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Abstract

Nest boxes have been used for many decades as tools for conservation and to study avian
population dynamics. Plastic is increasingly used as a material for nest boxes, but no studies
have investigated effects of this different material. Two consecutive studies were conducted to
investigate effects of nest-box environment on nidicolous parasites, bacteria and fungi, as well
as nest success, in blue tits Cyanistes caeruleus and great tits Parus major. The first compared
microclimate and parasite and pathogen load in plastic and wooden nest boxes. The second
tested the nest protection hypothesis – that birds naturally incorporate aromatic herbs into
nests to decrease nest parasites and pathogens – by comparing parasite and pathogen load
in plastic nest boxes to which aromatic or non-aromatic plant material was added. No signifi-
cant difference in nest-box temperature or relative humidity was found between plastic and
wooden boxes. Wooden boxes, however, contained 30-fold higher numbers of fleas and a
higher total bacterial load on chicks. Fledging success for blue tit broods was significantly
higher in wooden boxes. Parasites and bacteria did not decrease by the inclusion of aromatic
herbs. The results increase the evidence base for nest-box design in support of plastic, which can
provide an appropriate alternative nest-box material to wood, with apparently no difference in
microclimate and no increase in the load of measured parasites and pathogens.

Introduction

Wooden nest boxes have been used in conservation for many years, for example since 1947 in
the well-known Wytham Woods study site in Oxford (Perrins and Overall, 2001). In the last
decade or so, new nest-box styles have become commercially available (Pearce Environment,
2014). Plastic, being cheaper, recyclable and longer lasting, could be a more sustainable
nest-box material compared to wood. Despite these new nest-box styles having been widely
available for several years, few published studies have investigated either the microclimate
inside these boxes or how this might affect nest site choice, or indeed any variation in breeding
success or nidicolous parasite and pathogen levels associated with nest-box material. Those
studies that have been carried out have focussed on wood-crete boxes; another new nest-box
material which is made from a blend of cement and sawdust (Browne, 2006; Garcia-Navas
et al., 2008). Many species of parasite are commonly found to affect birds nesting in artificial
nest boxes, including fleas (Richner et al., 1993), mites (Gwinner et al., 2000), blowfly larvae
(Hurtrez-Bousses et al., 1997) and ticks (Goodenough and Hart, 2012), and are all known to
be pathogenic to chicks. Wild birds are also a known reservoir for multiple antibiotic resistant
forms of bacteria, including Enterobacteriaceae expressing extended spectrum beta-lactamases,
which could pose a threat to humans and the commercial poultry farming industry through
the transmission of drug-resistant bacteria (Tsubokura et al., 1995; Silva et al., 2011; Hasan
et al., 2012; Poirel et al., 2012; Tausova et al., 2012). The way in which nest boxes are used
and managed is therefore potentially important not only for the target avian populations,
but also for ecosystem health and the security of human health and food production systems.

A previous study comparing occupancy rates in nest boxes of different material showed that
birds typically preferred nesting in wood-crete boxes over wood (Browne, 2006). A different
study showed that wood-crete boxes typically had earlier clutches and shorter incubation
times, leading to more reproductive efforts per season. This was attributed to the temperature
difference, which was on average 1.5°C higher in wood-crete boxes (Garcia-Navas et al., 2008).
However, this temperature increase could equally be detrimental to egg development, depend-
ing on external environmental temperatures. Garcia-Navas et al. (2010) later found that chicks
in wood-crete nest boxes were lighter, which could be due to greater transpiration through
panting and other mechanisms used for cooling by chicks. Other studies have shown that
differences in temperature, as a result of nest-box orientation, also affect occupancy rates
(Ardia et al., 2006; Goodenough et al., 2008). Nest-box microclimate is clearly an important
factor in brood success, which needs to be investigated for plastic boxes. The British Trust
for Ornithology (BTO) currently recommends against the use of plastic boxes on its website
(BTO, 2013), due to over-heating and condensation issues. There is, however, no published
scientific data comparing plastic nest boxes with other types, in terms of temperature or
humidity, or effects on chick health and nest success.
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Several species of birds, including blue tits Cyanistes caeruleus
have been shown to regularly incorporate fresh green plants into
their nests, after nest building has ended (Wimberger, 1984; Clark
and Mason, 1985; Lambrechts and Dos Santos, 2000; Mennerat
et al., 2009b). Various hypotheses exist regarding this behaviour,
the most accepted of which is the nest protection hypothesis
(NPH), which states that phytochemical compounds from the plants
decrease nest pathogens, indirectly benefitting chicks (Clark and
Mason, 1985). Typically seen in cavity nesting species rather than
open-cup nesters (Clark and Mason, 1985), the behaviour has also
been shown to be more likely to occur in birds that re-use their
nests, rather than those that build new ones (Wimberger, 1984;
Clark and Mason, 1985). These birds would be expected to face
higher parasite and bacterial burdens through overwintering of para-
sites and contamination of the previous season’s nests, and therefore
make the evolution of this behaviour more likely. The behaviour has
mainly been observed in birds nesting in artificial nest boxes. The
plants are actively sought out by birds, being included in much
higher proportions than if all plants in the nest vicinity are randomly
sampled (Clark and Mason, 1985). They are also typically aromatic
in nature (Lambrechts and Dos Santos, 2000; Petit et al., 2002) and
many have been shown to have antibacterial (Sivropoulou et al.,
1995; Rossi et al., 2007) or antiparasitic effects (Perrucci et al.,
1995; George et al., 2008). All these factors lend circumstantial sup-
port to the NPH, i.e. that these aromatic herbs provide some bene-
ficial effects to chicks indirectly, by alleviating nest pathogens (e.g.
parasites or bacteria) or ameliorating their effects.

