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Applying songbird population dynamics models
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Proper understanding of the reproductive biology traits and population dynamics patterns of declining songbird
species is crucial for ensuring their effective protection and recovery. Metapopulation dynamics may cause the extinction
of local populations in some landscape patches regardless of the habitat quality and undertaken conservation measures.
At the same time, the source-sink type of the population dynamics could saturate lower quality habitat patches with dis-
persing individuals from the population sources. Hence, poorer quality habitats presumed to yield population sinks could
eventually maintain population sources. Consequently, an effective recovery strategy for declining species should include
high quality suitable habitats along with some poorer quality patches in the regional network of protected natural areas.

I developed the mathematical model for songbird reproductive strategy based on the case study of my three-year
field research conducted on the Ovenbird (Seiurus aurocapilla 1..) in the Great Smoky Mountains National Park (U.S.A.).
Breeding Bird Survey detected multiannual negative population trends in this species in pristine landscapes of the South-
ern Appalachians, whereas its growing populations were found in some of the adjacent areas strongly affected by human
activities. I modified basic Pulliam’s (1988) model of population growth rates for this species by including assumptions
about annual female survival and annual fecundity. I also applied productivity data from 110 active nests to determine an
average successful brood size and nesting success. Finally, I added probabilistic variables accounting for renesting rates
after unsuccessful breeding attempt and double-brooding rates to the model while assuming equal sex ratio among the
breeding individuals. Computer simulations based on actual data and assumed range of values of the model variables yielded
population growth rates well below 1, thus confirming the declining status of the national park populations. Therefore, the
best pristine habitats in the study area were not ecologically significant sources, and in fact they were ecological traps for
this species. Such unpredictable population dynamics in high quality habitats vs. low quality patches could be caused by the
“paradox of predation”: high quality landscapes of the national park attracted, in addition to birds, a variety of mammalian
and reptilian nest predators. Most of these predators were absent or scarce in low quality patches.

H'eywor‘ds: annual fecundity, annual survival, renesting rate, double-brooding rate, population growth rate, Seiurus aurocapilla.
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[TpaBuibHOE TOHMMAHTE PETPOYKTHBHOI GHOJOTHI 1 TTOMYJIAINOHHO JIMHAMIKN TIeBUNX TITHIL YPE3BHIYAITHO BAZKHO
st obectieder st nX ApHeKTUBHOI OXPAHbI 11 BOCCTAHOBJIEH S TIOYJIAIMOHHOT YncaeHHocTH. MertanonynsinoHHast inHaMinKa
MOZKeT PUBECTH K NCUe3HOBEHIIO JJOKATLHBIX MOMYJISITINIT B HEKOTOPHIX YuacTKax janjmadra, He3aBiucnMo OT NX KauecTBa
U TIPOBOJIIMBIX OXPAHHBIX Mep. B To jke Bpemsi, IuHAMIKA TTOYJIISINIT 110 THITY «UCTOYHIKA—PAKOBIHBI» MOJKET IIPUBECTH K
HACBIIEHIIO MECTOOOUTAHNIT HU3KOT0 KaYecTBA M3JIUIITKOM 0CO0CH, BBLICRISIONNXCS 13 MOIMYJISIHIT-NCTOYHIKOB, 8 3HAYNT,
MOMYJIATINI-PAKOBIHEl B MEHee KaueCTBeHHBIX MeCTOOONTAHUAX MOTYT TPaHC@OPMIUPOBATHCS B TTOTYIANI-HCTOUHIKIL.
CrefoBaresibHO, 5heRTIBHAS CTPATET s BOCCTAHOBICHS BUIOB CO CHIFKAIOTIRICS YNCIeHHOCTHIO IOJIFKHA TPEJLyCMaTPIBATh
BRJIIOUCHIE B PEIMOHAJILHYIO CeTh OXPAHAEMbIX MPUPOHBIX TEPPUTOPUI, KAK BHICOKOKAUYCCTBEHHBIX MECTOOOUTAH NI, TAK 1
nauamadroB 6oee HIZKOTO KavecTRa.

