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Abstract: By the early 2000s, Eurasian lynx (Lynx lynx) were nearly extirpated in Lithuania.
To determine their status, we used snow-track counts in 2006–2012 and volunteer monitoring
in 1999–2005 and 2015–2018. Using simple questionnaires, we collected incidental observations from
hunters, foresters, and other interested citizens to estimate lynx distribution, abundance and extent of
breeding. Citizen scientists provided 206 reports of 278 individual lynx that suggested expanding lynx
distributions in central, western, southwestern, and southern parts of Lithuania. A decrease in range
fragmentation has also been observed since 2015. Nationwide, the lynx population quadrupled from
2010 to 162 individuals in 2018. The number of breeding individuals reported was just seven in both
2007 and 2008, limited to two forests in the very north and central part of the country. This increased
to 46 in 2015–2018. Our results indicate that the lynx population in Lithuania has increased and its
conservation status should be reconsidered.
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1. Introduction

Despite a general increase of large carnivore populations across Europe, there are likely differences
among species. Eurasian lynx (Lynx lynx), with an estimated total population of 9000 individuals in
2011, are associated with human-dominated landscapes and areas outside of protected reserves [1].
The most robust populations are in Fennoscandia and the European portion of Russia [2]. In other
regions, populations are fragmented [1,2] and face various challenges [3,4], including limited acceptance
and poaching [5].

Regional delineations of lynx populations have not been consistent. Historically, lynx in Lithuania
were part of the Baltic population that included European Russia, Belarus, Ukraine, Estonia, Latvia,
and Poland [6]. Currently, the Baltic population consists of Estonia, Latvia, Lithuania, and Poland [1].
This population is not, however, genetically distinct from populations in Finland and western Russia [7].

Compared to neighboring Latvia and Estonia, lynx in Lithuania are substantially less abundant
and patchily distributed [1,2,6,8]. Baltic lynx populations differ north-to-south [2,9,10], where they are
highly fragmented in Lithuania, northern and western Belarus, and northeastern Poland. The Baltic
population is estimated at 1500–2000 [1,2,11,12], with Latvia and Estonia supporting 90% [13,14],
whereas Lithuania and Poland support no more than 10% of these lynx [15]. In Estonia and Latvia,
lynx are hunted (status = game animal), but in Lithuania and Poland, they are a protected species [11].
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Full protection of lynx in Lithuania started in 1979 [16], and they have been included in the Red
Data Book of Lithuania since 2000. Other efforts to protect lynx in Lithuania were: 2001—included
in the list of the strictly protected animal species of community interest under the EU Habitats
Directive [17], 2002—included in the list of animal and plant species of community interest that are
present in Lithuania and whose protection requires designation of areas for protection of habitats [18],
2003—included in the list of protected animals, plants, and fungi of the Republic of Lithuania [19], and
2004 to 2009—protected habitats were designated [20]. Until 2007, lynx were assigned category 3(R), a
rare species. In 2007, the threat category was changed to 1(E), an endangered species. Since 2019, that
threat category is no more assigned [19]. From 2011 to 2014, the Ministry of Environment implemented
an EU funded project (“Captive Breeding of Lynx and Eagle Owls”) that included the release of
17 captive-bred lynx into five locations of western and southwestern Lithuania. Five additional
captive-bred animals were released between 2014 and 2017 [21].

Although information is scarce [9,22–24], the recent and current status of lynx in Lithuania
warrants additional attention for appropriate conservation decisions. Therefore, the goals of this paper
are to summarize information on lynx from 1995 to 2018 and present findings of a citizen-science
effort that included lynx reports from 2015 to 2018. The main finding of this research was the proof
of recovery of the lynx population from the 2007/2008 depression, including widening of species
distribution, increase in numbers, documented increases in family groups, and increased geography of
breeding in the country.

2. Materials and Methods

2.1. Study Area

Lithuania is a northern European country [25], with an area of 65,300 km2 (Figure 1a). Forests cover
roughly 1/3 of the country, and their extent increased from 33.1% in 2010 to 33.7% in 2019 [26].
Semi-natural vegetation covered 27%, arable land 33% of the territory in 2012 [27], so in 2018,
52.26% of the country territory was referred to as agricultural [28]. The country is one of the most
sparsely inhabited in the EU, with 52.9 inhabitants/km2 in 2002 and 43.0 inhabitants/km2 in 2018 [29].
Mammal diversity in the country is moderate, and the number of species increased from 68 in 2000 to 75
in 2020, carnivore fauna consists of 16 species [30,31]. Of these, the presence of the wild cat (Felis silvestris)
is doubtful, brown bears (Ursus arctos) are possibly re-establishing with more frequent observations
since 2015. Three carnivores, raccoon dogs (Nyctereutes procyonoides), American mink (Neovison vison),
and raccoons (Procyon lotor) are allochthonous and invasive. Golden jackals (Canis aureus), first reported
in 2015, are also allochtonous but not considered invasive [32]. Wolves (Canis lupus), Eurasian lynx,
and brown bears are the largest carnivores in Lithuania [30].



