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Summary 
The activity of Pipistrellus pipistrellus and Pipistrellus pygmaeus was assessed using 
acoustic surveys across three habitats at morning and evening twilight near Oban, Scotland. 
The relative abundance of insects of the order Diptera was calculated through trapping. Our 
results showed that activity was greatest prior to dusk. Habitat has the most profound 
influence on bat activity and relative prey abundance, which were weakly correlated. The 
rural built-up settlement exhibited greatest activity, however this study area also exhibited 
greatest habitat heterogeneity. The implications of these findings may be used to assist bat 
conservation programmes and rural land-use planning in an attempt to increase available 
favourable areas for roosting and feeding.

 

 

 

 

 

Cologin Country Chalets and surrounding vegetation, the location of this study. 
Photograph by Cameron Campbell. 
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1. Introduction 

Pipistrelle bats are common and widespread 
throughout Scotland, observed in a variety 
of habitat types in mainland, estuarine and 
island environments (Stebbings, 1997; 
Haddow & Herman, 2000). The estimated 
abundance of pipistrelles in Scotland is 
550,000, with a minimum population density 
of 18.2 pipistrelles per km2 (Speakman et al., 
1991a; Harris et al., 1995). Two species of 
pipistrelle bats are most commonly present 
in Scotland, Pipistrellus pipistrellus 
(Schreber) and P. pygmaeus (Leach). P. 
nathusii (Keyserling and Blasius), therefore 
have been excluded from this study as they 
are only present in North-East Scotland and 
the Shetland Isles (Speakman et al., 
1991b). The UK Biodiversity Action Plan 
status for both pipistrelle species is ‘priority’, 
while the IUCN also categorises both as 
endangered (Hutson et al., 2001; Swift, 
2004). 

Pipistrelle nursery colonies select roost sites 
based on their structural morphology and 
food source availability (Swift, 1980). Further, 
Jenkins et al. (1998) suggest that roost 
selection is influenced by the risk of 
predation, which bats attempt to reduce 
through nocturnality (Fox et al., 1976; 
Fenton et al., 1994; Speakman, 1995). The 
bats provide multiple ecosystem services 
(Kunz et al., 2011) and feed on aerial 
insects, primarily Dipterans, whose activity is 
greatest prior to dusk (Rydell et al., 1996). 
Feeding at greater light levels is typically 
inhibited by the presence of predators 
(Gillette & Kimbrough, 1970). Swift (1980) 
showed that mean pipistrelle roost 
emergence time is 35 minutes following 
sunset, as a result of the aforementioned 
behavioural trade-off.  

Recent studies have indicated that 
Pipistrellus pipistrellus are habitat 
generalists; however, roost selection 
frequently favours rural man-made 
structures with roof cavities or crevices if 
present (Vaughan et al., 1997; Jenkins et al., 
1998; Swift, 2004). Pipistrellus pygmaeus 
are also expected to roost in rural built-up 

areas close to hedgerows (Lourenço & 
Palmeirim, 2004; Oakeley and Jones, 1998), 
yet evidence of habitat differentiation and 
resource partitioning between the sympatric 
pipistrelle species indicates that P. 
pygmaeus favour riparian environments, 
whereas P. pipistrellus favour open 
woodland (Davidson-Watts et al., 2006). 
Jones and Van Parijs (1993) first suggested 
that cryptic species were present within 
Pipistrellus, due to significant variance in 
ultrasound echolocation frequencies. This 
theory was verified through DNA sequencing, 
which revealed genetic divergence and 
stimulated a ubiquitous consensus for 
species reclassification in 1999 (Barratt et 
al., 1997; Sztencel-Jabłonka & Bogdanowicz; 
2012). 

