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FIGURE 7.4 Phylogenetic tree of the animal kingdom from Haeckel (1874). In comparison with his earlier
tree (Figure 7.3) this one shows ancestors on the trunk and branches leading to terminal taxa.




CucreMmaTtmka — pasaen 61onornm, 3aH1MMatoLWMINCS
onvcaHneM, 0bo3HaYEeHNEM U Kaccudpukaumen
CYLLECTBYIOLLMX U BbIMEPLLMX OPraHM3MOB MO TaKCOHaM.

~ Knaccudgmkauma — pacnpeaeneHme BCero MHOXECTBa

TakCOHOMMA — pa3en CUCTEMATUKK, pa3pabaTbiBatoLLmMi
TEOPETMYECKME OCHOBbI KnaccudukaLumu.
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Anbcda-cucremMaTmka — onpeaenieHe U ANarHoCTMKa yxxe
U3BECTHbIX BUAOB

BeTa-cMcreMaTuKa — OCMbIC/IEHNE N PEBU3NS HAKOMIEHHbIX
ANAHHBIX, YTO 0BbIYHO MPUBOAUT K MEPECMOTPY paHEE
CYLLIECTBYIOLLMX NPEACTABIEHNN U BblAENEHUIO HOBbIX TAKCOHOB B
PaHre BUAOB U poaoB

FaMMa-cucreMaTuka — Co3JaHue YyrnopsiaoYeHHON CUCTEMBI
OTAENbHbIX IPYMn OpraHM3MoB U BCErO BUMONOrMYECKOro MUPa,
pacnpeaeneHne nx no TakCoHaM pa3Horo paHra.

- 1 CucteMaTMKa — 3TO NpoLecc uccneaoBaHus pa3sHoobpasus,
L a cuctema — ero pesynbrarT. EavHMLAMM CUCTEMBI SIBNISIOTCS
¥ TAKCOHBbI.

Ob6wume npuHUMnbl cucteMaTukn: (1) NpUCBOEHUE Hay4yHoro
Ha3BaHWs unun noHaTus; (2) onucaxHne; (3) BblaeneHne cxoacTea u
pasnuuusa ¢ 6nanskummn hopmamu; (4) knaccudukaums; (5) aHanms
pOACTBa U (hUNoreHmm




THUIIBI TAKCOHOMHWYECKHX IMTPHU3HAKOB

. Mopdoaoraueckue npHU3HakH

a) OO6uwas HapyxHast MOp(OJOTHS

6) OrthenbHble CTPYKTYphl (HanpuMmep, FeHUTAJUH)

B) BHyTpenuss mopdoJorust (aHaToMHsA)

r) dmbpuoreHes

n) Kapunoaorus (M apyrue LHTOJOTHYECKHE Pas3JHUHSA)
. Du3HOJIOTHYECKHE MPH3HAKH

a) OcobGennoctu o6MeHa BELLECTB
6) Ceposoruueckue, 6e1KOBbIe W ApYyrue OHOXHMHUYECKHe Pa3JHUHs
B) CexpeTbl U 3KCKpeThbl OpraHH3Ma
r) I'eneTHyeckue (PaxkTOpPbl CTEPHJBLHOCTH
. DKOJOruyecKue MpU3HaKH
a) Mecra o6uTaHUs H X035€Ba
6) Iluma
B) Ce30HHasl M3MEHUYHBOCTb
r) ITapasursl
n) Peakuun xossina
. DToJIOTHUECKHEe TIpH3HAKH
a) ¥YxaKMBaHWe W JpyrHe 3TOJOTHUECKHE H30JHPYIOUiHe MeXaHH3MbI
6) Ipyrue oco6eHHOCTH NOBEIEHHS
. 'eorpacduueckue npusHaku
a) OG6umue OuoreorpadHyeckre 0COGEHHOCTH
6) CummaTpHyeCcKHe H aJJjolaTpHYyeCKHe B3aMMOOTHOLUEHHSI MOMYJISLHA




Bua — coBoKynHOCTb ocobein, obnaaatolmx HacneACTBEHHbIM CXOACTBOM MOPMOIOrNYECKHX,
bun3nonornyecknx n BUOXMMMUYECKNX 0CobeHHOCTEN, CBOOOAHO CKPELLIMBAIOLLIMXCS U AAIOLNX
NA0AOBUTOE NMOTOMCTBO, NPUCNOCO6MEHHBIX K ONpeaenieHHbIM YCI0BUSAM XW3HU 1 3aHMMAIoLWMX B
npupoae onpeaeneHHyto obnacte — apean.

Buabl pasnuyatotca Mexay cobor psiaoM NpU3HaAKoB M CBOMCTB.

Kputepuu Buaa — xapakTepHble NpuU3HaKku U CBOMCTBA:

m MOp@o/10rmyeckmii (CXOACTBO BHELLUHEro M BHYTPEHHENO CTPOEHMUS);

m reHeTuyeckmyi (XxapaKTepHbIN Ans Buaa Habop XpoOMOCOM: MX YMCNO, pa3Mepbl, hopma);

m uznonornyeckmi (CXOACTBO BCEX MPOLIECCOB XMU3HEAEATENbHOCTU, NPEXAE BCEr0 Pa3MHOXEHUS);

- m Guoxummyecku (CXoacTBo 6enkoB);

m reorpagumyeckmyi (onpeaeneHHbi apearn, 3aHUMaeMbIA BUAOM);

| m 3Ko/10rm4Yeckmi (COBOKYMHOCTb (pakTOpOB BHELLUHEW CpeAbl, B KOTOPbIX CyLLECTBYET BUA) U Ap.
Hu oanH 13 KpuTEpMEB He ABNSIETCS abCONMIOTHLIM. Bua xapakTepunayeTcst COBOKYMHOCTbIO
KpUTEpWEB.



