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AHTIIMHACKUN SI3BIK

ATaJOHHBIN MIEPEBOJT

Hormones and Reproduction of
Vertebrates Preface to the Series.

FOpMOHLI H PAa3MHOKEHUEC TIO3BOHOYHBIX
npeaucjioBue K CEpuH.

Every aspect of our physiology and behavior
is either regulated directly by hormones or
modified by their actions, as exemplified by
the essential and diverse roles of hormones in
reproductive processes.

Kaxp1it acnekT Hamei GU3noJI0THH U
HOBE/ICHUs 100 peryiupyercs
HEINOCPEACTBEHHO TOPMOHAMHU, JINOO
MOUGUIIPYETCS UX JCUCTBUSMH, YTO
MOJITBEPIKJIA€TCsl CYIIECTBEHHON U
pa3zHo00Opa3HO# POJIHI0 TOPMOHOB B
pEenpoOaYKTUBHBIX MTPOLIECCaX.

Central to the evolutionary success of all
vertebrates are the regulatory chemicals
secreted by cells that control sexual
determination, sexual differentiation, sexual
maturation, reproductive physiology, and
reproductive behavior.

IlenTpasbHOE MECTO B 3BOJIIOLIMOHHOM YyCIIEXE
BCEX [M03BOHOYHBIX 3aHUMAIOT PETYIATOPHBIE
XMMHUYECKHE BELIECTBA, CEKPETUPYIOIIUMHU
KJIETKaMH, KOHTPOJIUPYIOT IOJIOBYIO
JEeTEepPMUHAIUIO, TIOJIOBYIO AU (PHEPEHLIUPOBKY,
MI0JIOBOE CO3pPEBaHKE, PENPOAYKTUBHYIO
(bU3MO0JI0THIO U PENPOAYKTUBHOE MIOBEJICHUE.

To understand these processes and their
evolution in vertebrates, it is necessary to
employ an integrated approach that combines
our knowledge of endocrine systems, genetics
and evolution, and environmental factors in a
comparative manner.

21.]'[5[ IOHUMAaHHs 3T IPOUECCOB H HUX
SBOJTFOIMH Y TIO3BOHOYHBIX, HEOOXO MO
HCHOJIL30BAaHNE KOMILJIEKCHBIM noaxom,
00BeTMHSIONINI HAITK 3HAHUE SHJOKPHUHHBIX
CHCTEM, TEHETUKH U SBOJIIOLINH, a TAKKE
(haKkTOpOB OKpYKAIOIIEH CpeIbl B
CPaBHUTEIILHOM aCIICKTe.

In addition to providing insight into the
evolution and physiology of vertebrates, the
study of comparative vertebrate reproduction
has had a considerable impact on the
biomedical sciences and has provided a
useful array of model systems for
investigations that are of fundamental
importance to human health.

N3y4yeHue mo3BOHOYHBIX B CPABHUTEIHHOM
acCreKTe He TOJIBKO JaeT MpeCcTaBIeHHEe 00
SBOJIIOLHMH U (PU3UOJIOTHH TIO3BOHOYHBIX, HO H
OKa3bIBAET 3HAUUTEJIBHOE BIUSIHHE HA
OMOMEIMITMHCKHE HAYKH, & TAaK)Ke
MIPEI0CTABIISICT MOJIE3HBIN HAOOP MOJICIBHBIX
CHCTEM IJIS MCCIIENOBAHUM, IMEIOIIUX
byHIaMEHTAIPHOE 3HAYCHHE JIJIS 3I0POBbS
YyeJIoBeKa.

The purpose of this series on the hormones
and reproduction of vertebrates is to bring
together our current knowledge of
comparative reproductive endocrinology in
one place as a resource for scientists involved
in reproductive endocrinology and for
students who are just becoming interested in
this field.

[lenb MaHHOM CEpUU KHHUT O TOPMOHAX U
Pa3sMHOKEHHIO IIO3BOHOYHBIX COCTOMT B TOM,
YTOOBI CBECTH BOEAMHO HAIIHM COBPEMEHHBIE
3HAHHS 110 CPABHUTEIILHOMN PENPOyKTHBHOM
SHIOKPHUHOJIOTHH KaK PECypC JUIS YICHBIX,
3aHUMAIOIIUXCS PETPOTYKTUBHOM
9HJIOKPHHOJIOTUEH, TaK M JUIS CTY/ICHTOB,
KOTOPBIE TOJILKO HAYMHAIOT HHTEPECOBAThCS
3TOM 001aCThIO.

In this series of five volumes, we have
selected authors with broad perspectives on
reproductive endocrinology from a dozen
countries.

JlaHasi cepusi COCTOUT W3 ISITU TOMOB, B
KOTOPBIE BOIILIN paObOTHI aBTOPOB C IIUPOKUMHU
B3IJIS,IAMH Ha PENPOTyKTUBHYIO
SHJIOKPHHOJIOTHIO

n3 6omee ueM 10

These authors are especially knowledgeable

I[aHHBIG ABTOPbI 0COOEHHO SIBIISTFOTCS




in their specific areas of interest and are
familiar with both the historical aspects of
their fields and the cutting edge of today’s
research.

CHELHATNCTAMH B CBOMX KOHKPETHBIX 00JIACTSIX
MHTEPECOB U 3HAKOMBI KaK C UCTOPUUECKUMU
acTeKTaMu CBOEH 00JIACTH, TaK M C TIEPEIOBBIM
COBPEMEHHBIMM HCCIIEJOBAHUSIMM .

We have intentionally included many younger
scientists in an effort to bring in fresh
viewpoints.