Sustainability 2020, 12, 9777 3 of 13

Figure 1. Forest cover in Lithuania, (a) inset showing country location and (b) representation of all
received observations according to districts. Grayscale background indicates districts with insufficient
observer coverage (0–5 reports).

2.2. Data Collection in Different Periods

Lynx distribution was monitored from 1995 using several techniques. The first summary was the
Atlas of Lithuanian Mammals, Amphibians and Reptiles [30] that presented a species distribution map based
on observations in 10 × 10-km grid squares by foresters, hunters, and field researchers that spanned
1995 to 1999. In the next period, 2000 to 2005, we used information obtained via questionnaires from
foresters in every forest-management district in the country. Based on direct observations and the field
evidence (tracks, scats, or prey remains), forest districts were classified as occupied or not occupied.
From 2006 to 2015, lynx presence was assessed using snow-track counts, conducted by cooperating
foresters and hunters. Counts were coordinated and completed on the same day in all 427 (2006–2010)
or 369 (2011–2012) forest districts and nature reserves across the country. Specific 10–12 km long
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transects were used in all areas. Potential double counts were excluded by comparing the number of
tracks in neighboring transects. The number of lynx was estimated by tracks, as recommended in [33].
This method was limited by the presence of consistent snow cover. During the winters of 2013 to 2015,
patchy or limited snowfall prevented the use of track counts, so we designed an alternative method
based on observations from the general public, hunters, foresters, farmers, and professional scientists.

2.3. Citizen-Science Project for Large Carnivore Monitoring, 2015 to 2018

After 2015, we used questionnaires to collect data (time and location) on all observations of
lynx, including direct sighting, vocalization, or field evidence. Potential observers were recruited
using various media channels, and questionnaires were constantly available on the websites of
Nature Research Centre and Lithuanian Hunters and Fishers Association. The questionnaire
structure is described in [34]. Out of 1295 reports received, 1220 fit into the analyzed time frame.
Anonymous reports were not accepted and most reports contained photographic or video records in
addition to questionnaires and were received via email. We contacted observers when necessary to
obtain additional information or clarification. The staff of the Laboratory of Mammalian Ecology of
the Nature Research Centre conducted nearly 100 crosschecks (by visiting reported locations or their
environs) to ensure data quality.

2.4. Index Evaluation and Statistics

The number of the occupied forest districts, as an index of lynx distribution, was compared
between sampling periods using chi-square tests. Lynx distribution, numbers observed, and the
average number per observations were summarized by administrative districts [35]. Excluding urban
municipalities, these sampling units (n = 48) ranged from 440 to 2216 km2 (mean = 1282.2 km2).
However, in 6 of 48 districts, no reports were obtained (Figure 1). To correct undersampling-based
bias, we addressed missing records as recommended by Gonsamo and D’Odorico [36]. We used the
official data of the lynx snow track counts in 2018 and 2019 [37] and compared these records to the
lynx numbers in the pooled observations from volunteers obtained from 2015 to 2018. Snow-track
counts were completed by cooperating hunters once per year in all hunting clubs [38] along designated
10–12 km transects. Lynx abundance in under-sampled municipalities was approximated using the
linear regression equation generated from the relationship between snow-track counts in winter 2018
and municipalities with more than one report (Figure 1b). This enabled us to address missing records.
Lynx abundance was estimated excluding possible redundant records. We excluded all reports that
came from within a 10 × 10-km grid within the study period (for the workflow, see [34]). Proportions of
different group sizes in the total sample were compared using a chi-square test. The minimum
significance level was set at p = 0.05.

All observation localities were mapped using coordinates, presented in photographic records or
determined by observers using GPS devices. Maps were created using ESRI inc. ArcGIS Desktop
ArcMap software and data, legally owned or used by Nature Research Centre. Calculations were done
with Statistica for Windows, ver. 6.0 (StatSoft, Inc., Tulsa, OK, USA), and PAST, ver. 4.01 (Ø. Hammer,
D.A.T. Harper, Oslo, Norway).

