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TeneonoriyHUM Nigxia 0o eBOSIoLl

[ncnponopuioHarnbHICTb, NEePepPO3BUTOK NEBHUX CTPYKTYP
SK pe3ynbTaT uinecnpsamoBaHOl eBontoLil

Edward Drinker Cope, Wikipedia
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Evolvability Ta 6ionoriyHi obmexxeHHs
eBOJTIOLIMHOIO npouecy

* Temnu eBoOMOLIMHNX 3MIH 3a3BUYal AOCUTb HU3bKI, i Le BUINsSAae
napagokcanbHUM 3 Ornsidy Ha HasiBHICTb 3HAYHOI cnagkoBol
MIHNMMBOCTI Ta YNCIIEHHI NPUKNaaun WBUOKNX Ta MacLuTabHnX
aganTuBHMX nepeTtBopeHb [Futuyma, 2010].

* [inoTeTUYHi NpUYNHKN CcTa3uncy:

— ['eHeTu4Hi obmexeHHa [Hansen, Houle, 2004; Blows, Hoffmann, 2005;
Walsh, Blows, 2009];

— KOHCTPYKTMBHI Ta OHTOreHeTu4Hi obmexeHHa [Gould, Lewontin, 1979;
Alberch, 1980];

— [His ctabinizytovoro gobopy [Charlesworth et al., 1982; Lynch, 1990;
Estes, Arnold, 2007];

— MaTtemaTtndyHmnn aptedakt [Bookstein, 1987; Roopnarine, 2003];

— CymapHunn edpeKkT YMCIeHHNX 3MiH Y Pi3HUX Hanpsimkax [Stanley, Yang,
1987; Gingerich, 1993, 2001];

— KoHTpbanaHc pisHOCNpAMOBaHNX BEKTOPIB PYLUIMHOro gobopy
[CeBepuoB, 1990];

— OB6MexeHi MOXIMBOCTI eBOMIOLUIMHNX 3MiH Yy 30anaHcoBaHMX
ekocuctemax [Kpacunos, 1986; PacHuubiH, 1987; XXepuxuH, 2003];

— Ta pgeski iHwi (ornagn gus.: [Maynard Smith et al., 1985; Estes, Arnold,
2007; Futuyma, 2010]).



“2Kusi konanmHn’

Limulus polyphemus Tta Mesolimulus walchi

https://www.mindenpictures.com/search/preview/horseshoe-crab-limulus-polyphemus-and-extinct-horseshoe-crab-mesolimulus/0_00427224 .html
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“XKusi konanuHn’

CTabinbHICTb reHoTUNy
abo cTabinbHICTb
YMOB iCHYBaHHA?

Living fossil, Wikipedia  Queensland lungfish, Wikipedia 6
Xiphosura, Wikipedia Brughagedissen, Wikipedia
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Figure 22-7. (2 to ¢) Examples of digit patterns that are forbidden n
terms of the Stock and Brvant version of the polar coordinate model
for digit formanon, Digit complexity is shown as phalangeal number
tor convemience, (d to f) Wentified forbidden morphologies, () The fin
of the clephant scal (Macrorbmus leonmus). Although the phalangeal
formula is acceprable, the lateral and medial digis are clearly more
complex than the three central digits. (¢) The forelimb patcern of the
reptile Massospondylus, Although the phalangeal formula is acceptable,
the most complex digit in terms of phalangeal number (the central digit)
is separated by one digit from the lateral digit, which is adjudged com-
plex on structural grounds. (/) The single digit of the foot ol the horse
{Eqeeses caballus), This clearly symmetrical digit is flanked proximally
by two much reduced metatarsals {(arrows). From Holder, 1983,