Mpbl HaMEpEeHHO MPUBJIEKIN K paboTe MHOTUX
MOJIOZIBIX YUEHBIX, CTPEMSCh Pa3HOOOpPA3UTH
TOYKU 3PEHU.

Topics in each volume include sex
determination, neuroendocrine regulation of
the hypothalamuse pituitaryegonadal (HPG)
axis, separate discussions of testicular and
ovarian functions and control, stress and
reproductive function, hormones and
reproductive behaviors, and comparisons of
reproductive patterns.

TeMbl B KaKJI0M TOME BKJITFOUAKOT
ompeieNIeHue 10J1a, HEHPOIHJOKPUHHYIO
PEryJSIUI0 TUIIOTAaTIaMO-TUIIO(PH3apHO-
ronaanou ocu (I'TIT"), oTnenbHbIE 0OCY)KIEHUS
(GYHKIIUY U KOHTPOJIb SIMUEK U STUYHUKOB,
CTpECC M perpoayKTUBHAS (HYHKIHS, TOPMOHBI
U PENpPOIyKTHBHOE TIOBEACHHE, a TAKKE
CpaBHEHHUE PEMPOTYKTUBHBIX MMATTEPHOB.

Emphasis on the use of model species is
balanced throughout the series with
comparative treatments of reproductive cycles
in major taxa.

AKHGHT Ha UCIIOJIb30BAHNHU MOJACJIIBHBIX BHUI0OB
YPaBHOBENIMBAETCS HA MPOTSKEHUU BCEH
cepun

CpaBHUTEIBLHBIMU 00pabOTKaMu
PETNPOTYKTUBHBIX ITUKJIOB B OCHOBHBIX
TaKCOHaX.

Chemical pollution and climate change pose
serious challenges to the conservation and
reproductive health of wildlife populations and
humans in the twenty-first century, and these
issues must be part of our modern perspective
on reproduction.

XUMHYECKOE 3arpsi3HEHUE U H3MCHCHHE
KJIMMaTa CO3JIal0T CEPbe3HBIC

POOJIEMBI JIJISl COXpAaHEHUS U
PEIPOAYKTUBHOTO 3/I0POBBS OMYJISAIIAN
IHAKHX )KUBOTHBIX U mroneit B XXI| Beke,
JTAaHHBIC TIPOOJIEMBI JIOJDKHBI CTaTh YaCThIO
HAIIIEr0 COBPEMEHHOTO TIOHUMaHUs Ipolecca

BOCIIPOM3BO/ICTBA.
Consequently, we have included chapters that | CiienoBatebHO, MbI BKJIFOYHJIIH TJIaBbI,
specifically deal with the accumulation of KOTOPBIE

endocrinedisrupting chemicals (EDCs) in the
environment at very low concentrations that
mimic or block the critical functions of our
reproductive hormones

TIOCBSIIICHBI HAKOTUICHUIO 3HJOKPHHHBIX
paspymraromux xumudeckux eriects (EDCS)
B OKpYXKAroIleH cpejie B OUCHb

HU3KUX KOHIEHTPAIUSAX, KOTOPbIE UMUTHPYIOT
WK OJOKUPYIOT KpUTHYECKHE PYHKIIUU
HAIINX PEMPOTyKTUBHBIX TOPMOHOB

Many authors throughout the series also have
provided information connecting reproductive
endocrinology to species conservation.

MHorue aBTopbl Ha MPOTSHKEHUH Beei
CepUU KHHUTH TAKXKe MPeT0CTaBIISIIN
UH(OPMALINIO, CBS3BIBAIOLIYIO
PENPOAYKTUBHYIO SHIOKPHUHOJIOTHIO C
COXPAHEHUEM BUJIOB.

The series consists of five volumes, each of
which deals with a major traditional grouping
of vertebrates: in volume order, fishes,

I[aHHaSI C €pus COCTOUT U3 IATHU TOMOB,
KaXKIpIi U3 KOTOPBIX IMOCBAIICH OCHOBHO
TpaIlHHHOHHOﬁ T'pynic mMO3BOHOYHBIX: B




amphibians, reptiles, birds, and mammals.

nopsijike yosiBaHus - Peroam, ampuousim,
PENTIINSM, NTHIIAM U MJIICKOTTUTAIOIIUM.

Each volume is organized in a similar manner
so that themes can be easily followed across
volumes.

Kaxp1ii ToM OpraHn30BaH aHAJIOTUYHBIM
00pa3om, TaKk 4TO TEMBI MOTYT OBITh
MIPEJCTABIICHBI B PA3HBIX TOMAX.

Terminology and abbreviations have been
standardized by the editors to reflect the more
common usage by scientists working with this
diverse assembly of organisms we identify as
vertebrates.

TepMuHONOTUS U COKpALEHUs ObLIN
CTaHAAPTU3UPOBAHBI pCAAKTOpaAMHU, ‘ITO6I)I
OTpa3uTh 00JIee PacIpOCTPAaHEHHOE
HCII0JIb30BAHUEC YUCHBIMU, pa60TaIOHII/IMI/I C
STUM Pa3HOOOpPa3HBIM COOpaHHEM
OpraHru3MoOB, KOTOPEIC MbI OITPEACTIAIN KaK
IIO3BOHOYHEBIC.

Additionally, we have provided indices that
allow readers to locate terms of interest,
chemicals of interest, and particular species.

Kpome Toro, Mbl Ipej0CTaBUIN UHIEKCHI,
KOTOPBIE ITO3BOJISIOT YATATEISAM HAXOIUTh
WHTEPECYIOIIHNE TEPMUHBI, THTEPECYIOLINE
XUMUYECKHE BEIIECTBA U KOHKPETHBIE BUJIBI.