The present study aimed to investigate the differences in nest
microclimate between plastic and wooden nest boxes as well as
any variation in parasite, bacterial and fungal load and nest-box
success. The effect of adding ventilation holes to the microclimate
of plastic nest boxes was also investigated. It also set out to chal-
lenge the NPH in blue tits, and whether this behaviour could
attenuate increased infection pressure with nidicolous parasites
and bacteria in nest boxes.

Materials and methods

Study site

The study site was Betty Daw’s Wood, Gloucestershire, UK (51°
57N, 002°26W), one of the longest-running nest-box sites in
the UK and has contained wooden nest boxes for 50 years,
which are nested in by a mixture of blue tits and great tits
Parus major (Cumber, 1964). In 2011, 46 plastic nest boxes
were erected alongside the 20 pre-existing wooden boxes. All plas-
tic boxes had the same dimensions (width = 14 cm, depth = 16
cm, height at front = 21 cm, height at back = 24 cm, hole diameter
= 0.3 cm), while wooden box dimensions varied slightly (mean
width = 15 cm, S.D. = 0.7, mean depth = 17 cm, S.D. = 0.9, mean
height at front = 21 cm, S.D. = 1.8, mean height at back = 24 cm,
S.D. = 2.5, mean hole diameter = 0.3 cm, S.D. = 2.2). Placement
heights also varied (mean = 195 cm, S.D. = 11.72), and all boxes
were oriented to face north-east (mean degrees NE = 42.3°, S.D.
= 22.76°). All boxes are monitored annually to determine dates
and frequencies regarding clutch sizes, brood sizes and fledging
rates. Prior to the 2014 breeding season, ventilation holes were
drilled into 22 randomly selected plastic boxes (5 holes, 5 mm
wide, in a straight line across the top of both of the 2 side
walls); this provided 20 wooden boxes, 22 plastic ventilated and
24 plastic non-ventilated boxes for comparison.

Investigating effects of nest-box type

Prior to nest building in 2014, measures of temperature and rela-
tive humidity were taken from a random subset of the plastic and

wooden nest boxes, using a humidity and temperature gauge (RS
Components, Corby, UK, model 1367, resolution 0.1°C/0.1%).
During the 2014 breeding season nest boxes were inspected
every other day and when chicks were 10 days old, 2 in each
nest box were randomly selected and swabbed, just prior to ring-
ing, for bacterial and fungal quantification, along with the walls of
their nest box. Chicks were swabbed using a standardized proto-
col, for 10 s, rotating the swab over 2 cm2 of the bird’s flank, tak-
ing care to avoid contamination from the cloacal region, for later
bacterial quantification. Nest boxes were also swabbed for 10 s on
the interior wall, 2.5 cm above where the nest matter lay. A pre-
moistened Liquid Amies Elution swab collection preservation sys-
tem (ESwab, Copan, Murrieta, CA) was used. After successful
fledging or nest failure, all nest material was removed and placed
into a sealed plastic bag. All nest removal and manipulation were
carried out by a licensed bird ringer with the appropriate Natural
England licences and in accordance with UK law.

Parasites were separated from the nest using Berlese (or
Tullgren’s) funnels. Nests were kept in sealed funnels over a
mesh, with a collecting jar underneath the funnel for 10 days at
room temperature in low light. Nests were agitated and had
CO2 exhaled onto them daily to mimic the host in order to stimu-
late hatching of parasites, which was necessary for the extraction
process. After 10 days, heat and light was applied to the nest mat-
ter using a 40W incandescent light bulb. Nests were heated for
24 h so nest matter dried out fully to ensure that remaining
arthropods were driven out of the nest material and down the
funnel into the collection jar.

To quantify fungal load from swabs, 10-fold serial dilutions
were prepared in saline from 100 to 10−8 for every swab within
24 h of collection. These were then plated onto Rose Bengal
Chloramphenicol agar plates (Oxoid, Basingstoke, UK, 10 ×
90 mm2) to encourage the growth of yeasts and moulds. The
swabs were then frozen for later DNA processing. The serial dilu-
tions allowed the counting of individual colony forming units
(CFUs). The plates were divided into 1/8 segments and a single
drop (20 μL) from each serial dilution was placed onto each of
the segments, before being incubated at ambient room tempera-
ture for 7 days in sealed bags. Individual yeast CFUs were then
counted and colonies identified to a crude taxonomic level in
each section. The presence of any mould CFUs was also noted,
but CFUs were not counted as the prevalence on 1 plate was
never greater than 1. Real-time quantitative polymerase chain
reaction (qPCR) was used to determine the bacterial load of
swabs. DNA was extracted from swab fluid saline using
Qiaxtractor-Pure Advantage version 4.15.1 (Qiagen) as per the
manufacturer’s standard protocol. For PCR, each reaction mixture
contained 25 μL [12.5 μL master mix, 1 μL (100 pmol) of each for-
ward and reverse primer, 5 μL nuclease-free water, 0.5 μL SyBr
Green, 5 μL DNA template]. For total bacteria, a set of
16S-directed primers was used: forward primer: 5′

GCAGGCCTAACACATGCAAGTC 3′; reverse primer: 5′

CTGCTGCCTCCCGTAGGAGT 3′, with the following thermal
cycles: 95°C for 10 min followed by 50 cycles of 95°C for 30 s
and 55°C for 1 min. For Enterobacteriaceae primer, sequences
were: forward primer: 5′ ATGGCTGTCGTCAGCTCGT; reverse
primer: 5′ CCTACTTCTTTTGCAACCCACTC, and the thermal
cycles were 95°C for 10 min followed by 45 cycles of 95°C for
15 s and 60°C for 1 min. The master mix was Brilliant II QPCR
Master Mix (Agilent Technologies, Stockport, UK, #600804).
PCR was performed using a Strategene Mx3005P qPCR system
with MxPro software.