Due to several morphological and 
behavioural similarities, varying ultrasound 
echo-location frequencies are primarily used 
to distinguish P. pipistrellus (45 kHz) and P. 
pygmaeus (55 kHz) (Parsons & Jones, 2000; 
Swift et al., 201). Echolocation is employed 
both for navigation and insectivorous 
foraging purposes (Kaiko, 1995), which 
Schnitzler et al. (2003) showed to be 
habitat-specific. Habitat is often considered 
the principal ecological constraint on bat 
activity (Schnitzler & Kalko, 2001), defined 
by the proportion of time echolocation calls 
are emitted by indiv-iduals (Miller, new 
2001). Pipistrelle flight is affected by wind 
strength and direction (Verboom & Spoelstra, 
1999); though navigation commonly relies 
on linear landscape characteristics such as 
forestry plantations, built-up structures or 
hedgerows; where wind conditions have a 
lesser effect than in open areas (Verboom & 
Huitema, 1997; Loeb & O’keefe, 2006; 
Gaisler et al., 1998).  

This study aims to evaluate the relationships 
between insect abundance and bat activity 
across a range of rural environments. 
Despite their protected status, knowledge of 
the limiting factors on pipistrelle activity in 
Scotland is relatively incomplete (Thompson, 
1992; Swift, 2004). Scientific insight 
concerning bat activity across a range of 
habitats is essential for effective application 
in resource management and town planning. 
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The conclusions drawn from this study may 
be applied to conservation orientated 
agendas, with a particular emphasis on the 
maintenance of bat habitats and ecosystem 
biodiversity (Russo & Jones, 2003; Kalko & 
Handley, 2001; Fenton, 1997). 

2. Methods 
2.1 Study area 
The study area was established around the 
Cologin Country Chalets and Cologin man-
aged FSC woodland (FCS, 2008), shown in 
figure 1. 
j  
Three distinct habitats were defined: de-
ciduous woodland edge, hillside grassland, 
and built-up chalets. The deciduous 
woodland is semi-natural, dominated by 
Quercus robur (L.) and Sorbus aucuparia 
(L.), defined as an A1.1.1 phase 1 habitat 
after JNCC (2003). The four woodland edge 
sample sites were placed 5m from the 
woodland in a parallel transect, at regular 
intervals of 25 m. The area was grazed by 
three Bos (primigenius) taurus (L.), however 
dense Pteridium and Calluna vulgaris (L.) 
cover prevented grazing closer to the 
transect. Four sample sites were established 
along the hillside con-tour at intervals of 25 
m. The hillside grassland sites were covered 
by dense Pteridium, Juncus effusus (L.) and 
C. vulgaris, defined as a B5/C1 phase 1 
habitat after JNCC (2003). Both the 

woodland and hillside habitats were 
homogeneous, however the chalet habitat 
expressed relative heterogeneity. All chalet 
sites were close to intermittent deciduous 
trees and streams; however, sites A and B 
were closer to grassland, whereas sites C 
and D were closer to coniferous woodland. 

2.2 Experimental procedure 

Spatial systematic sampling was employed 
across each habitat type to ensure that there 
was adequate space between measurement 
sites, in order to minimise the effect of false 
duplications. This study used temporally 
independent replications between sites over 
five consecutive days in late summer. Bat 
activity and insect abundance readings were 
taken at each site during dawn and dusk 
twilight, defined by the UK Met Office (2015). 
Temporal systematic sampling was 
employed through site rotation ensuring 
each site was studied at various times in 
twilight, and therefore subject to various 
illuminance intensities, measured using a 
1301 Lux & FC Light Meter (ETI, 2006) over 
the twilight period. Each site was sampled 
for ten minutes, therefore readings lasted 
approximately 120 minutes. 12 sample sites 
over both time periods, each with five 
repeats, were assessed during statistical 
analysis (a total of 120 samples)

 

 
 

Figure 1. Map of the study area (Image: Digimap, 2015). 
The scale of this map is 1:1750, and the general OS grid 
reference is NM 8532 2606. Hillside sample sites are 
denoted by crosses, woodland edge sites by diamonds, and 
the chalet sites by circular pin shapes. This map also shows 
the location of the Eas Charran stream (a tributary to Loch 
Feochan), and the boundaries of the deciduous woodland. 

