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Abstract Nestling development and long-term survival

in many bird species depend on factors such as parental

feeding, time of breeding and environmental conditions.

However, little research has been carried out on the effect

of ectoparasites on nestling development, and no research

on the impact of the trophic structure of arthropods

inhabiting the nest (combined effects of ectoparasitic mites

and predatory mites feeding on ectoparasites). We assess

nestling development of European Starlings (Sturnus vul-

garis) in relation to the number of parasitic mites Derma-

nyssus gallinae (DG, a blood-sucking mite) and their

predators, i.e. Androlaelaps casalis (AC), both dominant

species of nidicolous arthropods in Starling nests. DG

densities were not associated with nestling body mass or

tarsus length during development (10 and 17 days of age),

which contradicts our expectation that parasitic mites

negatively influence growth. Furthermore, an increase in

AC densities was associated with a significant decrease in

body mass (not tarsus length) later during nestling devel-

opment (at day 17—a proxy for nestling age—but not at

day 10). The latter seems counterintuitive, but not when the

inherent density-dependent delays in Lotka-Volterra pred-

ator–prey interactions are taken into account: a high den-

sity of predatory mites (AC) always arises after an increase

of prey mites (DG). Thus, the high density of predatory

mites indicates a preceding peak density of parasitic mites.

Clearly, this explanation requires insight in the trophic

structure of mites inhabiting Starling nests and bird nests in

general. We conclude that multitrophic interactions

(between predator, parasite and host) in nests should not be

ignored when assessing nestling development.
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Zusammenfassung

Die trophische Struktur der Arthropoden in Staren-

nestern ist für Blutparasiten und damit für die Nestling-

sentwicklung von Bedeutung

Die Nestlingsentwicklung und das langfristige Überleben

hängen bei vielen Vogelarten von Faktoren wie Fütterung

durch die Elternvögel, Zeitpunkt des Brütens und

Umweltbedingungen ab. Bislang sind jedoch nur wenige

Untersuchungen zum Effekt von Ektoparasiten auf die

Nestlingsentwicklung und gar keine zum Einfluss der trophi-

schen Struktur der Arthropoden, die das Nest bewohnen

(Kombinationseffekte von ektoparasitischen Milben und

räuberischen Milben, die sich von den Ektoparasiten ernäh-

ren) durchgeführt worden. Wir stellen die Nestlingsent-

wicklung bei Staren (Sturnus vulgaris) fest in Bezug auf

die Anzahl von parasitischen Milben Dermanyssus gallinae

(DG, einer blutsaugenden Milbe) und ihren Feinden, d. h.

Androlaelaps casalis (AC), zwei Arten von als Nestgast
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lebenden Arthropoden, die in Starennestern dominant sind.

Die DG-Dichten standen nicht mit der Körpermasse oder

Tarsuslänge der Nestlinge während der Entwicklung (10.

und 17.Lebenstag) in Zusammenhang, was unserer Er-

wartung widerspricht, dass parasitische Milben das

Wachstum negativ beeinflussen. Des Weiteren stand ein

Anstieg der AC-Dichte mit einer signifikanten Abnahme

der Körpermasse (nicht jedoch der Tarsuslänge) später in

der Nestlingsentwicklung (am 17., aber nicht am 10. Le-

benstag) in Zusammenhang. Letzteres scheint der Intuition

zu widersprechen, jedoch nicht, wenn die inhärenten dich-

teabhängigen Verzögerungen in Lotka-Volterra Räuber-

Beute-Interaktionen in Betracht gezogen werden: Eine

hohe Dichte räuberischer Milben (AC) tritt immer nach

einem Anstieg der Dichte der Beutemilben (DG) auf. Da-

her zeigt die hohe Dichte räuberischer Milben eine vo-

rangehende Höchstdichte parasitischer Milben an. Diese

Erklärung setzt eine Kenntnis der trophischen Struktur von

Milben, die Starennester und Vogelnester im Allgemeinen

bewohnen, voraus. Wir schlussfolgern, dass multitrophi-

sche Interaktionen (zwischen Räuber, Parasit und Wirt)

in Nestern nicht ignoriert werden sollten, wenn die

Nestlingsentwicklung bewertet wird.

