Grassland alterations do not affect breeding success,
but lead to dietary shifts of Eastern Imperial Eagle
(Aquila heliaca), a top predator: a case of successtul
adaptation

N3meHeHunA nactbuuy, He BAUAIOT Ha ycnex
Pa3MHOXEeHUA, HO NPUBOAAT K USMEHEHUAM B
NMUTaHUU BOCTOYHOIO opaa-morunbHuKa (Aquila
heliaca), BbiclWero XnMwWHUKa: cay4yan ycnewwHowu
agantauuu
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Habitat transformation is identified as major threat to biodiversity loss globally, affecting
threatened raptors

TpaHchopmauma cpeabl 06UTaHUA onpeaenseTca Kak cepbe3Has yrposa 6mMopasHoobpasus

BO BCEM MUpe, 3aTparnBarolad Haxoaawmxca noa yrpo3oifl ncyesHoBeHNA XMUWHUKOB
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In our study area, habitat change affected dramatically permanent grasslands,
shrinking their availability

B palioHe Haluero uccaeaoBaHMA U3MEHeHUe cpeabl 06UTaHUA pe3Ko NoBAMANO

Ha NOCTOAHHbIE /1Yyra, COKPaTuB UX KOINYEeCTBO




After the admission of Bulgaria to the EU, in 15 years period the grasslands decreased
nearly 1.5 times (F =12.9, df =2, P <0.001), while arable land significantly increasing (F =

5.2,df=2, P =0.01)

Mocne BctynneHusa boarapun B EC 3a 15 net naowagm nactébmuwy, cokpatuaucb noutu B 1.5
pasa (F =129, df =2, P <0,001), a naxoTHble 3emnu 3HauntenbHo ysennumnucob (F =35.2, df

=2, P =0.01)

24°Q'0"E 25°Q'0"E

26°Q'0"E

27°Q'0"E

42°Q0°N

; Tundzha river valley *Sllven
Sredna Gora
stern foothills of Strandzha
o;‘
= ¥
*Plovdiv HEL PR ane !
TP
r!”:':;‘!, ‘:‘”_ S
L =
1N
o “ <~
- So
*
"""""""" o 10 20 40 km
25°0'0"E 26°0'0"E 27°0'0"E

Grasslands (%)

Arable lands (%)

60

50

AN

40

30

20

10

9
o

B
o

w
o

N
o

[y
o

o

Sakar *** Wstr * TRV *
= 2001—-2006 = 2007—2013 2014—2020
Sakar *** Wstr

m 2001—-2006 = 2007—2013 2014—2020



In some breeding territories the loss of grasslands exceeded more than 40%

Ha HeKoTopbIX rHe340BbIX TEPPUTOPUAX NOTEPU NYroB npesbicunn bonee 40%
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What is the effect?! Kakoit adpdekt?! 7’ N
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The occupancy rate of studied territories (n =24) decrease (F = 431/:
df =2, P =0.03). - >

-

3aceneHHoOCTb uccnegyembix tepputopuii (n =24) cumkaerca (F =  BSPB

4.01, df = 2, P = 0.03).




Abundance of profitable prey sousliks decreased over the study (adjusted R? =
0.25, F,=8.97, p <0.001)

YucneHHoctb NnpnbbiibHOM A06bIUM CYCZIMKOB 3a BpeMA UccnenoBaHumsa
cHusunaco (adjusted R? = 0.25, F, =8.97, p < 0.001)
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What is the response of the eagles?! Kakosa peakuua opnos?!
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= before change = after change

70 Eagles have successfully adapted by shifting their diet
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Northern White-breasted Hedgehog has doubled in eagle food (Erinaceus roumanicus)
(adjusted R? = 0.66, B> = 0.53, CL: 0.76/0.29)

CeBepHbit benorpyabiv €K yBennunn A0N10 OPJIMHOTO KOpMa BABOeE;

The European souslik (Spermophilus citellus), has halved in the eagles' diet (adjusted R? =
0.71, B> =-0.25, CL: -0.04/-0.46)

EBponeickunii cycnuk B pauuoHe Op/iIoB COKPaTUICA B NOJIOBUHA
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The proportion of biomass from hedgehogs (adjusted R* = 0.62, B> = 0.54, CL: 0.78/0.29)
and White Stork (Ciconia ciconia) (adjusted R?>= 0.64, B>= 0.34, CL: 0.58/0.11) increased,
while biomass provided by brown hare (Lepus europaeus)(adjusted R?2= (.77, B* = -0.59,
CL: -0.40/-0.78) and European souslik (adjusted R%= 0.66, B2 = -0.29, CL: -0.06/-0.52)
largely decreased after grassland transformation

