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Abstract. Red squirrel (Sciurus vulgaris) is an arboreal rodent which occurs naturally in Europe 
and Asia. The population trend of this species is marked as declining in many countries. In Poland 
red squirrel has been under partial protection since 2014 but there is low level of knowledge con-
cerning local population size and trends, as there is no regular monitoring throughout the country. 
The purpose of this paper is to propose a monitoring method for red squirrel in Poland, which can 
help facilitate the acquisition of knowledge on the biology, population size and trends, state of the 
habitat, and the impact of this species on the environment in Poland. The method described in 
this paper consists of two types of indicators: state of the population (based on population density 
per 1 ha and co-occurrence of potentially conflict and invasive species of squirrels – grey squirrel, 
black squirrel and Pallas’s squirrel) and state of the habitat (based on 4 individual components: 
wooded area, age of the stand, canopy closure, biomass of Norway spruce cones). Assessment 
of the indicators allows to determine whether the state of the habitat and/or population is favor-
able inadequate or bad for the monitored species. Regularly carried out monitoring can be a great 
help in understanding the dynamics of the red squirrel population in Poland and allow for an early 
response to threats to the species.
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INTRODUCTION

The red squirrel (Sciurus vulgaris) is a species belonging to the order of rodents (Rodentia), 
the family of squirrels (Sciuridae), and the genus Sciurus (Lurz et al. 2005). Wilson and 
Reeder (2005) distinguish 23 subspecies of the red squirrel. As noted by Sidorowicz (1958), 
in Poland there are found squirrels from the subspecies Sciurus vulgaris fuscoater Altum, 
whose fur can be either light or dark in color.

In Poland, the red squirrel has been under partial protection since 2014 by virtue of the 
Regulation of the Minister of the Environment of October 6, 2014, on the protection of animal 
species (Dz.U. 2014 poz. 1348). This species is listed as Least Concern (LC) on the IUCN 
Red List of Threatened Species (Gazzard 2023). It holds the same status on the European 
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Red List. It is listed in Appendix III of the Bern Convention (Dz.U. 1996 nr 58 poz. 263). 
However, the population trend of this species is described as declining in countries such as 
the United Kingdom, Italy, Ireland, and Finland. Therefore, the implementation of threat and 
population monitoring is recommended (Gazzard 2023).

In practice, there are two groups of methods for monitoring squirrels: animal registration 
methods and genetic methods. Genetic monitoring based on DNA analysis from biological 
material samples can be a source of many important population-related information, such 
as genetic diversity and the degree of relationship between individual populations, the mini-
mum number of individuals present in a given area, the size of individual territories, and the 
sex ratio (Hale et al. 2004; Ogden et al. 2005; Dozieres et al. 2012). Furthermore, genetic 
monitoring of the common squirrel in Poland will allow for the identification, based on the 
analysis of mitochondrial DNA, of the main haplotypes of native subpopulations, which can 
aid in better understanding the phylogeography of this species (Hale et al. 2004; Ogden et 
al. 2005).

The proposed source of genetic material is hair collected using hair traps. This method is 
recognized as an effective and non-invasive way to obtain genetic material from wild mammals 
(Sobkowiak et al. 2021). However, it should be noted that its effectiveness may depend on 
the ecological characteristics of the research environment, the duration of the study, and the 
species under study (Anile et al. 2012). It is also important to properly secure the samples, 
which should be stored in sterile envelopes or string bags and kept in a dry place. Ogden 
et al. (2005) suggest DNA extraction from hair bulb cells using the GeneluteTM Mammalian 
DNA Extraction kit with contamination control.

As proposed by Dozieres et al. (2012), the analysis should focus on the 516 base pair 
loop D fragment, corresponding to nucleotide positions 15464–15979 of the published full 
mitochondrial genome sequence of the common squirrel (GenBank accession number 
AJ238588), and the fragment should be amplified using PCR primers designed by Trizio 
et al. (2005), Lpro-SQL and SQR-SQR. The obtained DNA should be sequenced, and 
the acquired sequences subjected to analysis using the DNAsp5 program (Dozieres et 
al. 2012).

Unfortunately, the disadvantage of genetic methods is their laboriousness, high costs 
and requirements for appropriate reagents and laboratory equipment. For this reason, and 
due to the lack of regular country-wide monitoring studies of the red squirrel in Poland, this 
article aims to present a monitoring method based on the registration of animals and habitat 
condition research based on scientific studies and monitoring programs conducted in other 
countries.

