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Detecting hazel dormice Muscardinus 
avellanarius with nest tubes and tracking 
tunnels: maximising the probability of 
success. 

 
 
 
 

 

 

INTRODUCTION 
Nest tubes were first used as a method of detection for 
non-native edible dormice Glis glis (Morris & Temple 
1998) and by 1999, smaller versions were being widely 
used for hazel dormice Muscardinus avellanarius (Bright 
& MacPherson 2002). Chanin & Woods (2003) reported 
on a study of habitat use by dormice using nest tubes in 
which they noted that the number of nests built varied 
between months. Using these data, they devised a simple 
scoring system which provided an index of the likelihood 
of recording dormice in any one month. This was 
incorporated in the Dormouse Conservation Handbook 
(Bright et al. 2006) and has since been used as standard 
measure of survey effort.  
In 2016, the Essex & Suffolk Dormouse Group sought to 
replicate the southwest dormouse study, principally to 
investigate whether there might be a later peak in nest 
building in October in the East of England (Bullion 2017), 
compared with the relatively low activity found in the 
south-west.  

The use of footprint tunnels has recently been advocated 
as a potential alternative to nest tubes for detecting 
dormice in a Suffolk study (Bullion et al. 2018) and 
subsequently in Italy (Melcore et al. 2020). Bullion et al. 
(2018) demonstrated that the probability of detection 
when using 50 tunnels for three months from May to 
October inclusive was 0.98. In 2019, a further study was 
undertaken in southern and southwest England which 
addressed the issue of whether the relatively dry climate 
in the East of England meant that the technique needed 
amending elsewhere due to higher rainfall.  In a separate 
study, commercially available tracking cards were also 
trialled to assess whether the interval between checking 
tunnels could be extended. 
Here we calculate the probability of detecting dormice 
using nest tubes under different conditions, present the 
results of the additional footprint tunnel studies and make 
recommendations for the use of these two techniques in 
detecting dormice in connection with development. 
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ABSTRACT 
Hazel dormice Muscardinus avellanarius are elusive, arboreal small mammals that are difficult to 
detect in a systematic manner. The fact that they are willing to construct their nests in artificial sites 
has led to the use of small plastic nest tubes as the principal survey technique in England and 
Wales. An alternative method uses tracking tunnels with similar dimensions to nest tubes, where 
their characteristic footprints can be recorded on suitable media. 
The results of a recent study are used here to calculate the probability of detection for each survey 
month using nest tubes and show how this is affected by habitat.  We report on further studies of 
footprint tracking tunnels in areas of high rainfall. We provide guidance on duration of survey 
depending on the numbers of footprint tunnels deployed as well as suitable approaches to 
deployment and checking of tunnels. We also report on the effectiveness of commercially available 
tracking cards which can extend the interval between checks.  
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METHODS 
Nest tube study in East of England 
2016 
In February and March 2016, fifty nest tubes were tied 
into woody vegetation 1 – 1.5 m above ground at 22 
known dormouse sites in Suffolk and Essex.  An 
additional five sites were included in the study where 
dormice were unknown. The range of habitats included 
managed and unmanaged woodlands, hedgerows and 
scrub and the tubes were aligned along transects at 
approximately 20 m spacing.  Wherever possible the 
tubes were placed in the densest habitat available.   
Tubes were checked once between the 20th and the end 
of each month, from April until the end of November, with 
14 sites surveyed until the end of December. The location 
of newly constructed nests, or the presence of an animal 
in a tube without a nest, were recorded each month, 
along with the continued presence of old nests. 
There was a great deal of variability in tube occupancy 
between sites and so the 20 positive sites were 
categorised into three groups based on the numbers of 
positive records: low – <= 3 nest recorded across the 
season (n=6), medium – 4 to 15 new nests recorded 
(n=8), and high >15 new nests recorded (n=6). Note that 
two sites had exceptional numbers with 39 and 41 new 
nests. Average detection probabilities for an individual 
tube were then predicted for each group using a logistic 
regression model, where:   
The monthly probability of not detecting dormice in any of 
the 50 tubes was then calculated as: 

Probability of no dormice for month i = (1-pi)50 
Where pi is the probability that any one tube will have 
a new nest.   

