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Abstract

Estimating population size is central to species-oriented conservation and management. Here
we use non-invasive genetic sample collection from the non-breeding component of an endangered
bird of prey population to estimate overall population size and to evaluate the impact of variability
in population estimates on demographic models that underpin conservation efforts. In 2004, our
comprehensive genetic and observational analyses determined that 414 imperial eagles (n = 308
non-breeders + 68 territory holders + 38 chicks) were present. This estimate was 326% larger than
the 127 birds visually observed (n = 21 non-breeders + 68 territory holders + 38 chicks) and 265%
larger than the population size predicted by demographic models with the same number of breeders
(n=156 +7.2; £SE).

INTRODUCTION

Estimating population size is central to species-oriented conservation and management
(Yoccoz, Nichols & Boulinier 2001). Although monitoring strategies have been the subject of
extensive recent research, the cryptic and often non-breeding components of structured populations
are almost never included in population estimates. We counted, visually and non-invasively with
DNA fingerprints, the number of both breeding and non-breeding eastern imperial eagles (Aquila
heliaca) and white-tailed sea eagles (Haliaeetus albicilla) at the Naurzum National Nature Reserve
in north-central Kazakhstan. Here we genetically evaluate non-invasively collected feather samples
from this component of the population to evaluate the impact of variability in traditional population
estimates on demographic models that underpin current conservation efforts in the region.

MATERIALS AND METHODS

The Naurzum National Nature Reserve is located in the Kostanay Oblast (Kostanay admini-
strative region) of north-central Kazakhstan (51°N, 64°E). Non-territorial eagles, nearly all in pre-
adult plumage (i.e., juveniles and subadults), are regularly observed roosting communally between
breeding territories. We evaluated field notebooks since 1978 and recorded the maximum number
of individual birds seen leaving the roost by a single observer during opportunistic observations at
these roosts. Breeding and non-breeding imperial eagles shed many feathers at this time of the year
and we collected newly moulted and naturally shed eagle feathers from beneath roost tree clusters
once in 2003 and four times over twenty days in July 2004. DNA was isolated from samples as des-
cribed elsewhere (Rudnick et al. 2005).

Microsatellite profiles from feathers were used to group genetically identical samples. In 2003
we identified eagle species based on microsatellite profiles and in 2004 we identified eagle species
using sequences from the mitochondrial cytochrome c oxidase I gene. We also compared genetic
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profiles of feather samples collected at occupied eagle territories to distinguish territory-holders
from non-territorial, communal roosting non-breeders and to identify origins of non-breders
(Rudnick et al. 2005, 2008). A mark-recapture study was carried out to augment and evaluate the
results of the non-invasive feather collection from 2004 (Rudnick et al. 2008).

We compared our genetic and observational count data to those generated by a stochastic,
structured, and closed demographic model of Naurzum’s imperial eagles (Katzner et al. 2007). A
complete description of the model, including more detail on field techniques and parameter
estimation, is provided elsewhere (Katzner et al. 2007).

We randomly picked 1,000 sets of initial parameter values from a range of observed or esti-
mated parameter values. For each set of initial values we ran our demographic model to completion
10 times, thus producing a total of 10,000 model runs. We compared (a) the modelled and non-
invasively estimated population sizes when the modelled number of breeders was the same as the
observed number of breeders and (b) the modelled and observed number of breeders when the
modelled population size was within 10% of the non-invasively estimated population size.

RESULTS

In 2003, we observed 17 non-breeding imperial eagles. In 2004 we observed 21 non-breeding
imperial eagles and one non-breeding white-tailed sea eagle (Fig. 1). In 2004 we recorded occupan-
cy by adults at 34 imperial eagle territories and we observed 38 fledged imperial eagle chicks.

Analysis of 109 non-invasively collected feathers from 2003 conclusively identified 47 non-
breeding imperial eagles, 2.8 times more than were observed (Fig. 1).
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Figure 1. Visual and non-invasive counts of non-breeding imperial eagles (IE; 2003, 2004)
and white-tailed sea eagles (WE; 2004 only) at a communal roost at the Naurzum National Nature Reserve,
Kazakhstan. Monitoring in 2004 was longer duration and more thorough than in 2003.