SPECIES DESCRIPTION 
Distribution
The red squirrel has the widest range of all tree squirrel species (Bosch and Lurz 2012), 
extending from the United Kingdom across Eurasia to China, Korea, and Japan (Sidorowicz 
1958; Lurz et al. 2005). In Poland, the red squirrel occurs throughout the country, with most 
observations recorded in the central, southern, and northeastern parts of the country, and 
noticeably fewer in the northern and western parts, as shown in Fig. 1 (Atlas ssaków Polski). 
Gaps indicated in Atlas ssaków Polski are more likely caused by insufficient monitoring in 
those areas rather than absence of red squirrels.
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Fig. 1. �Distribution of the red squirrel (Sciurus vulgaris) in Poland (source: Atlas ssaków Polski 
– https://www.iop.krakow.pl/Ssaki/gatunek/57)

Biology and ecology
In the red squirrel, there is no clear sexual dimorphism related to fur color or body size (Wilt-
afsky 1973). The head and body length of this species ranges between 180 and 332 mm, tail 
length between 130 and 222 mm, and ear length between 20 and 35 mm (Bosch and Lurz 
2012). The body weight of this species falls within the range of 200–500 g, with seasonal 
weight changes observed, being highest in autumn and early winter, and lowest in early 
summer (Bosch and Lurz 2012). It also appears that seasonal weight fluctuations depend 
on the type of habitat, being less pronounced in coniferous forests where food availability is 
more predictable (Lurz and Lloyd 2000).

This species is characterized by a tail covered with long hairs, which makes up almost 
half of the animal’s total length (Kowalski et al. 1984). The species has an arboreal lifestyle; 
it can jump and climb trees very well, although it sometimes descends to the ground, where 
it moves by jumping (Kowalski et al. 1984). Sciurus vulgaris fuscoater occurs in two main 
color variants – red and black, with these two color forms freely interbreeding to produce 
offspring with a dark color and a red stripe at the boundary of the dark fur on the back and 
sides of the body (Sokołowski 1947; Sidorowicz 1958; Kowalski et al. 1984). There are also 
individuals with a patterned back (Kowalski et al. 1984). As indicated by Romero et al. (2018), 
no albino red squirrels have been observed in Poland, but they have been reported in North 
America, Spain, the Netherlands, and the United Kingdom. It is noted that the black variant 
of squirrels occurs more frequently in the foothills and mountains (Zawidzka 1958). The fur 
on the back is usually dark, ranging from brown, through red and gray, to black, while the 
fur on the underside of the body is light, white, or creamy (Lurz et al. 2005).

Squirrels exhibit a seasonal coat, which is denser in winter. That is especially visible in 
the form of a bushy tail and 2.5–3.5 cm long hairs on the tips of the ears. In summer, the 
tail becomes thinner, and the ear tufts are significantly thinned or completely absent (Lurz 
et al. 2005).

Red squirrels are more active in coniferous forests than in deciduous forests (Wauters 
et al. 1992). In winter, red squirrels are active for a short time, which is probably an adapta-
tion to reduce energy consumption by minimizing the period of heat loss (Tonkin 1983). In 
summer, the period of activity is more than twice as long as in winter, and there is usually a 
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rest break around noon (Tonkin 1983). During this time, they retreat to shelters in the form 
of nests built in tree hollows from moss and lichens or to spherical nests built in tree crowns 
consisting of moss, grass, and twigs (Kowalski et al. 1984). They also sometimes take refuge 
in bird nests, which they modify by adding a roof (Kowalski et al. 1984).

The daily summer activity of squirrels starts at dawn and ends long after dusk, while in 
winter, it starts at sunrise and ends before the warmest part of the day (Tonkin 1983; Wauters 
et al. 1992). Squirrels spend most of their active time foraging, which constitutes up to 82% of 
their monthly activity, with the peak of food-gathering activity occurring in September (Tonkin 
1983; Wauters et al. 1992). As described by Kowalski et al. (1984), in autumn, before the 
upcoming winter, squirrels begin to store food, mainly acorns and nuts, by burying them in 
the ground, hiding them in tree hollows or crevices. They also store mushrooms by hanging 
them on branches.

Low temperatures do not seem to affect squirrel activity (Tonkin 1983), but high tempera-
tures above 26 degrees Celsius cause squirrels to cease activity and rest during the heat 
(Saint-Girons 1966; Purroy and Rey 1974). Squirrels are active during precipitation if it is 
not too intense (Tonkin 1983).