Tabmuua 1.3. HMcnonssopanme MOp(ONOrMMECKOTO M reorpaduueckoro
KPHUTEpHS B Ka9eCTBE BCIIOMOTaTENBHBIX KPHTEPHEB NI PENpPOAYKTHBHOIO
KPUTEepUs BUIA

. MoreOaormaECkiii  U'EOTPACUIECKIA BO3MOXHBIE
- KPUTEPHIA KPUTEPAN BAPHAHTEI

DopMmbl, pa3eNicHHbIE
XHATYCOM,
BCTpEYaloTCH
COBMECTHO

H3OJIMPOBAHHBIMUA BUAAMH
2) KayecrseHHas
I'€HOTHITHYEeCKas H3MEHYHBOCTD

Hse Gopmbl

PAVTHHAIOTCA TI0
KaKOMY-TO IPU3HAKY
M MIMEIOT TI0 3TOMY

NPH3HAKY XHaTyC

3) Haunbie GopMbl SBIAKOTCS
| @opMmbl, pasjieNieRtble  PA3HbIMH BHYTPHBHUIOBLIMH
XMATYCOM, COBMECTHO  TAKCOHAMM OJHOTO BUIA

| HE BCTpe4atoTes 4) KavecTBeHHAs OnpelerieHHaA

: e (bopMe1 5) KonuyecTteenHas
| pasnuyaroTcs 1o I'eHOTHITHYeCKad HIMEHYHBOCTE
§ KAXOMY-TO [PH3HAKY, 6) KomyectsenHas

§ HO XMaTyC OTCYTCTBYET ONnpenesiCHHAA H3IMEHYHBOCTh

Bua — 3TO TO, YTO ONbITHbIM CUCTEMAaTUK CYMTaeT BUAoM ©
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Taéamua 1. KaTeropus TakcOHOMUYECKOH HepapXun

JlaTHHCKHE HA3BAHWA TAKCOHOMMYECKHX KH’!'EI"{)pﬂﬁ

Pycckue Ha3BaHHA TAKCOHOMMYECKHX

Tabmana 2.2.7.A. Haspawus wauGonee ynorpeOMMBIX PAHTOB TAKCOHOB
B Nopszke or 6o/ee BEICOKHX k GoNee HUIKHM

ol Karteropuit
Joonorus Boranuka Baxrepuonorus | Joonorus Boranmka
REGNUM REGNUM REGNUS HAPCTBO LHAPCTBO
Subregnum Subregnum i Monuaperro [Moauaperso
Superphylum | Hagrun
PHYLUM DIVISIO/ DIVISIO THI OTAEN/

.‘ PHYLUM ' DAITYM
Subphylum Subdivisio Subdivisio MMoarrn Mozotaen
Superclassis Hanknace
CLASSIS CLASSIS CLASSIS KJACC | KJIACC
Subclassis Subclassis i Subclassis floawaace | Toaxnace
Infraclassis i Hudpaxiace
Superordo Superordo ) Haporpan Haanopanok
ORDO ORDO ORDO oTPs], MOPAAOK
Subordo Subordo Subordo Ilonorpan [oanopriok
Infraordo Hudipaotpan
Superfamilia Hajcemeiictso
FAMILIA FAMILIA FAMILIA CEMEHCTBO | CEMEHCTBO
Subfamilia { Subfamilia Subfamilia | loacemeticteo | Toacemefictao
Supertribus Haurpuba
Tribus Tribus Tribus Tpuba Tpuba (Koneno)
Subtribus Subtribus Subtribus [Moarpuba TMorpuba

(Moaxoneno)
GENUS GENUS GENUS PO PO
Subgenus Subgenus Subgenus [Tonpon IMonpox
Sectio Cexuns
Subsectio Honcexkuns
Series Pan
Subseries Toapan
SPECIES SPECIES SPECIES BUJI BHI,
Subspecies Subspecies Subspecies= | Noasun TMoasun
(Varietas) Varietas Varietas | (Bapueter) PaiHOBWIHOCTE
Subvarietas [Mopa3HoBUAHOCTD
| Forma Dopma
1' Subfirma Iloagiopma

B z0000ruye- Bqﬁo::nu “"'
Emuner- | Muowe- | Coxps- Pyccxnit cioif cucre- cu::e;a—
BEHHOE | cTBeHmop | MIEHME TEPMHH ATERE Fiiice
MO YHLI0 AaHHBI PAHT HCONBLIYRTEH
KaK:
imperium | impetia imp. HMIIEpHR OCHOBHOM OCHOBHON
regnum regna regn. Lapcieo OCHOBHOH OCHOBHOH
phylum phyla phyl. THII QCHOBHOHA —
divisio divisiones | div. OTHEN — OCHOBHOM
classis classes ¢l KRACe ocHOBHOM OCHOBHOM
legio legiones leg. JIEFHOH JOMOMHHT. —
cohors cchortes | coh. KOropTa JIOTIO/THMT. e
ordo ordines ord, OTPAN, HOPANOK OCHOBHOM OCHORHOH
familia familiae fam. cemMeifcTBO ocHoBHOH OCHOBHOH
tribus tribus 1r. Tpuba JEOTOJIENT., JIOTIOJHIT,
genus genera gen. pon OCHOBHOM ocHOBHOH
sectio sectiones | sect Ccexums e JOTIONHHET.
series series Ser. cepud — JOTIONHMT.
species species Sp. BAJ, OCHOBHOI OCHOBHOM
varietas varietates | var. PaIHOBHIHOCTE NONONHUT, JOTOJIHMAT.
forma formae f dopma JOTOHET, JOMOIHAT,