Genetic analysis of 1146 feather samples from 2004 conclusively identified 287 non-breeding
imperial eagles, 13.7 times more than observed, and 16 white-tailed sea eagles, 16 times more than
observed (Fig. 1). Genetic profiles of roost feathers did not match those of any known territorial
eagles. Only three (6.4%) of the non-breeders identified in 2003 and 11 (3.8%) of the non-breeders
identified in 2004 (Rudnick et al. 2008) genetically matched profiles of chicks hatched in previous
years at the reserve.

The most likely mark-recapture model estimated that 308 + 8 eagles were present, 14.7 times
more than were observed during any one visual survey (AIC. Value = -1,440.4760; n = 4 para-
meters; Rudnick et al. 2008), but only 21 (7%) more than were “counted” genetically in all four
sampling periods.

Of the 10,000 model runs, in 243 cases (2%) there were 34 female breeders in the model (the
observed number of breeding females in 2004). However, only in 0.76% of the 10,000 cases was
the modelled total population size within 10% of the total population size as estimated from mark-

recapture analyses of collected feathers. The 414 imperial eagles (n = 308 non-breeders + 68
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territory holders + 38 chicks) our genetic and observational analyses determined were using the
reserve in 2004 was 326% larger than the 127 birds visually observed (n = 21 non-breeders + 68
territory holders + 38 chicks) and 265% larger than the population size predicted by demographic

models with the same number of breeders (n = 156 + 7.2; £SE; Fig 2).
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Figure 2. Estimated numbers (+ SE) of imperial eagles at the Naurzum National Nature Reserve,
Kazakhstan in 2004. “Observed” is the sum of the observed number of territorial eagles, chicks, and
non-breeders. “Modelled” is the average number estimated in simulations based upon the observed number
of breeders (which is a robust estimate because occupied territories are not missed by observers; error bars
show the SE of the mean of the 243 cases considered). “Non-invasive” is the total population of birds
in the reserve, where the number of non-breeders is estimated by non-invasive genetic techniques and
the number of breeders by observation (error bars are SEs from the MARK population estimate).

DISCUSSION

Conservation assessments depend on biologically meaningful and statistically reasonable
estimates of numbers of individuals. In the case of globally vulnerable imperial eagles and white-
tailed sea eagles, non-invasive genetic monitoring identified 13 to 16-fold more eagles than were
counted with visual monitoring. However, the methods used strongly influenced and improved the
estimate of population size produced. Since the majority of the non-breeding eagles are pre-adults that
we suspect will eventually hold territories elsewhere (there are only ~40 territories and ~300 floaters
looking for nests), these results highlight this site's importance for imperial eagle conservation as a
refugium for non-breeders and a source for future breeders (Ryabstev & Katzner 2007).

