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Parental testosterone and estradiol concentrations
in the early nestling period correlate with the age-dependent
breeding performance in Tawny Owls Strix aluco
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Steroid hormones, which have not previously been examined in nocturnal raptors, were
studied in male and female Tawny Owls (Strix aluco). The role of sex steroids during their
peak concentrations — the territorial period and egg formation — has recently been docu-
mented. During post-hatching periods, the breeding success might negatively correlate
with steroid levels. To test this idea, we analysed testosterone and estradiol concentrations
during the early nestling period of Tawny Owl, and linked the hormone levels to parental
age and breeding performance. We found that females older than two years laid more eggs
with higher hatching success than did younger females, and pairs with males older than
two years achieved higher fledging success than did pairs with younger males. Testoster-
one levels in males and testosterone and estradiol levels in females were higher in three-
years old than in younger individuals. In females, estradiol and testosterone concentra-
tions positively correlated with the number of eggs laid and their hatching success. In
males, testosterone concentrations positively correlated with fledging success. These
findings suggest that parents with higher hormone levels in early nestling period are of
higher quality with respect to breeding performance.

1. Introduction

Temporal variation in the plasma concentrations of
sex steroids are regulated by several factors, in-
cluding photoperiod and food availability (Wing-
field 1983). Outside the breeding season, the
plasma concentrations of testosterone are typically
low, rise considerably when breeding territories
are established, drop rapidly during the incuba-
tion, and are low during the nestling period (Ball &

Wingfield 1987, Vleck & Brown 1999, Wada et al.
1999). An increase in parental effort with decreas-
ing testosterone levels has been shown for song-
birds (Hegner & Wingfield 1987, Dittami et al.
1991, Beletsky et al. 1995, Ketterson et al. 1996)
and sandpipers (Oring ez al. 1989). Estradiol levels
in early breeding period may be high in Kiwi males
(Cockrem & Potter 1991), penguins (Fowler et al.
1994), herons (Janz & Bellward 1997) and song-
birds (Marler et al. 1988). Testosterone and estra-
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diol concentrations of free-living females may be
high in the egg-formation and laying periods, and
decline during incubation (Cockrem & Potter
1991, Wingfield & Farner 1993, Fowler et al.
1994).

Studies investigating the impact of plasma ste-
roids on the breeding success have demonstrated
their effects on sexually-selected traits (Borgia &
Wingfield 1991, Wingfield & Farner 1993, Poesel
et al. 2001, Foerster & Kempenaers 2005). How-
ever, the relationships between steroid hormone
levels and reproductive success have not previ-
ously been examined in nocturnal raptors. Hence
we conducted a study on the relationship between
hormone (plasma testosterone and estradiol) lev-
els and breeding performance of Tawny Owls
(Strix aluco). The role of sex steroids on breeding
performance has previously been based on hor-
mone analysis carried out during the territorial and
mating period, when both testosterone and estra-
diol are at their peak levels (Wingfield & Farner
1993, Poesel et al. 2001, Foerster & Kempenaers
2005). Our aim was to address whether, in the low-
steroid-level nestling season, there is a relation-
ship between hormone concentrations and breed-
ing success of parents.

Hormone levels have been shown to increase
with age in Red-winged Blackbirds Agelaius
phoeniceus (Beletsky et al. 1989), White-crowned
Sparrows Zonotrichia leucophrys (Morton et al.
1990) and Dark-eyed Juncos Junco hyemalis
(Enstrom ef al. 1997). Long-term studies on owls
have documented a positive correlation between
parent age and their breeding performance (Korpi-
maki 1988, Gehlbach 1989, Saurola 1989). On the
basis of these findings, we predicted age-depend-
ent relationships between hormone concentrations
and breeding success. Thus, we compared youn-
ger (<2 years old) and older (>2 years old) parents.

The Tawny Owl is a strongly monogamous
resident species in Central Europe. Males feed fe-
males during the incubation period and, in early
nestling period when females brood the chicks,
both females and owlets. We expected that paren-
tal care provided by females and males would have
different effects on offspring survival. Hence, we
analysed age-dependent breeding performance
separately for female and male adults.

The impact of weather conditions on the repro-
ductive performance of Tawny Owls varies be-

tween years (Sasvari & Nishiumi 2005, Sasvari &
Hegyi 2005). Parents raise fewer fledglings in
years with extensive snow cover during the early
nestling period than in years without snow cover.
Hence, we predicted that the testosterone and
estradiol concentrations sampled in snowy years
would be higher than the concentrations measured
in years without snow cover.