A glossary of abbreviations used is provided
with each chapter.

K kaxxs1o¥ riaBe npunaraercs riaoccapui
HCITOJIb3YEMBIX COKpAIICHU.

Finally, we must thank the many contributors
to this work for their willingness to share their
expertise, for their timely and thoughtful
submissions, and for their patience with our
interventions and requests for revisions.

Haxowner, Mpl TOJKHBI TOOIAroJapuTh MHOTHUX
YYaCTHUKOB JJaHHOU pabOTHI 32 KX TOTOBHOCTh
MOJCTUTLCS CBOUM OITBITOM, 33 HX
CBOEBPEMEHHBIE U BIYMUYHBBIE MTPECTABICHUS
Y 32 UX TEPIIEHUE B OTHOUICHUH HAIINX
BBICTYIJICHUH U MPOCHO 0 TIEPECMOTpE
Marepuaia .

Their chapters cite the work of innumerable
reproductive biologists and endocrinologists
whose efforts have contributed to this rich and
rewarding literature.

B ux rinaBax nuTHUpyroTCs paboTh
OECUUCIIEHHBIX PENPOAYKTUBHBIX OMOJIOTOB U
SHAOKPUHOJIOTOB, YbW YCHJIMS BHECIIU CBOM
BKJIAJ[ B 3Ty OOraTyio U MoJe3HYI0 JUTepaTypy.

And, of course, our special thanks go to our
editor, Patricia Gonzalez of Academic Press,
for her help with keeping us all on track and
overseeing the incorporation of these valuable
contributions into the work.

W, KOHEYHO K€, MBI BEIPA)KaeM 0CO0YI0
0J1aroJapHOCTh HalleMy peaakropy, [latpucun
I'oncanec u3 Academic Press, 3a ee momonis B
TOM, 4TOOBI JIEpP’KaTh HAC BCEX B Kypce U
KOHTPOJIMPOBATH BKIIFOYEHUE ITUX LEHHBIX
BKJIAJIOB B paboTy.

Preface to VVolume 4 Birds

[TpenucnoBue kK ToMy 4 NTUIIBI

Birds are unique among vertebrates in that they
are highly adapted for flight in terms of their
anatomy, physiology, and behavior.

IITuup! ABISIOTCS YHUKAJIbHBIMU BHIOM
IMIO3BOHOYHBIX B TOM, YTO OHH BBICOKO
HpI/ICHOCO6HeHLI K IIOJICTY € TOYKH 3pCHUA UX
aHaTOMMHU, (I)I/ISI/IOJ'IOFI/II/I U MOBCACHUS.

Further, they are possibly the most visible
vertebrate species to humans in being strongly
diurnal, often brightly colored, and extremely
easy to observe in their natural habitats.

Kpowme Toro, oHH, BO3MOXHO, SBISIOTCS
Hanboee 3aMETHBIMYA BUIAMU ITO3BOHOYHEIX,
MOCKOJIbKY OHU JTHEBHBIE, YACTO SIPKO
OKpaIlleHHBIE U YPE3BBIYANHO JIETKO
HaOI0JaeMble B UX €CTECTBEHHOM cpejie
oOuTaHus.




Consequently, birds have been a favorite target
for biologists interested in studying the
relationships among hormones, natural
environmental factors, and reproduction in
wild vertebrates.

CrenoBaTenbHO, HTULBI OBLIN H3II00IEHHBIM
00BEKTOM H3ydCHHUS JIJIs1 OMOJIOTOB,
3aMHTEPECOBAHHBIX M3yYEHUEM B3aUMOCBSI3U
MEXTy TOPMOHAMHU, PUPOJTHBIMH (PaKTOpaMu
OKpYKaloILEW Cpelibl U Pa3MHOKEHUEM Y
JUKHX TIO3BOHOYHBIX.

Distributed in a wide range of habitats
globally, all birds are characterized
physiologically by endothermy, internal
fertilization, and obligate oviparity

PacnipocTpanenHbie B IMPOKOM AHAa30HE
MECTOOOUTAHHI 0 BCEMY MUPY, BCE MTHUIIBI
(U3HOJIOTHYECKH XapaKTEePU3YIOTCA
SHAOTEPMHUEH, BHYTPEHHUM OTUIOA0TBOPEHUEM
1 O0JIMTaTHOM SHIIEKIaIKOM

Females produce relatively small numbers of
large yolky eggs, and embryonic development
generally requires elevated temperatures,
provided by brooding.

CaMKH IpOU3BOAST OTHOCUTENIBHO HEOOJIBIIOE
KOJMYCCTBO KPYIMHBIX XCJITOYHBIX SAUII, U
SMOpUOHAJILHOE pa3BUTHE OOBIYHO TPeOyeT
MOBBIIICHHBIX TECMIICPATYP, oOecrieunBaeMbIX
BBICMXKHBAHUEM.

Thus, considerable parental care is involved in
the successful reproduction of most bird
species.

Taxknm O6p330M, SHAYUTCIIbHAA POAUTCIIbCKAA
3a00Ta CIIOCOOCTBYET YCHEIIHOMY
Pa3MHOXKEHHIO OOJBITMHCTBA BUJIOB TITHII.

This avian volume on hormones and
reproduction focuses both on bird species in
wild populations and on captive birds, in which
reproductive physiology and behavior may be
studied relatively easily.

JlaHHBII TOM O NTHIIAX UX TOPMOHAX M
Pa3MHOXEHHU COJEPKUT UHPOPMAIHIO O
BUJAaX NTHI] B IUKHUX MOMYJSALUAX, U O NTULAX
B HEBOJIE, Y KOTOPBIX PENPOIyKTUBHAS
(bU3HOJIOTHS U TTIOBEICHUE MOTYT OBITh
U3Y4€Hbl OTHOCUTEIHHO JIETKO.

