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Photograph of a Lower Cretaceous avian embryo from Liaoning, China

(B) A line drawing of the fossil shown in (A). Red lines indicate wing feather sheets,
and the green line shows imprints of tail feather anlagen. (C) A close-up view

of long wing feather sheets near the pedal claws. Zhou, Zang, 2004



Developmental mode
Mpu3aHakm Signs: X - ects It is
X — cnab6o BblpaxeHbl Poor development

A — peaKuusa crnenoBaHusA Ha aKycmqecxwi/'l

curHan Follow response to acoustical signal

Motor activity

Lokomotor activity

Follow response

Young fed by parents

Stay in nest

Eyes closed at hatch9ing

Precocial 1 (Anseriformes, most Galliformes)

Precocial BbiBogkoBble 2 (Rheidae, Phasanidae)

Precocial 3 (Turnicidae, Rallidae, Criidae)

X >< >< Search food and feed alone

Semiprecocial (Laridae, Gaviformes)

Semialtricial (Falconiformes, Strigiformes)

<| X | X | X | X

P> | X[ XX

>3

Altricial 1 (Columbidae, Phalacrocoracidae)

>< >< >< >< >< >< Downy hatching plumage

x| X | X | X | X| X

>3

Altricial 2 (Psittacidae, Passeriformes)

X

X | X | X | XX
XX | X | X
X




Brisoakosbie

Precocial:

Gallus gallus
Coturnix coturnix
Anas platyrhynchos

e e

TTonystisoakosbIe

Semiprecocial:
Larus canus
Larus argentatus

Sterna paradisaea

lonynteHUuoBbIe
Semiprecocial:

TTreHuoOBbIE
Altricial:
Coloeus monedula
Ficedula hypoleuca |
Garulus glondarius |



Log,, brain mass

Allometric relationship of brain to body size in adult

and neonate birds
AJ‘IJ‘IOMeTpW-leCKGSI 3aBUCUMOCTb MACCbI MO3Ira OT MacceCobl
Tena y NrteHUoBbliX U BbIBOAKOBLIX

Portmann (1962) and others have pointed out, that the neonates of fully
altricial species tends to have smaller brains at hatchling than precocious
species. Adults of precocial birds have significally smaller brains at
hatchling than those of the three other developmental groupes, which do
not differ significaly from one another. Neonates HoBopoxaeHHbIe
Adults Bapocnbie
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Gottlieb, 1968, described the occurrence of function in sensory
modalities in endoterms - in birds and mammails in the following

sequence.

1. Nonvisual photic sensitivity
2. Tactil sensitivity

3. Vestibular sensitivity

4. Proprioreception

5. Audition

6. Vision



The order of the onset of sensory system function in homoioterms -
in birds and mammals:

TTocneposatenbHOCTb BKNFOYEHUA CEHCOPHLIX CUCTEM B NoBeAeHue
FOMOMUOTEPMOB - NTULL U MINIEKONUTAIOWMUX CTPOrO 3GKOHOMEpHa:

HesputenbHasa goTodyscTBUTENBbHOCTL Nonvisual photic sensitivity

TaktunbHas 4yBcTBUTENbLHOCTL Tactile sensitivity

TemnepaTypHasa 4YyBCcTBUTENbHOCTb Temperature sensitivity

BectnbynapHasa 4yyscTBuTenbHOCTb Vestibular sensitivity

[MponpuouenTneHasa 4yBCTBUTENBHOCTb Propreception
6 Ob6oHsHue Smell

/. Bkyc Taste

8. Cnyx — Hu3Kne n cpegHue 4Yactotbl Hearing low frequencies
9. 3peHue — gudppysHoe 3peHue Vision — detection of luminosity

. Cnyx — Hearing in high frequencies

RN~

Onset of _ _ ¢

effective 11. Cnyx Hearing — Temporal analise 7 & o

termoregulation 12. MpeameTHoe 3peHue Pattern vision | '§° $
Stable velocity of nervous signals transmission (@) g
CtabunbHasa CKOpOCTb NpoBeAeHUs ~