Carcharodon carcharias Linnaeus,
1758 — 6onbliasa 6enas akyna

Carcharodon (Leptodon) carcharias
taurus (Linnaeus, 1758)




Tabmmma 2.2.7.b. Ilpepuxcel g oOpa3oBaHus IOMOJHHUTENBHBIX DPAHIOB
(B nopsanxe ot 6osiee BEICOKKX K 601ee HU3KHMM)

Jlatnncknii Pyccxuii Ipumeyanne
“ HE MOXET UCIONB30BaThCA ANA Pola H BUIa
m MOJET MCIIOJIE30BATECA Ui BCEX PAHIOB

B 300JIOTHM HE MOXKET HCMOJB30BATHCH A
poJa 4 BuJa

B 300JIO'MH HE MOXKCT HCIIONB30BATHCA IJ1A
poda 1 BHJa




Genre fHvpotodus JAEKEL, 1895

OMoHMMuSA — aBa (Mnn 6onee)
06-beKTMBHO pa3anHb|X, T.e. Espece-type: Lamna (Odontaspis) verticalis AGASSIZ,

1843
OCHOBAHHbIX HA PaA3HbIX TUMNAX, HA3BaAHWSA
Hypotodus verticalis (AGAss1z, 1843)

OKa3blBalOTCS OANHAKOBLIMU g
CUHOHMMMUSA — OoAnH N TOT >XXe BUA4 Nin Pour la synonymic, voir WARD, 1988, cn supprimant dc sa
liste les références concernant les espéces Jaekelotodus
pOﬂ, nonyqaeT (no pa3Hb|M anLWIHaM) r_’obffsms (_LER_IC-HE, 1921} et Glueckmanotodus heinzelini
[Ba 1 bonee pasHbIX Ha3BaHUS. (CAsIER, 1966).
1843 — ? Lamna (Odontaspis) hopel, AGassiz, p. 293, pl. 37a,
Ob6BbEKTUBHbBIE CUHOHUMbBI — ABa pPa3HbIX fig. 28 et 30, non fig. 27 et 29.

Ha3BaHMﬂ OCHOBaHHble Ha OD.HOM n TOM )Ke 1843 Lamna (()dumg.s‘pi.s'_) W.’f'r‘f(_’ﬂff.i‘, AGASSIZ, p. 294_1
/ pl. 37a, fig. 31-7 32.
TUMNOBOM BMAE Ans pOLI,a nin Ha ogHOM U TOM 1874 — Otodus vincenti WINKLER, p. 11, fig. 9-10.

1908 — Lamna verticalis, AG.; LERICHE, p. L1, pl. 1, fig. 11
(non fig. 10).
1946 Odontaspis verticalis (AG.); CASIER, p. 70, pl. 2, fig. 9

X€ TUMOBOM 3K3eMMIdpe Ana snaa

CY6bEKTUBHBIE CHHOHVMMBI — HAa3BaHWS ad -

Pa3/IMYHbIX TaKCOHOB, OCHOBaHHbIE Ha R e

Pas3nNUHbIX TUMNax (pPasHbIX 3K3eMnasapax ans 1996 — Smadantasps hope (6, Not pl. 2. i § ron
g. 1-7, 9-15).

. BWJOB, pPa3HbIX TUMOBbIX poAax Ans
CEMENCTBA) KOTOpPble, MO MHEHUIO
onpeaeneHHOro CUCTEMaTHKA, NpUHaANEXaT K
O/IHOMY U TOMY € TaKCOHY

1986 — Hypotodus verticalis (AG.); NOLF, pl. 29, fig. 3-7.

1987 — Hypotodus verticalis (AG.); CAPPETTA, p. 87, tig. 78
D-F.

1988 Synaodontaspis hopei (AG.); NotF, pl. 25, fig. § (non
fig. 1-7, 9-15).

1988 — Hypotodus verticalis (AG.); NoLr, pl. 29, fig. 3-7.

1988 — Carcharias hopet (AG.); WARD, p. 1, pl. 2, fig. [-17
(non 18-21), p. 6, text-fig. 2.

1990 Carcharias hopei (AG.); Kemp ef ol p. 8, pl. §,

fig. 1-3.

Deseription: Les dents antérieures (Pl. 4, Fig. 1) sont
hautes, avec une cuspide assez nettement triangulaire en
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Tabmaa 3.1.1.A. O6Gnactu npuMeHeHMs KONEKCOB M CTAHIAPTHHIE OKOHYAHMSA
Haipauuii: MK3H — MexnyHapoaHeii KOIeKe 300/10rHYeCKOd HOMEHIUIATYPEI,
MKBH — MexnyHaponHsii xoneke GoraHudeckoid Homenwiaryps; MKHB —
MexIyHapoaHEIA KOAEKC HOMEHKIATYph! GakTepuif; cepas 3aMBKa — TAKOH paHr
_ OTCYICTBYET B IAHHOM HOMEHKIIATYDE

