carinthia, 39 bridges
in Upper Austria, 11 bridges in Salzburg). Furthermore,
individual bridges that were surveyed far outside the sur-
vey period (Table 1) were also removed from analysis (four
bridges in Styria, one in Salzburg, two bridges in Upper
Austria). Finally, the reported GPS coordinates of 13 bridges
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Table 1 Data collected on monitoring bridge dimensions in the otter
surveys in the respective states. An “x” indicates data being collected
during the survey. Survey period: time span between first and last day
of field work; # monitoring bridges: number of monitoring bridges
with valid data. Bridge height was measured as distance between the

water line and underside of the bridge. Bridge width was measured
as total width of the bridge along river flow direction. River width
was measured as current width of water line at a representative spot
outside the bridge

State Survey period # monitoring Bridge height Bridge width River width
bridges

Carinthia 3.1.2020-13.2.2020 345 X x* X

Lower Austria 29.1.2018-20.2.2018 794 X X X

Salzburg 11.12.2020-30.12.2020 286 X X X

Styria 9.11.2017-18.1.2018 644 X X

Upper Austria 11.2.2021-10.3.2021 490 X°

Total 2559

2Only collected at 50% of the bridges
%n3 categories:<1.5m, 1.5-2.5m,>2.5m
‘in 3 categories: <5 m, 5-15 m,> 15 m

(two in Carinthia, two in Lower Austria, one in Upper Aus-
tria and eight in Styria) could not be clearly assigned to a
river of the Austrian total water network and thus were also
removed. Overall, data from 2559 bridges were included in
this analysis (Table 1).

Evaluation of the efficiency, sensitivity
and suitability of the bridge monitoring method

To evaluate the efficiency and sensitivity of the point-wise
bridge monitoring approach versus the stretch-wise standard
method, we evaluated three aspects of the bridge monitoring
method: (1) For method efficiency, we calculated the average
number of surveyed sites per workday and per person for a
subset of the Austrian data for which necessary informa-
tion was available (data from Styria, Salzburg and Carinthia
— 1263 monitoring bridges) and compared this to the average
number of sites surveyed per workday and person reported
from studies applying the standard method (data taken from
Reuther et al. 2000); (2) for method sensitivity, for a subset
of the Austrian data (Lower Austria — 794 bridges), up to
200 m along the water course was surveyed for otter spraints
if the bridge itself did not reveal otter spraints. The percent-
age of otter-negative bridges at which additional spraints
were found within the 20 m was calculated, serving as an
indicator of efficacy/sensitivity, and (3) for suitability of the
selected monitoring bridges, we compared bridge height,
bridge width and river width between otter-positive and
otter-negative bridges (via Wilcoxon rank sum test). Spatial
analyses were all carried out in QGIS 3.10.0 — A Coruiia
(QGIS Development Team 2019). Field-recorded data of
the monitoring bridges was converted to an ESRI-shape
layer. Results of positive/negative monitoring bridges were
overlayed with the 10X 10-km UTM reference grid of the
European Environmental Agency (EEA UTM reference grid,
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https://www.eea.europa.eu/data-and-maps/data/eea-refer
ence-grids-2). Statistical analyses and plotting were all car-
ried out using R 4.1.2 (R Core Team 2021) and the ggplot2
package (Wickham 2016).

Results

Otter distribution and spraint counts at monitoring
bridges

Of the 2559 bridges surveyed, 2072 (81%) revealed at least
one otter spraint and were therefore classified as otter “posi-
tive’ whereas at 487 bridges (19%), no otter spraint could
be detected (otter “negative” bridges, Fig. 2a). Styria had
the highest percentage of positive bridges (90.2%), fol-
lowed by Lower Austria (83.6%), Upper Austria (75.5%),
and Salzburg (61.9%). When converting the results onto
the 10X 10-km UTM reference grid, 641 grid cells had at
least 50% of their area in the study area with an average of
3.8 monitoring bridges per grid cell. A total of 602 grid
cells contained at least one monitoring bridge. Of these, 574
(95.4%) contained at least one otter positive site, whereas
28 (4.6%) contained only otter negative sites (Fig. 2b).
Total counts ranged from 0 to 161 spraints per site (with a
Poisson-like distribution, mean: 11.6 median: 6, Fig. Sla,
Online Resource 1), with Styria having the highest average
spraint count (mean: 22.6; median: 15) and Upper Austria
having the lowest average spraint count (mean: 5.7; median:
3). Salzburg had the lowest median (mean: 5.9; median: 2).
When counting only fresh spraints (category A), the maxi-
mum was 16 spraints per site (Fig. S1b, Online Resource
1). At 1772 of 2559 bridges (69.2%), no fresh spraints were
found. At the 787 sites where fresh spraints were found, the
overall median number of spraints was two (with Carinthia,
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Fig.2 Combined results of the monitoring surveys in five differ-
ent states of Austria utilizing monitoring bridges as survey sites.
a Results of the individual bridges. Black circles indicate bridges
at which at least one otter spraint was found, white circles indicate
bridges where no otter spraints were found. White circles are pre-
sented semi-transparent when overlapping with other datapoints
for better visualization of the complete dataset. b Results converted