2. Material and methods

From 1992 to 2003, nest boxes (n =220) for breed-
ing Tawny Owls were placed in a mixed oak/horn-
beam/beech (Quercus cerris, Carpinus betulus
and Fagus sylvatica) forest in the Pilis Biosphere
Reserve located 30 km north-west of Budapest,
Hungary (47°35’N; 19°02°E). Six to eight nest
boxes were grouped together 300—600 m apart.
Groups were separated by 2—5 km. Nest boxes
were checked at 4-8 day intervals from the begin-
ning of the egg-laying period (first week in Febru-
ary) until last chicks fledged (in June). For each
clutch, we recorded the number of eggs, hatching
success, fledging success, and number of fledg-
lings. Hatching success and fledging success were
calculated as the number of eggs hatched per num-
ber of eggs laid, and the number of nestlings
fledged per number of nestlings hatched, respec-
tively.

In early nestling period when owlets were 3—5
days old, adults were captured by placing a net
over the nest box entrance between 18.00-22.00
when one or both parents were inside the box.
Adults were ringed using different combinations
of coloured rings to permit individual identifica-
tion. Age determination was based on the moult of
primaries and secondaries (Petty 1992). Young
and old (experienced) parents were distinguished
as being < 2 and >2 years old.

We selected 51 pairs of Tawny Owls (3—6 pairs
each year berween 1992-2003) for the analysis of
testosterone and estradiol concentrations and for
the examination of breeding performance. Based
on the age of each member of a pair, we catego-
rized pairs as follows: (1) both adults were < 2
years old, (2) the male was > 2 years old and the fe-
male < 2 years old, (3) the female was > 2 years old
and the male < 2, (4) both adults were > 2 years
old. Different individuals were studied for all
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Fig. 1. Mean (+ SD)
number of eggs, hatch-
ing success, fledging

T

success, and number
of fledglings for Tawny
Owl pairs with males
and females of differ-
ent ages. White col-
umns indicate the
number of eggs and
hatching success, and
black columns indicate
the number of fledg-
lings and fledging suc-
cess. Number of pairs

Hatching success/Fledging success Eggs / Fledglings

1.0f
0.8 m i
0.6 m

breeding pairs, and same pairs were not followed
in subsequent years.

Between-year variation in the hormone levels
of males and females were examined in terms of
cold (extensive snow cover in the early nestling
period) versus mild (no or little snow) weather
conditions. Years with complete snow cover
within a 1-km radius from a given nest box during
the egg-laying period, incubation and early nest-
ling period (until 10 days after the hatching of the
last young) were considered to be ‘cold’breeding
year for any given pair.

Blood samples were obtained from adults by
applying brachial venipuncture within 15 min of
capture. Blood was drawn into heparinized poly-
ethylene tubes and stored in a cooler. After trans-
portation to the lab and centrifugation, the plasma
was immediately stored at —20°C. Plasma samples
(20-100ml) were extracted with 10 volumes of
diethylether, three times (30min extraction time).
Testosterone concentrations were analysed, with-
out chromatography, using duplicate radio-
immunoassay (RIA; Péczely et al. 1980). The de-
tection limit was 5 pg/ml. The coefficients of vari-
ation showed 8% and 11% intra- and inter-assay
differences, respectively. The antibody cross-re-
acts with 5-a-dihydrotestosterone at a level of
40%, but as the known concentration of this andro-

in parentheses.

gen in the avian plasma is generally <10% of tes-
tosterone, it is likely to affect measured testoster-
one concentration only slightly (Péczely & Pethes
1979).

Estradiol was determined using an antiserum
raised in sheep to estradiol-17B-hemisuccinate
conjugated to BSA (Bovine Serum Albumin)
through the 17 position, at a final dilution of
1:50,000, that gave a maximum binding 0f40%. In
this case, there was 30% cross reactivity with
estrone. Inter- and intra-assay precision were 8%
and 10% for estradiol as expressed as coefficients
of variation at minimum detectable concentra-
tions. The sensitivity of assay was 1015 pg/ml of
steroid.