_; Panru MIK3H
TAKCOHOB
ordo KOIEKCOM
subordo HE perilaMeHTHPYeTCA
superfamilia | -oidea St
familia -idae rpynna -aceae

subfamilia -inae ceMeicTBa -oideae
tribus -ini -eae
subtribus -inae

= genus rpynmna polionge

- Ha3BaHHe
subgenus
sectio BHYTPHPOJOBLIE
subsectio
series SMHUTETHI

subseries

BHJOBOE

species

Ha3BaHWe
subspecies

varietas BHYTPUBHIOBbIC
subvarietas

forma SIUTETHI

subforma




cemMeiicTBa, NPEATOKCHHBIC DPAZHRIMH aBTOpaMH

Tadauuma 3. Cucremsl CrTaniapruiallii TAKCOHOB KHBOTHBLIX Bl:l-lllf‘_, pPaHra

Kareropus Ponennopd, 1977 Crapoboraros, 1984
Hajrrun -ozoidea -0zoacel
Tun -0Z0a ~-0Z0E€Ss
IToxTun -0Zoina -0Zoines
Hadparun -0zoines -0Z0ae
Hanxnacc -odea -1dees
Knacc -oda -10des
Iloaxnacc -ona -iones
Hanotpsn -idea -iformii
OTtpsn -ida -iformes
HO,IIOTPH,I[ -ina -oidei
Undpaorpan -omorpha _-oinei




—

Tabdauna 2. CranpapTH3HpoBaHHBIE KOJEKCAMH M
OKOHYAHHHA HA3BAHHH TAKCOHOB BhINIE PO/IOBOT0 PaHra.

O0BLIYHO TIpHMEHAEMbIE

boranuka Bakrepuosorns | 3oojorus
Otaen phyta/mycota | Tun
Homotaen phytina/mycotina ) Tloarun
Knace phyceae/ Knacc
mycetes/ opsida
[Tonknacc phycfdaef Iloaxmacc
mycetidae /idae Hanorpsan
Hopsmox ales ales Orpsan
lloanopaaox inea inea [Tonotpsn
Hancemeiictso oidea HaacemeitcTBo
CewmeiicTBO aceae aceae idae CemeicTBO |
TToncemeiicTro oidea | oidea inae [loacemeicTBO
Tpuba cae eae ini Tpuba
Ioxrpuba inae inae Ionrpuba




Tadauua 4. HomenknaTypHble THNBI B 30010MHH H GoTaHHKe.

ans TOFO, 4106k
MPOACHHTD NOHUMaHHe
TaxkcoHa, CChK

ﬁCpBOHa‘i&ﬂbeIﬁ
MaTepHan WKW HEOTHN HE

MOTYT BBITL
UACHTHHIWPOBAHHBT A
TOUHOTD NpUMEHEHHS

HaiBaHHa

Tepmunonorus Monarne i MonsaTue TepMuHo/I0rHA
MK3H S S B S
ToJstorun OnnH 3K3EMIUAP (INEMEHT), KoTopelil asTop ykaian kak | [ojgorun
HOMEHKTATYpHBIH THI
JlekToTHN Dxzemmagp (31eMeHT), KOoTOphl 6wt BrIGpan B kauectee | JlewToTHN
__ HOMEHKJIATYPHOI'O THIK, ECIIW TOA0THIL He ObLI YKd3aH
IapaTun | Kaxabii akemmanp | Kawasii sxsemnap | [lapaTun
THNOROH  cepuM,  eCM | moMUMO ronoThna,
ronoTHN GLIA BLeneH H30THNA MWIH  CHHTHDA,
| KOTOPBIH YIOMHHASICH NpH
| MepBOONHCAHNH
CHETHIO Kaxnbli sxsemmnap - Kawasiil w3 sxsemnnapos, | Caprun
THNOBOH  CEPHI,  ECAH | IUTHPYEMBbIX npu
ro0THN He BhldeneH NEPBOONHCAHIY, ecnu
e O O EI BIE BELHGTGH: RS
napaﬂeKTmnn Kamawti IK3eMnAsp
THUTOROIH  cepum  nocne I
BLIIENEHWA NEKTOTHNA
Heorun DK3IEMMAAD, BblAeNeHHLI B | Dxiemansp, ewidpanusidi | HeoTHn
KauecTBE HOMEHKJATYPHOIO | HOMEHKNATYPHBIM  THIIOM
TUMA He W3 TUNOBOH CepHH, | MPpH OTCYTCTBHH
B Cydae, €CiM TWNOBas | Marepuana Ha  KOTOpPOM
CEPHA HE COXpaHHIACH OCHOBAHO HazBaHHe
TAKCOHa
Tunosas cepHst Bcee IKIEMILSPh Ha |
KOTOPBEIX OCHOBAHD
BLIAENEHHE TaKCOHa.
Brawouaet FONOTHIT H
[apaTnsl WIM JAEKTOTHN U
NapaieKTOTHILL, ecinu
THMOBOT IKIEMIIIRP
BBIIENEH, JIHOO CHHTHIIB,
€C/IH THUIOBOH JK3EMILNADP He
BblgJIEH
Kamapit ayonuxar | MzoTHn
o roOfOTHNE, 4acTh OJHOrO
eHHOBpEMeHHOT o chopa
Hybaurkar  cuvuruna - | Y3ocHHTHI
HacThb O AHOTO
elHHOBpeMeHHoro chopa
Ox3eminap, BolOpansblf | ImHTHI




Kaaccnonrania 2ebpeit e, dlooepya Cr. Miepa BB pux0TONUHIECKOMD BHAS.

