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Abstract

The blue tit (Cyanistes caeruleus) is one of a few known passerine birds that incorporate fresh fragments of aromatic plants in
their nest during the nesting period. In this study, we experimentally tested whether aromatic plants in blue tit nests affect
physiological condition of nestlings as indicated by hemoglobin and glucose in the blood. Nestlings in nests supplemented with
fresh, aromatic plants had elevated blood hemoglobin, and therefore improved physiological condition, as compared with control
nestlings. There was no difference between nestlings in two contrasting habitats (urban parkland and forest). Although mean
levels of blood glucose did not differ between treatment and control nestlings, the blood of forest nestlings contained more
glucose than the blood of parkland nestlings, which indicates poorer health for forest nestlings. In general, knowledge of the
effects of incorporating fresh green, aromatic plant material into avian nests on physiological condition of nestlings is still
fragmentary and more experimental studies are needed.

Significance statement

The blue tit is one of a few known passerine birds that incorporate fresh fragments of aromatic plants in their nest during the
nesting period. Little is known about the impact of this material on nestling body condition, and there is a need to understand this
behavior and its effects. We tested whether nestlings in nests supplemented with fresh, aromatic plants improved their physio-
logical condition in comparison with control nestlings. The experiment showed that nestlings from supplemented nests improved
their physiological condition by exhibiting elevated hemoglobin.

Keywords Aromatic plants - Body condition - Hygienic behavior - Nest - Physiological condition - Parasite pressure

Introduction

A bird’s nest is a multi-functional structure that provides a

Communicated by S. Pruett-Jones specific environment for eggs, nestlings, and parents (Collias
. . and Collias 1984; Heenan 2013; Mainwaring et al. 2014,
>4 Michat Gladalski Mainwaring 2016, 2017; Gladalski et al. 2016a). It as-

michal.gladalski @biol.uni lodz.pl sists microclimate maintenance, contributes to protection

from predators, and helps to support the position of
Department of Experimental Zoology and Evolutionary Biology, eggs during incubation (Deeming 2011; Alvarez et al.
Faculty of Biology and Environmental Protection, University of . . :
L6dz, Banacha 12/16, 90-237 Lodz, Poland 2013; Lambr.echts et al. 2914, 2017; Mamgrz et al.

2017; Deeming and Campion 2018; Deeming et al.
Museum of Natural History, Faculty of Biology and Environmental 2019). On the other hand, nests can also be occupied
Protection, University of E£6dz, Kilifiskiego 101, 7 and, p
90-011 L6dz, Poland by invertebrates and microbes (West et al. 2015). Nests

. f ndary hole-nestin i like ti family:
Department of Ecology and Vertebrate Zoology, Faculty of Biology 0 .seco dary hole-nesting species, et _ts (fa . y
and Environmental Protection, University of £.6dz, Banacha 12/16, Paridae), are protected, have a warm and moist environ-

90-237 Lodz, Poland ment, and often contain remains of nestling food. This

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00265-020-2812-7&domain=pdf
https://orcid.org/0000-0002-6471-3080
mailto:michal.gladalski@biol.uni.lodz.pl

29 Page2of7

Behav Ecol Sociobiol (2020) 74: 29

makes them an appropriate breeding habitat for a large
diversity of invertebrate parasites and other opportunis-
tic species.

The vast majority of ectoparasites found in avian nests are
arthropods, particularly insects and arachnids that feed on
blood, skin scrapings, excrement, feathers, and dead nestlings
(Hurtrez-Bousses et al. 1998; Banbura et al. 2001; Heylen
et al. 2013; Lopez-Rull and Macias Garcia 2015; Reynolds
et al. 2016). Besides being suitable for arthropods, nests can
be ideal environments for microbial growth (West et al. 2015).
In a study using culture-based methods, 13 fungal and 32
bacterial species were found from the nests of two closely
related tit species, the great tit (Parus major) and the blue tit
(Cyanistes caeruleus) (Goodenough and Stallwood 2010).
Some of those bacterial species were found exclusively in
the nests of one species, but not the other, which may suggest
specialization (Goodenough and Stallwood 2010).

