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Abstract

This thesis examines the ecology, parasites and pathogens of three insectivorous bat species in
Wytham Woods, Oxfordshire; Myotis nattereri (Natterer’s bat), M. daubentonii (Daubenton’s

bat) and Plecotus auritus (Brown long-eared bat).

The population structure was assessed by monitoring associations between ringed individuals,
utilising recent advances in social network analysis. Populations of both M. daubentonii and M.
nattereri were found to subdivide into tight-knit social groups roosting within small areas of a
continuous woodland (average minimum roost home range of 0.23km? and 0.17km?
respectively). If this population structure is a general attribute of these species it may make
them more sensitive to small scale habitat change than previously thought and has

implications for how diseases may spread through the population.

M. daubentonii had a strong preference for roosts close to water, away from woodland edge
and in areas with an easterly aspect. The factors driving roost choice in M. nattereri and P.
auritus remain elusive. The segregation of M. daubentonii into bachelor and nursery colonies
was not a result of the exclusion of males from roosts close to water by females, or variation in
microclimate preferences between the sexes, as was predicted. Body condition
(weight/forearm length) was correlated with host characteristics including age and

reproductive status, and weather variables.

Astroviruses and Coronaviruses, which have characteristics typical of zoonotic viruses, were
identified in UK bat species for the first time. Coronaviruses identified formed species-specific
clades while Astroviruses were highly diverse. Though not closely related to human viruses
these are potential zoonotic diseases of the future. Models of Coronavirus and ectoparasite
distribution suggest individual attributes (e.g. sex and age) and population structure (e.g. the
formation of nursery and bachelor colonies) are important predictors of parasite and pathogen

prevalence.

This study characterises a system that offers many opportunities for future research including

studies of sociality, disease modelling and conservation management.
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multiple years are CONSIAEIEd.........uueiiii it e e e e rer e e e e e e eeannes 94

Figure 2.6 (opposite) — Distribution of a) M. nattereri both sexes and b) female M. daubentonii
social groups in Wytham Woods. Roosts used by bats, and home range estimates are
coloured according to social group (colours are comparable to Figure 2.4, panels a) and
c)). Home ranges are estimated using 100% minimum convex polygons (MCPs). MCPs
exclude roosts occupied by a single individual (M. nattereri, n = 24; M. daubentonii, n =
44) or separated by over 1km from a roost of the same social group (n = 1 for each
species). Four adult female M. daubentonii were radio-tracked; two from each of two
social groups. The daytime roosts (including trees) used by these individuals are
indicated by asterisks and are coloured according to the social group to which they
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Figure 2.7 — Distribution of M. daubentonii bachelor colonies observed during the nursery

period compared to the MCPs of female social groups........cccccvveeeeiieeeecciee e, 97

Figure 2.8 — Lagged association rates within and between sexes of a) M. nattereri and b) M.
daubentonii. M = Male, F = Female. Standard error is calculated by jackknifing over a
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Figure 3.1 — Distribution of sampling effort across roost boxes. Sampling effort was increased
in areas known to be frequently used by bats to maximise data collection, particularly
for social network analysis. The area used in the study of roost microclimate is
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Figure 3.2 — The distribution of the three major habitat types in Wytham Woods. Classifications
are made at the scale of the compartments, subdivisions of the wood divided by rides

and historic management boUNdaries ........cc.ccevecviiieeciei e 114
Figure 3.3 — The design of a) Blue tit and b) Great boxes used as roosting sites by bats......... 115

Figure 3.4 — Ten meter buffers surrounding each box were used to calculate canopy variables.
Buffers were clipped by the woodland boundary map, marking the extent of the
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Figure 3.5 — A map of the altitudinal gradient across Wytham Woods. The wood is highest in

the middle providing a range of altitudes and aspects..........ccocceeeeieeiecciee e, 117

Figure 3.6 — A map of aspect throughout Wytham Woods. The aspect of the terrain around

each box was calculated by averaging the aspect within a 10m radius buffer (see Figure