RAy OaIbLAMA EWUCTH I. Quadrumana
brachia HBTD gpousa  II. Tardigrada
NCPENOHKM MCWAY NAIbLAME

nepenonorbxe-; pyuHEIf

i mepepsuxs xoueynocredt . ... IIL Cheiroptera
r;.m ROp. 3y0OH
Ll 3y6n Tpexd xouey. \ nomepex. Carnivora
i ®0pYD cBOGOJH. ) KOp. 3yOm
3y6n IV. Carnaria nporusyn. Insectivora
pasHo- roneyn. mecsobopan. Amphibia
KByyTpo6- Joopxuen- 3y0H KBYXB ®OPMB ......... V. Glires
HBIXB KO- / HBIE ReIyAORD mnpocToff, mam cromEBIA, HO
crelt BBTB Toasko nepem# coepmmmeres cb nmme- VI, Pachyder-
pﬂnl‘ﬁ KOHH“ BO!OH'I: R R R R S AR AR I S U A B m&ta
4YeTBepo- REXYKOED CIORHBIA, TpH COERHHANOTCH
2\ HorieTass 6% HREIBBOROM M sss o van s v vie s vees.. YII, Ruminantia
g Pa3BUTH 8y6H OXROH GOPMEI Mz 3Y60BB HBTB........eoveee.ens YIII. Edentata
o NApAIXCABHE XUMBHINDG MEPBAr0 PAA&............. 1. Mar. Sarcop-
3 8y6n ) haga
o ABYyTpOG- naparresbHN rPH3yHAMs MEPBATO PANS ......vevene 2. Mar. Roden-
5 HBIA ROCTH tia
S § psyworie, \ pags 2-# (3y608®B wbTh, naparzessnst 6easy6uus nepsaro paga..... 3. Monotremata
Ta3h He- ( NAPAJAEXALHBEl TBEPAORORHHUEAME MEPBATO PARA...ov-verssonss csssess @, Syrenidea
PA3BATH | NapatfelbHBl MRBAYHBIMD HNEpPBaro pAxa, & nocibgaee cemedcrso Ges-
3-% pARD L QYOBIMB . eevcersonsasessrosarssvsacarassoncnce SR SR B GER AT S b. Cetacea.

Puc. 1. Tunonoruyeckas Kiaccupuxanus miuexonuraromux no 1. Xobdpya ne
Cent-Unepy (cepenuna XIX Bexa)
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FIGURE 7.1 (A) Agassiz’s classification of fishes in which he linked fossil and Recent taxa together (Agassiz
1844:170). (B) The phylogeny of the Carnivora. (From Romer, A.S., Vertebrate Paleontology, 3rd
ed., University of Chicago Press, Chicago, 1966, Figure 337.With permission.)
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FIGURE 7.1 (A) Agassiz’s classification of fishes in which he linked fossil and Recent taxa together (Agassiz
|844:170). (B) The phylogeny of the Carnivora. (From Romer, A.S.,Vertebrate Paleontology, 3rd
ed., University of Chicago Press, Chicago, 1966, Figure 337.With permission.)
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FIGURE 7.3 Phylogenetic tree of lower vertebrates, from Haeckel (186&:Plate 7 [part]). This is essentially

a phylogenetic tree based on the ideas of pre-Darwinian classification. Notice that there are
no anirmals of equal rank placed on the branches. There are no specified ancestors. Ideas of
ancestry are contained solely in the graphic depiction of branches.
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FIGURE 7.4 Phylogenetic tree of the animal kingdom from Haeckel (1874). In comparison with his earlier

tree (Figure 7.3) this one shows ancestors on the trunk and branches leading to terminal taxa.
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Anomopdua (anoMopdHbIN NPU3HAK) — NPOrPeCCUBHbIN, MPOABUHYTHIN
NpU3HaK

Mnesanomopdua — NCXOAHbIN, MPUMUTUBHbBIA NPU3HAK.

OTO ABa anNbTEPHATMBHbBIX COCTOSIHMA Npu3Haka (a — A), 10 1 nocne
Npou3oLle/ero ¢ NPU3HakoM 3BOJTIOLIMOHHOIO U3MEHEHMUS.

AytanoMmopdua — anomMopdusi, oTAnYaoLLAsA AaHHbIA TAKCOH OT BCEX
NpoYmx

CuHanoMmopdgusa — anomodpus, obLuas ans HeCKOSbKMX TaKCOHOB

CvMmnne3nomopdusa — nnesnmomopdus, obLias ans HECKONbKNX TaKCOHOB




Puc. 2.1.4.2.A. PexoHCTpyKuMs (PHIOr€HETHHECKMX OTHOLICHWH 4EThIpEX
TaKkcOHOB (A, B, C u D) Ha ocHOBe aHanu3a urectd npusHakoB (1-6); e u f—
TMIIOTETHYECKHME NPEAKOBLIE TAKCOHBI, Oesbie MpsAMOYrONEHHKM — ILIE3HO-
MOP(HOE COCTOAHME MpPU3HAKA, YEPHbIE MPAMOYrONEHUKK — anoMopdHoe
COCTOSHME MPU3HAKA, Cepas NMHKS, OCEAMHSIONAs BETBU — CHHarnoMopdusa.




. —

1 C - cumnneszuomopgpus

B - rooicnas cunanomoppus
1 A - ucmunnas cunanomopgus
V D - ucmunnas cunanomopghus

Puc. 36. Kareropuu cxoacTBa, CBI3aHHbIE C KOHLEILHUEH CUHATIOMOP(HUH.