Introduction

It is well known that fledging success in birds is greatly

determined by nestling mass at the time of fledging (e.g.

Lemel 1989; Krist 2009; Wilkin et al. 2009). Ample

research has been carried out on nestling development and

first year survival in many bird species, focusing on effects

of parental feeding (Ardia 2007; Krist 2009), brood size

and composition (Ardia 2007), time of breeding (Verboven

and Visser 1998) and environmental conditions (Sillanpää

et al. 2009). Although several studies have been carried out

on the effect of ectoparasites on nestling development and

breeding success (Johnson and Albrecht 1993; Bauchau

1997; Thomas and Shutler 2001; Eggert and Jodice 2008),

to the best of our knowledge, no research has been carried

out on the impact of the microhabitat of the nest and the

trophic structure of arthropods inhabiting the nest (com-

bined effects of ectoparasitic mites and predatory mites that

feed on the ectoparasites). The only known studies on the

effects of ectoparasites on breeding success in hole-

breeding birds showed a negative effect on breeding suc-

cess and nestling condition (e.g. Clark and Mason 1988;

Weddle 2000; Badyaev et al. 2006; Tomas et al. 2007;

Carleton 2008) and fecundity of adults (Clayton and

Tompkins 1995).

One of the more serious ectoparasites is Dermanyssus

gallinae (DG; or poultry red mite), a blood-sucking mite

that lives in nests of birds and small mammals. The para-

sitic mite D. gallinae appears to be generally present in

bird nests and may have important implications for pro-

ductivity in birds, especially considering that it is a

worldwide pest in the poultry industry, resulting in

increased food consumption, anaemia, lower egg quality

and production of chickens (Kirkwood 1967; Axtell and

Arends 1990; Chauve 1998). It also occurs in nests of hole-

breeding birds. Hole-breeding birds are special in that they

nest in cavities, either natural (e.g. tree holes) or man-made

(nest-boxes). Because the number of cavities suitable for

nesting are limiting, they have a high probability of being

used several times within and over years. This nest-site

re-use provides adequate time for community build-up of

arthropods with different degrees of specialisation in the

nest as a microhabitat, such that not only detritivores and

parasites may be present in the nest but also their predators.

While there is a vast literature on faunal inventories of

nidicolous arthropods and on (putative) ectoparasites

affecting bird breeding success, no research has been car-

ried out on the impact of the trophic structure of arthropods

inhabiting the nest. For example, the cosmopolitan nest

mite Androlaelaps casalis (AC) has been assumed to be an

opportunistic feeder, preying on other mites and mite eggs,

and to resort to ectoparasitism feeding on blood, lymph,

faeces and egg yolk in bird nests (e.g. Men 1959; Barker

1968; Radovsky 1985, 1994; Pacejka et al. 1998; Pung

et al. 2000). However, an experimental study showed that

this mite cannot directly obtain blood from a living bird,

but only indirectly by feeding on free blood droplets or on a

true ectoparasite of birds, like DG (Lesna et al. 2009).

Whereas negative effects of other parasitic mites, like DG,

have been demonstrated with respect to host reproductive

success, the adverse effects of AC on reproductive output

and development in birds remain unclear (Pacejka et al.

1998; Pung et al. 2000). As such, AC is able to influence

and control ectoparasite populations in the nests of hole-

breeding birds, in our case, the European Starling (Sturnus

vulgaris) and in (at least some types of) poultry houses

(Lesna et al. 2009; Sabelis et al. 2010) Thus, to quantify the

ectoparasite load imposed on birds, it is necessary to

identify and count genuine ectoparasites over the entire

period of nestling development. Usually, only a snapshot of

ectoparasite load can be obtained (e.g. just before fledging)