onto 10x10-km EEA UTM reference grid. Black grid cells indi-
cate cells that contain at least one positive monitoring bridge, gray
grid cells indicate grid cells that contain only negative monitoring
bridges. White grid cells do not contain any monitoring bridge. Data
was available for the five Austrian states Carinthia, Salzburg, Styria,
Lower Austria and Upper Austria, whereas no data was available for
Vorarlberg, Tirol, Vienna, and Burgenland (shaded in gray in a)
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Salzburg and Upper Austria having a median of two and
Lower Austria and Styria having a median of one). The total
spraint count and fresh spraint count were significantly cor-
related (Spearman correlation, R=0.34, P <0.01, Fig. S2,
Online Resource 2).

Evaluation of the bridge monitoring method
Efficiency and time budget

In Carinthia, Styria, and Salzburg, surveying the 1263
bridges took a total of 90 workdays in the field, either in
teams of two or surveyors working individually. When work-
ing in a team of two, 184 bridges could be surveyed within
10 workdays in the field (equaling to 9.2 sites per day per
surveyor) and when working individually, 1079 sites could
be surveyed within 80 (equaling to 13.5 sites per day per
Surveyor).

Reuther et al. (2000) reports the average number of sites
surveyed by the standard method per workday and per sur-
veyor of multiple studies. The number of sites per work day
and surveyor was 5.6 sites in Portugal (with 1.02 survey sites
per 10x 10 kmz), 7.2,7.7, and 11.0 sites in three surveys
in Sweden (with an average of 2.5 survey sites per 10x 10
km?) and 25 sites in survey in Scotland (3.9 survey sites per
10 10 km?), whereby the latter included workdays ranging
from 6:00 to 20:00 h. Overall, Reuther et al. (2000) esti-
mated that approximately seven sites could be surveyed per
day and per person when applying the standard method if
the sites have to be searched for the full 600 m.

Sensitivity

From the Lower Austria dataset, out of the 794 bridges
surveyed, 130 did not reveal otter spraints directly at the
bridges. When searching up to 200 m along the riverbank for
otter spraint, 13 of these survey sites (10%) revealed addi-
tional otter spraints.

Two hundered meters still represents a shorter distance
searched than the recommended length by the standard
method (600 m) and could therefore underestimate the per-
centage of positive bridges that could additionally be iden-
tified. Brzeziriski (1991) found 87% of otter signs within
the first 200 m searched in the Bieszczady mountains in
Poland and a national survey in Poland found 90.3% of the
otter signs within the first 200 m searched (Reuther et al.
2000), suggesting only a mild underestimation (efficiency
10%) when searching 200 m instead of 600 m. Therefore,
the observed “increased false negative rate” due to only
surveying bridges in a point-wise manner compared to sur-
veying 600-m-long stretches can be combined to 11% per
survey site (10% of newly positive bridges when searching
200 m X 1.10 due to 10% underestimation when searching

@ Springer

200 m compared to searching 600 m). Therefore, the com-
bined risk of receiving a false negative 10x 10 km* when
aiming to survey four bridges per square is 0.015% (11%%),
leading to a negligible loss of accuracy on the 10X 10-km
grid level. Kofler et al. (2018) reported one 10X 10 km? out
of 211 10x 10 km? surveyed (0.5%) that had a change in
otter status when including data from the 200-m searches
compared to the data only collected directly at bridges.

Suitability of selected monitoring bridges

All three parameters concerning bridge morphology dif-
fered significantly between otter-positive (at least one spraint
found at a bridge) and otter-negative bridges (no spraint
found) (Wilcoxon rank sum tests, W=48,798, 177,448, and
351,474 for bridge height, bridge width, and river width,
respectively, all P<0.001). Thereby, otter-positive bridges
had overall lower but broader bridges at narrower rivers
(Fig. 3, Table 2). However, otter-positive bridges were found
throughout the whole range of the three parameters, includ-
ing the highest bridge surveyed (13 m) and the widest river
(187 m) and the second widest bridge (180 m). Further-
more, no clear trend in increase of negative bridges could be
observed with increasing bridge height, decreasing bridge
width or increasing river width (Fig. S3, Online Resource 2).