In general, parasites have the potential to affect the life
history of their hosts and can act as a strong selective pressure
(Hamilton and Zuk 1982). Nest ectoparasites are harmful to
their hosts due to draining resources, which may cause dam-
age that can be subtle, severe, or sometimes lethal (West et al.
2015). Birds often possess behavioral and physiological
mechanisms to either fight or repel parasites. Among such
mechanisms there are hygienic behaviors such as preening,
sunbathing, nest sanitation, and nest fumigation (Lopez-Rull
and Macias Garcia 2015; West et al. 2015).

Nest fumigation involves incorporating fresh green plant
fragments that contain ectoparasite-repellant volatile com-
pounds and has been described in the nests of raptors, starlings
(Sturnus sp.), sparrows (Passer domesticus), and blue tits
(Banbura et al. 1995; Lambrechts and Dos Santos 2000;
Mennerat et al. 2009a, b; Dubiec et al. 2013). Plant species
selected by those birds may function as a parasite repellent or
an antimicrobial agent, and very often represent a non-random
and small fraction of all species available in the breeding hab-
itat (Pires et al. 2012). Petit et al. (2002) found that of over 200
identified species available in their study area, only 6 or 10
species (depending on the breeding season) were brought to
the nests of blue tits. Some female blue tits actively incorpo-
rated fresh plant fragments to the lining layer sometimes even
daily (Petit et al. 2002). Among plant species that are found in
some of blue tit nests are Lavandula sp., Achillea sp., Mentha
suaveolens, Helichrysum italicum, Dittrichia viscosa, Melissa
officinalis, Clinopodium nepeta, Veronica sp., or Galeobdolon
luteum (Petit et al. 2002; Mennerat et al. 2009a, b; Pires et al.
2012; Dubiec et al. 2013; MGl unpublished data and personal
observations). Some of the listed plants are not native to
Poland, but more typical of the Mediterranean basin. British
blue tits often use Glechoma hederacea and Lamium
purpurium within their nests (Stenning 2018).

Dubiec et al. (2013) reviews this topic and concludes by
stating that our knowledge on the effects and functions of
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incorporating fresh green, aromatic plant material into avian
nests (and its impact on nestlings) is, at present, rather frag-
mentary and incomplete. We are aware of only a few experi-
mental papers using blue tits as subjects, including Petit et al.
(2002), Mennerat et al. (2008, 2009a, b), and Tomas et al.
(2012). In addition, Dubiec et al. (2013) add that the impact
of fresh green material on nestling physiological traits should
be investigated and further studies are needed to fully under-
stand this behavior and its effects.

Hematological parameters are considered indicators of
body physiological condition and are frequently used in ex-
perimental and field studies of mammals and birds (Kalinski
et al. 2009; Johnstone et al. 2015; Minias 2015; Podlaszczuk
et al. 2017; Gladalski et al. 2019). In general, changes in
hemoglobin concentration may be caused by various factors,
such as nutritional deficiency, hydration, sex, energy expendi-
ture, or age (Stevens 1996). Our long-term studies on great tits
and blue tits in Poland suggest that the concentration of he-
moglobin is positively related to good physiological (body)
condition of nestlings (Kalinski et al. 2015, 2016, 2017,
Gladalski et al. 2016b, 2018).

The level of blood glucose is considered a reverse (lower
concentration of glucose is related to higher body condition)
and a less robust (more variable) indicator of body condition
than hemoglobin but is also useful in studies of ecophysiology
(Lill 2011; Minias and Kaczmarek 2013; Gladalski et al.
2015a, 2018). Blood glucose level is considered mainly to
reflect metabolic rates of birds and mammals (Brown 1996).
Our data on the great tit and blue tit populations suggest that
glucose concentration is negatively related to body condition
of nestlings (Kalinski et al. 2014, 2016; Gladalski et al. 2018).