3arnaBHBIMH OykBaMH 0003Ha4eHBI alOMOPGHH, CTPOYHBIMH — TIIE3HOMOPQHUH; MONTy-
)KHPHBIM BBIJEJIEHB] allOMOP(QHUH, ONIPEACIAIONINE TPYIITEI




IMpusHaku

y

X
x1 y2
X2 yl
x2
x1

y2
yl

Saow»>

Honycrim, uto x1 — mnnesnomopdus, x2 — anomopus, yl —
wiesnoMopdus, y2 — anoMopdus.

Tlpu3naxu
Bust X y
A x1 y2
B yl
2 y2

Puc. 2.1.4.5. ®unoresernyeckoe
ApeBO NpM AONMYLIEHUH, 4YTO X2 —
ninezuomopdus, xl — anomopdus,
yl — nne3momopdusa, y2-— ano-
Mopdus x.
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Unique ancestor of C

——— Unique history of B
Common ancestor of B and C

—— Unique history of C
- == Shared history of Band C

A clade A clade

Not a clade Not a clade
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MoHoduneTnueckmnm — s.l.: TakCoH, BKIOYaOLWMA B cebs npeaka, obLero
[NS BCEX YSIEHOB 3TOr0 TakCOHA, a TakXe Bce unoreHeTu4eckne BeTBHU,
nayLwme oT 3TOro rnpeaka K KaXkKaoMy 4sieHy 3TOro TakCoHa.

M.sl. = ronodpuneTtnyeckne (MOHOPUNKNA S.S.) 1 NapaduneTuyeckue

FronoduneTnuecknm — TakCoH, KOTOPbIA HE TONbKO BKJIIOYAET B CcebS
obLero npeaka u Bce punoreHeTMYeckne BETBU, UAYLLME OT 3TOro Npeaka K
Ka)XIOMY Y/IeHY 3TOr0 TAaKCOHA, HO TaKXXe BCEX MOTOMKOB 3TOro npeaka.

Mapadmnernyeckum - TaKCoH, BKIOYAOLWMA B cebs npeaka, obulero ans
BCEX Y/IEHOB 3TOr0 TaKCOHAa, U BCE DUNOreHETUYECKNE BETBU, UAYLLME OT
3TOro NpeaKa K KaXkAoMy YieHy 3TOro TakCOHa, HO BKHOYAIOLLIErO He BCEX
MOTOMKOB 3TOr0 NpeakKa.

NMonundmnernuecknm — TakCoH, He BK/IIOHAOLWKNK B cebs npeaka, obluero
[J191 BCEX Y/IEHOB J@HHOr0 TaKCOHa, IM60 He BKIHOYAOLWNN B cebs Kakne-
B0 y4yacTKn OUNOreHeETUYECKUX BETBEN, COEAMHAIOLWNIK 0bLero npeaka
TaKCOHa C KakuM ninbo 13 ero 4neHos.



Puc. 2.2.1. Boinenenue rono-, mnapa- M MNOMHQHIETHYECKHX TAKCOHOB -
(oGBeneHb! IWMPOKOH Cepo nuHMell) B rpymme, cOCTOSWIEH M3 TpeX coBpe-
MeHHBIX TakcoHOB A, B m C. QunoreHernyeckue CBA3M NOKa3aHbl TOHKOM
YEepHOH JINHWEH.

2.2.1,3. Pazvacuenue nORAMUIL 20/10-, RAPQ- U ROUPUIUR
CorceM kpaTko omnpeAeneHust STHEX MOHATHI MOXHO BBIPA3UTL CXEMOMH:

BEKIOYAcT BCEX IO~ BKIIIOYAET HE BCEX
TOMKOB CBO€ro o6- HOTOMKOB CBOETO
LIEro MpeakKa obero npenxa

PaccmarpuBaeMsiit
TaKCOH

BKITIOYaeT ob1mero

—— Tonodunermieckmiit | IMTapadunernaeckmit

He BKJO4aeT ofmero
npenka

IMomaduneTHyeckuit




Puc. 2.1.4.2B. KnamorpaMMa, COOTBETCTBYIOIIAs TEOPHMH O ronoduIum
Arthropoda (roxa3aHa TOHKOH YepHON MUHKEH, Ha49aNo ClieBa)

e~

Polychaeta "

Chelicerata
Trilobitomorpha

Crustacea | Lobopoda

Ceratophora |
(= Uniramia) 3

Puc. 2.1.4.2.5. KinagorpaMMma, COOTBETCTBYIOLas TEOPHH O MonUGpuInM
Arthropoda (roxasana TOHKO! YepHO# IMHKEH, HAaYalo CleBa)




Reptilia

Aves

Prototheria

Theria

Puc. 2.1.1.A. @unorenerudeckoe aepeso Amniota B MaciuTabe reoJornyeckmx
MEPUOAOB M 3p.