Hatching success percentage (ratio of maximum clutch to brood
size), fledging success percentage (ratio of hatched to fledged) and
occupancy rates for each nest box used over the last 4 years were
calculated using data collected from 2011 to 2014. Based on the
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numbers of eggs and chicks observed on different dates, accurate
estimates could be made of clutch size, hatchling number and num-
ber fledged. Methods of identification were based on those of the
BTO Nest Record Scheme (BTO, 2014).

Investigation of the NPH

All plastic nest boxes were visited every 3 days from the start of
the breeding season (April 2013) and randomly assigned to a
herb or control group when nest building began. Once the nest
cup was formed, 1 g each of Lavandula stoechas, Santolina cha-
maecyparissus and Helichrysum italicum leaves was crushed and
placed under the cup to avoid removal by, and any disturbance
of, the birds. These species were chosen as having all been natur-
ally introduced by blue tits into nests in other regions
(Lambrechts and Dos Santos, 2000; Petit et al., 2002; Mennerat
et al., 2008; Mennerat et al., 2009a). Moss collected from the
trunk of a nearby tree was added to control nests in the same
way. Sterile, powder-free plastic gloves were worn during this pro-
cess. Adding of herbs continued along with observations every 3
days until egg laying began, at which point no more plants were
added. Bacterial and fungal loads were quantified at day 10,
using the method described above. Nests were removed for ana-
lysis of parasite loads, after successful fledging or nest failure
occurred. With the regularity of visits this was likely to be the
day of, or the day after, actual fledging. Ectoparasites were sepa-
rated from the nest material as described above, counted and
identified to a crude taxonomic level. Real-time qPCR was per-
formed to assess relative numbers of total bacteria and
Enterobacteriaceae on swabs, using the method described above.

Statistical analysis

Results were analysed using IBM SPSS Statistics 21 software (IBM,
New York, USA). From the log 2-based Ct values produced by the
real-time PCR, the following formula was used to transform Ct
values into linear indicators of bacterial abundance in arbitrary units:

Number of bacteria = 2(40−Ct)

Most variables satisfied the condition that 2/3 of the points lay
within 1 standard deviation either side of the mean, and were
treated as if normally distributed. Those that did not, such as
the bacterial and parasite data, were log-transformed prior to ana-
lysis in order to stabilize the variance. Nested analyses were per-
formed initially on bacterial levels from chick swabs, specifying
the boxes as being nested randomly within the herb groups.
Due to limited sample size, nested analyses of the effects of differ-
ent factors at treatment, nest box and individual bird level were
not possible. Instead, non-nested designs were used, these were
still valid tests with no pseudoreplication, as the dependent vari-
ables were independent of each other and did not repeat. The dif-
ference in hatching and fledging success between plastic and
wooden boxes was assessed using χ2 test. Independent sample
t-tests were performed to assess differences in means between
herb and control groups, for various parameters. One-way ana-
lysis of variances compared means among plastic non-ventilated,
plastic ventilated and wooden boxes; Tukey’s post-hoc tests were
used, and standardized residuals appeared normally distributed
for all. Spearman’s rank correlations were used to test correlations
between all variables. All tests were 2-tailed. Factors which had
univariate correlations or a priori reason to be tested were then
included in a general linear model for each of the dependent vari-
ables of interest. Multivariate models were used to account for
potentially confounding interactions between variables, such as

species of bird and brood size, as well as removing any spuriously
significant univariate interactions introduced by type II error.

Results

Investigating effects of nest-box type

The mean temperature and relative humidity found in the plastic
nest boxes were 12.51°C (S.D. 2.73) and 79.64% (S.D. 21.54), and
for the wooden nest boxes 12.59°C (S.D. 2.33) and 76.68% (S.D.
19.49), respectively. There was no significant difference in these
variables between the plastic and wooden nest boxes (tempera-
ture: P = 0.917, relative humidity: P = 0.630).

In the 2014 breeding season 6 nests had a mass death of all
chicks, these were all plastic nest boxes (2 ventilated, 4 non-
ventilated) and they all contained blue tits. Yeasts were cultured
from 36 of the chicks (N = 44) and 24 of the boxes (N = 25),
including Rhodotorula species and various forms of white yeasts.
Moulds were cultured from 15 of the 25 boxes swabbed and from
11 of the 44 chicks swabbed, and included Aspergillus, Alternaria
and Penicillium species.

Fleas were present in 21 of the 25 nests and in very large num-
bers in some (maximum 2400). A total of only 6 ticks were found
across 5 nest boxes of all types. Blowfly larvae were not present in
any of the nests, but larvae of several non-parasitic species of fly
were found, including high numbers of fannidae and muscidae
larvae. Mites were present in 16 nests; 9 were plastic non-
ventilated, 3 plastic ventilated and 4 were wooden boxes.
Eurasian hornets were found in 5 of the nest boxes, all plastic,
and egg laying in these boxes did not begin while the hornet
was present. Of the 15 nest box swabs that cultured moulds, 10
were from blue tit nests (N = 15) and 5 from great tit nests (N
= 10). Five swabs from blue tit chicks cultured moulds (N = 36)
and 6 from great tit chicks (N = 31).

Univariate analyses
The number of flea larvae was significantly higher in great tit
(mean = 452) than that in blue tit nests (mean = 200, t18 = 2.28,
P = 0.035). Four chicks that had died between day 10 and fledging,
and therefore identifiable by their rings, were recovered from
nests. The dead chicks had a significantly higher score for total
bacteria (t8 =−2.43, P = 0.04), enterobacterial (t8 = −3.12, P =
0.013) and fungal load (t10 =−2.33, P = 0.041) when previously
swabbed, than the chicks that went on to fledge. These dead
chicks had also weighed significantly less (t45 = 4.19, P < 0.001).