We begin with a chapter on the neuroendocrine
regulation of reproduction and follow with
chapters on testicular and ovarian functions.

Mb1 Ha9HEM C TJIaBhl, IIOCBSIIICHHOM
HEUPOIHIOKPUHHOM PETYIISIUN PENPOAYKIIUH,
a 3aTeM IepenieM K riaBam, MOCBAIICHHBIM
GYHKIMSIM SIMYEK U SUYHUKOB.

Following is a discussion of the maternal role
in determining the hormonal and nutrient
composition of the egg and its significance for
successful reproduction.

Huxe no TekcTy paccMaTpuBaeTcs pojib
MaTepU B OTPEIEIIEHUU TOPMOHAIBHOTO U
MUTATENILHOTO COCTaBa SHICKIETKH U ee
3HAYEHHE JUIsl YCIEITHOTO Pa3MHOXKEHUSI.

Chapters on the hormones involved in stress,
courtship and mating behavior, parental
behavior, and migration and reproductive
cycles represent the emphases of the study of
bird reproduction over the past several
decades.

FHaBBI, OIIKMCBIBAIOIIUE T'OPMOHBI
Y4aCTBYOIUEC B CTPECCC, YXA’KUBAHUHU U
6pa‘lHOM IMMOBCACHUHN, POAUTCIILCKOM
MMOBCACHNHN, MUT'PALITUOHHBIX U
PCOPOAYKTHBHBIX HUKIIAX, IPECACTABJIAIOT
co00lf OCHOBHBIE HaITpaBJICHU U3YYCHUSA
BOCIPOU3BOJACTBA IITUII 3a MMOCJICIHUC
HECKOJIbKO IECATUICTUH.

Finally, the importance of endocrine disruption
in bird populations by anthropogenic chemicals
is discussed.

Haxkownern, o06cyxaaercss BOXKHOCTb
SH/IOKPUHHBIX HApYILIEHUH B MOMYISAIUIX
ITHUL] 110]] BO3AECHCTBUEM aHTPOIIOTE€HHBIX
XMMHYECKHX BEIIECTB.

Neuroendocrine Control of Reproduction in
Birds

HeliposHAOKpUHHBINA KOHTPOJIb PAa3MHOXKEHUS
y ITHULL

SUMMARY

PE3IOME




Reproductive physiology and behavior of birds
are ultimately controlled by the
hypothalamusehypophysial system.

PenponykTuBHas Gpu3nonorus u noBeaeHue
NTHI] B KOHEYHOM CUeTe KOHTPOJIUPYIOTCS
TUNOTAIaMO-TUNO(PH3apHON CHUCTEMOH.

neurons integrate internal and external signals,
controlling reproduction by releasing
neurohormones to the adenohypophysis
(anterior pituitary).

HEWPOHBI UHTETPUPYIOT BHYTPEHHHUE U
BHEIIHUE CUTHAJIbI, KOHTPOJIUPYS
BOCITPOM3BO/ICTBO ITyTE€M BBICBOOOKIEHUS
HEHPOTOPMOHOB B aICHOTHITOGU3 (TICPEIHHIA
runopus).

Reproductive activation occurs via
gonadotropin-releasing hormone (GnRH)
stimulation of adenohypophysial gonadotropin
secretion. Gonadotropins (GTHSs) (luteinizing
hormone (LH), follicle-stimulating hormone
(FSH)) act on the gonads to stimulate
gametogenesis and sex steroid production.
Gonadotropin-inhibiting hormone (GnlH) may
inhibit gonadotropin secretion directly or
indirectly by decreasing the activity of GnRH
neurons.

PenponykruBHas akTUBaLus IPOUCXOAUT
HOCPEACTBOM CTUMYJISILIMIO TOHAI0TPOINH-
punusuHr-ropmona (I'nuPI') cexperumn
aJIeHOTUNo(U3apHOTO TOHAIOTPOTIHHA.
lNonaporponunsl (I'TT) (sroTenHu3upyromuni
ropmoH (JII'), honnukynocTUMyYIUpyIOIUM
ropmoH (@CT')) BO3A€UCTBYIOT Ha TOHAIBI,
CTUMYJIMPYsI TaMETOreHe3 U BhIPabOTKY
MIOJIOBBIX CTEPOUJIOB. [ OHaIOTPOTINH-
uHTrHOHpyromwmii ropmoH (GnlH) moxer
MHTHOMPOBATH CEKPELMIO TOHAI0OTPOTIMHA
IPSIMO WJIM KOCBEHHO, CHUKAasi aKTUBHOCTh
HelipoHoB ['HPT.

Arginine vasotocin (AVT) is released from the
neurohypophysis (posterior pituitary) and
regulates oviposition by directly inducing
uterine contraction.

Aprunun BazotouuH (ABT) BeicBOOOX 1aeTCst
u3 Helporunodusa (3aguent 1oau runodusa) u
perynupyer silekiaaKy, HemocpeACTBEHHO
BBI3bIBasi COKpAIICHHE MATKH.

Several mechanisms are discussed in terms of
how the brain perceives and translates external
environmental information into internal
hormonal signals to time seasonal
reproduction.

Heckonbko MexaHM3MOB 00CYXIAI0TCS €
MO3UIUHU TOTO, KaK MO3T BOCIIPUHUMAET U
NEePEeBOIUT UHPOPMALIMIO BHEIIHEH CPebl BO
BHYTPEHHHE TOPMOHAJIbHBIE CUTHANBI JJIs
BPEMEHHOTO C€30HHOTO Pa3MHOKEHUSI.