3. Results

3.1. Changes in Lynx Distribution—1995 to 2018

Lynx distribution in the country from 1995 to 2005 was in decline (Figure 2). In terms of inhabited
forest districts, that number decreased from 85 (19.2% of the total) in 1999 to 60–64 (14.1–15.9%)
in 2002, 2004 and 2005, and 47 (11.0%) in 2003 (χ2 = 23.6, df = 6, p < 0.0001). In line with a decreasing
range, the population was concentrated in the northeastern part of the country, while in other regions,
it became fragmented. Areas inhabited by lynx were not those most heavily afforested (see Figure 1).
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Figure 2. Lynx distribution in Lithuania from 1999 to 2005 based on the results of the voluntary
observations. Map for 1999 is based on findings in 10 × 10-km grid cells, other maps are based on
forester reports from forest districts where lynx were detected. Red lines denote boundaries of the
forest enterprises, green lines show forest districts.

By 2006–2008, the distribution of lynx was substantially fragmented, including the core area in the
northeastern part of the country (Figure 3). The number of inhabited forest districts decreased from 33
(7.7% from the total) in 2006, to 20 (4.7%) in 2007 and further to only 16 (3.7%) in 2008, being the worst
years for lynx in Lithuania (χ2 = 6.46, df = 2, p < 0.05). By 2010 (25 sites, 5.9%), the range of inhabited
territories started to recover. In 2011, the number of the inhabited forest districts was 41 (11.3% of
the total), and 37 (10.2%) in 2012. In 2013–2015, snow-track counts were not performed or were not
effective, therefore, lynx distribution was not determined. However, it seems that the population
started to recover during this period. Initially, the occupied range covered northeastern to central parts
of the country. A network of inhabited fragments then started to form in the southern and western
parts, characterized by larger forested areas (see Figure 1a).

Figure 3. Lynx distribution in Lithuania from 2006 to 2013 based on results of the snow-track counts.
Red lines denote boundaries of the forest enterprises in 2006–2010, thick green lines denote boundaries
of the forest enterprises in 2011 and 2012 and thin green lines show forest districts. Note: From 2011,
the number of the forest districts became less, as some were merged to increase their territory.

In 2015, monitoring by citizen scientists started. Those results showed an increase in the lynx range
from 2015 to 2018, including new locations where single animals were reported (Figure 4). Additionally,
the number and distribution of observed family groups also increased (including males with females
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in the breeding season and females with young). Volunteers provided 206 reports of lynx (in 94 cases
direct animal sightings were reported, in 104 cases, lynx tracks were observed, and the remainder
were based on prey remains and tracks, scats and tracks, and vocalizations). The total number of
lynx observed was 278, including those possibly recorded several times (Table S1). Single animal
observations were 161 cases, 26 cases were pairs (a female with a kitten), in 11 cases, three individuals
were observed, four cases with four individuals, and in two cases, five individuals were reported.
One registration of five individuals was supported by video, all five individuals were tracking each
other in a very short time period with heavy snowfall. Presumably, this was a female and four males.

Figure 4. Lynx distribution in Lithuania from 2015 to 2018 based on results of volunteer observations.
Inset shows lynx that inhabited forest districts. The number of registered individuals represented by
circles of different size and years are denoted by color.

In 2015–2018, lynx distribution expanded to 77 forest districts (21.2% of the total). Differences in
the inhabited area from that reported in 2012 is significant (χ2 = 12.16, df = 1, p = 0.0005). Clusters of
inhabited forest districts in the course of a few years occurred in the central, western, southwestern,
and southern parts of the country, while the inhabited area in the northeastern region increased and
became less fragmented (condensed view in the inset of Figure 4).

3.2. Changes in Lynx Numbers—2003 to 2018

In 2003 and 2004, lynx numbers were 19 and 32, respectively [24]. Snow-track surveys in
2007 and 2008 confirmed that the lynx population in Lithuania was very small (30–40 individuals)
and characterized by the smallest distribution ever recorded (see Figure 3). In south and central
Lithuania, lynx were nearly absent. In 2007, lynx numbers were estimated at 30, in 2010–2012 at 40,
50, and 60, respectively, all these numbers are based on the snow-track counts. Track counts were
conducted in all forest districts and nature reserves simultaneously that spanned the entire country
and the resulting estimates were considered minimums. In 2013 and 2014, track counts failed due
to inconsistent snow coverage at the time of the surveys. Based on obtained reports in 2015–2018,
with repeated observations deleted, 104 lynx were present in the districts with >1 observation (Table S1).