Numbers of flea larvae were significantly higher (F2,21 = 36.5,
P < 0.001) in the wooden nest boxes compared to the plastic,
see Fig. 1. Both plastic non-ventilated (ln mean 0.454, ±0.825,
P < 0.001) and the plastic ventilated boxes (ln mean 1.41, ±2.04,
P < 0.001) had dramatically fewer flea larvae than the wooden
boxes (ln mean 591, ±1.38). Adult flea numbers were also signifi-
cantly different between wooden and non-ventilated plastic boxes
(F2,21 = 4.62, P = 0.022). Wooden boxes again contained signifi-
cantly more (ln mean 3.01, ±1.68, P = 0.023) adult fleas than non-
ventilated plastic boxes (ln mean 0.989, ±1.27).

To include all variables measured for multivariate analyses,
only nests that went to completion were used. Nests that had
PCR failure on their swabs were also removed from multivariate
analyses, hence sample size varies between analyses.

Multivariate analyses
Nested analyses on the 4 chick level datasets showed a highly sig-
nificant effect of box on chick enterobacterial load (N = 44, F20,21
= 11.4, P < 0.001), chick total bacteria (N = 44, F20,21 = 41, P <
0.001) and chick weight (N = 44, F20,21 = 7.97, P < 0.001), while
box effect on chick fungal load was not quite significant (N =
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44, F20,21 = 1.86, P = 0.083). Nested analyses including other vari-
ables broke down due to limitations of sample size and balance.

Yeast load on the nest box was positively correlated with mean
total bacterial load on chicks only (N = 24, F1,20 = 19.3, P < 0.001).
Enterobacterial load on chicks was significantly positively corre-
lated only with the total bacterial load on the box (N = 24, F1,36
= 6.01, P = 0.018). Total bacterial load on chicks was significantly
positively correlated with enterobacterial load on the nest box (N
= 24, F1,37 = 4.54, P = 0.04), and the yeast load: both on chicks (N
= 44, F1,37 = 4.54, P = 0.041), Fig. 2 and the box (N = 24, F1,37 =
10.75, P = 0.002), Fig. 3. Bacterial load also varied significantly
between types of nest box (N = 24, F2,37 = 4.07, P = 0.025), with
wooden boxes having a higher total bacterial load (ln mean
20.5 ± 2.45) than plastic ventilated (ln mean 20.2 ± 2.16) and non-
ventilated (ln mean 18.4 ± 2.08). The yeast load tended to be
higher on chicks with higher total bacterial load, but this associ-
ation was not significant (N = 44, F1,37 = 2.91, P = 0.097).

Wooden boxes (N = 20) had significantly higher occupancy
rates, for the 2 species combined, compared to the plastic boxes
(N = 46) (χ2 = 8.34, df = 2, P < 0.05) from 2011 to 2013. With
regards to species differences in occupancy, over the 4 years mon-
itored, 80% of the 40 great tit nests were in wooden boxes (N =
20), while 81% of the 117 blue tits nests were in plastic boxes
(N = 46). Occupancy rates by year are shown in Table 1.

Fledging success for blue tits was significantly higher in
wooden than that in plastic boxes (χ2 = 152.7, df = 70, P < 0.05).
No significant difference was found between plastic and wooden
nest boxes for blue tit hatching success (χ2 = 16.7, df = 70, P >
0.05). There was no significant difference between hatching suc-
cess for great tits between plastic and wooden boxes (χ2 = 2.48,
df = 5, P > 0.05), nor in fledging success (χ2 = 2.75, df = 5, P >
0.05). Hatching and fledging percentage success rates are shown
by year in Table 2 (blue tits) and in Table 3 (great tits).

Investigating the NPH

The t-tests showed none of the individual variables to be signifi-
cantly different between herb and control nests. These included:
total bacterial and enterobacterial load on both chicks and the
nest box, brood size, nest mortality and flea and tick loads in
the nest. Nested analyses showed a highly significant effect of
box number on enterobacterial load (F14,43 = 4.5, N = 59, P <
0.001), but not that of total bacteria.

The load of enterobacteria on chicks was significantly and
positively associated with the number of flea larvae in their nest
(F1,55 = 9.8, N = 59, P = 0.003), their brood size (F1,55 = 16.9, N =
59, P < 0.001) and the presence of herbs (F1,55 = 15.8, N = 59, P

< 0.001); with the herb group having a higher load of enterobac-
teria (6.35 ± 1.55) compared to the control group (5.69 ± 2.36).
These analyses also included nest-level mortality rate and which-
ever bacterial type that was not the dependent variable, as they
were correlated with each other in the earlier univariate correla-
tions; however, neither was significant. Total bacterial load from
swabs of the inside of the nest box was positively related to the
number of hatchlings (F1,11 = 5.5, N = 14, P = 0.039). When nest
mortality or any of the parasite counts were used as dependent
variables, no factors were significantly associated.

Discussion

Nest boxes have become highly important in avian conservation,
not only for observing and manipulating behaviours of highly
prevalent bird species, but also for the rearing and re-introduction
of more threatened species, such as the highly threatened
European storm petrels Hydrobates pelagicus, which gains protec-
tion against predatory sea gulls through artificial nest boxes
(Libois et al., 2012). Better understanding of the benefits of differ-
ent nest-box types would especially benefit these projects, as well
as captive breeding programmes, where nest success is highly
important.