The red squirrel is an opportunistic species characterized by great flexibility in its diet 
(Bosch and Lurz 2012). Squirrels forage both in tree canopies, on tree branches, and on the 
forest floor, with the time spent in each layer dependent on the type of habitat, season, and food 
availability, but they mostly lead an arboreal lifestyle (Bosch and Lurz 2012). One squirrel con-
sumes 35 grams of food per day in winter and up to 80 grams in summer (Kowalski et al. 1984).

The primary diet of the red squirrel consists mainly of plant food, i.e., seeds of coniferous 
and deciduous trees, buds, shoots, flowers, young tree bark, mushrooms, and berries (Kow-
alski et al. 1984). Plant food is supplemented by food of animal origin, such as insects, eggs, 
and bird nestlings (Kowalski et al. 1984). The preferred food base of squirrels includes seeds 
of trees, especially Sitka spruce (Picea sitchensis), Norway spruce (Picea abies), Serbian 
spruce (Picea omorika), Douglas fir (Pseudotsuga menziesii), larch (Larix sp.), European 
yew (Taxus baccata), Scots pine (Pinus sylvestris), and shore pine (Pinus contorta) (Bosch 
and Lurz 2012).

The breeding season of the red squirrel begins in late February and March and ends in 
July (Kowalski et al. 1984). During the season, a female has one to three litters, with each 
litter averaging 3 to 5 young, sometimes up to 10 (Kowalski et al. 1984). After about 38 days 
of pregnancy, the young are born naked and blind, and after about 9 weeks, they become 
independent, reaching sexual maturity after a year (Kowalski et al. 1984).

Reproductive success is most often achieved by older males with higher body mass, 
who offer females protection from danger and engage in courtship by chasing, which can 
last for several hours (Wauters et al. 1990). In the Polish population, the sex ratio is close 
to 1:1 (Kowalski et al. 1984).

Outside the breeding season, red squirrels are solitary (Kowalski et al. 1984). Among 
males, there is a dominance hierarchy that is not always linear (Wauters et al. 1990).

In Poland, red squirrels are found in deciduous and coniferous forests, as well as in parks 
and gardens, including those located in cities (Kowalski et al. 1984; Babińska-Werka and 
Żółw 2008). As noted by Babińska-Werka and Żółw (2008), red squirrels are more numerous 
in parks located in the center of Warsaw than in suburban parks, with more than a twofold 
increase in their density in the Łazienki Królewskie Park over the past 50 years. In studies 
conducted in parks in Wroclaw, higher squirrel densities were observed in larger parks with 
older tree stands, located 2–7 km from the city center (Kopij 2014).
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The optimal habitat for red squirrels in natural conditions is forests with areas ranging from 
2000 to 5000 hectares, although this species can also be found in much smaller forests of 
less than 100 hectares (Lurz et al. 2005). The literature describes the range of this species’ 
occurrence as between 1.5 hectares to 13.4 hectares (Corbet and Southern 1977; Wauters 
and Dhondt 1986). Typical density ranges from less than 0.1 individual to 1.5 individuals per 
hectare (Gurnell and Wauters 1999).

Red squirrels prefer foraging in areas near forest edges, which are characterized by lower 
understory density and high canopy density (Dylewski et al. 2021). This is likely related to 
the greater production of cones by coniferous trees growing at the forest edges compared to 
those growing in the forest interior (Phillipson 1987). High tree canopy density also greatly 
influences habitat use by red squirrels, as it facilitates free movement and provides protection 
from predation (Flaherty et al. 2012).

THREATS

Predators. In Poland, the main natural predators of squirrels are birds of prey and martens 
(Kowalski et al. 1984). Red squirrels also fall victim to weasels, foxes, wildcats, certain spe-
cies of owls, birds of prey, as well as domestic cats and dogs (Lurz et al. 2005). It is noted 
that in urban areas, the domestic cat is one of the most significant predators affecting the 
red squirrel population (Margis and Gurnell 2002).

A significant threat to red squirrel populations is habitat fragmentation, as this species 
prefers large forest areas (Verboom and van Apeldoorn 1990).