Carroll, 1988 7



Temnun Ta dpopmun eBontouil
Simpson, 1944
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F1g. 31.—Diagrams of characteristic examples of the three major

modes of evolution. In this and Figs. 32-33 the broken lines repre-

sent phylogeny and the frequency curves represent the populations
in successive stages.
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dineTnyHa esontoLid
KBaHTOBa eBontoLia

https://people.ucsc.edu/~laporte/simpson/Photo_Album.html



“BnooyTtBopeHHSs”, abo crieuiauis
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F16. 32.—Two patterns of speciation: 4, a single widespread popula-

tion becoming differentiated into more specialized, locally adapted

groups; B, a local population spreading into adjacent subzones, to
each of which descendents become specially adapted.
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dineTnyHa eBosnoLUIA
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Fic. 33.—Three patterns of phyletic evolution: 4, a population early

well-adapted to a stable zone with little subsequent change; B, a

population becoming narrower in adaptation, more highly special-

ized, and eventually extinct; C, a population slowly changing in re-
sponse to a shifting adaptive zone.
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Simpson, 1944
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ApanTuBHa 30Ha Ta aganTUBHUN NaHaLlladT
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BceneHHA y HOBY aganTUBHY 30HY
[lceBOOOPTOreHEeTUYHUN TPEHA
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Fic. 29.—Diagrammatic representation on the adaptive grid of the step-like
evolution of a group through successive occupation of different adaptive zones.
The series A-E are Stufenreihe and may be taken as an orthogenetic series,
although in fact the direction of evolution in each stage is not toward the next
stage. This is, however, a reflection and to some extent an approximation of
the undiscovered truly ancestral sequence, I-IV, the evolution of which is ap-

proximately rectilinear. Simpson, 1944 1 3
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Fi1c. 35.—Diagram of “explosive” evolution by multiple quantum steps

into varied adaptive zones, followed by extinction of unstable inter-

mediate types and phyletic evolution in each zone. The pattern is like

that of South American ungulates, although the diagram does not at-
tempt to show their actual phylogeny in detail.

Simpson, 1944 14



CniBBIOHOLLEHHSA MiXX dbopMamMm eBOSHOLLIT
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F1c. 28.—Diagrammatic representation on the adaptive grid of a bradytelic
group, a tachytelic line arising from it, and the subsequent deployment and
further evolution of this line as a horotelic group.
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http://www.arran.ru/?q

BionoriyHnn nporpec

— KpuTepil: 306inbLweHHd
YMCENbHOCTI; PO3LLMPEHHS

apeany; gmdepeHuiauis Ha

nigrpynum

MopdodisionoriuHuun nporpec
(3a O. M. CesepuoBum)

MopdoodpisionoridHmin nporpec —
OOCUTb pigKicHe siBulle. 3a3Bnyan
piBEHb OpraHisauil 3anuLaeTbCs

cTaJinM 4 3HNXYETbCA.

Puc. 183. TomoBHOMt Moar mcromaeMmux (I)

m coBpemeHHMX (/I) npepcraBUTeNell MIEKO-

OUTAOMAX OJHOTO I TOTO 3Ke OTPANA, CXOAHBIX
mo BexmanEe Texaa. (Ilo OcBopmy).

Tourama obGo3HadenEl o0OHATENbHEIE [OMM MO3ra;
NOJYImapyua [epegHero Mosra ocTaBjeHB OembimMd. 1 —
Mosr KpeomoHTa (Arctocyon) u cobaku (Canis), BHI—
CO CHOMHHOW CTOPOHRI; 2 — MO3I' NEePBHYHOI'0 KOIKBIT-
HOro (Phenacodus) m cBaHBM (Sus), BAL cOOKY; 8 — MO3r
HenmapHokoneITHoro ambiannoga (Coryphodon) m Hoco-
pora (Rhinoceros), Bup cOORY; 4 — Mo3r amGumnopa
(Uintatherium) m rmomomotama (Hippopotamus), BHJ
cOOKY B cO COMHHOH CTOPOHH.
IMonymap®eA IepegHero Moara y BCeX COBPEMEHHEIX
(opM SHAYHTEJBHO KpYIHee, 9eM ¥ HCKOIAEMBIX Mpen-
craBureaeii Toit e rpymmnsl. IIpumMeps HanpaBlIeHHBX
OpPOoLeCCOB B 3BOJIIOMMI.