	

 
0                      100 m 
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Bat activity was monitored for at each site 
using a Magenta ‘Bat 5’ Digital Quartz Bat 
Detector (MEL, 2008) set at 50 kHz, the 
mean ultrasound frequency exerted by the 
combined Pipistrellus species (Swift et al., 
2001). Bat activity was quantified as the 
cumulative time in which calls were recorded 
within a 10 minute period, to be expressed 
as a percentage of total time. Relative insect 
abundance (RIA, %) was calculated using a 
Russell IPM Insect Trap (Russell IPM, 2013), 
attached to ranging poles at each site at a 
height of 1.5 m. Dusk readings showed 
relative diurnal abundance, whereas dawn 
readings showed relative nocturnal 
abundance. Temperature and relative 
humidity readings were taken at each site to 
be examined as covariates. 

2.3 Statistical analysis  

All statistical tests were undertaken using 
Minitab 17 statistical software (2010). 
Normality tests were applied to determine if 
the assumptions for parametric statistics 
were met, after Grafen & Hails (2003). 
Correlation analysis was used to visualise 
the relationship between bat activity and RIA. 
Multiple analysis of variance (ANOVA) tests 
were used to compare mean bat activity and 
RIA data between the three habitat groups 
and two twilight periods; followed by post-
hoc Tukey’s tests. RAI, temperature and 
relative humidity were then included in 
subsequent bat activity analyses as 
covariates (ANCOVA). 

 

3. Results 
3.1 Twilight illuminance 
Loge illuminance (lx) was plotted against 
minutes before sunrise (min) and minutes 
after sunset (min) for morning and evening 
twilight periods respectively. On a 
logarithmic linear scale distinct lines of best 
fit were visually apparent in both categories, 
and regression analysis subsequently 
indicated that a large proportion of the 
variance, shown in table 1. The accuracy of 
measurements using the 1301 Lux & FC 

Light Meter was ±5% at scale of illuminance 
measured. 

Twilight 
Category 

Regression 
equation 

R-squared 
value (r2) 

Dawn  y = 127.68e-0.134x 0.994 

Dusk y = 159.32e-0.148x 0.984 

Table 1. Results of Loge illuminance and time regression 
analysis, comparing morning and evening twilight. 
  

3.2 Correlation analysis 

When comparing the raw bat activity and 
insect abundance correlational analyses 
testing was appropriate, due to the influence 
of extraneous variables affecting both 
datasets and the vulnerability of subsequent 
conclusions to reverse causality (Grafen & 
Hails, 2003; Ruxton & Colgrave, 2010). The 
scatter-gram and related tests are shown in 
figure 2. 
 

 
Figure 2. Scattergram of bat activity against relative 
insect abundance. Nonparametric correlational tests were 
used to determine to statistical dependence of these 
variables, after Fowler et al. (1998b). These results were: 
Pearson’s product movement correlation (r) = 0.459; 
Coefficient of determination (r2) = 0.211; and 
Spearman’s rank correlation coefficient (rs) = 0.611. 
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3.3 Mean bat activity and insect abundance 

The mean bat activity across habitat groups 
and twilight categories is shown in figure 3. 

 
Figure 3. Mean bat activity and associated errors, 
comparing the effect of habitat type and twilight period. 
Chalet = 4.19 ± 0.84%; Woodland = 0.2 ± 0.04%; Hillside = 
0.03 ± 0.01%; Dawn = 0.55 ± 0.13%; Dusk = 2.40 ± 0.37%. 
 

The mean RAI across habitat groups and 
twilight categories is shown in figure 4. 
 

 

Figure 4. Mean insect abundance and associated errors, 
comparing the effect of habitat type and twilight period. 
Chalet = 9.613 ± 1.25%; Woodland = 7.50 ± 1.72%; Hillside = 
4.20 ± 0.98%; Dawn = 1.56 ± 0.25%; Dusk = 13.80 ± 1.29%. 
 

The overall mean bat activity from all 
readings was 2.19 ± 0.46%, and the overall 
mean RAI across all sites and times was 
7.02 ± 0.86%. 