CoBpeMeHHOCTS

3axopoHeHue |

3axopoHeHuUe 2

Paznmuumns B CTPOEHUM

Puc. 1.1. ®unoredus abCcTpakTHO! rpynrbl )KMBBIX OPraHU3MOB (06 u3o0pa-
xeHusx ¢unorenuu cm. 2.1.1). Ilynkruposkoli nokasaHsi Bpemeuume Cpesbl,
noanaronmecs usydeHmo. Ludgpamu 1-9 0603Ha4eHBI H3BECTHBIC BUBI.
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?7) versicolor var.
quadrifulgens

8) versicolor (mpolnas
senelwKa, Aenasap )

) fairchildi

~ 10) lucicrescens -'q

~ 11) Qbumaem sa Gepxywkax
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- 0 HCHO

- ﬁsgﬁﬁibggeﬂrstgcﬁ;gresce’gs) F

~ 12) pensilvanica 1k—— -
13) pyralomimus lb

14) aureolucens

15) caerulucens

-
A

16) tremulans

dur. 26. XapakTep CBETOBEIX BCIBINIEK Y PA3HEIX BHIOB CeBepoaMepPUKAHCKHX cBeTqskoB (Photuris) (BapGep, 1951).

BricoTa ® JANHHA OTMETOK MOKa3kIBAIOT HHTEHCHBHOCTL H XapakTep BCHBIILEK.



o NMpU3HaKaM Mo NpH3HaKaM
AMaro caMku KapuoTHUNa

ABCDEFG CABDEGF

0.60

0.55
0.54

0.52

-

Puc. 2.2.2.A. Pasuble QeHOrpamMms! g OFHOTO M TOro e Habopa BUIOB U3
pona Chironomus, NOCTPOGHHEIE Ha OCHOBE pasHbIX NpH3HakoB. A — Ch.
plumosus, B— Ch. bonus, C — Ch. usenicus, D — Ch. balatonicus, E — Ch.
entis, F — Ch. agilis, G — Ch. muratensis. (no Jlorurosoii, 1994).



MECOPTERIA

o e "'w““
AMPHIESMENOPTERA

Puc. 2.2.3. [Ipumep kmanuMcTHYECKOR KIacCHM(UKALMW: MCIONb30BaBIIEECS
XennuroM obsemuueHMe OTpAnoB ABYKpeUIBIX (Diptera), cxoprmonmu
(Mecoptera), pydeitnukos (Trichoptera) m 6abouex (Lepidoptera) B Brime-
CTOSIME TakCOHbL YepHod ymHMelt noxazaHo (UIOreHETHYECKOE AepeBo,
CEpoil JIMHUEHN — I'PAHHIBI TAKCOHOB.
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Puc. 2.2.4. [lenenuie oxHOro 1 TOro xe Qunorenernyeckoro aepesa (oKazaHo

NpocTo¥ nMHMEH) Ha rpaabl (pasAeNieHsl JBOMHBIMEM IOPH30HTANBHBIMH JiH-
HHAMHK) ABYMS pa3HbBIMH CIIOCOOaMHU.



Puc. 2.2.5. Paznuumne Mexny Knagucrudeckoit (1) ¥ TpaauumoHanucTHYECKOMN
(2) xnaccuuxaumelt Ha OCHOBE OJHOTO U TOrO XKe (HIOreHeTU4eCKoro JApepa
(rmoxa3aHO YepHOM JMHUEH, JUVIMHA FOPU3OHTAIBHBIX COCTaBISIOIIMX BETBEH
IPOINOPLIUCHANIEHA BEJIMYKHE 3BOJIIOLIMOHHBIX H3MEHEHMUIA).




IMapapun. Tonopusa, Iapadua. Conodpun. Tonopun. Tonodpua,

Puc. 2.2.6b. Msmenenne knaccuukalyy OpraHu3MOB B IPOLIECCE BBIABICHMA
HOBEIX aroMopduit 1 pexoHCTpyHrpoBaHus (punoremyu. A—E — Takconsl (A-C —
cymectByiomue, D, E — npeaxoBsie M, KaK MMPABUIO, MMITOTETHUECKHE); TOHKOM
yepHO# JMHMEH IMoKa3aHbl PEKOHCTPYHMPOBAHHBIE YYacTKM (PUIOreHeTHYecKoro
IpeBa, TOHKOH CBETIIO~CEPOH — €r0 HEW3BECTHBIE YYACTKH; IMPOKOH TEMHO-CEPOi
el o6BeieHsl TakcoHkI, 1, 2, 3 — HOMepa Npu3HAKOB; GBIl NPAMOYTOMb-
HMK — IUIE3HOMOPGHOE COCTOSHUE NMPH3HAKA, YEPHBIA MPAMOYNOIBHUK — ario-
MOp(}HOE COCTOSHME NMPU3HAKA, Cepast IO0Ca, COSMMHSIONAA BETBY, — CHHAIO-
Mopdus; IBOMHASA IDTPUXOBAA JMHMS, COCNMISIOMAA BETBH, — CHMIUIE3HO-
mMopdus; 1, 11, Il — nocnenoBarensHbie ITankl U3y4eHNs U COOTBETCTBYIOLIUE MM
Kiaccuduxauyy.
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BRANCHIATA

no Haeckel, 1866

Puc. 2.2.6.B. IlocnenoBarensHoe pa3sBuTHe KnaccHpuKaluy YICHUCTOHOrMX
Ha OCHOBE TeopuH 0 MoHobuMK Arthropoda.