LLimanbrayseH, 1969
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Epiglottis V SN/ cartilage
Cricoid VII B Meckels
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cartilage

Cricoid

Glossal skeleton
Stapes
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B LY
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Phar)rngeallsllis s Branchial arch
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Primitive
reptile

Primitive
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Derived
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FIGURE 7.66 Phylogeny of the splanchnocranium, Notice how the branchial arches are remodeled to serve various
functions within each succeeding group. Parts of the branchial basket become the jaws, tracheal cartilages, tongue supports, components of

the neurocranium, and ear ossicles. Roman numerals indicate branchial arch number.

[Tporpec B eBontoujl

XapaKTepHi pucu
MopdodisionoriyHoro
nporpecy:

OCHOBHUIN KPUTEPIN:
andoepeHuialia YacTuH |
3pOCTaHHSA iHTerpauil
OpraHiamy sK Lifioro.

[MigBnLEHHSA “eHepeail
xxummeoisinnbHocmi”
(CeBepuoB), TO6TO
3HWKEHHS1 EHTPONIT;
3pOCTaHHA aBTOHOMII
OpraHiamy Ta noro
30aTHOCTI A0
iHOMBIQYyarnbHOI aganTauil
(LUmanbrayseH).
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Hanpsamu esontoui
(3a O. M. CeepuoBum)

*  Apomopdo3n — npucTtocyBasnbHi
3MiHW, BHACNIOOK KOTPUX eHeprida
XUTTEOIANBHOCTI 4OPOCNX
HallagKiB NigBULLYETLCA.

* lpioaganTauii — npucTocyBarsbHi
3MiHUW, BHACIIOOK KOTPUX eHeprid
XKUTTEQIANBHOCTI AOPOCINX
HallaadKiB HE 3HUXYETbLCA | HE
NigBULLYETbLCS.

* 3aranbHi gereHepauii —
NpUCTOCYyBarnbHi 3MiHW, BHACMNigoK
KOTPUX EHepPria XXNUTTEQIANbHOCTI
OOPOCNX HawanKiB 3HUKYETLCS.

- SERSE  © | leHoreHe3u — npucTocyBarbHi
{ oS, 3MiHW, BHACIIgOK KOTPUX eHeprid
. - XUTTeOiANbHOCTI Ta bygoBa

OOpOCnMX HawaakiB He
3MIHIOETbLCA, ane 30inbLUyeTbCH
I~ e PP KiNbKICTb HalLlaaKiB. 19
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LJepena-xmm: nitorpadia E. Nekkens (1904)



Hanpamun esontoy

(3a l. |. lUmanbrayseHom)

Tymu 38caroqliu

Hamernenue eHeulHel

(aoanmcu)- cpedoi Hamenerue opeanusma ITecaedcmeusn
Mcpghos)
/ 2 3 4
{. Aanomopdos| Cmena opmuoft cpeasi|3amena oaHHX npucnocoGae-| Buojsornueckoe — mpo-
Ha JApYyryl, paBHO-|HHH APYTHMH UBeTaHHue
UeHHYIo
2. Tenomopdos | Cmena cpennl Ha Go-| Cmeumanusaunus, T. €. AeTajH-| BHojoruyeckas  cra-
Jee Y3KYIO 3auuag npucrnocobieHHt W HX| 6UAH3aUUs H  yTep4d
: OJHOCTOPOHHEe Da3BHTHE NJaCTHYHOCTH
3. I'unepMopd03| GricTpoe naMmeHeHue| [Tepepa3ButTue (HHadanTuBHbIe| BhiMHDPaHHe
cpenn H3MEHeHHsA — HEeNnpomnopuHO-
HalbHOe YyBeJHYyeHHe pa3Me-

4, Karamopdos
(Tunomopdo3)

5. Apomopdos

6. dnumopdo3s

YopouieHHe cpeasbl

3anepXkKka B cpene
oOuTaHHUSA JHYHHKH

bDricTpas c¢cMeHa cpe-
nbl Ha 6GoJjee LLIHUPOKYIO

MakcuMaJabHoe
lUMpeHHe cpenbl

pac-

poB)
Iecneunaausauusd, T. e. yTe-
pA NpHCNOCOGeHHH

(Hepopa3BuTtHe)