Statistical analyses were performed using the
SPSS statistical package (Norusis 1994). A two-
way ANOVA was used to evaluate if the breeding
performance was affected by the age of pairs. A
multiple regression analysis was performed to de-
termine if parental age or male and female testos-
terone and estradiol levels affected the breeding
performance. The effects of within-pair age com-
position on the reproductive performance in dif-
ferent breeding periods were tested using the GT2
method for multiple comparisons (unplanned
comparisons among means for unequal sample
sizes; Sokal & Rohlf 1980).
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Fig. 2. Plasma testo-
sterone and estradiol
concentration (pg/ml +
SD) of male and female
Tawny Owls in relation
to their age. White and
black columns indicate
testosterone and estra-
diol concentrations, re-
spectively. Number of
parents shown in paren-

<2 yrs (23)

)
N
N
o
o

800

400

oL M

Hormones (pg/mi

MALE

FEMALE
<2 yrs (26) >2 yrs (25)

imlﬁ[

>2 yrs (28)

%

theses.

Table 1. Two-way ANOVA for the effect of parental age on the breeding performance of Tawny Owils.
Young, i.e., < 2 years old and old, i.e., > 2 years old individuals were compared.

Number Hatching Fledging Number
of eggs success success of fledglings
Age of males (n = 51, df = 2) F 4.01 3.98 8.03 6.13
P 0.053 0.059 0.007 0.019
Age of females (n=51,df=2) F 8.65 7.18 4.09 4.88
P 0.005 0.009 0.047 0.036
Interactions (df = 2) F 4.86 4.21 5.07 5.37
P 0.037 0.043 0.030 0.024

3. Results

Within-pair age differences influenced the breed-
ing performance (Fig. 1; Table 1). Pairs with both
adults £ 2 years old had the smallest clutches, few-
est fledglings, and lowest fledging success, as
compared with pairs with both adults > 2 years old
that had, on average, the largest clutches, most
fledglings, and highest fledging success. Pairs
with a young female and an old male had low
hatching success, whereas pairs consisting of an

old female and a young male tended to have high
hatching success.

The effect of the age of males and females on
the reproductive performance was different be-
tween pre- and post-hatching seasons (Table 2).
Pairs with females > 2 years old had larger clutches
and greater hatching success than pairs with youn-
ger females, but the age of males did not signifi-
cantly influence the reproductive processes at
these stages of the breeding period. Moreover,
pairs with males > 2 years old had greater fledging

Table 2. Multiple comparisons (GT2 method) among the number of eggs, hatching success and fledging success pro-
duced by Tawny Owl pairs of different age combinations. Numbers in parentheses indicate four categories of parent age
composition: (1) both parents < 2 years old; (2) male > 2 years old, female < 2 years old; (3) male < 2 years old, female
> 2 years old; (4) both parents > 2 years old. Numerical values with two decimal digits indicate differences in absolute
values between groups (minimum significant difference, MSD); asterisks indicate significant differences at the 0.05 level.

Number of eggs

Hatching success

Fledging success

(1) ) @) (4) M )

©) 4) (1) @) (©)

- 0.42 0.65 0.78 - 0.03
0.29 - 0.25 0.47 0.05 -

0.81* 0.43* - 0.33 0.16* 0.10*
0.87* 0.60* 0.18 - 0.21* 0.13*

0.08 0.09 - 0.14 0.16
0.05 0.07 0.25* - 0.24
- 0.08 0.10 0.33* -

0.03 - 0.21* 0.04 0.31*

0.13
0.09
0.20
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Table 3. Two-way ANOVA for the effect of parental age and weather on testosterone and estradiol concen-
tration of male and female Tawny Owls. “Parental age” classes were < 2 years old and > 2 years old;
“Weather” indicates the similarity between snowy years and years without snow cover during the early nest

ling period.
Males (n = 51) Females (n = 51)
Testosterone  Estradiol Testosterone  Estradiol
Parental age (df = 2) F 5.39 3.36 4.97 7.92
P 0.027 0.071 0.039 0.007
Weather (df = 2) F 3.24 3.19 3.40 6.89
P 0.080 0.083 0.076 0.012
Interactions (df = 2) F 3.95 3.39 3.82 7.21
P 0.053 0.077 0.051 0.009

Table 4. Multiple regression coefficients (B) between breeding performance, parental age and testosterone
and estradiol concentrations of Tawny Owls. * = P < 0.05; ** = P< 0.01; *** = P < 0.001; for all tests, n = 51.

Males Females
Age Testo- Estra- R Age Testo- Estra- R
sterone diol sterone diol
Number of eggs 0.091 0.083 0.011 0.084 0.240***  0.217* 0.297***  0.269
Hatching success 0.070 0.009 0.005 0.060 0.192** 0.071* 0.133**  0.125
Fledging success 0.214**  0.138***  0.007 0.194 0.088 0.0088 0.006 0.046
Number of fledglings  0.170** 0.110** 0.009 0.113 0.142* 0.044* 0.109* 0.092

success than pairs with younger males. Female
age, however, did not have such an effect during
the nestling period.