1 pazpaboran MaTeMaTHUECKYIO MOJIEITH PEITPOYKTIBHOM CTPATer iy MeBYHX IITHIT, OCHOBAHHYIO HA TPEXJIETHIX TOJIEBHIX
uccsenoBannsax nepyna-neunuka (Seiurus aurocapilla 1..) 8 manmonansiom napie 'peiir-Cvoru-Maynrumnc (CIITA).
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AMepuKaHCKII HAIMOHATBHBIN TPOEKT 110 YUETY THe3ATIIXCA ITUI] BBIABII MHOTOJETHUI CITaj[ ero MonysaiinoHHO
YUCJACHHOCTH B HeTPOHYTHIX Jarmadrax Fsmpix Anmasadeil, Torjia Kak pacTyIine Moy s HTOT0 BIA ObLIN 00HAPYHKEH bl
B CME/KHBIX pailoHax ¢ mpeobaaganmem antpornoreninix gampmadron. f mogudunuposan 6a30Byio MoOgesh CKOPOCTH
oty stiimoHHOTo pocta (Pulliam, 1988), BRiIt0unB B HEd TOJI0BYI0 BBIKITBAEMOCTh CAMOK, TOJIOBYIO IIJIOJIOBUTOCTH, BEPOSITHOCTH
MOBTOPHOTO PA3MHOJKEHNsI TIOC/Ie HeYauHOI TepBOIl MOTBITKI, BEPOSITHOCTh BTOPOTO PEIPOYKTHBHOIO IIKJIA TIOC]Ie
VCIIEITHOTO TIePBOTO MPH YCJAOBUT PABHOTO COOTHOIIEHTIST ITOTOB CPEI PA3MHOKATONTIXCs 1ThTl. [lambie o mpoyRTiuBHOCTI
110 akTuBHBIX THE3] OBLIM NCIIONBL30BAHBI JJIs pacyéra CpeHero pasMepa YCIeHoro BLIBOAKA U YCIIeITHOCTH THEe3/[0BAH IS,
Hommbioreproe mMozennposaie ma ocioBe (aKTHUCCKUX JMAHHLIX U HPEIII0JaraeMoro qruana3ota 3HaYeHIil MOJIeTbHBIX
MePeMeHHbIX JIAJI0 TEMITB POCTA MOTTYJISIITIE 3HAYNTETHHO HitKe 1, 410 00bACHIII0 HeOIarOmPUATHLINA OISO HBIN CTATYC
MeByHa B HAIMOHAILHOM TIapke. [loatomy sryuriine HeTPOHYThIe MECTOOOUTAHIS B PAllOHE UCCTTOBAHMIT He OBLTHI AKOJIOTHYECKN
3HAYNMBIMI MCTOYHUKAMI, & CKOpee OKa3a/nch HKOJOTHYECKITMI JIOBYIITKAMI JIJisI 9TOr0 Bujia. Takas Hempemckazyemast
TUMHAMUAKA TOTYISIINN B BLICOKOKAYECTBEHHBIX MECTOOONTAHNAX B CPABHEHIN ¢ HI3KOKAYECTBEHHBIMI 30HAMI MOKET OBITh
BBI3BAHA «I1APA[OKCOM XUIITHIYECTBA»: BBICOKOKAYECTBEHHbIE IAH/IITAQTLI HAITIMOHATLHOTO TAPKa ITPUBICKAIN PAa3HO00PA3HBIX
XUITHBIX MJIEKOMTUTAIONIIX W PENTUINI, Pa3opSIONIX NTHYbI THE3MA. BOTBITITHCTBO 13 ATUX XUTITHIKOB OTCYTCTBOBAIH TN
OB MATOYNCIICHHBI B JIarmadrax 6osee HI3KOTO KauecTna.

