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Introduction
The hibernation surveys within the lead mine adits in north Cumbria started in January 2014
and have been carried out in December, January and February of every winter since. The
sites in this survey area are all within the Nenthead and Garrigill area in the North Pennines.
Adits, or levels, were the main horse access routes into the lead mines, used to bring the ore
to the surface for processing. The adits are level tunnels between 1-2m wide and from 1.52.5m high with small stone blocks used to construct the walls and arched roof. The mines
themselves are not searched for hibernating bats as the mines maintain a steady
temperature of 11°C and it is assumed (possibly in error) that the internal temperature is too
high for bats to maintain themselves in torpor.
The study has grown over time; initially surveys were undertaken to establish if the adits
were used by hibernating bats. As this study has progressed, more data has been recorded
during each visit, with the aims now including considering how temperature within the adits
affects the roost locations of hibernating bats and acoustic monitoring to try to establish
when bats become active and leave these sites after hibernation. In winter 2016-7
dataloggers have been used to record temperature in the locations where bats have been
found within adits and to test the assumption that the temperature rises and becomes more
stable with distance underground. Additionally, from mid February 2017 static bat detectors
have been placed in two adits to record bat activity. All sites that have been used by
hibernating bats are registered with the Bat Conservation Trust’s National Bat Monitoring
Programme (NBMP). The surveys are undertaken by members of Northumberland and
Cumberland bat groups.
This paper focuses on bats recorded in a single adit, Roaring Spring Water, during the four
surveys in winter 2016-7. Due to the large amount of data generated by this project the
results presented here represent a small sample of the wider study. More detailed analysis
of the data is still ongoing. This report concentrates on temperature data both in relation to
bats which were refound in subsequent months compared to bats which were not present a
month later and in relation to the distance from the entrance of the adit.

Methodology
Roaring Spring Water is described as ‘a trial level that does not go far’ (www.aditnow.co.uk).
This adit is the highest within the survey range, at 600m asl. Bat data was collected between
December 2016 and March 2017. The level has stone arching for 28m from the entrance
and then is shale cut, the tunnel narrows with distance underground. This adit was searched
to 120m, beyond this the water level rises and the tunnel becomes small and harder to
access. The adit was surveyed from the entrance inwards; all sections of arching were
searched, as were the shale cut sections within the survey area. The adit was surveyed by a
small team of surveyors led by experienced and licensed bat workers. The adits were
searched with a torch taking care to check all the crevices from multiple angles.
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When a bat was found, the species was identified and a datalogger placed in a spot below
where the bat is roosting, in a different crevice to prevent disturbance to the bat and the
possibility of the bat dislodging it when emerging. The dataloggers used were ibuttons; these
are small loggers, 15mm in diameter and 5mm deep, discrete enough that they can be
placed into the arching without revealing the location of the bat. The ibuttons were set to
record temperature at four hourly intervals. The distance of the roost location from the adit
entrance was recorded using a digital laser measure and a photographic record of the
location of the bat and the ibutton was made to allow the crevice to be checked during the
next survey for the ongoing presence of the bat. The recording of the bat and location were
done quickly and efficiently to prevent any undue disturbance to the bat. In January,
February and March the previous known roosts were checked for the ongoing presence of
the bat within the same location between survey dates, bat behaviour was recorded, with a
note made if the bat had moved or stayed.
Additionally, ibuttons have been deployed at 30m intervals from 0-120m within the adit to
record ambient temperature inside the level. From mid February 2017 an Anabat Express
bat detector set to night only has been placed near to the entrance of the adit to record bat
activity within the level.
Temperature data was analysed by calculating the mean temperature and temperature
range at each distance, the mean temperature range was calculated for both bat behaviours
and a Wilcoxon rank-sum test in R (R Core Team, 2016) was used to test for significance.

Results
The maximum count of bats recorded within Roaring Spring Water on each survey visit was
two Daubenton’s bats and two brown long-eared bats in December 2016 and January 2017.
During the survey period four bats were refound in consecutive months and seven bats were
not present in the same location during the next survey (Table 1).
Table 1: Bat species, month present and distance from the entrance of bats recorded,
bats present in the same location in the subsequent month are highlighted.