Grey squirrel. The decline in the red squirrel population in the United Kingdom and Italy 
is due to competition with the invasive grey squirrel (Sciurus carolinensis), introduced from 
North America in the 19th century (Bertolino 2008). In Poland, this species has not yet been 
observed, but as noted by Krauze-Gryz and Gryz (2012), the probability of a stable population 
being established by two individuals of this species is at least 50%, and the arrival of this 
species in Poland is a matter of a few decades. An additional threat posed by grey squirrels 
is the transmission of the squirrelpox virus (SQPV), which is deadly to red squirrels and 
accelerates the displacement of the native species by up to 25 times (Rushton et al. 2006; 
Carroll et al. 2008; Krauze-Gryz and Gryz 2012). For this reason, the invasiveness of this 
species has been rated as moderately invasive (Krauze-Gryz et al. 2018a).

The grey squirrel (Sciurus carolinensis) can be distinguished from the red squirrel pri-
marily by its size, being on average one-third larger (Krauze-Gryz and Gryz 2012). Unlike 
the red squirrel, the grey squirrel lacks prominent ear tufts (Krauze-Gryz and Gryz 2012). 
The fur of the grey squirrel is typically grey, although individuals can also be white, black, 
or red (Lehtinen et al. 2020).

These two species compete for resources – grey squirrels more efficiently utilize acorns 
as a food source, especially in deciduous forests dominated by oak trees (Kenward et al. 
1998; Wauters et al. 2005). Other tree species that give grey squirrels an advantage in for-
aging include beech, chestnut, sycamore, and hazel (Bosch and Lurz 2012). Additionally, 
grey squirrels have been observed stealing food caches from native tree squirrels (Wauters 
et al. 2002). This competition leads to weight loss in red squirrels, reduces their reproduc-
tive success, and can ultimately cause local extinctions of the species (Gurnell et al. 2004; 
Wauters et al. 2005).

In Poland, the grey squirrel is listed in the Regulation of the Minister of the Environment 
of September 9, 2011 (Dz. U. 2011 Nr 210 poz. 1260) among species that, if released into 
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the environment, could threaten native species. Therefore, importing this species into the 
country, keeping it, breeding it, reproducing it, or selling it requires the approval of the Gen-
eral Director for Environmental Protection (Dz. U. 2004 Nr 92 poz. 880). Nonetheless, as 
noted by Krauze-Gryz and Gryz (2012), acquiring a grey squirrel in Poland is not difficult, 
increasing the risk of its introduction into the environment.

Black squirrel. Another potentially conflict-prone species for the native red squirrel is the 
black squirrel (Sciurus niger), which is 3–4 times larger than the native species (Koprowski 
1994). Due to competition for resources, this species has negatively impacted populations 
of native North American squirrels and has displaced the grey squirrel (Sciurus carolinen-
sis) in some areas of California (Geluso 2004; Muchlinski et al. 2009; Clayton et al. 2015; 
Garcia and Muchlinski 2017). Additionally, the black squirrel is a carrier of viral diseases, 
bacterial infections, and parasites, such as SQFV (squirrel fibrima virus) and the nematode 
Strongyloides robustus, which pose a threat to the red squirrel (Wilcoxen et al. 2015). For 
these reasons, the invasiveness of this species has been classified as moderately invasive 
(Krauze-Gryz et al. 2018b).

Pallas’s squirrel. Another species whose presence in Poland could negatively impact 
the red squirrel population is the Pallas’s squirrel (Callosciurus erythraeus). However, this 
species naturally inhabits tropical and subtropical forests, moist temperate forests, and 
green mountain deciduous forests (Duckworth et al. 2017; Mazzamuto et al. 2017). Despite 
this, the Pallas’s squirrel is resistant to harsh winters and, in European conditions, settles in 
deciduous, mixed, and coniferous forests (Bertolino and Lurz 2011; Dozieres et al. 2015).

Due to these reasons, the invasiveness of this species has been classified as low (Krauze-
Gryz et al. 2018c).

METHOD – CONCEPT OF MONITORING

In Poland, there is no continuous monitoring of the red squirrel population, a species consid-
ered an important factor in the dispersal of plants whose seeds they bury for storage (Zhang 
et al. 2020). For this reason, the status of their population is unknown, which prevents active 
conservation efforts for this species. This is particularly problematic in the context of reports 
of declining numbers of this species in European countries (Gazzard 2023). It poses a threat 
by hindering a swift response in case invasive species, such as the grey squirrel (Sciurus 
carolinensis), appear in Poland.