Harwuesovle caosa: rojgoBast IMJIOJOBUTOCTL, I'OJlOBAaA BbIKUBACMOCTL, BEPOATHOCTL IIOBTOPHOTIO PAa3MHOMEHUSd,
BEpPOATHOCTH 6I/IL[I’IKJIH‘HIOCTH PasMHOMKeHnns, CKOPOCTH MOMYJAIMOHNHOTO pocTa, Seiurus (lUJ'()C(Lpi”CL.

An effectiveness of protection and recovery
of declining species depends on proper under-
standing of their reproductive biology traits and
population dynamics patterns. Habitats suitable
for a certain species alternate with unfavorable
habitat patches. The common misconception is
that an effective protection of a declining spe-
cies can be accomplished solely by protecting
its best available pristine habitats. According
to the theoretical metapopulation paradigm,
the regional population is composed of local
populations undergoing constant stochastic
exchange of individuals [1]. This pattern can
lead to the extinction of local populations in se-
lected landscape patches regardless of the habitat
quality and undertaken conservation measures.
According to the Pulliam’s (1988) source-sink
concept [2], habitat patches supporting popula-
tion sources can produce a surplus of individuals
dispersing to adjacent poorer quality patches of
sink habitats.

Population declines of migratory terrestrial
birds in eastern North America are explained
mainly by higher rates of predation and brood
parasitism in fragmented landscapes [3]. These
findings initiated studies of bird reproductive
success and source-sink dynamics in contiguous
vs. fragmented landscapes [4]. It is important
to properly estimate annual fecundity in birds.
Hundreds of published studies did not distin-
guish between nesting success and productivity
[5]. Some species of passerines are multibrood-
ed, while some breed only once per year, but
certain proportion of individuals in populations
of single-brooded species can undertake second
broods at the southern extremes of their breed-
ing ranges. Often ignored by population-growth
models, renesting after a nest failure and double-
brooding may account for up to 40% of annual

fecundity in birds [6]. Hence, failing to consider
additional breeding attempts in demographic
models can result in underestimates of annual
fecundity and population growth rate [7, 8].

Being a common model species for songbird
source-sink relationships, the Ovenbird (Seiurus
aurocapilla 1..) is generally considered a single-
brooded species [9]. The objectives of my study
were to model a source-sink dynamics of the
Ovenbird populations in the Great Smoky Moun-
tains National Park (GSMNP), U.S.A., near the
southern extent of the species’ range, where a
longer breeding season may provide greater op-
portunities for double-brooding. Breeding Bird
Survey detected multiannual negative popula-
tion trends in this species in pristine landscapes
of the Southern Appalachians, whereas growing
populations were found in some of the adjacent
areas affected by human activities [10]. To ex-
plain this paradox, I developed a probabilistic
model of the Ovenbird annual fecundity based
on my field estimates of nesting success, brood
size, along with both observed and published es-
timates of female survival, and rates of renesting
and double-brooding. I also wanted to assess how
assumptions about these parameters influence
estimated population growth rates.

Methods

Building the model

My seven study sites, cumulatively covering
>700 ha, were located in GSMNP between Gatlin-
burg, Tennessee, and Waterville, North Carolina.
They supported large contiguous tracts of mixed
deciduous forest 75—100 years old at elevations
from 400 m to 1.100 m above the sea level.