(Gottlieb, 1968, 1980; Evans et al., 1994; Hill, 1961; Khayutin, 1997; Rosenblatt, 1976;
Olmstead, Villablanca, 1980; Xaromun, /[mumpuesa, 1981, 1991; I'onyoesa, 20006)



/~ DocTmKeHne ™\

onpeaeneHHoro
YypPOBHS1 o6MeHa
NosiBneHune

cnyxa

\

Cpep,Hee yXO
1

NA3BUTUA cnyxa
NMNosiBneHue

MHTEHCUBHOM

BOKanusauum
n AbIXaHUA,

NMoabem
Ha KPbISo

Precocial

T,

Semiprecocial

Altricial

AMbpuoreHes

IV
:  CeHCUTUBHLIIA nepuoA
o E—
E1L T S T

!

prenatal

npeHaTtasnibHbIN

Critical period
of filial imprinting
NoCTHaTasfIbHbIX OHTOreHe3

.

L
Q)

tching




Thermoneutral zone is a range of ambient temperatures
within which heat dissipation is equal to heat production
due to basal metabolic processes, i.e. in the rest sate
metabolism is constant .

Daily energy expenditure (W)
in adult pied flycatcher
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OTHOCUTenbHAs NPOAONXKUTENBHOCTb CEHCUTUBHOMO U
KPUTUYECKOrO NepuoAOB PasBUTUA ClyXa
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STanbl pasBUTUA CNyxa U 3peHuUs
y myxonoeku-necrtpywku (Ficedula hypoleuca)

YcTtaHOBneHue
Sensitive stage @ acpdekTBHOM
CeHCUTUBHbLIN = TepMoOperynauum

nepvopa .
Stages of hearing development Kputnyeckum nepuon
<:h oby4yeHusn Critical period

C]|
BospacrT, cyTku IB1 3 5 7 19 11 13 15 Age, days

4

Stages of vision development

4 Kputnueckum nepuop
obyyeHusn Critical period

- of parent imprinting
Stage 01_: I_Ig_ht Tonbko obnuk poguTtens
sensitivity Bbl3biBaeT NULLEBYIO peakLuio

i
NosiBneHue npeameTHoOro 3peHus Bce HOBOe Bbi3biBaeT

Pattern vision o60poHUTENbLHOE NoBeaeHne

Eyes open




PaszButue chotopeuenTopoB ceTHYaTKN UbINJIeHKa
Ha4YMHaeTCA C LeHTPaNlbHON AMKU
(akcnpeccusa KpacHbIX ONCUHOB B KIeTKe, rMoputusauns
in situ Ha ToTanbHbLIX NpenapaTax)

¢

HOC TO

E15

E18 - sense
(Bruno, Cepko, 1996)



Stages of photoreceptor development in pied flycatcher retina
Ctaauu passuTUA POTOPELIENTOPOB B CETUYATKE MYXOSIOBKU-NeCTPyLUKU
Ficedula hvpoleuca
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Outer segments and chemical synapses develop simultaneously with the
development of oil drops in photoreceptors.



CeTyaTtka MyXONOBKU-NECTPYLIKU,
9 CYTOK




Development of photoreceptors in the retina in
Ficedula hypoleuca

Bo3spacT, cyTku 131 3 5 7 9 11 13 15 Age,days

|4

Stages of vision
development Do

4

4 Kputnueckum nepuop
o6y4yeHus Critical period

of filial imprinting

TonbKo o6nuk poautens

II bi3biBaeT NUuieBYIO peakKunk

Eyes open

Stage of light
sensitivity

MNosiBneHue Bce HoBoe Bbi3biBaeT
npeamMeTHoro 3peHus ob6opoHUTENBLHOE NoBeAeHne



The area of photoreceptors

(functionally matured retina) in Ficedula hypoleuca
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Hanbonee 3Ha4YumMmble U3MEeHEeHUs
NPOUCXOAAT NPU BKIIIOYEHUN B
noseaeHne HOBbIX aHaNM3aTopoB
WU C HaYariom HOBOIO 3Tana B
Pa3BUTUM KaXXAOro aHanu3artopa.