Wooden boxes showed significantly higher occupancy rates
than plastic nest boxes at our study site. When ventilation holes
were introduced into a proportion of the plastic nest boxes,
these showed higher occupancy rates the subsequent year than
non-ventilated plastic boxes (Table 1). These ventilated plastic

Fig. 2. Total bacterial load by PCR (x) against yeast CFUs cultured ( y) from blue tit C.
caeruleus and great tit P. major chicks after swabbing (R2 linear = 0.31, N = 44, P =
0.002).

Fig. 3. Total bacterial load by PCR on chicks (x) against yeast CFUs cultured from nest
boxes ( y) of blue tits C. caeruleus and great tits P. major after swabbing (R2 linear =
0.354, N = 44, P = 0.025).

Fig. 1. Numbers of flea larvae found in plastic non-ventilated, plastic ventilated and
wooden nest boxes of blue tits Cyanistes caeruleus and great tits Parus major.
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boxes also had higher fledging success rates than the non-
ventilated plastic boxes (Table 2). Wooden boxes also had a sig-
nificantly higher fledging rate for blue tits, fledging a higher per-
centage of chicks that hatched, than plastic boxes. This, however,
is unlikely to be due to differences in nest-box microclimate as no
significant difference was found in temperature and humidity
between wooden and plastic nest-boxes. Despite this higher suc-
cess rate, wooden boxes were also found to contain significantly

higher numbers of fleas and a higher total bacterial load on
chicks. For flea larvae this difference was substantial, with wooden
boxes containing a mean number over 30-fold higher than the
plastic boxes. There is the potential for wooden boxes to have
built up a larger number of overwintering parasites as the wooden
boxes were older than the plastic ones (Tomas et al., 2007). The
boxes are, however, cleared out between each breeding season
to prevent such accumulation, and the plastic boxes had been
in use for 3 years prior to this study, so this difference is likely
to be small. With the possibility of removal of nest material for
analysis to occur the day after fledging, there is the potential for
some parasites to migrate out of the nest box before this time.
However with the flea larvae, which are the most starkly different,
this is unlikely to be an issue with the pupae being non-mobile
and the empty cocoons still being counted if they do emerge in
this time. The large difference in parasite load between wooden
and plastic nest boxes could pose major risks to chicks especially
if nest boxes are erected in difficult to access sites, such as cliffs or
mountains, for conservation purposes. Build-up of parasites year
on year through overwintering is likely to become a major problem
in such cases. Flea larvae are known to be pathogenic to chicks
(Richner et al., 1993; Fitze et al., 2004) as are various species of bac-
teria (Davis et al., 1971); the chicks which died and had their rings
recovered in this study had significantly higher bacterial loads than
those that survived to fledging. Overall, however, the higher bacter-
ial and parasite loads in wooden boxes did not appear to have
affected fledging success, which – counterintuitively – was higher
in wooden boxes.

Detrimental effects of higher parasite and bacterial load on
chicks could have been compensated for by increased feeding
by parents (Christe et al., 1996; Tripet and Richner, 1997).
Assessment of parent health and weight across the breeding sea-
son, for plastic and wooden nest boxes, would provide an interest-
ing insight into this – but quite difficult in a practical sense. It is
also possible that the effects are not great enough to affect the
measure of current fledging success used here, but instead be car-
ried over to the following seasons. Detrimental effects may only
appear when energy demands are greater; during the winter or
future breeding attempts. These effects are also likely to be espe-
cially small in the man-made nest boxes used here, which are
emptied between each season and so likely have much lower over-
wintering parasite and pathogen loads than natural nests. Overall
lifetime reproductive success or survival across the following win-
ter could be affected by the energy demands of the greater patho-
gen load in the nests birds were reared in. Future work could
therefore assess longer term survival of chicks and future breeding
success through re-trapping of returning individuals the following
year. Sample size could become a problem for a study like this,
with rate of individuals dying off or not returning the following
year likely to be high. It could also be suggested that as wooden
boxes have higher occupancy rates and there is likely competition
for nest boxes between birds, that stronger individuals could out
compete weaker individuals to nest in the wooden boxes. The
greater fledging success in these boxes then could simply reflect
the greater parental quality in them.

Table 1. Percentage of available plastic and wooden boxes occupied by blue and great tits in Betty Daw’s wood 2011–2013

Year 2011 2012 2013 2014

Wooden boxes 70% (14) 75% (15) 80% (16) 65% (13)

Plastic non-ventilated boxes 61% (28) 74% (34) 52% (20) 29% (7)

Plastic ventilated boxes n/a n/a n/a 64% (14)

Total number nested in that year in parentheses.
2011–2013 total available: plastic N = 46, wood N = 20. 2014 total available: plastic non-ventilated N = 24, plastic ventilated N = 22, wood N = 20.

Table 2. Percentage mean hatching (A) and fledging (B) success of blue tits
Cyanistes caeruleus in plastic non-ventilated, wooden and plastic ventilated
boxes in Betty Daw’s wood 2011–2014

A

Plastic non-ventilated Wood Plastic ventilated

2011 95 (22) 96 (7) n/a

2012 90 (20) 73 (4) n/a

2013 95 (18) 97 (6) n/a

2014 80 (12) 86 (5) 96 (10)

B

Plastic non-ventilated Wood Plastic ventilated

2011 93 (22) 86 (7) n/a

2012 42 (20) 75 (4) n/a

2013 78 (18) 96 (6) n/a

2014 46 (12) 68 (5) 63 (10)

Total number of nests that year in parentheses.