Figure 3.7 — A map of slope throughout Wytham Woods. The slope of the terrain around each

box was calculated by averaging the slope within a 10m radius buffer (see Figure 3.4)

Figure 3.8 — The distribution and height of canopy in Wytham Woods. Canopy was classified as

VEEETATION OVEE 8IM ..ttt ettt e e e e e sttt e e e e s s s s sanreaeeeeesssanannns 120

Figure 3.9 — Bodies of water close to Wytham Woods, Farmoor reservoir and the Thames River,
were mapped in Arc GIS. Intersections of the woodland edge with linear features
including hedgerows and tree lines were also mapped. The distance from each box to

the closest water body and woodland/linear feature intersection were calculated .. 121

Figure 3.10 — Principal components analysis of canopy attributes for 10m buffers around each
roost box. Grey labels represent the data points for each roost box whilst black arrows
show the direction of the axes for each variable included in the analysis. Principal
component 1 is correlated to canopy height whilst principal component 2 is correlated

to canopy height heterogeneity. Together these components account for 91.7% of the

0DSErVEd Variation .......cooiiiiiiie et 127
Figure 3.11 — Distribution of M. daubentonii summer roosts 2006-2010 ..........ccccceeeeuveeeernnnen. 129
Figure 3.12 — Distribution of M. nattereri summer roosts 2006-2010 .........cccceveveeeeecreeeesnne 130
Figure 3.13 — Distribution of P. auritus summer roosts 2006-2010.........cccccueerrueeesveersreeeneeenns 130

Figure 3.14 — Ambient average daily temperature against roost box temperatures. The solid
black line represents the line of equality. The temperature of boxes is closely linked to

the ambient tEMPEIAtUIE ......c.eeeie et e e e et e s e eaae e e e enres 135

Figure 3.15 — Ambient average daily humidity against roost box humidity. The solid black line
represents the line of equality. The humidity recorded in boxes was greater than

ambient conditions but increased with increase ambient humidity ..............cc.c......... 136

Figure 3.16 — Temperature recordings from 34 roost boxes from late July to early August. Each
box is shown by a line of different colour. Records for when bats were present are

ShOWN BY BIACK CIFCIES.....veiiieeeeeee e e e e 137

Figure 3.17 — Humidity recordings from 34 roost boxes from late July to early August. Each box
is shown by a line of different colour. Records for when bats were present are shown
by black circles. The high point on the yellow line was the largest bat colony observed
in the microclimate study (estimated at 15-20 bats). From left to right the other bat

colonies had approximately 4, 8-10, 3 and 4-5bats.......ccccccvveeeiiiieieeiiee e, 137
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Figure 3.18 — Average roost temperature was shown to decrease with increasing canopy cover

as recorded using fish-eye photographs. The regression line is shown (t =-2.7, p = 0.01)

Figure 3.19 — Boxplot of counts of bat fly puparia from occupied (n = 21) and unoccupied
roosts (n = 13). The smallest observation, lower quartile, median (bold horizontal bar),
upper quartile, and largest observation are shown. Unoccupied roosts have

significantly fewer bat fly puparia than recorded in bachelor or nursery roosts ........ 140

Figure 4.1 — Image of a Spinturnicid mite (Spinturnix myoti). This family of mites can be easily
identified with the naked eye by their size, colour and position of the legs. Photo
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Figure 4.2 — The distribution of adult weight and forearm length for the three bat species
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Figure 4.3 — Frequency distribution of bat fly and bat fleas infesting M. daubentonii and M.
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Figure 4.4 — The distribution of Spinturnicid and non-Spinturnicid mites on M. daubentonii, M.