Then, a logistic regression model was used to model the 
probability of a new nest (or a live animal) being detected 
during a month, to determine for how many months 50 
nest tubes needed to be in place to have at least 95% 
confidence in the probability of recording dormice.  
Previously recorded nests still in use were excluded from 
the model. 

Footprint tunnel surveys in southern 
and southwest England 2019 
In 2019, twenty-five tunnels were deployed at three sites 
with known dormouse populations, using methods 
recommended by Bullion et al. (2018). Two sites were in 
southwest England (Exeter and Bristol), the third in 
southern England (Basingstoke).  The Bristol and 

Basingstoke sites consisted of semi-natural woodland 
with a dense high canopy. The site at Exeter was within 
the urban fringe and contained a variety of native and 
ornamental species with an understorey of hazel coppice 
and bramble. Surveys were undertaken from August to 
October at Exeter and Bristol and at Basingstoke from 
September to December. Tunnels were normally checked 
at fortnightly intervals. 
Information on monthly rainfall was obtained for Ipswich 
(2017), representing the eastern counties sites, and from 
Basingstoke, Bristol and Exeter (2019) where gauges 
were a maximum of 4 km from the respective survey 
sites.  These were Environment Agency rainfall data from 
the real-time data API (Beta) verified by the 
Meteorological Office. 
Following collection, where mould growth was observed, 
tracking cards were generally dried and stored prior to 
analysis. However, it was noted that where cards were 
not dried adequately before storage, this could lead to 
excess mould growth at this stage.   

Footprint tunnel survey in East of 
England to test the efficacy of 
pre-inked tracking cards 
In 2019, at a known dormouse site in Suffolk, 50 paired 
sets of footprint tunnels were deployed at 20 m intervals 
along a transect close to the woodland edge within dense 
coppice.  One of the pair had a conventional tracking card 
and ink formula as described in Bullion et al. (2018) and 
the other had a commercially obtained tracking card from 
Perdix Wildlife Supplies.  Six checks were undertaken 
August to October. Whilst the conventional cards were 
changed every two weeks, the Perdix card was 
photographed and left in situ and changed after four 
weeks.  

Further statistical analysis of East of 
England footprint tunnel surveys  
Further analysis of the data from Bullion et al. (2018) was 
undertaken using a binomial Generalised Linear Mixed 
Model (GLMM) to investigate the effects on survey 
duration of using fewer tunnels. This is particularly 
relevant to smaller sites where siting 50 tunnels may not 
be possible.  Separately, we also reviewed whether 
habitat type may influence footprint detection rates, based 
on the total number of cards with dormouse footprints per 
site (out of a possible 600) and categorised detection into 
Low (1-100 cards with footprints), Medium (101-200 cards 
with footprints) and High (>200 cards with footprints). 

RESULTS 
Nest tube study in East of England 2016 
Dormice were detected at 20 locations including two sites 
where presence was unknown.  A total of 244 nests were 
recorded by the end of the season.  Figure 1 compares 
the distribution of new nests by month for the 2016 East 
England study with the distribution from Chanin and 
Wood’s 2003 study in Southwest England. Much of the 

nesting activity was found to be similar to the Southwest 
study except in the autumn when September, October 
and November yielded the greatest number of new nests 
(Bullion 2017).  Surprisingly, five new nests were also 
constructed in tubes in December, when dormice are 
normally considered to be in hibernation and occupying 
nests at ground level. 
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Figure 1. Distribution of new nests in tubes by month in Southwest England study (2002; n=84) and East England (2017; 
n=243). 
 

The probabilities that each tube will detect a dormouse 
are fairly constant from May to August, before rising in 
September to November (Figure 2).  For the high capture 
rate sites, 50 tubes are highly likely to detect dormice and 
a single month in the autumn has a probability of 

detection of > 0.99.  However, for the low capture rate 
sites even monitoring for the entire season only provides 
a probability of detection of 0.78 indicating there is a high 
risk of failure to detect dormice in these circumstances 
(Table 1). 