Historical monitoring of eagles at the Reserve has focused on observations of breeding that
form the basis for conservation monitoring and management. These results suggest that even those
latest models are built on an already outdated understanding of eagle population dynamics that
misses a crucial life stage in the population and dramatically underestimates the number of birds
that use the reserve. In spite of the potentially large size of non-breeder populations, most short term
studies produce estimates for size of structured populations that do not account for cryptic non-
breeders (Hunt 1998). This research shows that models and conservation management programs
built around traditional monitoring approaches can misinterpret demographic structure and
potentially form a weak framework for conservation efforts. Accurate and rapid estimation of the
number of cryptic non-territory holders in structured populations of long-lived species should be a
priority for future research and conservation.
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O3epo Manbiu-I'yauno pacnonoxkeHo B Kymo-Manbluckol BnajguHe, NPOTSAHYBIIEHCS OT
Kacnus x Hu30BbsIM JloHa 1 A30BCKOMY MOp0. B npomuiom BnajanHa HEOJAHOKPATHO 3aIOJIHSIIACH
BoZioM n coenuHsna Kacnimiickoe Mope ¢ A30BckuM U UepHbIM MopsiMu. B nieHTpanbpHOM €€ yacTu
HaxonuTcs 03. Manbiu-I'yauno. Ha ero akBatopum cxoxsarcs rpanuisl PecnyOmuku Kanmbikus,
CraBpononbckoro kpast u Pocrockoit obmactu. O3epo 3anumaer yacth [Iponerapckoro Bogoxpa-
HUMIIa, uMmeet IuHy 130 kM, HanboabIyo riayouny 4,5 M, mupuny 10 12 kM, 3epkaio Boabl 620
kM, 06beM 1150 M°. KInmat persona MCIbITHIBACT BIHsHIE Apano-Kacruiickoil myCTEIHM U Xa-
pakTepu3yeTcs Kak O4eHb 3aCyLUIMBBIN, C CyXOBESMH, 3aCyXaMH, OOJIBIINMHU KOJICOAHUSMU TEMIIe-
paryp. Ilo paccmarpuBaeMoii 1oJMHE Ha 3amaj PaccesUIMCh U MPOHUKAIOT B HALIM JHU MHOTHE
oOuTaTeNn MyCTHIHHBIX CTENEH U MyCThIHb, @ HA BOCTOK — PaCTE€HUS U KUBOTHbIE IOHTUHCKUX CTe-
neil. biarogapst cypoBbIM KIMMaTHYECKUM YCIOBUSAM B palioHe 03. MaHbIu-1'y1nino 3HauuTeNIbHbIE
IUTOIIAIU 3€MEJIb OCTAKOTCSI HE pacliaxMBaeMbIMU, UCIIOJIb3YIOTCS KaK MacTOMINA U CEHOKOCHI. O3e-
PO, XapaKTepu3ysch OOJBIION aKBaTOpUEH, UMEET MHOXKECTBO PEAKO MOCEIIAEMBbIX JIFOJbMH OCTPO-
BOB, [10JIyOCTPOBOB U 3aJIMBOB, YTO CO3/A€T XOPOILHUE YCIOBUS sl pA3MHOKEHMS, TUHBKHU, OTAbIXA
MHOTUX nepHatbiXx. O3epo U Mpuieraroiye K Hemy CTeny B 00TAHUYECKOM U 300JI0TMYECKOM OTHO-
IIEHUH OTHOCSTCA K HarOoJsiee OoraThIM U LIEHHBIM Ha tore Poccuu paiioHam.

B 1963 r. nnsa coxpaHeHMsI IPUPOJIHBIX pecypcoB Ha 03. Manblu-I'yauno u npumierarommx
yuactkax crenu CoBmuHoM Kanmbiikoit ACCP Ob11 opranu30BaH NPUPOIAHBIN 3aKa3HUK, KOTOPbII
B 1975 r. pacnopsbkenneM CoBmuHa PCOCP mpeobOpa3oBany B roCyJapCTBEHHBIH peciyOIuKaH-
ckuii 3aka3HUK PCOCP (69000 ra). IToctanosnenuem I[IpaButenscra Poccun Nel050 ot 13.09.94
9TOT paliOH MOJYYHJI CTaTyC BOAHO-00JOTHOIO Yrobsi MEKAYHApOIHOrO 3HaueHus 1o Pamcapckoii
KOHBeHIIMM ¢ Ha3BaHueM «O3epo Manpiu-I'ynuno». IlocranoBnenunem IlpaButensctBa PO Ne562
ot 08.05.1996 xanmpILIKKi y4acTOK 03€pa IJIOMEAAb0 27,6 THIC. ra MPUCOSAUHWIN K 3alIOBEHUKY
«YepHble 3eMIN» B Ka4eCTBE €ro OpHUTONOTHYeckoro ¢punmana «Manbrya-I'yauno». s storo ¢u-
nuana OblIa co3/laHa OXpaHHas 30Ha.

3anoBenHuk «PocToBckuit» opranuszoBaH Pacnopsbkenuem IlpaBurenbctBa PO Nel292 ot
27.12.95 Ha poctoBckoM yuactke Manbrd-I'yauno. OH cocTOUT U3 4-X y4acTKOB, yAAJIE€HHBIX OpYr
oT Apyra Ha 5-25 KM ¢ o0mie# miomaasio 9464,8 ra. Yuactok OctpoBHoi (4591 ra) Haxonurtces Ha
03. Manbru-I'yauio u Bkitodaer akBatopuio o3epa (1090 ra), marepukoBslit 6eper (10 ra), octposa

152