We compared the density of lynx tracks found in the winter survey of 2018 (TI, lynx track index per
1 km of survey route per one day after the last snowfall) to the number of lynx individuals registered
by citizen scientists in 10 × 10-km grid squares in the same municipality (Table S1). This relationship
was correlated (r = 0.61, F = 11.82, df = 1,20, p = 0.003) and well described by a linear regression
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(Figure 5). Based on this regression, we estimated the lynx numbers in under-sampled administrative
districts. If that effort was consistent, an additional 58 individuals could have been observed (Table S1).
With respect to under-represented regions where snow tracking showed lynx presence, the estimated
nationwide lynx population was 162 individuals in 2018.

Figure 5. Relation of lynx numbers reported by citizen scientists from 2015 to 2018 per 10 × 10-km grid
square to the average number of the lynx tracks during the winter of 2018. Dashed lines show 95%
confidence of the regression line.

Among recent snow-track counts of (Table S1), average track indices increased, but not significantly.
TI was 0.0189 ± 0.003 in 2018 and 0.0280 ± 0.013 in 2019 (t = 0.70, df = 102, p = 0.48). In 2019, lynx were
not found in six districts where they were present in 2018, however, lynx also occurred four new
districts. In 16 districts, lynx presence was not confirmed by snow tracking in 2018 nor in 2019.
However, in six districts lynx presence was reported by citizen scientists. In 2019, one of the districts
had a track index that was nearly 20 times higher than in 2018, and nearly 30 times higher as the
average for the country (Table S1). If this value is removed as an outlier, the number of lynx registered
by citizen scientists in 10 × 10-km grid squares is still correlated with the track index (r = 0.45, F = 7.46,
df = 1,29, p = 0.01).

3.3. Observed Lynx Groups and Breeding Cases

From 2007 to 2012, the proportion of single animals per observation decreased as the share of two
or three individuals increased (χ2 = 26.32, df = 4, p < 0.001). Most of these observations were based on
the snow-track counts. In 2015–2018, the first observations of four and five animals were reported
(Figure 6a), based on direct observations, camera captures, and track counts. Increases in breeding
cases were also identified. In 2007 and 2008, only seven cases were recorded in two forest areas in the
very north and central part of the country (Figure 3). In 2015–2018, the number of family groups and
pairs was 46 (Figure 6b), and breeding cases were registered in most of the territory investigated by
citizen scientists (Figure 4).

Figure 6. Distribution of the lynx numbers in observations (a), and the number of breeding cases (b) in
2007 to 2018.
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4. Discussion

Results of our citizen-science effort to monitor large carnivores in Lithuania have proven effective
for wolves [34]. Here, we have presented results of the volunteer monitoring of lynx, including
distribution, population size, and number of breeding cases. We found a considerable increase in lynx
numbers. By 2018, we estimated a five-fold increase to 162 from the estimated minimum in 2007.

In earlier years of monitoring, overestimation of the lynx numbers may have been the result of
using various sources of information with limited screening [22,23]. Reported lynx numbers were
about 100 from 1993 to 2002, declined for several years, then increased (Table 1). These data were a
summary of all submitted reports from hunting clubs without scrutiny of potential double counts. As a
result, the actual population during these time periods (especially 2008–2020) was likely smaller.

Table 1. Lynx numbers in Lithuania from 1990 to 2020, according the data recorded by the Ministry of
Environment of the Republic of Lithuania.

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2006

Number 170 150 123 106 104 100 110 106 96 81 87 103 111 69

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Number 68 68 140 189 252 430 439 658 752 963 1038 1180 1305 1487

We presumed that hunters and foresters are capable of carnivore monitoring large carnivores,
so both groups were included in our citizen-scientist protocol. Such efforts are quickly developing
for gathering information at large scales [39] and seem appropriate for monitoring large carnivores.
This includes issues such as carnivore re-distribution following urbanization [40] and other specific
questions [41,42]. Reed et al. [43] used volunteer observations to identify environmental features that
operate at a large spatial scale (snowfall) and affect the regional distribution of bobcats (Lynx rufus).
Participation in carnivore monitoring by rural residents can also reduce human–carnivore conflicts [44].
However, there are drawbacks of community-based monitoring [45], including the limitations of roving
records [46].