In the present study, we test if the experimental supplemen-
tation of fresh, aromatic plants into the nest affects body con-
dition and therefore fitness of the blue tit nestlings. We use the
levels of hemoglobin (g/1) and glucose (mg/dl) in the blood of
13-day-old nestlings as biochemical indicators of nestling
body condition. Our hypothesis is that nestlings from nests
with added fresh, green, aromatic plants should improve the
health status (higher mean hemoglobin concentration and low-
er mean glucose concentration) in comparison with nestlings
from control nests.

Materials and methods
Study areas

The present study, carried out in 2019, is a part of a long-term
project of research on the breeding biology of secondary cav-
ity nesters in £.6dz, Poland (Gladalski et al. 2015b). The study
sites are located in two floristically and structurally contrasting
types of habitats, 10 km apart. The forest study area (51°50'N,
19°29'E), about 145 ha area in the center of a mature mixed
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deciduous forest (about 1250 ha in total), with oaks as the
prevailing tree species, is located in the northeast part of the
city of Lodz. The urban parkland study area (51°45'N; 19°24'
E), about 80 ha, located in the western part of the city of L.6dz,
has a fragmented tree cover (formed artificially) with horn-
beams (Carpinus betulus), birches (Betula sp.) oaks (Quercus
robur and Q. petraea), some small patches artificially wooded
with scots pines (Pinus silvestris) and some exotic tree spe-
cies. The study sites were visited every day during the breed-
ing season (April-May) to record the number of nestlings and
nestling age. The study sites were supplied with approximate-
ly 500 standard wooden nestboxes with removable front wall
and with internal dimensions of 11.5 (depth) x 11 (width) x 30
(height) cm and a 3-cm-diameter entrance located 20 cm from
the bottom of the nestbox (Lambrechts et al. 2010); there were
about 300 nestboxes in the forest area and about 200 in the
urban parkland area. All nestboxes were cleaned out prior to
the breeding season.

Field and experimental procedures

Of 33 completely incubated blue tit clutches without fresh
plant material supplemented by birds on their own, 17 were
randomly assigned to the experimental treatment (9 in the
parkland and 8 in the forest) and 16 were control broods (8
in the parkland and 8 in the forest). In 2019, we recorded three
nests of blue tits with fresh, aromatic plant fragments. Nests
supplemented with fresh plants by parental birds were exclud-
ed from the experimental treatment before the experiment
started. The mean numbers of blue tit nestlings did not differ
between control and treated nests (8.25+1.88 SD vs. 8.77 +
1.68 nestlings/nest; =0.83, df=31, P=0.41) or between the
parkland and the forest study areas (8.64 +1.97 SD vs. 8.38 +
1.59 nestlings/nest; t=0.44, df=31, P=0.67).

On days 3, 5, 7, 9, and 11 post-hatching, 1 g of fresh
aromatic plants was added to treated nests and 1 g of fresh
grass (Poaceae spp.) was supplemented in control nests. All
the fresh plants were placed on the edge of the lining layer of
the nest. A 1-g portion of aromatic plants consisted of approx-
imately 0.33 g of lavender Lavandula angustifolia, about
0.33 g of the Common Yarrow Achillea millefolium, and about
0.33 g of the Immortelle Helichrysum italicum. All plants used
in the experiment normally occur in the geographical distribu-
tion of the blue tit and are found in natural tit nests. All the
plant species used were bought in a specialized gardening
store in pots a week prior to the experiment. Every morning
before going to the study sites, fresh leaves were cut off the
plants and put in small plastic bags (one portion of each plant
species was weighed for every nestbox). Plant clippings were
placed in all the experimental nestboxes within 2 h. At our
study areas, the plants we added were not available in the
general habitat, nor were they ever found in the nests; never-
theless, the birds kept the added plant material in their nests

and never removed it. It was not possible to record data blind
because our study involved focal animals in the field.