(Fauth et al. 1991; Szabó et al. 2002; Nilsson 2003),

because frequent disturbance may hinder breeding success

or because arthropod sampling may be destructive to the

nest. In that case, it may be informative to assess not only

the parasite densities but also the densities of their preda-

tors, because information on parasites and their predators

may help to reconstruct the dynamics of ectoparasites and

thereby parasite exposure of the nestling during its entire

development (Lesna et al. 2012).
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Several studies have been conducted considering ecto-

parasitic infections by the northern fowl mite Ornithonys-

sus sylviarum in European Starling nests in the USA (Clark

and Mason 1985, 1988; Fauth et al. 1991), and infections

by DG in Europe (Gwinner et al. 2000; Brouwer and

Komdeur 2004; Gwinner and Berger 2005). These yielded

varying and contrasting outcomes of parasitism on nestling

development and condition. Although the above-mentioned

studies, and many other studies on nidicolous mites in bird

nests, focus on the parasitic mite population, none have

taken the trophic role of other nidicolous mites into account

(Proctor and Owens 2000). Here, we investigate, to our

knowledge for the first time, the development of young

European Starlings in relation to the number of parasitic

mites Dermanyssus gallinae (blood-sucking mite) and their

predators, i.e. the cosmopolitan nest mite Androlaelaps

casalis. We use the European Starling as a model species,

because their nests contain DG and AC, both dominant

species of nidicolous mites in these nests (Lesna et al.

2009). We build on our previous discovery that A. casalis

is a true predator of D. gallinae and not a parasite of birds

(Lesna et al. 2009). To assess the association between

nestling development and mite densities, we measured the

condition of the same nestlings at two different times after

hatching (days 10 and 17) and related this to parasitic and

predatory mite densities in the nest measured immediately

after fledging (day 23), in order not to disturb the trophic

structure of mites inhabiting the nest when nestlings were

still present.

Methods

We collected data from 97 Starling nestlings hatched from

22 broods in nest-boxes located at Vosbergen Estate

(53�080N, 06�350E) in The Netherlands in 2007. Nest

material present in the nest-boxes from the 2006 breeding

season was not removed, to allow community build-up of

arthropods in the nest (see also Lesna et al. 2009).

Occupied nest-boxes were checked daily during the nest

building phase from mid-March between 1100 and

1230 hours to obtain the laying date of the first egg and to

determine clutch size and to predict hatching date. Each

newly laid egg within a clutch was numbered with indelible

ink and the laying date was recorded. From day 9 of clutch

completion (2 days before the predicted hatching date), we

checked the nest-box daily to determine the actual hatching

date of the first nestling and of each numbered egg. The

hatching of the first young in a clutch was taken as the

hatching date of the complete brood (day 0). Observations

on later-hatched nestlings were related to hatching of the

first young. Hatchlings were uniquely marked within 24 h

of hatching, by clipping the very tip of 1 or 2 toenails in a

specific combination. On days 10 and 17, all nestlings were

counted and individuals present and missing were identi-

fied and recorded. Each identified nestling still alive was

investigated to assess age (calculated as whole days from

hatching), body mass (measured to the nearest 0.1 g using

100-g Pesola balance) and tarsus (measured to the nearest

0.1 mm using vernier callipers), always by the same

observer (P.H.J.W.). These two sampling dates were

selected because, at day 10, nestling mass approached a

maximum, and then declined definitely after day 17, until

after fledging at approximately day 20 (Lemel 1989;

J. Komdeur, unpublished data). At day 17 of each nestling, a

small blood sample (ca. 5–25 ml) was taken from the tarsal

vein for molecular sex determination (Griffiths et al. 1998).

Because female condition may influence nestling develop-

ment (e.g. Bernardo 1996; Merilä et al. 2001), females (17 of

22) were taken from the nest at night by the time their nes-

tlings were 2–5 days old, and measured for body mass and

tarsus length as estimates for female condition. On day 23

(1–3 days after the completion of fledging of the entire

brood), nests were collected and placed on Berlese funnels

for 72 h. Mite species collected in the alcohol-filled vials

under the funnels were identified (Lesna et al. 2009). For an

inventory of mite species found in the Starling nests, we refer

to Lesna et al. (2009). Our focus in this article will be on

densities of DG and AC and nestling development.