Aona 6uomacchbl exxeul u benoro aucra (Ciconia ciconia) ysennumnacb, a buomacca
obecneuunna 3aau-pycak (Lepus europaeus) n CyChauK eBponemMcKni B 3HaYMTENIbHOU CTeNeHu
CHU3UAUCb Nocne npeobpasoBaHUA Nyros

© Svetaslav ‘Spasov
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Modeling General Effect of Dietary Alteration \_/\:
MopaennposaHue obuwero apdeKkra nsmeHeHUA paLmMoHa =

BSPB
n MTa H M ﬂ o

* The top model for prey frequency (AAIC = 0.00, wi = 0.99) clearly
demonstrated that White Stork, Northern white-breasted hedgehog,
and European Souslik shaped dietary shifts of the Eastern Imperial
Eagle with a random effect of territory

* Ton-mopgennb 4yactotbl Ao6biun (AAIC = 0.00, wi = 0.99) acHo
NPOAEMOHCTPUPOBATb, UTO USMEHEHUA B paLMOHEe Op/la MOrUJIbHMUKA
onpegeneHo ot 6enoro ancra, ceeepHOro 6enorpyaoro exka u
eBpPONEenuCKoro Cyc/simka coBMmecTHO ¢ PaKTopom cnydyanHbim 3dPpeKkTom
Tepputopum



In terms of biomass change, the first candidate model included “random” ~
territory and brown hare (AAIC = 0.00, wi = 0.46) - ™
BSPB

Bulgarian Society for

Yto Kacaetca nuameHeHma buomaccol, TO Nnepsoi mogenb BKAKOYAET B
«cnyvyamHon» adpdeKT tepputopumn u 3amua-pycaka (AAIC = 0.00, wi = 0.46)

© Svetaslav Spasov
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* Diet diversity did not show a significant trend (adjusted R? = (.28, B2 =
-0.27, CL: 0.18/-0.72), corresponding to a low level of food stress

* The mean food niche breadth (Levin’s index) was 5.67 £ 2.08 before
landscape alteration, and 4.64 +1.78 in the post-alteration period

* Pa3HoOO6pa3ue paumoHa NUTaHUA He NOKa3ano 3HAYMMOM TeHAEHLUN
(adjusted R?>=0.28, B> =-0.27, CL: 0.18/-0.72), uto cooTBeTcTBYET
HU3KOMY YPOBHIO MULLEBOro CTpecca

* CpeaHAA WMPUHA NULLEBOU HULWIK (MHAEKC JleBUHA) cocTaBaana 5.67 +
2.08 no nasmeHeHuna naHpwadrta n 4.64 £ 1.78 B nepmnopg nocne
U3MEHeHuUs



Breeding Success and Effect of Grassland Transformation and
Dietary Shifts 7 N

-—w
-

Ycnex pasmHOXeHUA U BanaHue TpaHcopmaumm nactouuy, n BSPB
U3MEHEeHUU B PpaLMOHEe NUTAHUA

The breeding success significantly increased in the period after grassland alteration (adjusted R? =
0.18, = 0.47, CL: 0.83/0.11), without a “territory effect” affecting this process

before habitat transformation - 0.97 + 0.60 fledglings per incubating pair
after grassland alteration - 1.45 + 0.37 fledglings per incubating pair

Ycnex pasmHOXEHMA 3HaUYMTENbHO YBEMYUACA B NepMOos Nocae NacToULLHON U3MEHeHne
(adjusted R?=0.18, B>=0.47, CL: 0.83/0.11), 6e3 «3ddeKTa TeppuTOopUn», 3aTParnsBatoLLero 3ToT
npouecc

A0 TpaHchopmaumm mectoobutaHma — 0.97£0.60 cneTkoB Ha HacKMXKMBAtOLWYO Napy.

nocne nameHeHua nactomu, — 1.45 + 0.37 chneTkoB Ha HaCMXMBALOLLYIO Napy.



Possible explanations for the "contradiction"

Bo3moXKHble 06BACHEHMA «KNPOTUBOPEUNAY -

>~
BSPB
* Nest guarding - no (before 43 vs after 46)

* OxpaHa rHe3ga — HeT (g0 TpaHcdopmauum 43 npotrs nocne 46)
* the age of breeding birds — possible (before 21% immature vs after 7% immature)

* BO3pacCT rHe3gAwmeca NTuL, — BO3MOXHbIN (40 TpaHcdopmaumm 21%
Henos10BoO3pesblx NPoTMB nocne 7% HenonoBo3penbix)

* dietary specialization expressing in adaptation to an abundant and constant food
source such as hedgehogs and storks led to more efficient foraging and higher
productivity