Physiological measurements

When the nestlings were 13 days old, they were banded with
metal rings. As a random subsample, three nestlings of the
same age from each brood were designated for blood sam-
pling (Kalinski et al. 2015, 2016). Blood samples of ca. 5 pl
were taken from the ulnar vain of nestlings (98 nestlings from
33 clutches) to HemoCue cuvettes and analyzed immediately
using portable HemoCue Hb 201+ photometer (HemoCue
AB, Angelholm, Sweden) to measure hemoglobin concentra-
tion (g/l). To establish glucose concentration (mg/dl) in a sec-
ond blood sample (5 pl), a portable HemoCue Glucose 201+
photometer was used (99 nestlings from 33 clutches). All field
procedures were performed between 09:00 and 14:00 h.

Statistical analyses

Values of glucose and hemoglobin concentration in the blood
of nestlings from the same brood were not independent.
Therefore, individual nestling values (which were as unit re-
cords) were analyzed with mixed linear models using brood
ID being included as a random effect (to control for clustering)
and degrees of freedom were approximated by the
Satterthwaite method (Heck et al. 2010). Experimental treat-
ment and study site were treated as fixed factors in these
models. Non-significant interactions were removed. Linear
mixed modeling was conducted using IBM SPSS Statistics
22 software (Heck et al. 2010, 2012; IBM SPSS Statistics 22
2013).

Data availability

The datasets generated and/or analyzed during the current
study are available from the corresponding author on reason-
able request.

Results

A total of 33 broods of the blue tit were included in this study
(99 nestlings were bled). Per-nest mean concentrations of he-
moglobin ranged from 103.3 g/l to 140.7 g/l. The nestlings
from the treated nests had a significantly higher hemoglobin
level (on average 7.9 g/l higher) than the nestlings from the
control nests (Table 1, Fig. 1). The mean hemoglobin level did
not vary between study sites (Table 1).

Per-nest mean concentrations of glucose varied in the park-
land study area from 180.33 mg/dl to 263.3 mg/dl and in the
forest study area from 213.6 mg/dl to 339.0 mg/dl. The nes-
tlings from the parkland study area had significantly lower
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glucose concentration (on average 47.0 mg/dl lower) than the
nestlings from the forest study area (Table 1, Fig. 1). The level
of glucose between the nestlings from the control and the
treated nests did not differ (Table 1).

Discussion

In this study, we found that nestlings of blue tits in nests
supplemented with aromatic plants had increased levels of
hemoglobin when compared to control nests and there was
no difference in hemoglobin concentration between study
areas. The less robust body condition indicator—the level of
glucose—did not differ between supplemented and control
nests, but it differed between study areas. The nestlings from
the parkland site had on average lower concentration of
glucose.

All three plant species used in the present experiment are
characterized by a repellent effect on the insects (Achillea
millefolium, De Almeida et al. 2017; Lavandula
angustifolia, Germinara et al. 2017), antifungal (Lavandula
angustifolia, Adam et al. 1998), antimicrobial, and anti-
inflammatory properties (Helichrysum italicum, Viegas et al.
2014). Mennerat et al. (2008) reported that nestlings in nests
containing supplemented aromatic plants had higher hemato-
crit levels and their feathers developed faster, but there were
no significant effects on chick body size at fledging. Tomas
et al. (2012) in their experiment on blue tits with aromatic
plants found no effect on hatching or fledging success, nes-
tling body mass, or female body condition. Tomas et al.
(2012) and Mennerat et al. (2008, 2009a, b) emphasize that
they removed all detectable fresh, green material placed in
experimental nests by blue tit females; however, when green

Table1 Summary ofalinear mixed model analysis for hemoglobin and
glucose concentrations in the blood of the blue tit nestlings

Factor df F P
Hemoglobin

Intercept 1;30.1 5132.3 <0.001
Study area 1;30.0 2.0 0.165
Experiment 1;30.0 5.6 0.024

Removed non-significant effects

Study area x experiment 1;29.1 0.1 0.792
Glucose

Intercept 1;30.0 1626.2 <0.001
Study area 1;30.0 15.0 0.001
Experiment 1;30.0 1.6 0.222
Removed non-significant effects

Study area x experiment 1;29.0 39 0.059

Effects of study area and experimental treatment are given. Non-
significant effects were removed. Significant values are in bold
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material is experimentally removed in control nests, females
may rapidly add new fresh plant fragments to the nests. In this
study, less than 10% of nests were supplemented by birds with
fresh plants; those nests were excluded from the experimental
treatment. Additionally, condition indicators (and breeding
success) may be incapable of detecting more subtle physio-
logical changes in a single year.