Data analyses

For each nest, densities of DG and AC were estimated and

scaled into six categories related to the amount of individual

mites present (numbers: 1; 5; 50; 500; 5,000; 50,000). These

were subsequently log10-transformed. An arbitrary cate-

gorical value of 1 was recorded in case no mites (DG or AC)

were found. Body mass and tarsus length were normally

distributed at days 10 and 17. For nestlings, body mass was

positively correlated with tarsus length on day 10 as well as

day 17 (Pearsons correlation: rp = 0.65, n = 97, P \ 0.001,

and rp = 0.39, n = 91, P \ 0.001, respectively). Therefore,

in the analyses of body mass, we included tarsus length as a

factor, and, vice versa in the analyses of tarsus length, we

included body mass as a factor (Green 2001). Although

nestling body mass was positively correlated with nestling

tarsus length, we decided to analyse the effects of DG and

AG densities on body mass and tarsus length separately,

since an earlier study demonstrated effects of blood sucking

mites on growth of nestling tarsus length, as well as variance

in nestling mass (Merino and Potti 1995). To compare nes-

tlings within broods, we calculated for each nestling its

relative body mass (nestling body mass minus mean brood

body mass) and its relative tarsus length (nestling tarsus

length minus mean brood tarsus length). We realize that our
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data represent a repeated measures structure and should be

analysed as such to test for an effect of DG density and AC

density on the change in body mass and tarsus length across

the two age classes. However, the fact that sex and age have

different effects at different ages (see ‘‘Results’’) compli-

cated a repeated measures analysis. As such, we analysed

both dependent variables using a hierarchical mixed-model

using MLwiN 2.10 (Rabash et al. 2008), to account for the

non-independence and hierarchical structure of nestlings

within nests. These models included a random component

with nest identity at level 2 and nestling identity at level 1.

Nestling mass and tarsus length at days 10 and 17 were

tested in separate models for correlations with nestling sex,

hatching date, brood size (at days 10 and 17, respectively),

adult female body mass and tarsus length (Pearsons corre-

lation: rp = -0.10, n = 17, P = 0.70), exact nestling age,

as well as DG and AC densities. Using backward elimina-

tion, the best-fitting statistical model was obtained. We

eliminated variables with the highest P value one by one,

until all remaining variables had a P value smaller than 0.05.

We reported non-significant parameters and retested them

separately after elimination in the final model. In case the

inclusion of a variable had a nearly significant P value, the

change in model deviance (which approximates a normal v2

distribution) was calculated and tested for significance in

model fit. We chose not to use the overall change in body

mass or tarsus length between day 10 and day 17 as a

dependent variable, because it stands to reason to relate this

to a change in mite density over the same period, a quantity

we cannot calculate since mite density could not be assessed

until after fledging.

Results

At day 10, nestling body mass was not correlated with

either DG or AC densities (Table 1; Fig. 1). The best

model explaining nestling body mass included nestling age

and relative tarsus length at day 10 (Table 1). At day 17,

nestling body mass was not correlated with DG densities,

but was negatively correlated with AC densities (Table 1;

Fig. 1). Although female nestlings had significantly lower

body mass than male nestlings, the correlation with AC

densities was not significantly different between the sexes

(interaction AC 9 sex). We retested the rejected parame-

ters in the best model for explaining nestling mass at days

10 and 17, but none of these were significant (Table 1).

At day 10, nestling tarsus length was not correlated with

either DG or AC densities (Table 2). The best model

explaining nestling tarsus length included only relative

nestling mass (Table 2). At day 17, the best explaining

model not only included relative nestling mass but also

incorporated hatch date (Table 2).

Discussion

We found no significant correlations of the ultimate (day

23) density of the parasitic mite DG with either the body

mass or the tarsus length of Starling nestlings during their

development (days 10 and 17). Although this is in line with

other Starling studies (Fauth et al. 1991; Gwinner and

Berger 2005), it contradicts our expectation that parasitic

mites negatively influence growth (e.g. Axtell and Arends

1990; Weddle 2000). Furthermore, we found that an

increase in the ultimate (day 23) density of the predatory

mite AC was associated with a decrease in body mass later

during nestling development (day 17, but not at day 10),

but not with tarsus length. This also does not meet our

expectation, since we previously found that the predatory

mite AC negatively influences DG densities (Lesna et al.

2009), and we would expect an increase of nestling con-

dition with an increase of AC densities.