Figure 2. Probabilities that each tube (n=50) will detect a dormouse (i.e., new nest or live dormouse) derived from the 
logistic regression model depending on number of nest detections across the season.  
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Table 1. Probability of detecting dormice (power) at a site for different combinations of months using 50 nest tubes.  For 
example, if the tubes are in place from April to November it is estimated that the probability of detecting dormice in the 
‘very low’ situation is 0.775, i.e., just over 75% power. Probabilities exceeding 0.95 are shaded green and those exceeding 
0.90 are shaded orange. 
 
(a) Low capture rate using 50 nest tubes. 

 Initial monitoring month 
 Final month April May June July Aug Sept Oct Nov Dec 

April 0.03         

May 0.17 0.14        

June 0.28 0.25 0.13       

July 0.36 0.34 0.23 0.12      

August 0.46 0.44 0.34 0.25 0.14     

September 0.61 0.60 0.53 0.47 0.39 0.29    

October 0.71 0.70 0.65 0.60 0.54 0.47 0.25   

November 0.78 0.77 0.73 0.69 0.65 0.59 0.42 0.23  

December 0.78 0.77 0.74 0.70 0.66 0.60 0.43 0.25 0.02 
 

(b) Medium capture rate using 50 nest tubes.  

 Initial monitoring month 
Final month April May June July Aug Sept Oct Nov Dec 

April 0.22         

May 0.74 0.66        

June 0.90 0.87 0.62       

July 0.96 0.95 0.85 0.60      

August 0.99 0.98 0.95 0.87 0.67     

September 1.00 1.00 1.00 0.99 0.97 0.91    

October 1.00 1.00 1.00 1.00 1.00 0.99 0.87   

November 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.84  

December 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.86 0.14 
 

(c) High capture rate using 50 nest tubes.  

 Initial monitoring month 

 Final month April May June July Aug Sept Oct Nov Dec 

April 0.58                 
May 0.99 0.98        

June 1.00 1.00 0.96       

July 1.00 1.00 1.00 0.96      

August 1.00 1.00 1.00 1.00 0.98     

September 1.00 1.00 1.00 1.00 1.00 1.00    

October 1.00 1.00 1.00 1.00 1.00 1.00 1.00   

November 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  

December 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.42 
 
 

The outcome of doubling the number of nest tubes to 100 
was then investigated to see how this increased likelihood 
of detection.  Whilst the probabilities are markedly higher 
than for 50 tubes, for the low capture rate sites with tubes 

in place April to November it is estimated that the 
probability of detecting dormice is 0.95, thus reaching the 
95% confidence level being sought (Table 2). 
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Table 2. Probability of detecting dormice (power) at a site for different combinations of months using 100 nest tubes.  For 
example, if the tubes are in place to be monitored from April or May onwards until the end of November, it is estimated 
that the probability of detecting dormice in the ‘low’ situation is 95% or close to 95%. 
Low capture rate using 100 nest tubes 

  Initial monitoring month 

Final month April May June July Aug Sept Oct Nov Dec 

April 0.07         

May 0.31 0.26        

June 0.47 0.44 0.24       

July 0.60 0.56 0.41 0.23      

August 0.70 0.68 0.57 0.44 0.27     

September 0.85 0.84 0.78 0.71 0.63 0.49    

October 0.92 0.91 0.88 0.84 0.79 0.72 0.44   

November 0.95 0.95 0.93 0.90 0.88 0.83 0.67 0.41  

December 0.95 0.95 0.93 0.91 0.88 0.84 0.68 0.43 0.04 
 

Footprint tunnel survey in southern 
and southwest England 2019 
Overall, dormouse footprints were recorded at all three 
sites, on 85 of a potential 425 cards (20.0% detection). 
However, there were considerable differences between 
sites with Exeter (48.7%) registering considerably more 
dormouse detections than Bristol (4.7%) or Basingstoke 
(4.0%). Overall, small mammal footprints including 
dormouse and other species (mainly wood mice 
Apodemus sylvaticus) were recorded on 176 cards 
(41.4%).  
Mould was frequently recorded, particularly at the Bristol 
site where it was present on the majority of cards at 
collection, although many of these were still readable. It 
was found that as the cards dried, the mould faded, and 
footprints could be detected despite its presence.  
However, on one occasion all 25 cards were rendered 
unreadable; this was mainly due to the cards being 
installed during wet weather causing them to become 
damp at installation, which led to excessive mould 
growth.  
Mould was not a significant problem at the Exeter site but 
at the Basingstoke site 42% of the cards were 
unreadable, which can be attributed to a prolonged 
survey period on two occasions (i.e., >2-week period), 
and incorrect storage. Excluding these circumstances, the 
detection rate at Bristol and Basingstoke increased to 
5.6% and 6.8% respectively.  