Ricklefs [11] defined annual fecundity (F)
as the number of juvenile females produced an-
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nually per breeding female. Assuming 100%
pairing success of females, equal fledgling sex
ratio, and a single reproductive cycle with no
renesting after a nest failure, annual fecundity
can be computed from empirical estimates of
the average fledged brood size (B) and nesting
success (p ) sensu Mayfield [12] as:

1
F=—Bp
5P, (1)

Pulliam [2] defined the finite rate of popula-
tion growth (lambda) as:

= Pa P, @

where P, and P, are annual survival of adult
and juvenile females, correspondingly. For a
population at equilibrium A =1, and A > 1 for a
source population. Published Ovenbird popula-
tion models include a variety of assumptions
about renesting and double-brooding: some
studies assumed mono-cyclic reproduction with
no renesting [13], while others assumed one
renesting after the nest failure [14], or even a
9—10% possibility of double-brooding [15].
I'developed a probabilistic single-renesting-
double-brooding (SRDB) model of the Ovenbird
annual fecundity to explore how variations in
rates of renesting (p,) and double-brooding
(p,), influence predictions about the population
growth rates. Consequently, estimates of lambda
will vary according to the assumptions about p,
and p,. In this model, females could undertake
renesting after previously failed nests and double-
brooding after successful nesting with any prob-
ability between 0 and 1. A modification of the
Pulliam’s model [2] to incorporate renesting and
double-brooding can be expressed as:

l 2
h=P+3P, 0.8+ .0 )0, B+ p,B+p p,G- p.)p,B

1 .
=Pt BB+ p.-pp .2+ P2, 0P )] (3)

The SRDBmodel (Fig. 1) presumes that there
are successful (p,) and unsuccessful (1-p ) first
nests. While some successful females (p [1-p,])
will stop reproducing, other females (p_p,) will
double-brood, and some of those (pp,) will
succeed. Females that are unsuccessful on their
first nesting attempt will renest with a prob-
ability p. Females that renested successfully,
p,(1=p,) p.. will double-brood with a probability
p,and will produce p *(1-p,_) p, p, B offspring. All
double-brooding females will stop breeding after

their second nesting attempt, independently of
its outcome. The model also assumes a closed
population (no dispersal and no recruitment),
equal sex ratios, independence of P, of p, p,
and p,, and homogeneity of fledged brood sizes
among conseculive breeding attempts. I exam-
ined five scenarios of this model based on setting
renesting and double-brooding probabilities to
1 or 0, or by using values estimated from the
field study:
b)p,=1,p,=0;

¢) p, = {estimated value}, p, = 0;
d) p,=1,p,={estimated value};
e)

Estimating model parameters

In order to estimate annual reproductive
success, we searched study sites for nests from
mid-April until the end of July following the
existing guidelines to collect a representative
sample of nests [16, 17]. Nests were monitored
every three days until the end of incubation,
every other day until day 6 of the nestling stage,
and then daily until nests were no longer ac-
tive. Nests were considered successful only if
signs of successful fledging were observed [18].
Reproductive success was estimated by using
daily survival rates (s ) and nesting success (p,)
sensu Mayfield [12] and estimating an average
successful brood size (B).

ps = Sdn’ (4)

where n is a duration of the period from the
beginning of egg-laying to fledging of the off-
spring. As an alternative, the apparent, or naive,
nest depredation was estimated as:

N
D=2 =
N (5)
where D is apparent nest depredation rates,
N, is No. of depredated nests, N, is No. of all
nests.

Standard errors of s, and test-statistics (z)
for evaluating variability of s, among years,
sites, and consecutive breeding attempts were
calculated [19]. The confidence interval for p,
was approximated as a range of values between
high and low estimates. I used chi-square tests to
evaluate variations of apparent nest depredation,
computed from the equation (5), among years,
consecutive breeding attempts, and sites. To ac-
count for possible effects of temporal and spatial
heterogeneity on average clutch size, hatched
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START:
First Brood
END:
Ps(1-Pa)
NO

END: Successful?
(1-p) (1-p))
YES | (1-p) p. "°[ es
7 NO END:
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YES | p.(1-ps) P END:
P’ Pa
NO  ["second Brood ?
END:
Ps(1-py) p.(I-p.) YES | ps(1-ps) P: Ps
Successful?
NO YES
END: END:
P (1-Ps)*Pr Pa Ps” (1-Ps) Pr Pa

Fig. 1. Flow-chart summary of the
SRDB model of annual fecundity

brood size, and fledged brood size, I conducted
ANOVA, general linear model. The SRDB model
(Fig. 1) is described by the equation (3). It as-
sumes homogeneity of Ovenbird nesting success
(p,) and is limited by one renesting attempt after
nest failure (p ) while successful first broods and
successful renesting attempts after the failed
first broods are followed by a second breeding
with a probability p,.