3.4 Analysis of Variance (ANOVA) tests 

A one-way ANOVA showed that differences 
in log bat activity across all habitat types 
was significant at the p < 0.01 level, [F (2, 78) 
= 16.51; p < 0.00]. Post-hoc analyses using 
Tukey’s pairwise comparisons test showed 
that all habitats significantly differed from 
one another at the p < 0.05 level. 
Regression analysis concluded that 20.89% 
of residual variability was accounted for by 
habitat type alone, therefore the factor of 
time was tested by a GLM. A second one-
way ANOVA showed that differences in log 
bat activity between morning and evening 
twilight periods were significant at the p > 
0.01 level, [F (1, 62) = 9.38, p = 0.003]. 

Arcsine RAI between habitats was also 
assessed through a one-way ANOVA. This 
showed that RAI differences were significant 
at the p < 0.01 level, [F (2, 125) = 4.78, p = 
0.01]. Post-hoc analyse using Tukey’s 
pairwise comparisons test showed that 
differences between the chalet and hillside 
habitats were significant, however RAI did 
not differ significantly between the woodland 
edge and the other habitats.  Regression 
analysis concluded that 7.10% of residual 
variability was accounted for by habitat type, 
and 40.56% was accounted for by twilight 
period. A second ANOVA concluded that the 
differences between twilight periods were 
significant at the p < 0.01 level, [F (1, 126) = 
85.98, p < 0.00]. 

A final set of ANOVA tests showed that 
temperature differences between habitats at 
the p < 0.05 level were not significant, [F (2, 

125) = 1.06, p = 0.35], nor were differences in 
relative humidity, [F (2, 125) = 0.35, p = 0.71]. 

3.5 Analysis of Covariance (ANCOVA) test 

Due to the multivariate nature of the factors 
affecting bat activity, an analysis of 
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covariance (ANCOVA) test was used to 
increase statistical power (Cohen, 1977; 
Leech et al., 2005). This showed that bat 
activity differences due to habitat were 
significant at the p < 0.01 level, [F (2, 121) = 
13.57, p < 0.00], as were differences due to 
RIA, [F (1, 121) = 8.90, p = 0.01]. The 
differences in bat activity due to the three 
covariates examined in this ANCOVA were 
determined not to be significant at the p < 
0.05 level; twilight period [F (1,121) = 0.14, p = 
0.71], temperature [F (1, 121) = 2.22, p = 0.139) 
and relative humidity [F (1, 121) = 0.37, p = 
0.54]. 

 

4. Discussion 
4.1 Interpretation of results 

A logarithmic relationship between 
illuminance and time since the beginning of 
the twilight period was observed, which 
subsequent regression analysis showed to 
be very strong after Fowler et al. (1998b). 
The mean gradient in both time periods 
show the speed at which the sun rose at set 
at the study area, 56.37 °N. The mean 
twilight duration during the study in late 
summer was 62.5 min, which finished 18 
days before the autumn equinox (UK Met 
Office, 2015; HMNAO, 2000). Roost 
emergence and bat activity is closely 
correlated with the timing of sunrise and 
sunset (Catto et al., 1995; Swift, 1980), 
which Welbergen (2008) proved to be 
independent of environmental and 
meteorological factors. This was supported 
by our ANOVA and ANCOVA results, which 
showed that temperature and humidity had 
no significant effect on bat activity or RIA.  

ANOVA and regression analysis showed 
that the primary limiting factor on RIA was 
twilight period, accounting for 40.56% of 
availability. In addition to this, post-hoc 
analysis on the effect of habitat on RIA 
stated that only the chalet and hillside 
grassland sites were significantly different. 
Differences between twilight periods are 
likely to have exaggerated by our sampling 
method, which relied on insect traps being 
counted and replaced at dawn (inferring 
nocturnal RIA) and dusk (inferring diurnal 
RIA), as Dipterans are primarily diurnal 
insects (Gregor & Dusbábek, 1982; Racey 