NALLEIEIT ANA P. GUITEUS «.vvveeeeeeeeeeeiieeeee e ettt e e e e e et tttse e s s e e s e ttaaasesssessssssaassassessessaaes 165

Figure 4.5 - The abundance of Spinturnicid mites on M. daubentonii found in different colony
types; B — bachelor colonies, M — mixed colonies and F — female colonies. Horizontal
black bars indicate the median value and boxes indicate the interquartile range (that
which contains 50% of the data). Whiskers indicate the range of the data or 1.5 times
the inter quartile range whichever is smaller. Open circles show outliers and labels give
the sample size. The asterisk marks the colony type level used as the contrast in

MOAEIS (SEE TADIE 4.8) ...ttt et e e e ette e e e ebre e e e e aeeeeeeaes 168

Figure 4.6 - The abundance of Spinturnicid mites on M. nattereri found in different colony
types; B — bachelor colonies, M — mixed colonies and F — female colonies. Boxes are
presented as in Figure 4.5. Labels indicate the sample size. The asterisk marks the

colony type level used as the contrast in models (see Table 4.8)........ccccceevvveeennnennn. 169

Figure 4.7 — The abundance of Spinturnicid mites on P. auritus found in different colony types;
B — bachelor colonies, M — mixed colonies and F — female colonies. Boxes are
presented as in Figure 4.5. Labels indicate the sample size. The asterisk marks the

colony type level used as the contrast in models (see Table 4.8)........cccceeeveeereeennenn. 169

Figure 4.8 — The abundance of Spinturnicid mites observed infesting adult female M.

daubentonii, grouped by the reproductive status of the host. Pairwise comparisons:
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Non-breeder<<Post-lactating<Pregnant<<Lactating where ‘<<’ indicates a significant
difference and ‘<’ indicates a non significant difference. Boxes are presented as in

FIGUIE 4.5 e et e e ettt e e e e e e st bt e e e e s e e s s brraeeeeeeeeas 171

Figure 4.9 — The abundance of Spinturnicid mites observed infesting adult female M. nattereri,
grouped by the reproductive status of the host. Pairwise comparisons: Pregnant<Non-
breeder<<Post-lactating<<Lactating, notation as in Figure 4.8. Boxes are presented as

TN FIBUIE 4.5ttt ettt e e e e e s et b e e e e e e e s bbbt e eee s e e e s srraaeeeeeenns 172

Figure 4.10 — The abundance of Spinturnicid mites observed infesting adult female P. auritus,
grouped by the reproductive status of the host. Pairwise comparisons:
Pregnant<<Non-breeder<Post-lactating<Lactating (Non-breeder<<Lactating), notation

as in Figure 4.8. Boxes are presented as in Figure 4.5 ........ccooeveviieeeeciieeeciciee e e, 172

Figure 4.11 — The abundance of non-Spinturnicid mites observed infesting adult female M.
daubentonii, grouped by the reproductive status of the host. Pairwise comparisons:
Post-lactating<Non-breeder<<Pregnant<Lactating, notation as in Figure 4.8. Boxes are

pPresented as in FIGUIE 4.5 ... .ttt e e sbte e e e bre e e e eans 175

Figure 4.12 — The abundance of non-Spinturnicid mites observed infesting adult female M.
nattereri, grouped by the reproductive status of the host. Pairwise comparisons:
Pregnant<<Non-breeder<<Post-lactating<<lLactating, notation as in Figure 4.8. Boxes

are presented as in FIGUIE 4.5 ... .ttt aee s 176

Figure 4.13 — The abundance of non-Spinturnicid mites observed infesting adult female P.
auritus, grouped by the reproductive status of the host. Pairwise comparisons:
Pregnant<<Post-lactating (Non-breeder and Lactating individuals were not significantly
different from any other groups), notation as in Figure 4.8. Boxes are presented as in

FIUIrE 4.5 i, 176

Figure 4.14 — The predicted effect of the previous night’s wind speed on body condition index
(BCI). Trend lines indicate the predicted effect of wind speed when all other variables
are held at their mean. Points indicate the predicted values of BCI from the best model

when used with the raw data, this gives an indication of the level of variability in the