A monitoring program has been proposed with the main goal of tracking the status of the 
common squirrel population across the country. Additionally, this monitoring could involve 
identifying areas where the common squirrel occurs and tracking changes in known locations 
based on selected environmental factors, which, according to various studies, influence the 
density of common squirrel individuals.

The adopted monitoring concept may be subject to changes in the future due to new 
scientific reports related to the species’ ecology and based on the experiences gained from 
conducting the monitoring in subsequent years.

RESULTS

Indicators and assessment of the conservation state of the species
In the case of monitoring the common squirrel, it is proposed to assess habitat quality based 
on a composite indicator that reflects the habitat preferences characteristic of this species. 
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The habitat condition indicator is determined for the area selected for visual transects, i.e., 
0.2 hectares of transect area for every 20 hectares of the monitored area, excluding the 
component “wooded area”, which pertains to the total area, and the component “biomass 
of Norway spruce cones”.

Indicators of the state of the population status and habitat condition are presented and 
described in the table (Table 1). The valorization of individual indicators is shown in the next 
tables (Table 2 and Table 3).

Table 1.� Indicators of the population status and habitat condition for the red squirrel (Sciurus 
vulgaris)

Indicator Measurement Method

Population

Population density number of individuals
N per ha

an indicator determined based on the number 
of individuals observed during visual transects

Components of the habitat indicator
Wooded area ha designation of an uninterrupted wooded area

Age of the stand descriptive component determining the age of the tree stand in the 
monitored area

Canopy closure % estimation of tree crown cover based on digital 
photographs

Biomass of Norway 
spruce cones

mass of Norway spruce cones
kg per ha

indicators’ determination based on the biomass 
of cones per hectare of the monitored area

Table 2. Valorization of habitat indicator components for the red squirrel (Sciurus vulgaris)

Component of the habitat indicator/
score 0 0,5 1,0

Wooded area <2 ha 2–10 ha >ha

Age of the stand [years] younger age classes
(<80)

mature stand
(80–100)

old-growth
(>100)

Canopy closure <60% 60–70% >70%

Biomass of Norway spruce cones <330 kg/ha 330–770 kg/ha >770 kg/ha

Table 3. �Valorization of the population status indicator and the composite habitat indicator for 
the red squirrel (Sciurus vulgaris)

Indicator/evaluation FV U1 U2

Population

Population density >0,75 individuals  
per hectare

<0,075 individuals  
per hectare

complete lack of observed 
individuals

Conflict and potentially 
invasive species

Complete lack of grey 
squirrels, black squirrels 
and Pallas’s squirrels

presence of grey squirrel, 
black squirrel and/or 
Pallas’s squirrel

Components of  
the habitat indicator ≥3 2–2,5 ≤1,5

FV (favorable) – optimal population status and/or habitat conditions; U1 (unfavorable – inadequate) – subop-
timal but not critically endangered population status and/or habitat conditions; U2 (unfavorable – bad) – poor 
population status and/or habitat conditions, may require immediate conservation efforts.
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Assessment of the population state
The final assessment of population status indicator is equal to evaluation of population density 
as shown in Table 3. In case of the presence of a grey squirrel (Sciurus carolinensis), black 
squirrel (Sciurus niger) and/or Pallas’s squirrel (Callosciurus erythraeus) assessment of the 
state of the population should be marked as U2 (unfavorable – bad).

Assessment of the habitat condition
The assessment of the composite habitat quality indicator directly correlates with the evalu-
ation of habitat condition. This composite habitat condition indicator is calculated as the sum 
of points from individual habitat quality indicators. The scoring thresholds for this indicator 
are as follows: ≥3.0 – FV; 2.0 – 2.5 – U1; ≤ 1.5 – U2.

Protection perspectives
Assessment of species conservation prospects involves forecasting the population status and 
habitat conditions over the next 10–15 years, considering current impacts and anticipated 
threats that may affect the future population and habitat at the study site. The prospects for 
maintaining the species in a specific habitat and its conservation are considered favorable (FV) 
only at sites where the density of Eurasian red squirrels exceeds 0.75 individuals per hectare, 
and where habitat conditions favor population occurrence. This includes continuous wooded 
areas on monitored habitats, mature tree cover allowing for free movement between tree cano-
pies due to their compact nature, and the quality of the food base, exemplified by the biomass of 
Norway spruce cones. Inadequate (U1) or bad (U2) conservation prospects are linked to habitat 
mismatches with the preferences of Eurasian red squirrels and other impacts such as preda-
tion pressure. The lowest conservation prospects will be for habitats where invasive and con-
flicting species occur, which are key indicators due to their significant ecological pressure and 
disease transmission (Krauze-Gryz and Gryz 2012; Krauze-Gryz et al. 2018a, 2018b, 2018c).