1. INTRODUCTION

1. BBenenue

Birds (class Aves) are bipedal, homeothermic
oviparous vertebrate animals. Modern
birdsdcomprising nearly 10 000 living
speciesdare divided basally into two clades,
Palaeognathae and Neognathae (Harshman,
2006).

[Ttuie! (k1ace AVES) -nByHorue,
TOMOHOTEpMHBIE AHUIEKIAAYIIHE TO3BOHOYHbBIE
»KuBOTHBIE. COBPEMEHHBIC ITHUIIHI,
"acyutbiBaronre nouytd 10 000 XUBBIX BUIOB
, JEIATCSI B OCHOBHOM Ha JIBE€ KJIaJbl-
Palaeognathae u Neognathae .

Palaeognathae includes the ratites (e.g. ostrich
(Struthio camelus), emu (Dromaius
novaehollandiae), and Kiwis (Apteryx)) and
tinamous. Neognathae is divided into
Galloanserae and Neoaves. Galloanserae
consist of the sister orders Anseriformes (e.g.,
ducks, geese, and swans) and Galliformes (e.g.,
turkeys, grouse, chickens, quail, and
pheasants).

Palaeognathae BkitouaeT B cebs ratites
(Hammpumep, ctpayc (Struthio camelus), smy
(Dromaius novaehollandiae) u kuBu (Apteryx))
u tinamous. Neognathae nenutcs Ha
Galloanserae u Neoaves. Galloanserae
SBIIIOTCS POJICTBEHHBIM BUJIOM (HampuMmep,
VTKH, TycH U Je0eqn) U OTpsSA0B (Hampumep,
WHJICHKH, TeTepeBa, Kyphbl, epenena, u
dazanbl).

Neoaves consist of 24 orders, including
Columbiformes (pigeons, doves) and

Knacc Neoaves Bmemaror B cedst 24 otpsina ,
Bkitouast Columbiformes (I'osry6u, roayou) u




Passeriformes. Passeriformes include all
songbirds, and contain more than half of all
bird species (Sibley & Monroe, 1990)

Passeriformes. BopoObHHbIC BKIIOYAET BCEX
NEBYMX IITHUI] U COJCPKAT OOJIee TOJTOBUHBI
Bcex BuoB ntuil (Sibley & Monroe, 1990)

Reproductive activities of birds consist of
multiple stages in their life history.

PenpoayktuBHAas A€STEIBHOCTD NTHULL
BKJIFOYAET B C€OSI HECKOJIbKUX ATAIOB B UX
JKU3HEHHOUW UCTOPHH.

Typically, males establish territories after the
initiation of gonadal maturation and form pairs
with females. Male and female birds mature
their gonads and engage in courtship, construct
nests, and copulate, and female birds ovulate
and lay eggs.

Kaxk mpaBuio, camiisl co31a10T TEPPUTOPUU
MOCJIC Havajaa coO3peBaHus TOHA U 00pa3yoT
napsl ¢ caMkamMu. CaMIlbl U CAMKH ITHII
CO3pEBAIOT B CBOMX FOHA/IaX M yYaCTBYIOT B
yXa)KUBaHUU, CTPOAT THE3/A U
COBOKYIUISIFOTCSI, @ CAMKH OBYJIMPYIOT U
OTKJIQJBIBAIOT SHIIA.

After incubating their eggs, they feed nestlings
and fledglings. Finally, the reproductive
system regresses and the next life-history stage
follows, e.g., molt (Wingfield et al., 1999).

[Mocie HacM)XMBaHMS SUIl OHU BBIKAPMITUBAIOT
NTEHIIOB ¥ NITEHIIOB-He0eToK. HakoHerr,
PENPOIYKTHBHAS CUCTEMa PErpeccCupyer, 1
HACTYIIAeT CIEAYIONast CTaaus )KU3HEHHOTO
ukia, HanpuMep Juabka (Wingfield et al.,
1999).

Many passerine species that breed at high
latitudes incorporate two migratory periods
between nonbreeding and breeding stages
(Wingfield & Farner, 1980).

MHorue Bubl BOPOObHHBIX,
PASMHOXKAOMIUECA B BEHICOKHMX ITUPOTAX,
BKJIFOYAIOT JIBa MUTPAllMOHHBIX IIEPHUOIa
MCXKIAY CTaAusIMU PAa3MHOXKCHUA U
pasmuoxenust (Wingfield & Farner, 1980).

Reproductive physiology and behavior of birds
are governed by the hypothalamic
(neuroendocrine) control of pituitary hormone
secretion (hypothalamusepituitary system
(HPS)).

PenpoaykruBHas (pU3MO0IIOTHS U IOBEICHHE
NTHI] PETYITUPYIOTCS TUTIOTAIAMAYECKUM
(HEHPOIHIOKPUHHBIM) KOHTPOJIEM CEKPEIIHU
TOPMOHOB THNO(HU3a (THUIOTaIaMO-
runouzapras cucrema (I'TIC)).

Accordingly, this chapter will start with a brief
summary of the anatomy of the HPS and the

neurohormones involved in avian reproduction.

CoOOTBETCTBEHHO, JIaHHAS TJ1aBa HAYHETCS C
kpatkoro oo63opa anatomuu ['TIC u
HEHPOropMOHOB, YUYaCTBYIOIIHNX B
pPa3MHO>KEHHU TTHII.

Gonadotropins , follicle stimulating hormone
are important anterior pituitary hormones that
control avian reproduction by inducing
gametogenesis (spermatogenesis, autogenesis)
and sex steroid genesis (androgens, estrogens,
progestogens) in the gonad.