Figure 4.15 - The predicted relationship between mean temperature of the previous night and
body condition index (BCl) for P. auritus. Trend lines indicate the predicted
relationship when all other variables are held at their mean. Points indicate the
predicted values of BCI from the best model when used with the raw data, this gives

an indication of the level of variability in the data .........ccccccveeieiiiii e, 181
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Figure 4.16 — The predicted relationship between non-Spinturnicid mite load and body
condition index (BCl). Trend lines indicate the predicted relationship when all other
variables are held at their mean. Points indicate the predicted values of BCl using the

best model and raw data, this gives an indication of the level of variability in the data

Figure 5.1 — Representative gel electrophoresis RT-PCR results for a) Coronavirus and b)
Astrovirus. 2% agarose gels were stained with ethidium bromide and visualised under
UV light using a Bio-Rad Gel Doc™ XR+ (Bio-Rad, Hemel Hempstead, UK). Hyper ladder
IV (BiolLine, London, UK) was used in both assays to evaluate product size. The bands
present in this hyperladder increase in 100 base pair (bp) intervals, the 100bp, 300bp
and 500bp bands are indicated. ‘+’ indicates positive controls and ‘—‘ indicates
negative controls. The Coronavirus sequence amplified was c.440bp in length (de

Souza Luna et al. 2007) and the Astrovirus sequence was 422bp in length (Chu et al.

Figure 5.2 — Neighbour joining phylogeny of representative coronavirus RdRP sequences
(366bp) including the new strains (bold type) found in British bats. Boot strap values
(1000 replicates) are indicated as percentages where the value was greater than 70%.
The simplest model of DNA evolution was selected using MEGAS, therefore the tree
was built on the number of base differences between sequences. Coronaviruses
known to infect humans are indicated by a closed circle (¢). The common name of
hosts is given for Coronaviruses not derived from bats. Viruses that have been
assigned to the Alpha-, Beta- and Gammacoronavirus genera by the International
Committee on Taxonomy of Viruses are bracketed. Scale bar indicates base differences

PEF SEOUEBNCE ..t iiiiiieeeieeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaeeaeaeaaaaaeeeeeeasasaeeaeeeeeeens 205

Figure 5.3 — Variation in Coronavirus prevalence amongst M. daubentonii for those factors
found to be significant in models. Juveniles had a higher prevalence than adults and
males had a significantly elevated prevalence in the post-nursery period compared
with the nursery period (Table 5.4a). The prevalence was calculated from the raw data

and error bars show the 95% confidence intervals. Labels indicate the sample size.. 208

Figure 5.4 — Variation in Coronavirus prevalence amongst M. nattereri for those factors found
to be significant in models. Juvenile males had a higher prevalence than adults and the
recorded prevalence was higher in 2009 than 2010 (Table 5.4b). The prevalence was
calculated from the raw data and error bars show the 95% confidence intervals. Labels

indicate the SAMPIE SIZE. ...ueevi e e e e e 208
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Figure 5.5 — Unrooted, maximum likelihood phylogeny of Astrovirus RARP sequences (253bp)
including novel strains (indicated by bold lettering) found in British bats. Using model
comparison the best model of DNA evolution was selected by MEGAS, this was a
general time reversible model (GTR), with non-uniformity of evolutionary rates
between sites (gamma) and a fraction of sites invariable over time (l). Coloured circles
indicate the species from which the virus was detected for samples collected in this
study (see colour key above), black circles indicate human Astroviruses. Names in blue
represent bat Astroviruses. Two major clades of bat viruses are highlighted. Clade 1
includes a previously identified Rhinolophid clade (Zhu et al. 2009). Where more than
one identical sequence was obtained from a single individual only one was included in
the phylogeny. Boot strap values (1000 replicates) are indicated as percentages where

the value was greater than 70%. Scale bar indicates base differences per nucleotide
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