C MOMeHTa OTKpbITUA rnas3 Ha 5-6 cyTku B
nULEeBOM NOBeAEeHUN NTEHL OB
MYXOJTOBKU-NECTPYLLKU NPOUCXOaUT
cMeHa Begyuwen adpcpepeHTayum n Teneps §
3aTeHeHue Npu BneTe poauTens B
AYNNAHKY Bbi3biBaeT «kHeHanpaBfeHHOoe»
nuwieBoe noBeaeHue.

AKyCTUYECKUU NULLEBON CUrHan
npoAosKaeT Bbi3blBaTb NULLeBOe
nosefeHue.

Y OTKpPbITO rHe3AALWUXCA NTUL, NULLEeBasn
peakums B OTBET Ha U3MeHeHue
ocBeLleHHOCTU He BO3HUKaeT.




C nosiBneHMeM NpeaAMEeTHOro 3peHUs
Ha 8-9 cyTKu nuweBan peakuus
CTAaHOBMUTCSH HarnpaBrieHHOU U
BbI3bIBAa€TCA CUITY3TOM NTULbI UIU €ro
nMUTaumen.

.
1717
Wil %
/7



Cxema CTepeoCKONMYeCcKOro u naHOpPamMmHoOro 3peHus
MYXOJIOBKM-NECTPYLUKU

TemnopanbHas
obnacTtb

TemnopanbHas
obnacTtb

LleHTpanbHa%
AMKa

lNMepBble (pyHKLMOHANBLHO 3penble poTopeLenTopbl NOSABNAIOTCS

Yy MyXONOBKU-NECTPYLUKN B TeMnoparibHOu oo6ractu Ha 5-6 cyTku.
NMuweBasa peakuusa BbiNpawmMBaHUA CBA3aHa ¢ akTuBaumen appepeHTHbIX
nyten, oepywinx Ha4vano ot hpoTopeLenTopoB TeMNOPaNIbHON AMKMW.

Y B3pOChbIX 3TV NYTU 3a4€UCTBOBaHbl B CTEPEOCKONNYECKOM 3PEeHUMU nNpu
nuweaoObIBaTeNIbHOM NoBeAeHUU (FTOBfe HaCeKOMBbIX).

JATOT TUN reTepoxXpoHnn odbecnevymnBaeT Hambornee NpPoaoMKUTENIbHOEe
oO0y4yeHue, 4HTO HeoOXoAUMO ANA CNMOXHbIX KOOPAUHUPOBAHHbIX
noBeAeH4YeCKUX aKTOB.



Graham R. Martin

100 mm

7
—

— Kori bustards Ardeotis kori,
Otididae — precocial 1

kori bustard

(@)

Blue cranes

AdopuKaHcKkasa Kpacaska, Unu

== PanCKNIn Xypasrb
Anthropoides paradisea,
Gruidae — precocial 3

(b)
White storks Ciconia ciconia,
Ciconiidae — semialtricial




MecTo nosiBneHus nepsbixX hoTOpEeLENTOPOB B ceTYaTKe U paHHee
nosie 3peHnsa oobycroBfIeHO 3KONOrM4YeCKMMU 3apadamu: y
3epHOAAHbIX pa3BuTne hoTopeuenToOPHOro Crosi ceT4yaTku
Ha4YMHaeTcA C LeHTpanbHOU hoBea; y OXOTHUKOB C nartepanbHbIM
pacnosioXeHueMm rrnas — ¢ TemnoparibHom obénacTtu, obecneuymBaroLlemn
OMHOKYnsApHOEe 3peHue.

Y NTeHUOBbIX 3HA4YUTENbHO Bbille BrfIUSSHUE BHELWHeN cpenbl Ha
co3peBaHue U npouecc ooy4yeHuUs.