IMoausATHe opraiiH3Ma iia BBIC-
YO CTyneHb H TOBLILIEHHE
JKH3HEeNeATEJbHOCTH.
Pa3BHTHEe HOBBLIX MNpPHCMOCOO-
JeHH LIHPOKOro 3HayeHHA

Bricliee pa3BHTHE TOJOBHOrO
MO3ra H AaKTHBHOCTb OpPraHH-

B03MOXHOCTb HOBBIX
nyTefl 3BOJIOUHI
BHoJIorHUeCcKHit pac-

UBeT H paccejieHHe

BUHOJOrHYeCKHUIl pacs
UBCT H pacceseilue

LLimanbrayseH, 1983 20



CniBBIAHOLLUEHHS HAanNpPsiMIB €BOSTHOLI
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Puc. 163. Cxema 9BOMONHOHENX mpeoGpasopamii. (ITo A. H. Cesepmosy).

; cxoctn II u III);

Apomophozsr (a) ToKa3aHH B BUAe NOIBeMa Ha Gojee BHICOKUH YDOBEHb (o ' :

m:pnoa?lggraunn (annomop(O3kI) — B BUAE OTHIIOHEHMIA B NPEHENaxX OaHHOU IIockocT: (b); cie-

nuanEs3anuy (reoMopdossl) — s; perpece (raTamopho3) oTMedeH OYHBAMHA r KaK CIIYCK HA HIDEKe
JeRanmywo ImnockocTs {(I).

LLimanbrayseH, 1969 21



3aceneHHs HOBUX aganTUBHUX 30H — LUSAX
doopMyBaHHSA HOBUX BULLIMX TAKCOHIB
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3araJibHOIro 3Ha4eHH4A
(Ha NpuKnagi BULLMX POCINH)

OundepeHuialis TKaHUH,
OaraTokniTMHHI BEretatuBHi | cTaTeBI
opraHu (yci BULLLi POCINUHM,
NOYMHaK4M Big MOXOMNO4IOHMX)

[MpoBigHi cnctemmn (CyanHHi pOCINHK)

[Mepexia Big cNnopoBOro PO3MHOXEHHS
00 PO3MHOXEHHA HaCiHMHaMm
(HaCiHHiI pOCINHW)

BaoockoHaneHHa HAaCiHMHKW, NoABINHE
3annigHeHHs, KBITKW, nroau
(MOKPUTOHACIHHI POCINHN)

3MEHLLUEeHHS 3aneXHOCTi
BiJ, BOOHOro cepenoBuLla

Penykuis rannoigHoro nokoniHHS

Moxw: nitorpadisa E. I'ekkens (1904) 93
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EBonouig MexaHi3amiB eBOSIOLIl

[TpUCKOPEHHS €BOSTOLIMHUX 3MIH Y KPYMHUX BUCOKOOPraHi3oBaHMX OpraHiamis
YHacnigoK 3poCcTaHHs poni 4obopy Ta 3MEHLLIEHHSA posii HEBUBIPKOBOI eniMiHaLil

3MiHa doopm 6opoTLbU 3a iCHYyBaHHSA Ta NPUPOLAHOro 4o6opy 3aneXxHo Bif PiBHS
opraHisauil Ta akTMBHOCTI OpraHi3amis

Kpalli nepcnektnem nporpecuBHol eBontouil (nepenycim, 4OCArHEHHS
BGaraTokniTMHHOI OpraHi3adil) y eBKkapioTiB

Kpalli nepcnektuem nporpecusHoOl eBOSIOLII Yy OpraHiamis, 3gaTHUX 40
amdimikcucy (4epes nosiBy iHTErpoBaHMX reHooHAIB, ANMMNOIAHOCTI, MOXIUBOCTI
nepepo3noainy reHiB Mk ocobmHamm)

3abeaneveHHs biocdepu
BiNbHOIO €HEeprieto 3aBasikm
nosisi POTOCUHTE3Y
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