Annual rainfall in the years when surveys were carried out 
was substantially lower at Ipswich (566 mm) than Bristol 
(1045mm), Basingstoke (981mm) and Exeter (855mm). 
Monthly values during survey periods at each site (Figure 
3) show that the discrepancy was greatest during the part 
of the year when the southern and southwestern surveys 
were carried out. 

Footprint tunnel survey to test 
efficacity of pre-inked tracking cards 
For the conventional method, 226 cards registered 
footprint detections and for the Perdix cards 232 cards, 
both sets out of a possible total of 300.  No significant 
difference was found between levels of detection between 
the two types of tracking card (t5 = 0.42, P=0.691).  The 
ink on the Perdix card had not dried out after four weeks 
compared with ink made with pharmaceutical grade 
charcoal and olive oil, which had frequently dried out by 
two weeks.   

Further statistical analysis of East of 
England footprint tunnel surveys  
The outcomes of the GLMM are provided in Table 5 and 
indicate that halving the number of tunnels from the 50 
originally specified in Bullion 2017 requires the survey 
duration to be extended to five months.  
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Figure 3. Monthly local rainfall (mm)* for the periods of each study in the four areas where footprint studies were carried 
out:  Ipswich (April to December 2017); Bristol and Exeter (August to October 2019); Basingstoke (September to 
December 2019).  
*Contains Environment Agency information © Environment Agency and/or database rights. 
Some data used in the creation of this dataset is © Meteorological Office UK. 

 

DISCUSSION  
The influence of habitat type on 
dormouse nest tube and footprint 
tunnel detections 
The implications of these findings are that for nest tube 
surveys at some sites, there may be a low likelihood of 
detecting dormice resulting in higher probability of their 
presence being missed.  However, when embarking on a 
survey there is no certainty of likely detection rate. Whilst 
what is perceived as poor habitat might have low levels of 
detection because there are fewer dormice, high-quality 
habitat with a high density of dormice may also yield a 
low capture rate if there is an abundance of alternative 
suitable natural nest sites.  

The different habitats used in the 2016 nest tube study 
are grouped in Table 3 in terms of the three levels of 
detection. Habitats containing scrub or extensive areas of 
young shrubby vegetation provided the greatest certainty 
of detection. The fewest nests were recorded in 
unmanaged, high canopy woodland where the shrub 
layer was sparse and easy to walk through.  
Footprint detection rates in high canopy woodland were 
also found to be in the lowest category of detection in 
2017 in Suffolk (Table 4) and a similar pattern emerged in 
the southern England study.  Whether this is a true 
reflection of dormice density or because there are better 
foraging opportunities and nesting locations higher in the 
canopy is unknown.  

 Table 3. Distribution of habitat type within the East of England nest tube study 2016 for the three different categories of 
detection.  Low = 1-2 nests detected, Medium = 3-15 nests detected, High = 16-41 nests detected. 
 

  Number of sites for each category of detection 
Habitat Low Medium High 
Unmanaged woodland with high 
canopy and sparse shrub layer  3 1  

Managed woodland with denser shrub 
layer  1 3 2 

Hedge or linear woodland  2 2 1 

Scrub or extensive young planting  2 3 
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Table 4. Distribution of habitat type within the East of England Footprint tunnel study (2017) for the three different 
categories of detection. Low = 1-100 cards with footprints, Medium = 101-200 cards with footprints, High = >200 cards 
with footprints. 
 