Bonblwasa macca mo3ra NTeHUOBbIX onpeaensaeTca B YaCTHOCTU CO3peBaHMeM
aHanusaTopoB Noj BNMSIHUEM BHELUHeWN cpeabl U 3aBeaoMO OonbLuen
BO3MOXHOCTbLIO AnA nporpeccuBHoro oopmupoBaHua adpcpepeHTHbIX
BX0A40B, OOYy4YeHUA U YCIOXHEHUA HEUPOMBbILLEYHON aKTUBHOCTMU.



Passeriformes (Perching Birds)
Psittaciformes (Parrots)
b Falconiformes (Falcons)

a——— Cariamidae (Seriemas)
Coraciiformes (Kingfishers and relatives)
CORONAVES Piciformes {Woodpeckers and relatives)
Bucerotiformes (Hornbills and Hoopoes)
TFogoniformes (Togons)
Leptosomatidae (Cuckoo Roller)
Accipitriformes (Hawks, Eagles, Vultures and relatives)

= Strigiformes (Owls)
‘Land Birds' Coliiformes (Mousebirds, Colies)
& Charadriformes (Shorebirds and relatives) Procelariiformes (Tube-nosed Seabirds)

Gruiformes (Cranes, Rails, Coots and allies
@ Cuculformes (Cockoos)
e Otididae (Bustards) Pelecaniformes (Pelicans, Cormorants, Herons and relatives)
'Water Birds' - Gaviiformes.(Loons) R

e Musophagiformes (Turacos, Go-away-birds, Plantain-eaters)

— Opisthocomiformes (Hoazin)
IS— Columbiformes (Pigeons)

e pteroclidiformes (Sandgrouse)
b— Phaethontidae (Tropichirds)
: Apodiformes (Hummingbirds and Swifts)
= Aegothelidae (Owlet-Nightjars) Cypselomorphae
dese Caprimulgiformes (Nightbirds)
e [Fyrypygidae (Sunbittermn)
=== Rhynochetidae (Kagu)
s Mesitornithidae (Mesites)
+ Podicipediformes (Grebes)
" Phoenicopteriformes (Flamingos)

Sphenisciformes (Penguins)
Ciconiiformes (Storks)

METAVES

Mirandomithes



Passeriformes (Perching Birds)
Psittaciformes (Parrots)
BB r:|coniformes (Falcons)
eassmm———— Cariamidae (Seriemas)
Coraciiformes (Kingfishers and relatives)
CORONAVES Piciformes {Woodpeckers and relatives)
Bucerotiformes (Hornbills and Hoopoes)
TFogoniformes (Togons)
Leptosomatidae (Cuckoo Roller)
Accipitriformes (Hawks, Eagles, Vultures and relatives)
Strigiformes (Owls)
‘Land Birds' Coliiformes (Mousebirds, Colies)
& Charadriformes (Shorebirds and relatives) Procelariiformes (Tube-nosed Seabirds)
Gruiformes (Cranes, Rails, Coots and allies Sphenisciformes (Penguins)
Cuculformes (Cockoos) Ciconiiformes (Storks)
e Otididae (Bustards) Pelecaniformes (Pelicans, Cormorants, Herons and relatives)
'Water Birds' Gaviiformes.(Loons) 5
e Musophagiformes (Turacos, Go-away-birds, Plantain-eaters)

— Opisthocomiformes (Hoazin)
I— Columbiformes (Pigeons) - Hunters
-~ SR pteroclidiformes (Sandgrouse) _
Phaethontidae (Tropicbirds) == Manipulators
odiformes (Hummingbirds and Swifts) ' -
" Aegothelidae (Owlet-Nightjars) Cypselomorphae and perfect fllghters
A®E® (. primuigiformes (Nightbirds) vetaves === Omnovorous
Eurypygidae (Sunbittern) -
—: Bhisrachkintg: D) (seed and invertebrates)

MEEEE Mesitornithidae (Mesites) Magarackapckme nacTywKm
Lo b "

I " Podicipediformes (Grebes)
*%. Phoenicopteriformes (Flamingos)

Mirandomithes



GARETH I. DYKE.*' AND GaRY W. KaisEr? Cracking a Developmental Constraint:

Egg Size and Bird Evolution
2010

Other theropods
Tinamiformes
Apterygiformes
Dinornithiformes
Precocial - Cauariiformes
Struthioniformes
Aepyornithiformes
Ansef“"’mes} Galloanserinae
Galliformes

Gaviiformes
Podicipediformes
Sphenisciformes
Procellariformes
Balaenicipitiformes
Pelecaniformes

Ardeiformes
Ciconiiformes
Gruiformes
Turniciformes
Ralliformes
Charadriifformes
Strigiformes
Falconiformes
Opisthocomiformes
Cuculiformes
Psittaciformes
Columbiformes
Caprimulgiformes
Apodiformes
Coliiformes
Trogoniformes
Coraciiformes
Piciformes
Passeriformes
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Figure 2. Phylogenetic hypothesis for relationships amongst modern birds (Neornithes) showing altricial
and precocial modes of development (Livezey & Zusi, 2006, 2007).



Jeholornis reconstruction. Seed- Artist’s reconstruction of the basal bird
eating bird fossil Sapeornis, shown with its leg feathers.
(Yike Xu). Plant-eating

Jeholornis — B xenynke obHapy>XeHO HECKOSMbKO AHXNH 3epeH — 3epHOsAaHas,
cneunanusaumsa BEPXHEN N HXKHEW YEToCTeN, Ha NocregHen — Mmenkue 3ybol B
HebOoMbLLOM KONUYECTBE.

Sapeornis — racTponuTbl B XXenyake, 4To CBUOETENLCTBYET 06 NX TPaBOSAOAHOCTMW.
3yObl 1 HA HUXXHEN N Ha BEPXHEN YENIOCTSAX



Enantiornithes

Longipterix

Diet:
Probably fish and crustaceans

Longipteryx chaoyangensis fossil displayed in Hong
Kong Science Museum

NMTyubl paHHero mena: 3epHosiAHbIe, pacTUTEeNbHOSAAHDbIE,
pbli0osAHbIEe, Ha3eMHble U BOAHbLlIe 0eCNO3BOHO4YHLIE



AHrnocnepmmsaums mmpa (MoHoMapeHKo) 3axBaTbiBaeT HE TONbKO HACEKOMbIX,
HO M BCe NPoYMe KOMOHEHTbI KOHTUHEHTanbHbIX akocucteM. C HaYyana mena Ha
CyLLIe CTPEMUTENBHO PacnpoCTPaHAKTCS NTULIbI.

Tak Kak 9BOSOLUNSA OHTOreHe3a JormKHa NATU OJHOBPEMEHHO C 9BOSIHOLMEN
B3pOCnbIX hopM, ANS BbIABIEHNSA NEPBUYHOCTM TOMO UMK MHOTO TUMa
OHTOreHe3a HeobXoaMMO OnpeaenuTb, kKak AoObiIBany NULLY NePBONTULbI.

[MocKkonbKy pacuBeT NTUL, NPUXOAUTCS Ha NosiBNeHne aHToModayHbl, bonbLuas
YyacTb NTUL OOMMKHA ObITb OXOTHUKaMMW.

OXOTHMKM 1 MaHUNYNATOPLI (Monyrau), NTUUbl, Tpedyrwme
BbICLUEro nNunoTaxa B Bo3ayxe npu aoobive hppykToB (ryaxapo,
KONMUOpU) AOMMKHbI UMETb TUM OHTOreHe3a, 6JIN3KUU K NTEHLOBOMY
VI NoNynTeHLOBOMY.

PacTutenbHosigHble, 3epHOSAAHbIE, KaK NpaBuIio, BbIBOAKOBLbIE (Y
BOPOObLUHbIX 3€PHOAAHOCTbL BTOPMUYHA).



['yaxapo, axonouupyoLine, cpbiBaroLime
dpyKTbl Ha NeTy.
Hatchlings are entirely naked.

Aegothelidae - Owlet-nightjars

are nocturnal and eat insects. Owlet-
nightjars usually hunt in the air, but the
sometimes they will hunt on the ground.
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Thank you for your attention