Overall assessment
The conservation status of the species at a site should be determined based on assess-
ments of population status, habitat conditions, and conservation prospects at that site, with 
the lowest of these three assessments determining the overall status.

DISCUSSION

The choice of monitoring areas and their suggested size
The monitoring should cover sites representing all regions of occurrence of the red squirrel. 
A significant methodological issue is the presence of inventory gaps. So far, there has been 
no nationwide monitoring of the red squirrel. Therefore, the first step in planning would be 
to designate potential habitats for the red squirrel, which initially could be based on previous 
reports of species occurrence, confirmed by experts. For this purpose, hair traps or camera 
traps could be used as cost-effective and time-efficient methods. In Shannon et al. (2023), 
a strong correlation was observed between the number of red squirrels captured and the 
number of photos taken by camera traps in a given area. This method is recommended for 
its low cost and minimal invasiveness. However, in areas with low population density of the 
species, it may be less accurate, but can still provide information on the relative rarity of 
the species. It can also be used to detect the presence of invasive species and provides 
information on habitats preferred by red squirrels.
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For practical purposes, a monitoring site can be considered as a forest stand within a 
forest complex or urban park where the red squirrel has been observed. For such sites, 0.2 
hectares of transects are designated for every 20 hectares of area, and a representative 
area of 14 m × 14 m is used to estimate the biomass of Norway spruce cones.

The density of individuals
An accurate assessment of the population size of the red squirrel would be very difficult to 
achieve due to the use of very costly, labor-intensive, and invasive methods such as cap-
ture-mark-recapture and trapping methods. Therefore, a less precise but less invasive and 
less costly method is proposed, which involves setting up visual transects, counting observed 
red squirrels, and estimating the density of individuals per hectare of the study area.

For this purpose, according to Mróz (2015), it is proposed to designate a transect area 
of 0.2 hectares, ideally 10 meters wide and 200 meters long, for every 20 hectares of the 
total study habitat area. Then, based on the formula proposed by Gurnell et al. (2009), the 
density should be estimated. The formula looks as follows:

d =
n

2wl

Where: d – density of individuals per m²; n – number of observed individuals; l – length of 
the transect; w – width of the transect.

The result obtained should be provided as the number of individuals per hectare. The 
assessment of individual density per hectare was established based on research results 
conducted by Gurnell and Wauters (1999) and Kopij (2014): density >0.75/ha – favorable 
state; <0.75/ha – inadequate state; total absence of individuals/ha – bad state.

Cardinal indicator. Additionally, a cardinal indicator in the form of observing the presence 
of invasive and conflicting species relative to the red squirrel has been determined. These 
include the grey squirrel (Sciurus carolinensis), the black squirrel (Sciurus niger), and the 
Pallas’s squirrel (Callosciurus erythraeus). Noting the presence of any of these species in 
the monitored area results in a U2 rating indicating a poor habitat state.

It is also recommended to use hair traps as a method of collecting material for genetic 
monitoring and for detecting the presence of the red squirrel (Sciurus vulgaris) and the grey 
squirrel (Sciurus carolinensis). This technique is cost-effective and does not require a large 
amount of time. Gurnell et al. (2009) recommend preparing hair traps using plastic pipes 
with a diameter of 65 mm and a length of 300 mm, with a plastic or wooden block attached 

Fig. 2. �Diagram of the hair trap model (bottom) and wooden block with affixed adhesive tape 
(top)
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approximately 3 cm from any light source of the device, onto which double-sided adhesive 
tape is affixed. Such prepared traps should be mounted using wire on tree branches. Gurnell 
et al. (2009) recommend installing up to 20 prepared hair traps per study area at distances 
of 100 m to 200 m in a line or grid pattern. They also recommend using bait such as sun-
flower seeds, peanuts, or corn. Blocks from traps should be collected at regular intervals, for 
example, every 3, 7, or 14 days. The construction of the hair trap is shown in Fig. 2.