Our study demonstrates that nestling condition in Star-

lings was unrelated to natural variation in the abundance of

parasitic mites (Dermanyssus gallinae), but negatively

related to the abundance of predatory mites (Androlealaps

casalis) at one of two different nestling ages. We can only

come up with one interpretation of these results, which is

consistent with the fact that DG is a parasite and AC is a

predator. The common use of parasitic loads in nests

measured after nest-leaving may be biased because of

predation on the parasites, resulting in lack of relationship

between nestling body mass and ecto-parasite infestation

rates. Since both DG and AC go through ca. 3 generations

during nestling growth (I.K. Lesna, unpublished data) and

their densities depend on each other, a higher density of AC

is likely to arise from an initially higher density of DG, thus

representing a larger prey resource. In fact, every AC

individual present after the nestlings fledged (day 23) cor-

responds to a certain number of DG killed during nestling

development. From this point of view, a high density of AC

reflects high parasitic pressure during nestling develop-

ment, which in turn may lead to a decrease in body mass.

For the observation that we found no negative correlation

between natural DG densities and nestling condition, there

are three alternative interpretations of our results, which are

not necessarily mutually exclusive. First, a negative corre-

lation between DG densities and nestling body mass may be

obscured by parental quality (Bauchau 1997) or by

increased begging behaviour of parasitised nestlings, which

leads to increased parental provisioning, as was found in the

Great Tit (Parus major; Christe et al. 1996). Bauchau

(1997) found that mite densities did not directly influence

body mass in Pied Flycatchers (Ficedula hypoleuca) and

suggested that parental quality may have been influencing

nestling growth. Second, mite densities were estimated at

day 23, and finding no correlation between day 10 nestling
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Table 1 MLwiN 2.10 models

of European Starling (Sturnus
vulgaris) nestling body mass at

day 10 (97 nestlings, 22 broods)

and nestling body mass at day

17 (88 nestlings, 22 broods)

Social female biometrics were

determined at day 3–5 and mite

densities at day 23

Significant values (P\0.05) are

shown in bold
a In both day 10 and day 17

analyses, sample sizes for

models where social female

biometrics were included, were

reduced (66 nestlings, 17

females out of 22 nest-boxes).

Original sample sizes where

restored after reinsertion of the

variable other than social female

biometrics in the model

Coefficient (SE) Wald (v2) P

Day 10

Nestling sex -0.024 (0.118) 0.041 0.84

Hatch date 0.067 (0.075) 0.810 0.37

Brood size 0.106 (0.175) 0.364 0.55

Nestling age 0.426 (0.125) 11.589 \0.001

Relative nestling tarsus 0.483 (0.072) 45.450 \0.001

Social female massa 0.005 (0.022) 0.053 0.82

Social female tarsusa 0.086 (0.131) 0.435 0.51

D. gallinae density (day 23) 0.110 (0.081) 1.843 0.17

A. casalis density (day 23) -0.034 (0.066) 0.259 0.61

Day 17

Nestling sex 0.552 (0.164) 11.355 \0.001

Hatch date -0.130 (0.079) 2.710 0.10

Brood size 0.179 (0.166) 1.162 0.28

Nestling age 0.199 (0.181) 1.212 0.27

Relative nestling tarsus 0.307 (0.095) 10.397 \0.001

Social female massa 0.009 (0.026) 0.131 0.29

Social female tarsusa 0.203 (0.156) 1.708 0.19

D. gallinae density (day 23) 0.085 (0.096) 0.790 0.37

A. casalis density (day 23) -0.135 (0.067) 4.090 0.043

A. casalis density 9 nestling sex -0.070 (0.093) 0.570 0.45
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Fig. 1 The association between

either Dermanyssus gallinae or

Androlaelaps casalis densities

measured at day 23 (log10-

transformed) on nestling body

mass of the European Starling

(Sturnus vulgaris) (standardized

residual mass) measured at day

10 (91 nestlings, 22 nests) and

day 17 (88, 22 nests; correlation

Androlaelaps casalis densities

versus nestling body mass day

17: v2 = 3.907; fitted regression

model (where x = AC

densities) for nestling body

mass has the formula y =

-0.180x ? 0.512, r2 = 0.230,

v2 = 4.090, n = 88, P = 0.04.