Estimation of the annual survival of adult
and juvenile females was conducted as follows.
Although it is possible to estimate the adult sur-
vival of songbirds by recapturing marked birds,
direct estimates of annual juvenile songbird sur-
vival are virtually nonexistent because of high
postnatal dispersal [20]. An alternative method
based on ratios of after-second-year (ASY) to
second-year (SY) birds was used [11]:

P (6)

+SY

Females were captured on nests using a
butterfly net and their age was identified by the
shape of the third rectrix [21]. Following Rick-

lefs [11], I considered the probability of juvenile
female survival:

1
2
To estimate the probabilities of renesting
and double-brooding in SRDB model, I used an
indirect approach based on assumptions about
the timing of reproduction, the duration of suc-
cessful breeding attempts, and the length of the
breeding season [8]. I used the field data from
three years of research to estimate breeding-
season length (average time between the earliest
nest initiation and the latest fledging) and the
duration of a nesting cycle from nest initiation
until fledging. I estimated the number of poten-
tial successful reproductions per season (V) as:
__ Ty
T +AT: (8)

PJ=

L. (7)

where T is the breeding-season length, T  is
duration of the nesting cycle, AT is the interval
between two consecutive cycles.

Female Ovenbirds arrive on their breeding
grounds over an average interval of seven days
and start their nests over seven days from the
date of arrival [9]. Nests initiated within the
first three weeks of the breeding season were
considered first broods, nests initiated within
the next three weeks were assumed to represent
renesting, and nests started from week 7 on were
attributed to the second broods. Assuming an
independence of nests in my study and constant
nest-searching effort, I estimated the probability
of renesting as:

RA

ey ®

where RA is No. of renesting attempts, FB
is No. of first broods.

Using same assumptions, I assessed the
probability of double-brooding p, in Ovenbird
populations at my study sites as the ratio of
second broods to all preceding successful nest-
ing attempts:

SB

D1 FB + RA

(10)

where SBis No. of second broods, FB_is No.
of successful first broods, RA_is No. of successful
renesting attempts.

Results

Reproductive chronology
In three years of field work, 110 Ovenbird
nests were found and monitored in GMSNP.
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On average among three years, the earliest nest
initiation took place on 14 April, while the latest
on 20 June, with fledging on 18 July. Therefore,
the breeding season of the Ovenbird lasted 96
days. The average nesting cycle lasted 31 days
for first broods and 30 days for renesting birds
and second broods. Assuming a conservalive
renesting interval of seven days, the duration of
the breeding season at the study sites, according
to the equation (8), would allow for two success-
ful broods in a season: ZT; =2.9. Fig.2illustrates
how nests in my study were classified among
consecutive reproductive attempts. First nests
were initiated on 29 April+0.5 days (range:
14 April — 4 May; n = 62) and fledged on
29 May+0.8 days (range: 15 May — 2 June).
Renesting peaked on 14 May+1.1 days (n =
28) with a peak of fledging on 11 June+2.3
days. Second broods were estimated to start
on 3 Junex1.7 days (n = 20) and fledge on
2 July+2.9 days.

In the Figure 2, initiated and fledged nests
are shown on a weekly basis. It is clear that the
first three weeks represent the initiation of the
first broods, renesting started during the weeks

4—6, and the initiation of the second broods fol-
lowing successful first broods and successful
renesting attempts occurred during the weeks
7-10.