Hairs collected using adhesive tape can be used for species identification or genetic 
monitoring. Gurnell et al. (2009) recommend the following method for squirrel species iden-
tification: place the adhesive tape with the hairs in warm water containing detergent and 
soak them overnight. Then, collect at least 10 representative hairs from each tape fragment, 
each hair being at least 1.5 mm long (shorter hairs might belong to mice and voles). Next, 
immerse the hairs in a solution of Indian ink and water in a 5:1 ratio. Prepared hairs should 
be examined under a light microscope at a recommended magnification of ×400. The wid-
est part of each hair should be compared. Hairs with a continuous dark line along the edge 
will belong to the red squirrel. Furthermore, the cross-section of red squirrel hairs will have 
a dumbbell shape or be concave, whereas the cross-section of the grey squirrel hairs will 
be round, as shown in Fig. 3.

Fig. 3. �A schematic cross-section of the hair of two squirrel species, showing the medulla and 
cortex. The cross-section of the red squirrel’s hair (A) is concave, while the cross- 
-section of the grey squirrel’s hair (B) is round

The habitat condition indicator
Wooded area. It is necessary to determine the continuous, non-fragmented surface area 
of the selected forest complex or urban park. Estimating the area is feasible using satellite 
data, aerial photographs from publicly available sources such as Google Earth, as well as 
forest maps and plans available in Forest Management Plans (FMP) and Conservation 
Tasks Plans for Natura 2000 areas. This information can be obtained from the Forest 
Data Bank (BDI) for State Forests. Then, using software tools, estimate the size of the 
non-fragmented area by marking the boundaries of forested areas. Area fragmentation 
is considered when there are public roads, rivers, and fields that disrupt the continuity of 
the wooded area. In the case of forest complex or park fragmentation, only the largest 
fragment area is considered.

Age of the stand. It is essential to determine the dominant age of the forest stand in the 
monitored habitat of the red squirrel. Older trees create a more favorable environment for 
this species. The age of trees in specific forest compartments can be found in the Forest 
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Management Plan of the relevant forest district for areas managed by State Forests, or in 
the Conservation Tasks Plans for Natura 2000 areas. This information can be obtained from 
the Forest Data Bank (BDI) for State Forests. It is also possible to conduct an assessment 
independently by assuming random sample areas in the stand and estimating the age of 
individual trees, which requires expert knowledge.

Canopy closure. It is essential to determine the approximate percentage of tree crown 
cover, indicating their closure. According to Myczko et al. (2014), the tree crown cover should 
be estimated based on up to 30 crown photographs taken in a similar manner, vertically, 
aiming at tree crowns. Then, transform the color of the obtained photos into black-and-white 
mode and estimate the percentage of crown closure based on the average ratio of black to 
white spaces from all photos taken in the area under study.

From the data obtained by Dylewski et al. (2021), it can be inferred that the higher the 
tree crown closure, the greater the population density of the red squirrel in the habitat. For 
this reason, the evaluation values of this component were determined to be: <60% – bad 
state; 60–70% – inadequate state; >70% – favorable state.

Biomass of Norway spruce cones. The occurrence of coniferous trees favors the pres-
ence of the red squirrel because they produce cones, an important component of the diet of 
this species (Verboom and van Apeldoorn 1990; Lurz and Lloyd 2000). The assessment of 
the component related to the biomass of Norway spruce cones, as determined by Dylewski 
et al. (2021), should be carried out by designating an area measuring 14 m × 14 m, where 
tree measurements are made according to the formula developed by Finer (1989), presented 
as follows:

MNs =
(dbha1 × cra2 )

1000
 

Where:  MNs– biomass of Norway spruce cones per tree [kg]; dbh – diameter at breast height 
[cm]; cr – tree crown ratio; a1– 1.2358; a2 – 4.7864.

Then, average the collected data and multiply it by the estimated number of common 
spruce trees per 1 ha of the study area. The number of spruce trees per 1 ha can be obtained 
by multiplying the number of spruce trees observed in the 14 m × 14 m area by a multiplier 
equal to 51.

Thus, the estimated biomass of Norway spruce cones per 1 ha of the study area is ob-
tained.

From the data obtained by Dylewski et al. (2021), it can be inferred that the biomass 
of cones less than approximately 30 kg per 14 m × 14 m area does not favor feeding by 
red squirrels in that area. The number of gnawed cones increases proportionally with the 
increase in biomass of common spruce cones starting from approximately 30 kg per study 
area. A significant increase in the number of gnawed cones occurs when the biomass of 
cones per study area reaches approximately 70 kg.