et al., 1998; Sanders et al., 2011). However, 
Rydell et al. (1996) showed that the peak in 
Dipteran flight activity during the two-hour 
period prior to dusk was significantly greater 
than the rest of the day in West Scotland (t = 
2.65, d.f. = 13, p = 0.01); therefore, one 
could argue this induced bias in our results 
is a mildly representative estimation of dusk 
RAI, despite experimental inaccuracy. 
Despite the timing of insect flight and activity 
varying across different prey species, a 
similar study concluded that Dipterans 
constituted 88.6% of the Scottish pipistrelle’s 
diet (Rydell et al., 1996). Twilight period was 
also a significant factor affecting bat activity; 
yet when morning and evening data were 
compared within habitats, differences in the 
chalet site were the only group which 
expressed significance at a p > 0.05 level. 
This suggests that habitat type played a 
greater role in limiting the level of bat activity 
at Cologin (Walsh & Harris, 1996; Norberg, 
1994), confirmed by the results of an 
analysis of covariance.  

Correlational analysis investigating the 
relationship of bat activity and RIA produced 
a Pearson’s product movement correlation (r) 
of 0.459, indicating a “modest correlation” 
(Fowler et al., 1998b). However, a “weak” 
coefficient of determination (r2) suggests 
that other factors are affecting the 
relationship be-tween bat activity and 
relative insect abundance. Although Tukey’s 
testing showed that differences in RIA 
between the chalet and hillside habitats 
were significant, RIA at the woodland edge 
did not differ significantly from either habitat, 
despite an intermediate mean in both bat 
activity and RAI. Müller et al. (2012) 
presented the complications pipistrelles face 
when foraging in an open habitat such as 
the hillside grassland, due to both prey and 
predator abundance expressing much 
greater relative variability, and the difficulty 
faced when locating prey spatiotemporally 
via echolocation, which may explain this 
pattern of results. 

Following ANOVA and ANCOVA testing, it 
can be concluded that habitat type was the 
major determining factor on pipistrelle 
activity at our study site in late summer. 
Activity was greatest in the chalet site, 
supporting Vaughan et al.’s (1997) theory 
that pipistrelles preferentially roost in rural 
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man-made structures and built-up areas; 
due to their warmth, stability and security 
from predators. Kush et al. (2004) showed 
that pipistrelle habitat choice is dependent 
primarily on local prey abundance and 
physical structure, both for roosting and 
foraging. In addition to these preferences, 
unequal prey distribution often results in 
aggregations of pipistrelles in favourable 
environments (Hildrew & Townsend, 1980; 
Cartar & Real, 1997). Such aggregations are 
the result of numerous behavioural trade-
offs, explained by the optimal foraging 
theory (Charnov, 1976), where pipistrelles 
aim to maximise fitness and foraging while 
reducing effort and risk of predation 
(Townsend & Hildrew, 1980). This theory 
offers an explanation into the observed 
activity variance between habitats, suggests 
why activity was greatest at the chalet 
sample site, and why activity was lowest at 
the hillside grassland site. 

Within-site variance in activity was greatest 
at the chalet sample site (SD: ± 7.28%); 
however, this variance was much lower at 
both the woodland edge and hillside 
grassland sites (SD: ± 0.23%, SD: ± 0.08%, 
respectively). The relatively insignificant 
variance at the woodland and hillside sites 
can be explained by habitat homogeneity; 
where physical structure, prey abundance 
and roost availability are expected to be 
comparatively uniform. Wickramasinghe et 
al. (2003) showed how bat foraging activity 
decreases following agricultural 
intensification, which proved that 
transforming polycultures into monocultures 
significantly reduced activity. Conversely, 
the greater variance within the chalet group 
can be attributed to its relative heterogeneity, 
the greatest activity being recorded at sites 
C and D (see figure 1). Meyer et al. (2004) 
showed that structural and micro-climate 
heterogeneity had a significant effect on bat 
activity [r2 = 0.46, F (2) = 23.8, p < 0.001], 
which was concluded to have the most 
profound influence on both bat foraging 
activity and insect abundance. These results 
introduce an element of uncertainty to our 
conclusions; it is unclear whether bat activity 
is affected more by habitat type or the 
degree of heterogeneity. 