Older males (> 2 years old) had higher testo-
sterone concentrations than had younger males (£
2 years old; 7., = 14.46, P < 0.001), but estradiol
concentrations did not show a significant tendency
with age (¢, = 1.87, P = 0.069; Fig. 2). Similarly,
older females had higher testosterone and estradiol
concentrations than had younger females (7, =
2.65,P=0.012 and t,, = 9.30, P <0.001, respec-
tively). Estradiol and testosterone levels were pos-
itively correlated in females (»=0.39, P=0.004, n
=51), butnotinmales (r=0.09, P=0.114,n=51).

Neither males nor females showed differences
in testosterone levels between snowy years and
years without snow cover (males: 935.2 +52.4 pg
and 952.3+47.7pg;t, = 1.21, P=0.273; females:
197.4+21.4pgand217.0+40.6 pg; 1, = 1.44,P=
0.160). Females had lower estradiol levels in cold
than in mild weather conditions (596.1 + 63.5 pg

and 683.0 + 70.2 pg; £, = 5.90, P < 0.001), but
estradiol concentrations were not significantly af-
fected by weather in males (201.2 + 29.3 pg and
217.7 +£35.6 pg; t,, = 1.86, P = 0.077). Two-way
ANOVA revealed interactions between the effects
of parental age and weather conditions only on the
estradiol concentration in females (Table 3).

Male testosterone concentration and male age
significantly and positively affected the fledging
success and number of fledglings (Table 4). In fe-
males, both the testosterone and estradiol levels
and age positively correlated with the number of
eggs and fledglings, and with hatching success.
Fledging success, however, was not influenced by
the relationship between female hormones and
age. Presumably the positive correlations with the
number of fledglings reflected the relationships
between hormone levels and breeding perfor-
mances at earlier stages of the reproductive pro-
cess.
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4. Discussion

We showed a correlation between sex steroid lev-
els and age-dependent breeding performance in
Tawny Owls. Our findings may be summarised as
follows: (1) analyses of testosterone and estradiol
concentrations in Tawny Owl parents during the
nestling period showed that sex steroids may be
linked to breeding performance during the
provisioning phase, i.e., when the hormone levels
are low. (2) The relationship between hormone
levels and breeding success was age-dependent:
older (i.e., >2 years old) males having higher tes-
tosterone levels and older females having higher
estradiol and testosterone concentrations pro-
duced more fledglings than younger birds with
lower hormone levels. (3) Female and male age
had distinct effects at different stages of the breed-
ing season: older females laid more eggs with
higher hatching success than younger females,
while pairs with males older than two years
achieved a higher breeding success.

The age-related steroid concentrations in
Tawny Owls do not indicate a causal link between
age and hormone levels. We did not conduct longi-
tudinal examinations on the same parents; hence,
the higher concentrations recorded in older parents
might be due to a lower mortality as compared
with young owls with low steroid levels. Never-
theless, a possible explanation for a link between
the increased reproductive success of older owls
and hormone concentrations may be based on the
relationship between the ability to defend a terri-
tory and the levels of androgens. Tawny Owl
males occupy territories of various quality in terms
of prey availability (Redpath 1995, Ranazzi et al.
2000, Francis & Saurola 2004, Solonen 2005). We
have shown earlier that Tawny Owls with a breed-
ing experience of 3—4 years occupied better-qual-
ity territories with rich prey resources as compared
with less experienced breeders (Sasvari et al.
2000, Sasvari & Hegyi 2005). They also fed more
frequently and reached a higher reproductive per-
formance than did younger parents (Sasvari et al.
2000, Sasvari & Hegyi 2005). High testosterone
levels in males are related to agression (Beletsky et
al. 1990), intense vocalization activity (Ketterson
et al. 1992, Hunt et al. 1997) and occupation of
high-quality territories (Silverin 1980, Wingfield
1984, Chandler et al. 1994). Despite the drop dur-

ing incubation, the difference in concentration lev-
els continues to reflect differences in the quality of
males even during the nestling period and the in-
creased fledging success of high-testosterone
males may be due to the acquisition of a high-qual-
ity territory, rich in prey, during the early breeding
season.