Table 3. Percentage mean hatching (A) and fledging (B) success of great tits
Parus major in plastic non-ventilated, wooden and plastic ventilated boxes in
Betty Daw’s wood 2011–2014

A

Plastic non-ventilated Wood Plastic ventilated

2011 100 (1) 83 (6) n/a

2012 79 (2) 79 (7) n/a

2013 100 (1) 70 (9) n/a

2014 100 (2) 74 (9) 0 (0)

B

Plastic non-ventilated Wood Plastic ventilated

2011 100 (1) 94 (6) n/a

2012 81 (2) 75 (7) n/a

2013 50 (1) 58 (9) n/a

2014 80 (2) 71 (8) 0 (0)

Total number of nests that year in brackets.
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Nested models showed that box number had a highly signifi-
cant effect on total bacterial load, enterobacterial load and the
weight of chicks. Enterobacteriaceae are indicators of fecal con-
tamination, and some are known pathogens of birds, so they
were chosen to provide an interesting insight into contagion
within nests and effects of brood size and other shared nest para-
meters on chicks. The correlation of bacterial load and chick
weight within nest boxes most likely arises from shared nest-box
characteristics such as species, nest-box type, brood size and
cross-contamination between chicks. Nested analyses broke
down when more factors were included; therefore it was not pos-
sible to test the effects of these covariates on nested models. The
greater similarity of bacterial load on chicks within nests than
between them does suggest the method used to swab chicks in
the field was quantitative and well standardized. Lucas and
Heeb (2005) carried out a brood manipulation experiment, mov-
ing chicks between nests for blue and great tits, and found that
current box environment had a greater influence on chick bacter-
ial levels than nest of origin or even species, illustrating the
importance of nest-box environment and the parameters shared
by all chicks in a nest on their bacterial load.

Other external factors must also be considered in determining
the usefulness of plastic nest boxes, here in 2014 for instance
Eurasian hornets were found in 5 of the nest boxes. These
boxes were all plastic and in none of them did egg laying begin
until after the hornets had left. Whether the presence of a hornet
prevented the birds performing their normal behaviours remains
to be investigated, but Lambrechts et al. (2008) have noted the
presence of ants in nest boxes in Corsica affecting Paridae nesting.
The likelihood of interactions like this becoming a major concern
therefore needs to be considered.

If the NPH is valid, herbs could provide natural attenuation of
higher parasite loads in wooden nest boxes. However, in the pre-
sent investigation, herbs had no effect on parasite load, while
enterobacterial load was actually greater in herb nests. In any
case it seems unlikely, due to differences in climate and therefore
availability of these plants that this behaviour will evolve in tem-
perate areas in the near future. In the present study, aromatic
plants previously demonstrated to have effects on nest parasitism,
which do not grow naturally in the UK, were bought commer-
cially, which could have the potential for contamination with
extraneous bacteria, pesticides or herbicides. It is also possible
that environmental temperatures may have been insufficient to
volatilize plant compounds in the nest as the behaviour in this
species has only been reported in much warmer Mediterranean
regions of Europe; mainly Corsica (Banbura et al., 1995;
Lambrechts and Dos Santos, 2000; Petit et al., 2002; Mennerat,
2008) and Portugal (Pires et al., 2012). The average temperature
inside nest boxes in a study by Garcia-Navas et al. (2008) in cen-
tral Spain was 16–18°C, while in the present study site in 2014 it
was around 12°C. A review by this author of studies experimen-
tally testing the NPH showed that most studies were compro-
mised by low sample size and confounding variables
(Scott-Baumann and Morgan, 2015). In the present study, as
many variables were accounted for as possible, but as more vari-
ables are included, so sample size must also increase to maintain
power. With the data from the nest-box material comparison,
which was conducted the following year, we now know how
much lower the parasite and pathogen load can be in the plastic
boxes. With the wooden boxes having a greater bacterial and
parasite load these could provide a better platform to assess the
NPH, than the plastic ones used here.

Differences clearly existed in the occupation rate of different
nest boxes: blue tits nested mostly in plastic boxes and great tits
mostly in wooden. Despite this blue tit preference for plastic
nest boxes, their fledging success was significantly higher in

wooden boxes. However with the great tit being a larger species
and on average nesting earlier in the UK than blue tits (BTO,
2021), it is possible that this apparent preference by blue tits
was simply due to being out-competed for the wooden boxes.
This could therefore leave the plastic nest boxes for the blue tits
and explain the differences in breeding success. Although no dif-
ference in nest-box temperature or humidity was found between
plastic and wooden boxes, a more comprehensive assessment of
the dynamic ranges of these conditions in the nest boxes could
be made. Relative humidity especially is highly variable and diffi-
cult to reliable record therefore continuous measurements could
be made through the use of a data logger probe, and thus provide
a larger number of data points and a more reliable mean. This
kind of assessment would also have the added benefit of assessing
temperature and humidity while the boxes are actually being
actively nested in, given the nest material and fledglings them-
selves could have a potential impact on those parameters. The
stark differences in parasite load between plastic and wooden
boxes still remains to be explained. It is possible that if tempera-
ture and humidity change significantly during the nesting period,
this could then perhaps mean the environment inside the nest
boxes actually becomes inappropriate for parasite development.
If so then those parameters could also pose inappropriate condi-
tions for the chicks to develop in. These possible inappropriate
conditions in the plastic boxes could then explain both the
lower fledging success rate and the simultaneous lower parasite
and bacterial load. The increase in occupancy rates and the
increased fledging success rate after the addition of ventilation
holes in the plastic nest boxes is also interesting, and could pro-
vide a very simple remediation process that could be performed
to improve the design of plastic nest boxes. This is an important
assessment to make as some conservation charities currently rec-
ommend against the use of plastic nest boxes based on concerns
regarding issues with condensation, but grounded in no published
scientific evidence that we can find.