Stomczynski et al. (2006) replaced all natural nests with
artificial, sterile nests, reducing parasitic and pathogenic pres-
sure on blue tit nestlings. The experimental treatment showed
that nestlings from artificial nests improved their health and
had on average 7-10 g/l higher level of hemoglobin than
control nestlings. This suggests that the experimental effect
of reduction of parasite pressure (and improving body condi-
tion of nestlings) is analogous when comparing sterile nest
experiment to fresh plant repellents in the present experiment
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Fig. 1 a Mean hemoglobin concentration (g/l) in the blood of the blue tit
nestlings in experimentally treated nests with aromatic plants added
(123.1£2.3 g/l) and control nests (115.2+2.4 g/I). b Mean glucose
concentration (mg/dl) in the blood of the blue tit nestlings in the
parkland study area (221.2+10.4 mg/dl) and in the forest study area
(268.2 £10.6 mg/dl). Data are shown as mean+ SE
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(mean 7—-10 g/l vs. mean 7.9 g/l). In general, our present and
previous (Stomczynski et al. 2006; Gladalski et al. 2018) ex-
periments suggest that the level of hemoglobin in nestlings is a
robust body condition indicator and may detect also subtle
changes in condition like changes in ectoparasite pressure on
nestlings.

In our previous research on both blue tits and great tits
(Kalinski et al. 2014, 2016), we showed that mean glucose
concentrations in nestling blood differed between parkland
and forest study areas, with the value for the urban parkland
site being often (but not always) higher than the value for the
forest site. However, there was significant annual variation in
glucose levels. Kalinski et al. (2014) suggest that in years
when there are lower temperatures in the spring, mean glucose
concentrations in nestling birds will be higher. In addition,
parkland and forest habitats used in this study differed in cat-
erpillar productivity. In other years, productivity in the forest
was 2-5 times higher than in the parkland (Gladalski et al.
2015b; Kalinski et al. 2015); whereas in 2019, the difference
was only marginal. However, causal relations between glu-
cose concentrations and environmental variables are complex
and generally unclear; therefore, they require further investi-
gation. It is also important to emphasize that birds from the
forest may be more stressed when it comes to human presence
than urban birds. Therefore, frequent exposure to human vis-
itors (experimental procedures) could disturb to a larger de-
gree the regularity of feeding nestlings by parents in the forest
than in the urban parkland (Ruiz et al. 2002).

Blue tits vary considerably across their Western Palearctic
range, particularly, in their behavior, including hygienic be-
havior (Mainwaring 2016, 2017). Blue tits occur from North
Africa to Arctic Norway and the plants available to them will
vary accordingly. Climate also plays a part because parasite
numbers and diversity decrease with distance from the equator
(Lindenfors et al. 2007); therefore, selection on poikilothermic
parasite control behavior may be a significant factor in the
natural selection of hygienic behavior.

The present study confirms that the behavior of adding
aromatic, fresh plants by blue tits into their nests may have
positive impact on nestlings’ body condition and therefore on
fitness. Present study confirms that the concentration of
hemoglobin is a reliable and robust indicator of
environmental pressures in blue tits. On the other hand, our
study confirms that the level of glucose is a less robust
indicator of parasite pressure and it may not detect more
subtle changes and should rather be used as a
complementary indicator of parasite pressure. The level of
glucose may be more useful as indicator of habitat
conditions. We agree with Dubiec et al. (2013) that our knowl-
edge on the effects (and especially physiological effects) of
incorporating fresh green, aromatic plant material into avian
nests is still rather fragmentary and incomplete. The behavior
of adding aromatic, fresh plants may be also locally and

genetically specific, so there is a need to study this phenome-
non at a broader scale. More experimental studies that are
using properly sensitive physiological indicators such as the
level of hemoglobin are needed.
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