['oHagoTponuHsI ,
(bOITMKYI0CTUMYIUPYIOIIUNA TOPMOH
SBIIIOTCS BaXKHBIMU TOPMOHAMU TIE€peIHeN
07U TUNohu3a, KOTOpble KOHTPOJIUPYIOT
pPa3MHOKEHHE NTHILI, HHAYIIHPYS TaMeTOTreHe3
(criepMaTtoreHes, ayToreHe3) U reHe3 MOoJ0BbIX
CTEpOUJIOB (aHIPOTEHBI, FCTPOTEHBI,
IIPOreCTareHsl) B TOHAJIE.

Accordingly, investigation of how the
hypothalamic neurohormones control GTH
secretion from the pituitary is imperative to
understand the neuroendocrine control of
reproduction.

COOTBETCTBEHHO, UCCIIEI0OBAHKUE TOTO, KaK
TUNOTAIAMUYECKUE HEUPOTOPMOHBI
KoHTpoupyroT cekperuio ['TT" u3 runodusa,
HE0OXO0IUMO ISl TOHUMAaHUS
HEUPOIHTOKPUHHOTO KOHTPOJIS PENPOTYKIIUH.

Two hypothalamic neuropeptides,
gonadotropin-releasing hormone (GnRH) and
gonadotropin-inhibitory hormone (GnlH),

bynyt BBEEHBI 1Ba TUIIOTAIaMUYECKUAX
HEHUPONENTUAA, TOHANOTPOIIUH-PUTIU3HHT -
ropmoH (I'aPT") u ronagorponus-




which have opposite effects on GTH secretion,
will be introduced.

UHTUOUTOPHBINA TOpMOH (I'HUX), KOTOpBIE
OKa3bIBAIOT IIPOTUBOIIOJI0KHOE BIUSHUE HA
cekperuto I'TT.

After oviposition, incubation of the eggs and
feeding of the offspring are the typical next
stages in avian life history.

[Mocne sifliexnagku HHKYOAUs UL 1
KOPMJIEHHE IOTOMCTBA SIBJIAIOTCS TUITUYHBIMU
CJIEYIOIMMHU 3TarlaMy B UCTOPUH KU3HU
NTULL.

These parental behaviors seem to be controlled
by another anterior pituitary hormone,
prolactin (PRL).

Takoe poauTenbckoe NOBEAECHHUE, T10-

BUJUMOMY, KOHTPOJIUPYETCS IPYTUM

TOPMOHOM TNepeaHEeH 10JM THHodu3a-
nposaaktuHoM (ITPJI).

Hypothalamic vasoactive intestinal peptide
(VIP) is thought to regulate PRL secretion
from the anterior pituitary.

I'mnoranamMuyeckuii Ba30aKTUBHBIN KAIICYHBIN
nentua (BUID), kak nonararot, peryaupyer
cekpeuuto [1PJI u3 nepenneit nomu runodusa.

Many birds reproduce seasonally.

MHorme NTUIbl Ppa3MHOXKAIOTCS CE30HHO.

How do birds perceive and translate external
environmental information into internal
hormonal signals to time reproduction?

Kaxk nTunsl BOCOPUHUMAIOT U IEPEBOISAT
MH(OPMALIMIO BHEUTHEHN cpe/ibl BO BHYTPEHHUE
TOPMOHAJIbHBIE CUTHAJIBI JIJIS1 BPEMEHHOTO
pa3MHOXKEHUS?

If reproductive physiology and behavior of
birds are ultimately controlled by the HPS,
how does this system control seasonal
reproductive activities of birds?

Ecnu penpoayktuBHas Gpu3HOIOTHS U
IIOBEJACHHUCEC IITHUI] B KOHECYHOM CUCTE
KoHTpospyroTcs I'9C, To kak 3Ta cucrema

KOHTPOJIUPYET CE30HHYIO PEMPOTYKTUBHYIO
NEeITEeIbHOCTD IITHIL?

Does the hypothalamus detect the external
environmental signals itself, or are they
detected by other organs and the information
transduced to the hypothalamic neuronal
system to control pituitary hormone secretion?

VYI1aBnuBaeT ¥ THIIOTAJIaMyC CUTHAIIBI
BHEIIIHEH CpeJibl caM, UITH OHH
0OHaApY)XKUBAIOTCS IPYTUMHU OpraHaMH U
nHpopMarus repeaaeTcs B
TUIOTAIAMHYECKYI0 HEHPOHAIBHYIO CHCTEMY
JUTSL YIIPABIICHHSI CEKPEIUel TOPMOHOB
runoguza?

These interesting topics will be discussed in
Section 3.

JlanHble UHTEpECHBIE TEMBI OYAYT
paccMOTpeHbI B pasjene 3.

Finally, we will investigate the lines of
research that will be necessary in the future to
reveal a more complete picture of the
neuroendocrine control mechanism of avian
reproduction.

Hakoner, MBI pacCMOTpUM HampaBlIeHUS
HCCIIEZIOBAaHMI, KOTOPBIE OyIyT HEOOXOAUMBI B
Oynaymiem, 4ToObI BBIIBUTH 0OJIEE MOTHYIO
KapTHHY HEHPOIHTOKPUHHOTO MEXaHU3Ma
YIIPaBJICHUS pa3MHOKEHHEM IITHUIL.