Discussion
Current distribution of the otter in Austria

The combined results of the individual surveys of the five
states in Austria suggest a nearly exhaustive distribution
(95.4%) of the otter across the study area at the 10X 10-km
scale. Negative grid cells were mostly individually scattered
across the study area with less than four data points inside
them. The only exception is the accumulation of negative
cells around the western border range between Salzburg and
Carinthia, a mountainous area encompassing the High Tau-
ern mountain range, including the highest mountain peaks
(up to 3800 m) in Austria. This area likely represents limited
otter habitat and contains potentially inaccessible valleys
(such as due to steep waterfalls) for the otter. The two adja-
cent negative grid cells in Lower Austria fall into heavily
industrialized areas around the cities Linz and Wels, also
representing limited otter habitat. Across the study area, we
failed to detect a significant influence of most potential envi-
ronmental predictors and otter spraint presence or counts
(Online Resource 3). The combined results of this study
together with the limited data from Burgenland and Tyrol
(Kranz and Polednik 2013a, 2020) show relatively exhaus-
tive colonization of the otter in eastern and central Austria,
with only partial colonization in western Austria, likely due
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Fig.3 Boxplot/violin plots comparing measures of the monitoring
bridges at which no otter spraints were found (negative) and bridges
at which at least one otter spraint was found (positive). *** indi-

to ongoing westward colonization. No recent data is avail-
able for the states of Vienna and Vorarlberg (Fig. 4).

Evaluation of bridge monitoring method compared
to the standard method

Variations of the “standard” method have been applied
throughout Europe with point-wise methods (also termed
“point checks”) also being applied in the very early days
of systematic otter surveys (MacDonald and Mason 1976;
Clayton and Jackson 1981; Jessop and Macguire 1990). Var-
iations of the standard method can influence the efficiency
and sensitivity of the survey and stakeholders need to be
aware of these differences when planning studies or inter-
preting results (Romanowski and Brzezinski 1997; Reuther
et al. 2000).

cates a significant difference (Wilcoxon rank sum test, P <0.001).
For bridge width and river width, three and two outlier data points,
respectively, were removed for better visualization

The number of sites (13.5) that can be surveyed per day
and surveyor using this bridge monitoring method is almost
double as high as the estimated seven sites per day estimated
applying the standard method (Reuther et al. 2000) and hav-
ing to search the full 600 m. The efficiency of the standard
method is expected to increase with otter density (because
the 600-m search along a bank can be terminated early when
the first otter scat has been found) but the bridge monitor-
ing method is more robust to such changes as accessing the
bridge takes up most of the time spent during the survey,
easing the calculation of time and costs spent on the survey.
Notably, the achievable number of surveyed sites per day
depends heavily on other factors affecting the time spent
in the field, such as the distance between the survey sites,
habitat structure, additional data being collected during the
survey, weather conditions, and starting/living location of

Table 2 Summary statistics of the measurements of monitoring bridges with at least one otter spraint found (positive) and no otter spraint found

(negative)

Bridge height Bridge width River width

N  Min Max Mean Median stdev N Min Max Mean Median stdev N Min Max Mean Median stdev
Negative 173 0.5 12.0 3.6 32 1.82 306 1.5 200.0 7.8 6.4 11.58 360 0.2 87.0 9.1 5.9 10.54
Positive 457 0.6 13.0 3.0 2.6 1.57 1579 1.7 180.0 8.7 8.0 6.39 1689 0.2 187.0 6.9 4.0 9.24

N number of bridges, Min minimum, Max maximum, stdev standard deviation
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Otter presence in 10x10km grid cell
Il positive (this study)
[ negative (this study)
74 positive (other study)
negative (other study)

A

Fig.4 Current distribution of the Eurasian fish otter in Austria com-
bining results from this study and results from Kranz and Polednik
(2020) for Tyrol and from Kranz and Polednik (2013a) for Burgen-

the surveyor (Reuther et al. 2000), making quantification of
efficiency difficult. However, less time spent at individual
sites allows surveying more sites per 10 x 10 km?, further
increasing time efficiency of fieldwork and the accuracy of
the overall distribution estimation. An additional advantage
of surveying only relatively easily accessible point survey
sites (almost every bridge is connected to a road) is the pos-
sibility of involving volunteers such as in citizen science
projects, which is more difficult when fieldwork involves
walking longer distances through difficult terrain contain-
ing, for example, steep river banks. While utilization of
volunteers bears the risk of higher data quality fluctuations
(Darwall and Dulvy 1996; Foster-Smith and Evans 2003;
Loperfido et al. 2010), it can lead to major cost reductions.
In Salzburg, Styria, and Carinthia (1138 surveyed bridges in
total), approximately € 21.7 per bridge was spent using pro-
fessional field workers adding considerable costs when hun-
dreds of sites need to be surveyed for a monitoring project.
In Upper Austria (490 bridges) and for an earlier study in
Carinthia (345 bridges, Schenekar and Weiss 2018), bridge
monitoring was carried out using unpaid volunteers deliver-
ing comprehensible results, as a follow-up study confirmed
(Schenekar and Weiss 2020). Conducted 2.5 years later and
employing professional field workers, the follow-up study
showed an almost identical large-scale distribution pattern of
the otter in Carinthia. In our experience, the success and data
quality received when involving volunteers heavily depends
on two main factors, namely good training and motivation/