In [34], we already proposed improvements to volunteer efforts, making data collection more
effective: (1) To use hunting units as sampling units because these units are well known by volunteers,
(2) to recruit volunteers for each sampling unit, (3) to advice for increased use of wildlife cameras,
and (4) to restrict reporting period, thus reducing ‘volunteer fatigue‘ and increasing reporting rates.

Results of citizen-science initiatives could also be used to establish conservation policies [47].
In Lithuania, the threat category of lynx has changed twice. In 2007, lynx were given the highest
threat category due to minimum numbers found during snow-track counts (Dėl Lietuvos Respublikos
saugomų gyvūnų, augalų ir grybų rūšių sąrašo patvirtinimo), then, in 2019, the category was lessened
in response to an apparent population increase [48]. In contrast to other species [49], over harvesting is
not a threat to lynx in Lithuania.

Conservation policies and threats for the lynx in Lithuania were defined on the presumption
that Lithuania and Poland are distinct from other populations in Europe [50]. Threats for lynx in
Lithuania are similar to other countries and were defined as: (1) Geographic position on the edge of the
distribution range, (2) lack of suitable habitats, (3) fragmentation of forests, (4) disturbance, (5) dietary
competition with wolves and other carnivores, and (6) direct human influences, such as poaching and
vehicle collisions [51]. Inbreeding within the small population may also be important [52]. Two of
these threats (lack of suitable habitats and forest fragmentation) are addressed by the program of
afforestation, started in 2002 [53]. Forest coverage in Lithuania has increased from 33.4% to 33.7%
between 2014 and 2018 [54]. The increase in forest area, best expressed in eastern and northern parts of
Lithuania, was 2.6% from 1990 to 2018 [55]. We found that an increase in forest area has had a positive
effect on moose (Alces alces) abundance [54]. However, for ungulates, forest fragments may provide
increased access to food and cover [56]. For lynx, forest fragmentation may be related to greater lynx
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mortality at habitat edges [57]. Forest fragmentation is not easily managed or even recognized as
having a negative influence on wildlife [58].

On the other hand, human influences, including hunting, poaching, and vehicle collisions can
be addressed. However, protection may have unexpected adverse effects. For example, in Croatia,
before lynx protection started in 1998, poaching accounted for 5% of all deaths. From 1999 to 2013,
poaching accounted for 60% of all deaths [59]. In Lithuania, two lynx were poached in 2009 (6% of the
population) and two poached plus two road killed in 2010 and 2011 (10% of the population). One lynx
was poached in both 2014 and 2015 in southern Lithuania, where the population was just starting
to rebuild [51]. In general, increased lynx populations were followed by increased human-induced
deaths [60,61].

Acceptance of the lynx in Estonia, Lithuania, and Poland was greater than that of wolves.
A south-to-north gradient was found in the knowledge of lynx abundance, their acceptance,
and knowledge of management options [9]. Northern respondents tolerated a closer presence
of carnivores near their homes. Estonian respondents preferred current population size or its reduction,
while Lithuanian and Polish respondents preferred increasing the lynx population. In Lithuania,
depending on the region, 56.4%–70.2% of respondents agreed to tolerate lynx no closer than 10 km
from their homes, 22.8%–39.9% were for their reduction (including extermination). Most negative
respondents were from northern Lithuania, where lynx are currently most abundant (see Figure 3, [9]).
Fear and personal safety issues could be among the main drivers of the negative attitude toward lynx
in Lithuania (e.g., [62]). Fear of lynx also exists in the other European countries [63–65], and that may
be based on insufficient knowledge of the species [66].

We foresee further lynx population spread in Lithuanian, based on the number range expansion
observed in 2019. The numbers of single animals reported in forest fragments of western, southern,
and central Lithuania support the notion of an expanding population via dispersal. Negative attitudes
towards further population growth among hunters may increase over concern for the effects of lynx on
game populations. This has happened in other European countries (see [5,67]). Further increases in
lynx abundance may also cause losses to sheep farms (the number of sheep kept in the country was over
150,000 in 2017–2020, [68]). Therefore, future concerns about the lynx conservation in Lithuania require
developing a conservation policy based on population size, e.g., an agreement among stakeholders on
the minimum viable population numbers, on the acceptable lynx numbers, and on possible species
status change.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/22/9777/s1,
Table S1: Representativeness of citizen science data on lynx in Lithuania, 2015–2018, compared to official survey
data, 2018–2019.
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Amphibians and Reptiles, 2nd ed.; Akstis: Vilnius, Lithuania, 1999; p. 78.
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