This report is one of few investigations of its kind into asses-
sing the conditions inside plastic nest boxes as compared to the
traditional wooden boxes. Further work is required to more com-
prehensively assess the suitability of different nest-box materials
before their large-scale use. Some parameters of nest success are
higher for wooden boxes, while lower parasite and bacterial
loads can be seen in plastic boxes. Greater scientific attention to
the characteristics of nest box design and material and their
impact on disease burden and nest success is needed in general
before recommendations are made on their use. In this case in
particular a more dynamic assessment of nest-box microclimate
throughout nesting season would be pertinent before final recom-
mendations are made.

Acknowledgements. The study was conducted, with the permission of the
Gloucestershire Wildlife Trust. Special thanks to Mervyn Greening, Ginny
James, Marlene Perrard and Professor Clare Morris for all their support.

Financial support. This research received no specific grant from any fund-
ing agency, commercial or not-for-profit sectors.

Conflict of interest. None.

Ethical standards. All nest removal and manipulation was done by a
licensed bird ringer with the appropriate Natural England licences and in
accordance with UK law.

References

Ardia DR, Pérez JH and Clotfelter ED (2006) Nest-box orientation affects
internal temperature and nest-site selection by tree swallows. Journal of
Field Ornithology 77, 339–344.

Parasitology 1191

https://doi.org/10.1017/S0031182022000695 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182022000695


Banbura J, Blondel J, Wilde-Lambrechts H and Perret P (1995) Why do
female blue tits Parus caeruleus bring fresh plants to their nests? Journal
of Ornithology 136, 217–221.

British Trust for Ornithology (2013) Make a Nest Box. Thetford, UK: British
Trust for Ornithology. Available at https://www.bto.org/how-you-can-help/
providing-birds/putting-nest-boxes-birds/make-nest-box (Last accessed 17
February 2022).

British Trust for Ornithology (2014) The Nest Record Scheme. Thetford, UK:
British Trust for Ornithology. Available at https://www.bto.org/our-science/
projects/nrs (Last accessed 17 February 2022).

British Trust for Ornithology (2021) BirdTrends 2020. Thetford, UK: British
Trust for Ornithology. Available at https://app.bto.org/birdtrends/species.
jsp?year=2020&s=blutit (Last accessed 6 April 2022).

Browne SJ (2006) Effect of nestbox construction and colour on the
occupancy and breeding success of nesting tits Parus spp. Bird Study 53,
187–192.

Christe P, Richner H and Oppliger A (1996) Begging, food provisioning, and
nestling competition in great tit broods infested with ectoparasites.
Behavioural Ecology 7, 127–131.

Clark L and Mason J (1985) Use of nest material as insecticidal and anti-
pathogenic agents by the European starling. Oecologia 67, 169–176.

Cumber A (1964) Betty Dawes Wood – nest-box scheme. North
Gloucestershire Naturalists Society 15, 12–16.

Davis JW, Anderson RC, Karstad L and Trainer DO (1971) Infectious and
Parasitic Diseases of Wild Birds. Ames, IA: Iowa State University Press.

Fitze PS, Tschirren B and Richner H (2004) Life history and fitness conse-
quences of ectoparasites. Journal of Animal Ecology 73, 216–226.

Garcia-Navas V, Arroyo L, Jose Sanz J and Diaz M (2008) Effect of nest-box
type on occupancy and breeding biology of tree sparrows Passer montanus
in central Spain. Ibis 150, 356–364.

Garcia-Navas V, Arroyo L and Sanz JJ (2010) Woodcrete nestboxes: are they
adequate for multi-brooded species? Ardeola 57, 159–166.

George DR, Callaghan K, Guy JH and Sparagano OAE (2008) Lack of pro-
longed activity of lavender essential oils as acaricides against the poultry red
mite Dermanyssus gallinae under laboratory conditions. Research in
Veterinary Science 85, 540–542.

Goodenough AE and Hart AG (2012) Bird nests: an overlooked ecosystem
opportunity for specialised nest-dwelling arthropods. Antenna 36, 16–20.

Goodenough AE, Maitland DP, Hart AG and Elliot SL (2008) Nestbox
orientation: a species-specific influence on occupation and breeding success
in woodland passerines. Bird Study 55, 222–232.

Gwinner H, Oltrogge M, Trost L and Nienaber U (2000) Green plants in
starling nests: effects on nestlings. Animal Behaviour 59, 301–309.

Hasan B, Sandegren L, Melhus A, Drobni M, Hernandez J, Waldenstrom J,
Alam M and Olsen B (2012) Antimicrobial drug-resistant Escherichia coli
in wild birds and free range poultry, Bangladesh. Emerging Infectious
Diseases 18, 2055–2058.

Hurtrez-Bousses S, Perret P, Renaud F and Blondel J (1997) High blowfly
parasitic loads affect breeding success in a Mediterranean population of
blue tits. Oecologia 112, 514–517.

Lambrechts MM and Dos Santos A (2000) Aromatic herbs in Corsican blue
tit nests: the ‘potpourri’ hypothesis. Acta Oecologica 21, 175–178.

Lambrechts MM, Schatz B and Bourgault P (2008) Interactions between ants
and breeding Paridae in two distinct Corsican oak habitats. Folia Zoologica
57, 264–268.

Libois E, Gimenez O, Oro D, Mínguez E, Pradel R and Sanz-Aguilar A
(2012) Nestboxes: a successful management tool for the conservation of
an endangered seabird. Biological Conservation 155, 39–43.

Lucas FS and Heeb P (2005) Environmental factors shape cloacal bacterial
assemblages in great tit Parus major and blue tit P. caeruleus nestlings.
Journal of Avian Biology 36, 510–516.

Mennerat A (2008) Blue tits Cyanistes caeruleus respond to an experimental
change in the aromatic plant odour composition of their nest.
Behavioural Processes 79, 189–191.