2. THE HYPOTHALAMUSEPITUITARY
SYSTEM (HPS)

2. runotanamo-runoduzapaas cucrema (I'TIC)

Reproductive activity of birds is controlled by
the HPS. Hypothalamic neurons somehow
integrate external (light, temperature, sound,
etc.) and internal (water, nutrition, hormones,
etc.) information, and regulate the reproductive
physiology and behavior of the bird by
releasing neurohormones to the pituitary.

PenpoaykTHBHAsE aKTUBHOCTB TITHII
koHTposupyetcst 'DC. 'mnoranaMmudeckue
HEHPOHBI KAKUM-TO 00pa30M UHTETPUPYIOT
BHEIITHIOK (CBET, TEMIIEPaTypa, 3BYK U T. J1.) U
BHYTPEHHIOIO (BOJIa, MUTAHUE, TOPMOHBI U T.
11.) ’HPOPMAIIUIO U PETYIUPYIOT
PENPOIyKTUBHYIO (DU3HOJIOTHIO U TIOBEJICHUE
ITHIIBI, BEICBOOOXK 1451 HEHPOTOPMOHBI B
runodus.

Figure 1.1 shows the generalized anatomical

Ha puc. 1.1 mokazana 0600meHHas




structure of the hypothalamus and pituitary in
the avian brain

aHATOMUYECKAs CTPYKTypa runoTajiaMmyca u
runo¢u3a B roJIOBHOM MO3I'€ NTHI

Table 1.1 summarizes the molecular structures
and the known functions of the identified key
neurohormones that control reproduction in
birds.

B tabnuie 1.1 060011eHb MOIEKYIISIPHBIE
CTPYKTYPBI M U3BECTHBIC (DYHKITHH
UICHTHU(PHUIIMPOBAHHBIX KITFOYEBBIX
HEHPOTrOPMOHOB, KOHTPOJUPYIOIIHUX
pa3MHOXKEHHE Y ITHIL.

The neuroendocrine system controlling
reproduction of birds is summarized in Figure
1.2.

HeliposnnokpuHHas cucrema,
KOHTPOJIMPYIOLIAsi Pa3MHOKEHUE MTHIL,
npeJicTaBieHa Ha puc. 1.2.

Various neurohormones that seem to play
important roles in reproduction, such as GnRH,
GnlH, VIP, and AVT, are synthesized in the
brain nuclei of the hypothalamus.
Gonadotropin-releasing hormone, GnlH, and
VIP are thought to be transmitted through
neuronal axons and released into the portal
vessels in the median eminence (ME).

PaznuunbIle HEHPOTOPMOHBI, KOTOPBIE, TO-
BUJIUMOMY, UTPAIOT BaKHYIO POJIb B
penpoayknun, Takue kak GNRH, GnlH, VIP u
AVT, cuHTE3UpYIOTCS B siApax Mo3ra
runortaigamyca. Cuuraercs, 4To
TOHAI0TPOTIHH-PUIH3HHT-TOpMOH, GNIH n
VIP nepenatorcs uepe3 HeWpOHAIbHBIS
AKCOHBI U BBICBOOOKJAIOTCS B IOPTAJIbHBIE
cocybl B cpeiuHHOM Bo3BbimeHnd (ME).

Other mechanisms may exist to orchestrate the
actions of various neurohormones, such as
direct interactions of neurohormones in the
hypothalamus.

[pyrue MmexaHu3Mbl MOTYT CYIIECTBOBATH IS
TOT0, YTOOBI YIPABIATH AEUCTBUIMHU
Pa3JINYHBIX HEUPOTOPMOHOB, TAKMX KaK
MpsIMbIE B3AaMMOJEHCTBHS HEUPOTOPMOHOB B
runoTajgamyce.

Neurohormones released at the ME are directly
conveyed to the anterior pituitary
(adenohypophysis) in the blood and stimulate
or inhibit anterior pituitary hormone secretion.

HetiporopmoHsl, BEICBOOOXqaeMbie pu MO,
HEMOCPEACTBEHHO MePeatoTCs B EPEIHIO0
yacTh Tunodusa (aaeHorunous) B KPOBHU U
CTUMYJIMPYIOT WJIM UHTHOUPYIOT CEKPELIHIO
TOPMOHOB Tepe/iHel yacTu runodusa.

Six adenohypophysial hormones have been
identified in birds: LH, FSH, PRL, thyrotropin
(TSH), corticotropin (ACTH), and growth
hormone (GH) (Scanes, 1986).

VY nrun 661IM UIeHTUGUIIUPOBAHBI HIECTh
age”orumnoduzapasix ropmonos: JII', ®CT,
ITPJI, Tupeorponun (TTI'), kopTHKOTpOTIHH
(AKTI') u ropmoHn pocrta (Tp)

Hypothalamic neurohormones, such as AVT
and mesotocin (MST), which are produced in
magnocellular neurons in the hypothalamus,
are transmitted through their axons and
released at the neural lobe of the pituitary,
which is called the posterior pituitary .

['mnoranaMuyeckre HEHPOrOPMOHBI, TAKHE KaK
ABT u me3otouun (MCT), koTopbie
BbIPA0ATHIBAIOTCSI B MATHOIEILTFOJISIPHBIX
HEHpOHaxX ruroTagamyca, NepeaatTcs 4epes
UX aKCOHBI M BRICBOOOKIAIOTCS B HEPBHOM
noje runousa, KoTopasi Ha3bIBaeTCs 3aHEH
JIoJIeH rurnodusza .

Anterior pituitary hormones and hypothalamic
neurohormones, which are released at the
posterior pituitary, travel in the general
circulation and regulate the physiology and
behavior of the bird.