Daubenton’s bat

Survey month
December
26.5m

January
Not present

February
Not present

March
Not present

Brown long-eared bat
Daubenton’s bat
Brown long-eared bat
Brown long-eared bat
Daubenton’s bat
Daubenton’s bat

57.9m
80.0m
98.4m
Not present
Not present
Not present

57.9m
80.0m
Not present
4.5m
27.7m
Not present

Not present
Not present
Not present
Not present
Not present
18.0m

Not present
Not present
Not present
Not present
Not present
Not present

Brown long-eared bat
Daubenton’s bat

Not present
Not present

Not present
Not present

52.8m
89.6m

52.8m
89.6m

Bat species

The ibuttons placed at the entrance of the adit to 120m underground at 30m intervals show
that the temperature at the entrance of the adit undergoes greater variation than the
temperature within the adit. The range of temperature variation decreases with distance
underground, from a range of 11.5°C at 0m to 1.5°C at 120m (mean (°C): 0m = 11.5; 30m =
3.5; 60m = 3.0; 90m = 3.0; 120m = 1.5 (Figure 1)).
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Figure 1: Temperature variation with distance from the adit entrance.
The mean temperature increases with distance into the adit, there is a small increase
between 30-90m with a larger increase at 120m (mean ± standard error (°C): 0m = 2.706 ±
0.095; 30m = 5.186 ± 0.024; 60m = 5.417 ± 0.020; 90m = 5.947 ± 0.014; 120m = 6.605 ±
0.019 (Figure 2)).
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Figure 2: Mean temperature with distance from the adit entrance.
Four bats were recorded in subsequent months; seven bats were not refound (36.36% and
63.63% respectively). There was no significant difference between the mean temperature
change for bats that stayed and bats that moved (mean ± standard error: bats that stayed =
1.63 ± 0.427; bats that moved = 2.57 ± 0.468; Wilcoxon rank-sum test, W = 8, df = 10, pvalue = 0.2885 (Figure 3)).
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Figure 3: Mean temperature variation for bats that stayed and bats that moved.
The Anabat data collected in Roaring Spring Water from mid February to April is still to be
analysed, although no bat files were recorded in February or early-mid March despite bats
noted moving within the adit.

Discussion
There was no statistical significance between the mean temperature change for bats that
stayed and bats that moved, however there is a potential for a pattern to be observed if more
data is collected. The sample size was very small, with data for only 11 bats, collecting more
data would enable a more representative sample, which would provide more reliable data to
give greater precision and power to the results. Furthermore, when a bat was refound in the
same location as the previous month it has been assumed that the bat has not changed its
hibernation position between surveys. It is possible, based on data collected from a different
adit, that the bat may have moved from this location and returned within the time between
the two surveys. When a bat has moved it is not known when the bat moved during the
survey interval, the bat may have been disturbed by the presence of the survey team and
could have moved that night or it could have aroused naturally during the month between
surveys and moved of its own accord. Data was recorded for a month at each point, so has
been collected beyond the time when the bat was present. Areas of further research could
include considering the data by species and also by the choice of hibernation location, either
within a crevice or hanging openly against the wall.
The large degree of fluctuation at 0m is influenced by climatic conditions; this adit is at 600m
asl in moorland with no protection from the weather, however the internal temperature
becomes relatively stable at 120m from the entrance. The temperature at the entrance is
influence by weather events, but by 30m the effect of these events is already less marked.
The predicted internal temperature of 11°C was not reached; there are two possible
explanations for this, either the dataloggers were not placed far enough underground or that
this adit may be different as it is described as a trial adit and does not lead into an extensive
mine system.
Future surveys will be undertaken following this methodology to allow more data to be
collected. These surveys will be undertaken in this adit and also in the other adits that form part
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of the wider study. Further analysis of results from different adits may provide further insights
into these results; it may be possible to consider the effect of altitude or portal orientation.
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