Model parameterization

Annual reproductive success was estimated
as follows. On average, Ovenbirds laid 4.49+0.07
eggs per nest (range: 3—6; n = 89) and raised
3.79+£0.19 fledglings (range: 1-6; n = 43) per
successful brood. I found no significant site effect
on clutch size, brood size, or number of young
fledged. Although clutch size varied significantly
among years, and both clutch and hatched brood
sizes declined significantly over the breeding
season (Tables 1 and 2), I found no spatial or
temporal heterogeneily in fledged brood sizes
and therefore used the same brood size (B) for
all consecutive reproductive attempts in the
SRDB model.

Rates of apparent nest predation did not
vary among years, study sites, and consecutive
nesting attempts (Tables 1 and 2), and s, was not
different between the incubation and nesthng
stages (mean = 0.953;z=0.70, P =0.48). Nest-

45 -
S FIRST BROOD
INITIATIONS
N=62 -

40 4

35 4
P 30
e
[/}
[ ]
C 254
-
o
]
0 204
E —
=] RENESTINGS
z | AFTER FAILED

FIRST BROOD
— N=28
10
54 |

O Nest initiations

O Fledged nests

ASSUMED SECOND
BROOD INITIATIONS

I

17- Apr 24-Apr 1- May 8-May 15 -May 22- May 29-May 5-Jun 12 Jun 19-Jun 26-Jun  3-Jul
Week midpoints

10-dul 17-Jul

Fig. 2. Timing of Ovenbird reproduction in GSMNP (n = 110 nests)
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Table 1
Temporal variation in Ovenbird reproductive parameters and nest depredation rates
Statistical comparisons *
among three years of study among consecutive broods”
P TS , ;
arameters 1 F-value | df P x F-value | df P
Clutch size - 9.62 2 <0.01 - 20.06 2 < 0.001
Hatched brood size - 0.83 2 0.44 - 7.47 2 <0.01
Fledged brood size - 0.02 2 0.98 - 1.14 2 0.33
Nest depredation rates® 0.40 - 2 0.82 0.27 2 0.88

Note: © Chi-square test and ANOVA: general linear model;® First broods, renesting after the first nest failure, and second
broods; ° Apparent nest depredation (expressed as the ratios of depredated nests to all nests).

Table 2
Spatial variation in Ovenbird reproductive parameters and nest depredation rates
Statistical comparisons among study sites
P sters
arameters x F-value df P
Clutch size 0.43 6 0.86
Hatched brood size - 0.59 ) 0.71
Fledged brood size - 1.25 ) 0.31
Nest depredation rates 0.74 — 4 0.95
Table 3
Annual survival of adult (P,) and juvenile (P)) females, and annual fecundity (F)
in Ovenbird populations with single renesting and double-brooding (SRDB model)
Estimates ® P, P, B s, D, D Fons.
Mean 0.633 0.317 3.79 0.955 0.310 1.16 0.99
Low ¢ 0.545 0.273 3.60 0.947 0.266 1.67 0.80
High ¢ 0.721 0.361 3.98 0.959 0.362 0.77 1.21

Note:* Successful brood size (B), daily nest survival rate (s,) and nesting success (p ) were estimated from this study; *
Equilibrium fecundity of Ovenbirds (i. e. annual fecundily corresponding to 2. = 1); ° SRDB model-scenario e includes rales

of renesting (p,= 0.655) and double-brooding (p, = 0.5) estimated from this study; “Low’ and ‘high’ values of P, P, B, s

&

and p_ correspond to the lower and upper limits of their estimated 95% confidence intervals, respectively. ‘Low’ and ‘high’
values of F and F* approximate their lower and upper confidence limits. They were computed from either ‘low’ or ‘high’

values of all other parameters in the equation (3).

ing success was estimated from the equation (4)
at p = 0.310 (range: 0.266-0.362) (Table 3).
Annual Ovenbird female survival was com-
puted using equation (6) from the sample of 30
captured and marked breeding females: P, =
0.633+0.088, P,= 0.317+0.044. Probabilities of
renesting and double-brooding were estimated
from my field data using equations (9) and (10):