@ Springer
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mobilization of the volunteers. The training of volunteers
thereby needs to assure that the volunteers can accurately
identify otter spraints. Given the distinct diet of the otter and
corresponding distinct morphology of the otter spraints (oily
and blackish appearance, often containing fish scales, bones,
crayfish carapaces, or insect exoskeletons) combined with
a very distinct musky or fishy smell (Kruuk 2006; Mason
and Macdonald 2009), we estimate that reliable identifica-
tion of otter spraints can be achieved after approximately
an 1-2-h training unit with practical examples. Reliable
aging of the spraints is more difficult as the altering of the
spraints varies with weather condition and digested food.
Therefore, we recommend not to work with volunteers when
otter spraint aging is required. Motivation and mobilization
can be achieved for example by involving volunteers that
have an intrinsic interest or motivation in the outcomes of
the survey and additionally through events like workshops
or public presentations of results.

The significant difference of spraint presence at bridges
that were lower, smaller, or at narrower rivers might support
the hypothesis of otters preferring to mark bridges exhibit-
ing a “cave-like” character, as well as the better protection
of weather conditions at such bridges. However, in order to
cover the complete river network of a study area equally,
larger bridges on larger rivers also need to be surveyed.
As otter spraint was found almost throughout the complete
range of bridge height, width, and river width covered in this
dataset, we conclude that the chosen bridges were suitable
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monitoring sites to reliably detect otters if present across the
whole river network and area surveyed.

Finally, we note that Austria is very suitable for the bridge
monitoring method because of its high density of roads as
well as suitable bridges (Reuther et al. 2000). Such condi-
tions may be less available in other countries, as it was the
case with the British national otter survey.

Presence/absence vs. spraint count vs. fresh spraint
count

The noticeable difference in total otter spraint count among
states with Styria showing a remarkably high total spraint
counts suggests the presence of strong observer bias among
surveys including quantitative assessment of spraints, a
problem clearly outlined in Reid et al. (2013). Furthermore,
environmental conditions can influence total otter spraint
counts if surveys have not been carried out in parallel or at
the same time of the year. Flood events that raise water lev-
els to a point that spraints get washed away have significant
influence on total spraint count (Reid et al. 2013). This was
potentially a problem for parts of the Upper Austria data-
set in this study (with a flood event happening 14-21 days
prior the survey) (Schenekar and Weiss 2021a) (Fig. S1).
Therefore, survey managers should always try to the extent
possible to avoid surveying during or soon after flooding
events. Fresh spraint counts might be less influenced by
environmental disturbances such as flood events but are even
more prone to observer bias due to the difficulty of aging
otter spraint reliably, as spraint morphology is affected by
composition of the spraint and weather conditions such as
temperature (e.g., frozen vs. thawed spraint) and humidity.
Reliable and consistent aging of spraints seems difficult to
achieve and could only be ensured by multiple day visits to
the same site, as done in Sittenthaler et al. (2020), which
might not be feasible for large-scale surveys. Taken together,
we urge to only very carefully integrate otter spraint counts
(both old and fresh spraints) in the estimation of otter abun-
dances (if at all).

Conclusions

The Eurasian fish otter exhibits a nearly exhaustive distribu-
tion across the eastern and central regions of Austria (states
Burgenland, Lower Austria, Upper Austria, Styria, Carin-
thia, and Salzburg, with no information available for Vienna)
which generally fall in lower elevations within Austria. The
only notable distribution gaps are around the High Tauern
mountain range. Western Austria is only partially inhab-
ited (parts of Tyrol) with no occurrence data reported from
Vorarlberg. Overall, we conclude that the bridge monitor-
ing method combined with utilizing only presence/absence

data is a time- and cost-efficient alternative to the suggested
standard method when assessing large-scale otter distribu-
tion. This approach has a great applicability and practicabil-
ity when a large study area of about 10,000 km? or more is
targeted with a very tolerable potential decrease in overall
sensitivity of distribution estimation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10344-022-01604-8.
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