We found that older females had higher levels
of testosterone and estradiol levels than had youn-
ger females, although there were no age-related
differences in male estradiol levels. Compared
with young females, older females had higher
estradiol and testosterone concentrations, pro-
duced more eggs laid and had greater hatching
success. Estradiol levels have been reported to rise
as follicles grow before the egg laying in free-liv-
ing birds (Cockrem & Potter 1991, Wingfield &
Farner 1993), and low fecundity of young females,
compared to older females has been documented
both in passerines (Perrins 1979, Dhondt 1989)
and non-passerines (Newton 1989, Sydeman et al.
1991). Concentrations of testosterone were lower
than those of estradiol, but higher testosterone lev-
els were still related to a higher breeding perfor-
mance in female Tawny Owls.

A relationship between weather conditions and
hormone concentrations was revealed only for fe-
males: higher estradiol levels were recorded in
mild years without snow cover than in snowy
years. High clutch size links high estradiol levels
in females of several bird species (Wingfield &
Farner 1993), and we found that Tawny Owls laid
more eggs in mild than in cold years, the tempera-
ture being related to the harshness of weather con-
ditions (Sasvari & Hegyi 2005). Perhaps the high
estradiol levels, measured in the post-hatching pe-
riod in the present study, might be due to the ability
of females to maintain hormone levels at the high
levels typical for mild years.

Like virtually every species examined to date
(Cockrem & Potter 1991, Fowler et al. 1994, Janz
& Bellward 1997, Hirschenhauser et al. 1999,
Washburn et al. 2004), male Tawny Owls have
higher testosterone and lower estradiol levels than
females. In conclusion, the observed relationship
between hormone levels and breeding perfor-
mance, would suggest that the testosterone con-
centration in males, and both the testosterone and
estradiol concentration in females, indicates the
quality of parents. As the organizational and
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activational effects of reproductive steroid hor-
mones are greater in the early stage of breeding pe-
riod, both the testosterone and estradiol might
strongly reflect the breeding ability of parents.
Nevertheless, the relationship between hormone
levels and parental quality was also detectable in
the late stage of the reproductive period of Tawny
Owls.

On the basis of this correlative study, causal
conclusions between the steroid hormones and
breeding performance can be stated only with cau-
tion. Insight into the hormonal influence on Tawny
Owl breeding processes would require an analysis
of circulating levels of plasma steroids. In Central
Europe, male competition for territories takes
place in autumn, while females lay eggs at the end
of winter and in early spring. As there is a long in-
terval between the acquisition of territory and the
provisioning period unique relationships between
hormone levels and the different stages of the
breeding process may exist in Tawny Owls. Future
experiments could examine interactions between
male territorial activity and prey supply for nest-
lings, related to parental hormone concentrations.
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Pesdpoikasajan emolintujen elimiston
testosteroni- ja estradiolipitoisuudet
korreloivat ifisti riippuvaisen pesimi-
menestyksen kanssa lehtopollolli Strix aluco

Tutkimme lehtop6llon steroidihormoneja, aihe,
jota ei ole yoaktiivisilla petolinnuilla aiemmin tar-
kasteltu. Sukupuolisteroidien merkitys on hiljat-
tain todettu reviirinmuodostuksen ja munien ke-
hittymisen aikana. Kuoriutumisen jilkeinen pesi-
mémenestys saattaa korreloida negatiivisesti ste-
roiditason kanssa. Selvittddksemme kysymysti

ORNIS FENNICA Vol. 85, 2008

analysoimme lehtop6ll6jen testosteroni- ja estra-
diolipitoisuuksia pesimdkauden alkupuolella ja
pyrimme yhdistdiméén hormonitasot emolinnun
ikddn ja pesimdmenestykseen.

Havaitsimme, ettd yli kaksivuotiaat naaraat
munivat useampia munia paremmalla kuoriutu-
mismenestykselld kuin nuoremmat naaraat, ja pa-
rit, joiden koiras oli yksi kaksivuotias, tuottivat
enemmaén lentopoikasia kuin parit, joiden koiras
oli nuorempi. Testosteronitasot koirailla ja testos-
teroni- ja estradiolitasot naarailla olivat korkeam-
pia kolmevuotiailla kuin nuoremmilla yksil6illa.
Naaraiden testosteroni- ja estradiolipitoisuudet
korreloivat positiivisesti munittujen munien maa-
rdn ja niiden kuoriutumisprosentin kanssa. Koi-
railla testosteronipitoisuus korreloi positiivisesti
parin tuottaman lentopoikasten maéridn kanssa.
Havainnot viittaavat siihen, etté parit, joiden hor-
monitasot ovat varhaispesimédkaudella korkeam-
pia ovat pesimdmenestyksen suhteen tarkasteltuna
parempilaatuisia.
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