* INEeTUYECKas crneumanm3alumsa, BbiparkatoLlascsa B agantaumm K obuabHoOMy U
NOCTOAHHOMY UCTOYHMKY MULLM, TAKOMY KaK €)M U aucTbl, NpmuBena K bonee
3pPeKTUBHOMY MOUCKY NULWM N Bonee BbICOKOM NPOAYKTUBHOCTM

/I
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In general, the population continues to grow
-
B uenom HaceneHune npoaonKaet pactu -

SPB

Bulgarian Society for
the Protection of Birds

-—Number of territories occupied by pairs ——Number of pairs start incubating

N



What comes next?! Yto 6yaert panbwe?!

e It 1s possible to increase intra-specific and intra-guild competition with other top
predators such as the Eagle Owl, Golden Eagle and Lesser Spotted Eagle using the
hedgehog as a food source

* MOXHO YCUAUTb BHYTPMBUAOBYIO U BHYTPU TUAbAENCKYIO KOHKYPEHLMUIO C APYrMMMU
BbICLUMMU XULLHUKAMMUN, TAaKUMKU Kak GUAMH, BEPKYT U Manbi NOAOP/AUK, MCNONb3YA
eXa B KayecTBe MCTOYHMKA NULM

* Some of the transformed traditional territories of the imperial eagle to be abandoned
* HekoTtopble M3 npeobpa3oBaHHbIX TPAAULMOHHBIX TEPPUTOPUN Opaa MOTUIbHOTO
6yayT 3abpolueHbl
N
-
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* The developing imperial eagle population to be "directed" to "more
urbanized" arecas where habitats are of lower quality, there 1s more
human pressure and some of the territories function as sinks

* PazsmBarowanca nonyaaunma MOruibHuUKa OyaeTr «HanpaB/aeHa» B
«bonee ypbaHM3NPOBAHHbIE» PAMOHDLI, rae cpeaa obutaHma bonee
HMU3KOro KayecTBa, cyulecTsyeT 6oabllee YenoBevyeckoe AaBaeHume, a
HEKOTOpPblEe TEPPUTOPUMN DYHKLMOHMPYIOT KaK «MNJIOXHUE TEPPUTOPUNY
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The solution PeweHue [
-
Restoration of plowed pastures -

BoccTaHOB/IeHME pacnaxaHHbIX NacTouLy,

Restoration of habitat complexity, which includes the establishment of
mosaic habitat structures, consisting of complexes of permanent grasslands
with scattered small shrub formations and grassland margins between
medium-sized arable patches

BoccTaHOB/IEHUE CNOXKHOCTU MECTOOOUTAaHNIN, BKAOYAtOLLLEE CO34aHNE
MO3aNYHbIX CTPYKTYP MECTOOOUTAHMNIN, COCTOALLMX KOMMNIEKCOB
NMOCTOAHHbIX JIYTOB C PAa3bpoOCaHHbIMU MEIKOKYCTaPHUKOBbIMU
06pa30BaHUAMM N ONYLLKAMM JIYTOB MEXKAY MaXOTHbIMU YyYaCTKaMM
cpeaHen BEeIMYUHDI



7 N
BSP
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3awmnTa Hanbosiee BarKHbIX KOJTOHUN CYCANKOB

Protection the more important Souslik colonies =

Restoration of Souslik colonies

BoccTaHOB/IEHME KOJIOHWUIA CYCMKOB

Supporting the populations of eagle prey species such as the brown
hare, game species

MNoaaep»KKa NoNynALUnM XKepTBbl MOTU/IbHUKU, TAKUX KaK 3aAL-
PYCaK, OXOTHUYbU BUADI



More information can be found on the publications:
boJiee noaApoOHY0 HHPOPMANMIO MOKHO HAUTH B IYOJIMKAIUAX:

* Demerdzhiev D., Dobrev D., Popgeorgiev G., Stoychev S. 2022. Landscape
alteration affects the demography of an endangered avian predator by reducing the
habitat quality. Avian Research 13, Article 100030.
https://doi.org/10.1016/j.avrs.2022.100030

* Demerdzhiev D., Boev Z., Dobrev D., Nedyalkov N., Petrov T. 2022. Does
Temporal and Spatial Diet Alteration Lead to Successful Adaptation of the Eastern

Imperial Eagle, a Top Predator? Diversity 14, 1000.
https://doi.org/10.3390/d14111000

 Demerdzhiev D.A., Dobrev D.D., Boev Z.N. 2023. Grassland Alterations Do Not
Affect Breeding Success, but Can Explain Dietary Shifts of a Generalist Raptor
Species. Diversity 15, 422. https://doi.org/10.3390/d15030422
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