28
P, =62-(1-0.31) =0.659;
p,= i—g =0.5 (Table 3).

I then used the empirical values of p_for
computing annual fecundity and population

growth rates in the SRDB model scenarios ¢
and e, while empirical values of p, were used for
computation of F'and A in the scenarios d and e.
lapplied mean, low, and high estimates of B, P ,
P, and p_forestimating annual fecundity (Tab-
le 4). Mean F, . = 0.99 (range: 0.80-1.21)
female fledglings per breeding female. The cor-
responding value of equilibrium fecundity was
F* =1.16 female offspring per reproducing fe-
male (range: 0.77-1.67).

Computer simulations of Ovenbird popula-
tion growth rates on my study sites in GSMNP
based on the SRDB model yielded the following
results. Scenario d with assumed 100% renest-
ing rate after the nest failure and empirical
estimate of double-brooding rate at 50% was
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the only scenario to yield lambda approaching 1
(A = 0.996; range: 0.801-1.223), i. e. a popula-
tion at equilibrium. However, assumptions of the
scenario d can be hardly expected to occur in the
Ovenbird populations.

All other scenarios of the SRDB model re-
sulted in much lower population growth rates
(Table4). For example, monocyclic reproduction
without renesting (scenario @) yielded the lowest
A =0.819 (range: 0.675-0.981), while scenario
e based on empirical estimates of both renesting
and double-brooding rates resulted in A = 0.945
(range: 0.764—1.156).

Discussion

Annual female survival and components

of annual fecundily

Survival estimates based on the recapture
of birds marked in previous years are negatively
biased because of dispersal [22] and incomplete
site fidelity [23]. Of a very few studies that mea-
sured annual survival rates of adult Ovenbirds
directly, only one study specifically estimated fe-
male survival [24], because territorial males are
much easier to detect and capture than females.
My indirect estimate of adult female survival
from the age ratios (P, = 0.633+0.088) agreed
with recent published estimates from unfrag-
mented landscapes based on the band returns
(0.61+0.09 [13]; 0.60+0.06 [24]). It appeared
to be on the high end of the published estimates
that range from 0.02 to 0.85, as reported in Table
3 in Bayne and Hobson [24].

Contrary to some findings, stating that later
in the season Ovenbirds breed more successfully
[25], [ found no evidence of seasonal variability
in successful brood size and daily nest survival
rates on my study sites. Therefore, I was able to

use the same empirically derived values of these
model parameters for consecutive reproduc-
tive attempts. Both daily nest survival rates (s, =
0.953£0.006) and average fledged brood size
(B =3.79+£0.19) in my study were derived from
large samples, and they were within the range
of the published rates for contiguous forested
habitats (s, and B ranging 0.945-0.985 and
2.94-4.30, respectively [13—-15, 26]).

Direct measurements of renesting and
double-brooding rates based on observations
of marked birds are very complicated. Within-
season dispersal and incomplete site fidelity are
poorly studied in this species. They may further
confound the estimates [27]. Published data on
renesting probabilities of Ovenbirds are virtu-
ally non-existent. In my study, there were only
three clear instances of double-brooding and
one instance of renesting next to a failed nest.
My indirect estimates, p. = 0.655 and p, = 0.9,
were based solely on nesting chronology. Typi-
cally, the Ovenbird is considered a monocyclic
species with only a few instances of true second
broods ever encountered [9]. Therefore, it was
highly unlikely that my computed values of p,
and, consequently, of annual fecundity were un-
derestimated, even though it was quite possible
that, at the southern boundary of the species’
breeding range, Ovenbird populations might
have a higher p than populations farther north,
due to a longer breeding season.