Circles denote means and bars
represent standard errors per

nest
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body mass or tarsus length and DG density can be explained

by the relatively longer interval between the two points of

measurements (day 10 vs. day 23), compared with DG

densities on day 17 nestling body mass or tarsus length (day

17 vs. day 23). Day 23 DG densities may therefore not be

representative for the actual densities present at day 10.

Third, during nestling body mass development, nestlings do

not continuously increase in body mass up to the time they

fledge, and may not necessarily show a standard growth

curve (Brown et al. 2007). After reaching a maximum body

mass, parents often reduce nestling provisioning to induce

fledging, resulting in a decrease of body mass (Lemel 1989).

Since ectoparasites have been shown to slow nestling

growth and development, those nestlings exposed to high

parasite densities may therefore reach their maximum

weight later and may have more and prolonged parental

food provisioning than nestlings exposed to low parasite

densities (e.g. Christe et al. 1996). In our case, this would

mean that Starling nestlings exposed to low ectoparasite

densities may reach their maximum mass at first measure-

ment (day 10), and those exposed to high ectoparasite

densities may reach their maximum mass later, i.e. either

inbetween the first and second measurement (day 17), or

during or after the second measurement. If so, we expect no

or an inverse relationship between parasite densities and

nestling mass just before fledging (day 17). This possibility

of parasite-induced delay in reaching maximum nestling

weight could explain our result that nestling mass does not

correlate with DG densities. The only study known to us

that investigated an association between haematophagous

parasitic mite density and body mass at day 17, also on

European Starlings, showed a negative relationship between

O. sylviarum densities and body mass (Fauth et al. 1991).

To conclude, our study indicated that the trophic struc-

ture of arthropod communities nest material may play an

important role in explaining nidicolous parasite–host

interactions and subsequent effects on nestling condition.

We have shown that it was not DG densities but AC

densities that were associated with nestling mass. These

relationships with the trophic role of nidicolous arthropods

should not be ignored in future studies on nestling per-

formance. There is a clear need to unravel their causality,

for instance by experiments in which parasitic mite den-

sities and predatory mite densities are manipulated to

monitor their combined effect on nestling development.
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Table 2 MLwiN 2.10 models

of Starling nestling tarsus length

at day 10 (97 nestlings,

21 broods) and at day 17

(88 nestlings, 22 broods)

Social female biometrics were

determined at day 3–5 and mite

densities at day 23

Significant values (P\0.05) are

shown in bold
a In both day 10 and day 17

analyses, sample sizes for

models where social female

biometrics were included, were

reduced (day 10: 75 nestlings;

16 females out of 21 nest-boxes;

day 17: 66 nestlings, 17 females

out of 22 nest-boxes). Original

sample sizes where restored

after reinsertion of the variable

other than social female

biometrics in the model

Coefficient (SE) Wald (v2) P

Day 10

Nestling sex 0.278 (0.221) 1.586 0.201

Hatch date 0.060 (0.123) 0.236 0.627

Brood size -0.365 (0.265) 1.899 0.168

Nestling age -0.037 (0.232) 0.025 0.874

Relative nestling mass 1.041 (0.137) 57.623 \0.001

Social female massa 0.025 (0.045) 0.396 0.529

Social female tarsusa 0.103 (0.237) 0.188 0.665

D. gallinae density (day 23) -0.111 (0.081) 0.706 0.401

A. casalis density (day 23) 0.003 (0.103) 0.001 0.975

Day 17

Nestling sex 0.039 (0.162) 0.059 0.808

Hatch date 0.125 (0.052) 5.635 0.018

Brood size -0.026 (0.109) 0.058 0.810

Nestling age 0.078 (0.110) 0.455 0.500

Relative nestling mass 0.276 (0.073) 14.454 \0.001

Social female massa 0.019 (0.013) 2.385 0.123

Social female tarsusa 0.005 (0.012) 0.187 0.665

D. gallinae density (day 23) 0.0390 (0.062) 0.398 0.528

A. casalis density (day 23) -0.012 (0.045) 0.067 0.796
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