 

4.2 Limitations and future research proposal 

Due to the complex nature of this 
multivariate system, it is difficult to draw 
sound conclusions regarding the effect of 
one variable on another, as is the case with 
many observational studies (Egger et al., 
1998). This reduces the certainty of our 
conclusions, as the results are extremely 
vulnerable to the influence of confounding 
variables. Continuous variables from the RAI 
and bat activity correlational analysis are 
subject to bidirectional causation, as typical 
of most predator-prey relationships 
(Abrahms, 2000); therefore, direct causality 
cannot be inferred (Grafen & Hails, 2003). 
Considering the protected status of 
Pipistrelles and their roosts following the 
Wildlife & Countryside Act (1981), 
manipulative experiments are unethical and 
illegal, and therefore unlikely to be 
conducted. 

Human sampling error may have affected 
data, in particular bat activity measurements. 
Firstly, the response time when logging bat 
activity (using a stopwatch) is expected to 
vary from reader to reader. Secondly, when 
monitoring at a sample site the direction in 
which the bat detector is orientated affects 
accuracy (MEL, 2008), which was not 
standardised across sites. Thirdly, although 
the bat detector’s loudspeaker does not 
directly cause bat disturbance, proximate 
human presence is likely to deter bats, and 
therefore produce biased results (Swift, 
1980). Finally, this study failed to 
differentiate between bat commuting time 
and bat foraging time within activity 
measurements, which may have masked 
interesting findings within the nature of bat 
activity (as found by Verboom & Spo-elstra, 
1999).  

By virtue of time, resource, and labour 
constraints, the generality of conclusions 
from this study is negligible. Only one study 
area for each habitat type was examined, 
thus each observation was subject to the 
same random environmental factors, raising 
issues regarding the effect of simple spatial 
pseudo-replication (Hargrove & Pickering, 
1992). Furthermore, data were collected 
over a period of five days in late summer, 
failing to account for seasonal and yearly 
variation in biotic factors such as pipistrelle 
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hibernation or prey abundance; and abiotic 
factors such as climate. Such close temporal 
proximity of readings may have resulted in 
temporal autocorrelation, and render 
samples temporal pseudoreplicates (Hulbert, 
1984). Consequently, no broader biological 
inferences can be taken from this study, 
either spatially or temporally. To eliminate 
the effect of pseudoreplication from this 
study, repeat readings should be taken from 
March to November; in order to account for 
random activity variances due to differences 
in hibernation emergence times, mating 
season and other ecological factors (Swift, 
1980). Simultaneously, replicate studies 
should be undertaken across a range of 
rural built-up areas, open grassland, and 
woodland edge habitats; allowing broader 
inferences to be made; which could have 
considerable implications for conservation 
orientated management schemes, allowing 
recommendations for efficient improvement 
and maintenance of ecosystem biodiversity 
to be made. In addition to improving the 
statistical power of this study, additional 
factors in this system may be explored in 
order to assess their impact on bat activity 
and prey abundance. Habitat heterogeneity 
may be quantified using estimations of land 
cover, soil and topography (August, 1983); 
to be examined as a covariate.  

 

5. Conclusions 
Pipistrelle bat flight activity and prey 
abundance was assessed using acoustic 
surveys across three distinct habitats (rural 
built-up area; woodland edge; and hillside 
grassland) at morning and evening twilight in 
rural West Scotland. Pipistrelles select their 
habitat in an attempt to maximise fitness and 
foraging success, while minimising effort 
and the risk of predation, explained by the 
optimal foraging theory. Bat activity was 
greatest prior to dusk. A significant 
difference in bat activity was proven across 
habitat types. ANCOVA results of this study 
indicate that habitat has the most profound 
influence on bat activity and prey abundance; 
however further analysis is required in order 
to compare the effect of habitat type and 
habitat heterogeneity, assisting rural 
conservation programmes to effectively 
promote bat activity. 
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