Population growth models and population
trends vs. depredalion rates
Breeding Bird Survey data for the Ovenbird
in the southern Appalachian region suggest con-
sistent population declines at an average annual
rate of 1.5% while surrounding areas sustain

Table 4
Ovenbird population growth rates from the SRDB model (scenarios a-e)
Model scenarios ® p.t P, o e highd
a 0 0 0.675 0.819 0.981
b 1 0 0.771 0.947 1.146
c 0.655 0 0.739 0.903 1.089
d 1 0.5 0.801 0.996 1.223
e 0.655 0.5 0.764 0.945 1.156

Note:* Model scenarios use the estimales of annual adult female survival (P, =0.633+0.088), fledged brood size (B =

3.79+0.19), and nesting success (p,=0.310

mean’

0.266,,, and 0.362, ) from this study. Annual survival of juvenile females

is assumed half of P, (P, = 0.317+0.044): see the equation (7); " Renesting rate (ratio of renesting attempts to previously

Jfailed nests). Scenarios c and e use the estimates of p, from this study (0.655);“ Double-brooding rate (ratio of second broods

to the sum of successful first broods and successful renesting attempts). Scenarios d and e use the estimates of p, from this

study (0.5);* Ranges of 1 -values represent approximate 95% confidence intervals.
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growing populations [10]. Although I observed
no evidence of large Ovenbird population chang-
es over three years of research in GSMNP, my
data on population growth rates implied negative
population trend in this species: all scenarios of
the single-renesting-double-brooding model, but
one, yielded 4 considerably less than 1. Scenario
d produced population approaching equilib-
rium, although the assumption of 100% renest-
ing rate seemed highly unrealistic (Table 4).
Given strict monitoring protocol, the criteria
used to assess nest fates, and large sample sizes,
my estimates of p, and B were quite accurate.
My indirect empirical estimate of annual female
survival complied with published data [24], and
along with computed renesting and double-
brooding rates, it did not seem to be understated.
Therefore, the model parameter causing A < 1 was
likely to be the nest survival rate.

Nest depredation is the most common cause
of ground-nesting songbird nest failure [28].
Except for two instances of parental birds taken
by predators, all other reproductive failures in
my study were caused by nest depredation. In
most published studies, higher rates of preda-
tion are attributed to higher degrees of forested
habitat fragmentation [29]. However, this is not
always true due to the “paradox of predation”
[30]: high quality forests in GSMNP attracted a
variety of abundant reptilian, avian, and mam-
malian predators ranging from voles, wood rats,
flying squirrels, and opossums to various snakes,
Blue Jays, and even black bears [31]. There-
fore, the best pristine habitats of GSMNP were
not ecologically significant sources butl rather
“ecological traps” [32] for the Ovenbird. This
species obviously evaluates the habitat quality
mainly from visual cues. On the other hand, in
some of the affected by human activities adjacent
landscapes, breeding success and annual pro-
ductivity could have been higher, which would
explain growing Ovenbird populations reported
by Breeding Bird Survey [10], because many
of the above predators were absent or scarce in
lower quality fragmented forests.

Implications for future
conservation strategies

Although accurate assessment of the popula-
tion status is crucial for developing demographic
models for conservation and management [33],
current population models of migratory song-
birds are usually based on assumptions about
female survival rates and empirical measures of
fecundity. They generally ignore the potential

influence of variation in the rates of renesting
and double-brooding. Accurate empirical esti-
mates of these parameters could significantly
improve an accuracy of the existing songbird
population models. Direct methods for estimat-
ing these parameters should be used, whenever
possible.

The “paradox of predation’ could poten-
tially lead to unpredictable population dynamics.
Therefore, besides a priori assignment of the
protected status to the high quality pristine land-
scapes, an effective strategy for the protection of
declining species at the regional level should also
include an examination of the specifics of spatial
and temporal dynamics of its populations and
possible inclusion of the lower quality habitats in
the regional network of protected natural areas.

Logically, it could be even necessary to
actively protect suitable patches, not inhabited
by the species, but which could be subsequently
colonized by it as a result of its metapopulation
and source-sink dynamics.
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