Mennerat A, Perret P, Caro SP, Heeb P and Lambrechts MM (2008)
Aromatic plants in blue tit Cyanistes Caeruleus nests: no negative effect
on blood-sucking protocalliphora blow fly larvae. Journal of Avian
Biology 39, 127–132.

Mennerat A, Mirleau P, Blondel J, Perret P, Lambrechts MM and Heeb P
(2009a) Aromatic plants in nests of the blue tit Cyanistes caeruleus protect
chicks from bacteria. Oecologia 161, 849–855.

Mennerat A, Perret P and Lambrechts MM (2009b) Local individual prefer-
ences for nest materials in a passerine bird. PLoS One 4, e5104.

Pearce Environment (2014) Schwelger Woodcrete Nest Boxes. Shrewsbury, UK:
Pearce Environment. Available at https://www.schwegler-natur.de/
vogelschutz/?lang=en (Last accessed 17 February 2022).

Perrins CM and Overall R (2001) Effect of increasing numbers of deer on bird
populations in Wytham Woods, central England. Forestry 74, 299–309.

Perrucci S, Macchioni G, Cioni PL, Flamini G and Morelli I (1995)
Structure/activity relationship of some natural monoterpenes as acaricides
against Psoroptes cuniculi. Journal of Natural Products 58, 1261–1264.

Petit C, Hossaert-McKey M, Perret P, Blondel J and Lambrechts MM (2002)
Blue tits use selected plants and olfaction to maintain an aromatic environ-
ment for nestlings. Ecology Letters 5, 585–589.

Pires BA, Belo AF and Rabaca JE (2012) Aromatic plants in Eurasian blue tit
nests: the ‘nest protection hypothesis’ revisited. Wilson Journal of
Ornithology 124, 162–165.

Poirel L, Potron A, De La Cuesta C, Cleary T, Nordmann P and
Munoz-Price LS (2012) Wild coastline birds as reservoirs of
broad-spectrum-beta-lactamase producing Enterobacteriaceae in Miami
Beach, Florida. Antimicrobial Agents and Chemotherapy 56, 2756–2758.

Richner H, Oppliger A and Christe P (1993) Effect of an ectoparasite on
reproduction in great tits. Journal of Animal Ecology 62, 703–710.

Rossi P-G, Berti L, Panighi J, Luciani A, Maury J, Muselli A, Serra DdeR,
Gonny M and Bolla J-M (2007) Antibacterial action of essential oils from
Corsica. Journal of Essential Oil Research 19, 176–182.

Scott-Baumann JF and Morgan ER (2015) A review of the nest protection
hypothesis: does inclusion of fresh green plant material in birds’ nests
reduce parasite infestation? Parasitology 142, 1016–1023.

Silva N, Igrejas G, Rodrigues P, Rodrigues T, Gonçalves A, Felgar AC,
Pacheco R, Gonçalves D, Cunha R and Poeta P (2011) Molecular charac-
terization of vancomycin resistant enterococci and extended-spectrum
β-lactamase-containing Escherichia coli isolates in wild birds from the
Azores Archipelago. Avian Pathology 40, 473–479.

Sivropoulou A, Kokkini S, Lanaras T and Arsenakis M (1995) Antimicrobial
activity of mint essential oils. Journal of Agricultural and Food Chemistry
43, 2384–2388.

Tausova D, Dolejska M, Cizek A, Hanusova L, Hrusakova J, Svoboda O,
Camlik G and Literak I (2012) Escherichia coli with extended-spectrum
β-lactamase and plasmid mediated quinolone resistance genes in great cor-
morants and mallards in Central Europe. Journal of Antimicrobial
Chemotherapy 67, 1103–1107.

Tomas G, Merino S, Moreno J and Morales J (2007) Consequences of nest
reuse for parasite burden and female health and condition in blue tits,
Cyanistes caeruleus. Animal Behaviour 73, 805–814.

Tripet F and Richner H (1997) Host responses to ectoparasites: food compen-
sation by parent blue tits. Oikos 78, 557–561.

Tsubokura M, Matsumoto A, Otsuki K, Animas SB and Sanekata T (1995)
Drug resistance and conjugative R plasmids in Escherichia coli strains iso-
lated from migratory waterfowl. Journal of Wildlife Diseases 31, 352–357.

Wimberger P (1984) The use of green plant-material in bird nests to avoid
ectoparasites. Auk 101, 615–618.

1192 James F. Scott‐Baumann et al.

https://doi.org/10.1017/S0031182022000695 Published online by Cambridge University Press

https://www.bto.org/how-you-can-help/providing-birds/putting-nest-boxes-birds/make-nest-box
https://www.bto.org/how-you-can-help/providing-birds/putting-nest-boxes-birds/make-nest-box
https://www.bto.org/how-you-can-help/providing-birds/putting-nest-boxes-birds/make-nest-box
https://www.bto.org/our-science/projects/nrs
https://www.bto.org/our-science/projects/nrs
https://www.bto.org/our-science/projects/nrs
https://app.bto.org/birdtrends/species.jsp?year=2020&s=blutit
https://app.bto.org/birdtrends/species.jsp?year=2020&s=blutit
https://app.bto.org/birdtrends/species.jsp?year=2020&s=blutit
https://www.schwegler-natur.de/vogelschutz/?lang=en
https://www.schwegler-natur.de/vogelschutz/?lang=en
https://www.schwegler-natur.de/vogelschutz/?lang=en
https://doi.org/10.1017/S0031182022000695

	Effects of nest-box environment on fledgling success rate and pathogen load
	Introduction
	Materials and methods
	Study site
	Investigating effects of nest-box type
	Investigation of the NPH
	Statistical analysis

	Results
	Investigating effects of nest-box type
	Univariate analyses
	Multivariate analyses

	Investigating the NPH

	Discussion
	Acknowledgements
	References