Based on these results, evaluation values for this component were calculated as follows: 
<300 kg/ha – bad state (0 points); 300–770 kg/ha – inadequate state (0.5 points); >770 kg/
ha – favorable state (1 point).

As noted by Dylewski et al. (2021), a disadvantage of this method is the lack of adjust-
ments for mast years and non-mast years, as well as fluctuations in cone production between 
individual trees and years. However, as they emphasize, estimating cone biomass provides 
crucial information about the quality and use of the environment by red squirrels.
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Date, frequency and technical requirements
Monitoring the population of the red squirrel and its habitats in Poland is proposed to be 
conducted in the autumn period, preferably around September, between 8 AM and 4 PM, 
when the peak activity for foraging occurs and the observed number of individuals is high-
est (Tonkin 1983; Wauters et al. 1992; Babińska-Werka and Żółw 2008). In case of heavy 
rainfall, strong winds, or temperatures above 26 degrees Celsius, the monitoring should be 
postponed, as these conditions interrupt squirrel activity and cause them to seek shelter.

It is recommended to conduct the monitoring optimally once every 3 years, but no less 
frequently than every 6 years.

Equipment and materials necessary for field monitoring:
	– GPS receiver,
	– scale,
	– measuring tape with a minimum length of 20 meters,
	– notebook and pen,
	– calculator,
	– camera (for illustrative documentation of the site),
	– minimum of 20 pre-prepared hair traps,
	– bait such as sunflower seeds, peanuts, or corn kernels,
	– metal wire (for mounting hair traps),
	– ladder,
	– clothing suitable for field and weather conditions.

Equipment and materials necessary for laboratory monitoring:
	– light microscope with a magnification of approximately × 400,
	– solution of detergent with water,
	– solution of Indian ink with water in a ratio of 4:1,
	– tweezers.

CONCLUSION

The red squirrel is partially protected in Poland, but no specific actions are currently being 
taken to protect it. There is also very limited information about where the species is found in 
the country. Setting up regular monitoring across Poland would help us better understand 
the red squirrel’s distribution and allow us to develop management plans to address potential 
threats, such as the likely arrival of the invasive grey squirrel or population declines. This 
proposal is the first step toward creating a monitoring program for the red squirrel in Poland, 
and the approach should be improved as more data is gathered.
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PROPOZYCJA MONITORINGU WIEWIÓRKI POSPOLITEJ (SCIURUS 
VULGARIS) W POLSCE

Streszczenie. Wiewiórka pospolita (Sciurus vulgaris) jest nadrzewnym gryzoniem, który naturalnie 
występuje w Europie i Azji. W wielu krajach obserwuje się tendencję spadkową populacji tego gatunku. 
W Polsce wiewiórka pospolita znajduje się pod częściową ochroną od 2014 roku, jednak poziom wie-
dzy na temat jej lokalnej liczebności i trendów populacyjnych jest niski, ponieważ brakuje regularnego 
monitoringu w całym kraju. Celem niniejszej pracy jest zaproponowanie metody monitoringu wiewiórki 
pospolitej w Polsce, który może przyczynić się do zdobycia wiedzy na temat biologii, liczebności popu-
lacji i jej trendów, stanu siedliska oraz wpływu tego gatunku na środowisko w Polsce. Opisana metoda 
składa się z dwóch typów wskaźników: stanu populacji (opartego na zagęszczeniu osobników przypa-
dających na 1 ha i współwystępowaniu potencjalnych gatunków konfliktowych i inwazyjnych – wiewiórki 
szarej, wiewiórki czarnej i wiewiórczaka rdzawobrzuchego) oraz stanu siedliska (opartego na czterech 
indywidualnych składowych: powierzchni zadrzewionego obszaru, wieku drzewostanu, zwarciu koron 
drzew oraz biomasy szyszek świerka pospolitego). Ocena wskaźników pozwala na określenie, czy stan 
siedliska i/lub populacji jest korzystny, niewystarczający czy zły dla monitorowanego gatunku. Regu-
larnie przeprowadzany monitoring może znacznie pomóc w zrozumieniu dynamiki populacji wiewiórki 
pospolitej w Polsce i pozwolić na wczesną reakcję na zagrożenia dla tego gatunku.

Słowa kluczowe: wiewiórka pospolita, monitoring, zagrożenia dla gatunku.
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