["opmoHBI nepeHe 1oau runopusa u
TUN0TaJaMUYECKHE HEHPOrOPMOHBI, KOTOPBIE
BBICBOOOXK/IAI0OTCS B 3a{HEH Jj0J1e runodusa,
Y4acTBYIOT B 00IIIEM KPOBOOOpAIlEHUH U
pEryaupyroT (pU3HOJIOTHIO U TIOBE/ICHUE
OTHIIBL.

3. MECHANISMS AND PATHWAYS
REGULATING GONADOTROPIN (GTH)
SECRETION

3. MEXAHUM3MbI 1 I[1YTHU PEI'YJIALIUA
CEKPELIMM TOHAZAOTPOIIMHA (I'TT)

3.1. Gonadotropin-releasing Hormone (GnRH)

3.1. l'onagorponuH-punu3uHr ropmos (I'nPI)




Reproductive activities of vertebrates are
primarily regulated by hypothalamic.

.This decapeptide was originally isolated from
mammals (Matsuo, Baba, Nair, Arimura, &
Schally, 1971; Burgus et al., 1972) and
subsequently from chickens (King & Millar,
1982; Miyamoto et al., 1982).

PerOILYKTI/IBHaSI ACATCIIbHOCTD ITO3BOHOYHBIX
B IIEPBYIO OYEpelb PEryIUPYeTCs THIIOBU30M/
OTOT AeKanenTH 1 HepBOHAYAILHO ObLI
BhIIeTICH M3 MitekonuTaronmx (Matsuo, Baba,
Nair, Arimura, & Schally, 1971; Burgus et al.,
1972), a 3atem u3 kyp (King & Millar, 1982;
Miyamoto et al., 1982).

The molecular structure of the originally
isolated mammalian GnRH (mGnRH-1) is
PEHWSYGLRPG-NH2.

MonexyisspHas CTpyKTypa IIepBOHAYaIbHO

BbIIIEJIeHHOTO MiekonuTaromero GnRH
(mGnRH-1) - pEHWSYGLRPG-NH2.

Chicken GnRH-I differs by one amino acid
from mGnRH-1 in that glutamine is substituted
for arginine at position eight.

Kypunsiit ['HPT -l otnmugaercst ot ['aPI'-1 na
OJIHY aMUHOKHCIIOTY TE€M, YTO TTyTaMUH
3aMeNIeH aprHHUHOM B BOCBMOM TOJIOKEHUH.

Specific genes encoding the same cGnRH-I
peptide have been identified by cDNA cloning
in Galliformes (chicken, quail, turkey) (Dunn,
Chen, Hook, Sharp, & Sang, 1993; Kang et al.,
2006), Anseriformes (goose, duck) (Huang,
Shi, Z. Liu, Y. Liu, & Li, 2008), and
Columbiformes (dove) (Mantei,
Ramakrishnan, Sharp, & Buntin, 2008).

KoHKpeTHBIC TeHBI, KOJIUPYIOIINE TOT JKE
CGNRH-s mentuoB ObUM OMIpeAeTICHBI KITHK
KJIOHMPOBAHUS OTPSJIOB (KypHIIa, ITepererka,
unzeiika) (dann, Yen, Xyk, ocTpslii, & nena,
1993; Kan u coagr,.2006), ryceoOpa3Hbie
(rycs, yrka) (Xyan Ilu, 5. JTvo, 5. Jlro, u Li,
2008), u Columbiformes (roayos) (ManTeit,
PamakpuiHas, octpeie, & Buntin, 2008).

Although the existence of the same cGnRH-I
peptide was unknown in passerine birds for a
long time, the MRNA encoding cGnRH-I was
recently identified in zebra finchesand in
European starlings .

XoTs cylecTBOBaHME TOTO ke menTuaa gnrh-1
OBLJI0O HEM3BECTHO Y BOPOOBMHBIX MTHIL B
TE€UEHHE JIUTeNIbHOTO Bpemenu, MPHK,
koaupytomas CGNRH-I, 6bu1a HEMaBHO
HUICHTU(UIIMPOBAHA Y 3€0POBBIX 30JUKOB U Y
€BPOTENCKUX CKBOPIIOB

The expression of cGnRH-I peptide in
songbirds also has been suggested from its
high-performance liquid chromatography
(HPLC) elution pattern and its cross-reactivity
with various GnRH antisera .

Okcnpeccus nentuaa gnrh-1'y meBumx nrui
TaKXke OblJIa MPeUI0’KeHA Ha OCHOBAHUH €T0
BBICOKOA((HEKTUBHOM KMIKOCTHON
xpomarorpaduu (BOXKX) smoupoBanus u ero
NEPEKPECTHOM PEAKTUBHOCTH C PA3IMYHBIMU
AntuceiBopotkamu GnRH .

Accordingly, cGnRH-I could be called avian
GnRH-I (aGnRH-I) and we will use this
naming in this chapter.

CootBerctBeHHO, CGNRH-| MoxHO OBLIIO OBI
na3Bath ntuubuM GNRH-I (gnrh-1), u Ml
Oy/ieM UCIOJIb30BaTh 3TO Ha3BaHUE B ITOU
rJaBe.

There is a second form of GnRH, which is
called chicken GnRH-II (cGnRH-I1).

CymectByet BTopas ¢popma ['HPT, koTopas
HaszbiBaercst KypuabiM ['HPT-11 (CGnRH-I1).

Chicken GnRH-11 was first found in chickens
and subsequently in mammals and eventually
in all vertebrate groups .

Kypunsiit T'uPI'-11 Ob11 BriepBeie 0OHapyX)eH y
KYyp, a 3aTe€M Y MJICKOTIMTAIOIINX U, B
KOHEYHOM CUeTe, BO BCEX IpyIIax
MO3BOHOYHBIX.
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