  Number of sites for each category of detection 
Habitat Low Medium High 

Woodland unmanaged with closed canopy  1   

Woodland managed (but closed canopy) 3   

Young coppice along woodland edge   1 

Hedge  1 2  

Scrub   1 1 

 
Improving detection using footprint 
tunnels 
Footprint tunnels are a viable method for surveying 
dormice and are most effective in scrub and hedges, 
whereas in high canopy woodland this method was found 
to be no more effective than nest tubes or nest boxes 
(Bullion et al. 2018).   Mould build-up on the cards was 
noted to be more prevalent in woodlands, particularly 
during episodes of prolonged rainfall.   
In the comparative study in southern England, footprint 
cards were exposed to potentially higher levels of rainfall 
either due to being left out for longer than the 
recommended two weeks, or due to wet weather 
conditions during the survey period, but dormouse 
footprints were still recorded.  Mould was a significant 
problem in the two closed canopy woodlands, but it was 
found that this issue could be reduced by changing cards 
regularly, ideally in dry weather and, after collection, 
storing them separately to dry on a flat surface.  This 
resulted in mould fading and footprints becoming more 
visible. As a test, a card with excessive mould growth was 
treated with a mildew treatment applied with a sponge 
which resulted in the mould disappearing entirely whilst 
the charcoal footprints remained visible.  This study 
confirms that footprint tunnels are an effective detection 
method in woodland in areas of higher rainfall. 
Using Perdix tracking cards has the advantage of 
extending the checking interval to four-weekly, although 
after four weeks it was more difficult to identify dormouse 
footprints on the Perdix card where there was a high level 
of other small mammal footprints. These cards also suffer 
from mould build up and consequently, surveys in high 
canopy woodland and during prolonged wet weather will 
still require changing cards every two weeks along with 
correct storage after retrieval to allow them to dry out.   
As the trial of different tracking cards used the exact 
same tunnel locations as a previous survey which took 
place between April and November 2017, it was possible 
to compare these data with a later start in August 2019. 

Compared to the earlier study, it was found that expected 
detection rates were significantly lower during the first two 
weeks of the survey, although they were comparable by 
four weeks and remained the same thereafter.  This 
implies that dormice exhibit short-term neophobia to new 
objects.  The monthly detection rates reported in Bullion 
et al. (2018) are derived from footprint tunnels that had 
been in situ all survey season, so do not allow for any 
neophobic response that may reduce use of the tunnels 
initially.   

Recommendations to maximise the 
probability of detection of dormice 
using nest tubes and footprint 
tunnels 
Compared with nest tubes, footprint tunnels are the most 
effective method for detecting dormice in scrub and 
hedgerow habitats and should be used as the principal 
survey method in these habitats. 
To address the risk of neophobia, footprint tunnels should 
be placed in situ for an additional period before the actual 
survey commences. This should be no less than two 
weeks and ideally four weeks. 
Tracking cards should not be installed or replaced while it 
is raining. On collection, all types of tracking cards should 
be separated and laid on a flat surface after collection to 
allow them to dry, to reduce the impacts of mould.  
Dormice are hardest to detect in high canopy woodland 
where the scrub layer is sparse, so it is recommended 
here that tunnels and tubes are used in combination.  A 
minimum of 100 nest tubes should be deployed for a full 
season (monthly checks from April or May until 
November), with the footprint tunnel survey in accordance 
with Table 5 with checks every two weeks.  To maximise 
the chances of success, we suggest that surveys should 
focus on the woodland edge or ride edges, where there is 
likely to be the densest shrub layer.    
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Table 5. Duration of survey required used to achieve 95% detection probability, according to the number of footprint 
tunnels deployed and undertaken between the months of May to October. 
 

Number of tunnels 
Duration of footprint 
survey (months) (after 
two-week interval at start)  

50 3 
45 3 
40 4 
35 4 
30 5 
25 5 

 
Although dormice will visit bait stations (Mills et al. 2014), 
bait was not used in the east of England and West of 
England footprint tunnel studies. In a two-week survey 
using baited tunnels, Middleton-Burke (2021) found 
dormouse footprints were detected at five out of seven 
sites within three and 12 days. It has not yet been 
established how long surveys using baited tunnels should 
continue in the absence of dormouse footprints. 
Consequently, the protocols provided in Table 5 should 

be followed where there is a need to know the level of 
confidence that can be ascribed to a negative result – for 
example where surveys are carried out in advance of 
development. The recommendations for length of survey 
only apply where there is a need to have confidence in a 
negative result. Once the presence of dormice has been 
confirmed at a site there is no need to continue surveying 
in that location. 
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