£

[Arachnida}

_(Xyphosum)

TELEIOCERATA

no Heymons, 1901

CHELICERATA

Arachnida

=

] @anobitomorph% J ( [T.-ilobitonmp@ J

TRILOBITOMORPHA

no Snodgrass, 1937




Tabnuua 2.2.7.B. [Ipeanoxennoe XeHHUroM cOOTBETCTBUE MEXAY BpPEMEHEM
JMBEPreHUUY ¥ PaHraMM TaKCOHOB

KkeMOpu# — Hayaa JEBOHA Kiace
KOHELl JEBOHA — KOHEIL EPMHU OTpSI

Ha4alo TpHaca — KOHCU PAHHETO0 MEJia CEMEHUCTBO
Ha4ano nmo3saHero Meja — KOHCH OJIMIrOLCHA Tpuba
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Fig. 1 A-E. Holomorphic specimens of synechodontiform taxa. —A. TParaorthacodus jurensis (SMINS 88987/1). —B. TMacrourogaleus hasse
(BSPG AS 1363, holotype). —C. tPalidiplospinax ennisk (NIIML P.3189, holotype). —D. tSymechodus sp. (BSPG 1878 VI 6). —L.
YSphenodus SMNS 80142/44). Scale bars equal | cm.




Appendix S6. List of morphological characters and character states of synechodontiform
phylogenetic analysis

1.

Lol el

19.

Dorsal [in endoskeleton composed of basal cartilage with a [inspine [0]; with basal cartilage
and no finspine | 1]|. (modified after #124 of App. 2).

Vertebrae of asterospondyvlic tvpe: no |0]; ves | 1]. (#1435 of App. 2).

Dorsal fin spines present [0]; absent | 1]. (#148 of App. 2).

Number of dorsal fins: two |0]; single | 1]. (#149 of App. 2).

Large paired fins present [0]; absent [1]. (#150 of App. 2).

Small and rounded tips of paired fins absent |0]; present [ 1]. (#1352 of App. 2).
Rounded and small dorsal fins absent [0]; present [1]. (#153 of App. 2).
Longitudinal extension of base of anal fin absent |0]; present | 1]. (#154 of App. 2).
Clutching tvpe dentition absent [0]; present [1]. (#155 of App. 2).

Tearing tvpe dentition present [0]; absent [1]. (#156 of App. 2).

Cutting-clutching type dentition absent [0]; present [1]. (#158 of App. 2).

Enameloid extensions of labial crown face under first pair of cusplets absent |0]; present
[1]. (#171 of App. 2).

Enlarged placoid scales on caudal crest absent [0]; present [1].

Down-curved root lobes in labial view in some tooth positions absent [0]; present [1].
Low root of teeth absent [0]; present [1].

Nearly horizontally basal face of root present [0]; absent [1].

Root shell absent [0]; absent [1].

Well-developed nutritive grooves on the labial root face absent [0]; present | 1].
Parasymphyvsial teeth absent [0]; present [1].

Crown-shoulder present [0]; absent | 1].

Crown julting out over crown/rool junction [0]; not julling outl over crown/rool junction [1].
Crown perpendicular to root |0]; not perpendicular 1o root [ 1].

Svmmetrical main cusp present [0]; absent [1].

First pair of lateral cusplets at least half the height of the main cusp (= 50 %) [0]:
distinctively smaller (< 50 %) [1].

Even number of cusplets distal and mesial to main cusp absent in lateral teeth [0]; present in
lateral teeth [1].

Linear decrease of cusplet height absent |0]; present |1].




Appendix S7. Data matrix of the synechodontiform phylogenetic analysis (Multistate
characters [01] = *)

1 LI111YT112 2222222323 33333

1234567890 1234567890 1234567890 12345

tHybodus 0000000000 0000000000  00000**000 00000
tWelcommia 7777777701 1070000070 1011001011 11100
tPseudonotidanus 7100777701 1000001070 1011001011 11100
tRhomphaiodon 7777777710 0070101070 1101177000 00101
tMucrovenator 7777777700 0070101070 1101177000 00101
tSphenodus 7110000000 0000001010 1101000010 10001
+,.pre-Jurassic Syn.“ 2299929710 0020101070 1101001000 00101
tPalidiplospinax 0100000700 0001110100  11010000** 10101
T.5vnechodus*™ prorogatus 7710 0 0171110170 1101000100 *0110
tSynechodus 7110000700 0001110110  01010010** 10110
+Paraorthacodus 1111000000 0000101111 1000110000 00100
tMacrourogaleus 7711111100 0010107171 1000110000 00100
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Fig. 4 A, B. Phylogenetic hypothesis of synechodontiform sharks excluding (A) and including (B) uninformative characters, conducted by
using heuristic search with tree-bisection-reconnection of branch-swapping. Strict consensus trees of both 16 equally mast parsimonious
trees; numbers above branches are bootstrap estimates. For character distribution and corresponding character states based on

DELTRAN or ACCTRAN optimization, see Appendix S8.




Appendix S9. Taxonomy of iSynechodontiformes based on the phylogenetic analysis
presented here.

Superclass Chondrichthyes Huxley, 1880
Class ELASMOBRANCIIIT Bonaparte, 1838
Cohort EUSELACHIT Hay, 1902
Subcohort NEOSELACHIT Compagno, 1977
Superorder GALIOMORPIIT Compagno, 1973
Order TSYNECHODONTIFORMES Duffin & Ward, 1993
Family INCERTAE SEDIS
+7pre-Jurassic Synechodus™

tRhomphaiodon Dullin, 1993a
tMucrovenator Cuny ef al., 2001,

Family TPSEUDONOTIDANIDAE Underwood & Ward, 2004
TPseudonotidanus Underwood & Ward, 2004
tWelcommia Cappetta, 1990

Family $ORTITACODONTIDAT, Beaumont, 1960
tSphenodus Agassiz, 1843

Family TPALAEOSPINACIDAE Regan, 1906

tPalidiplospinax Klug & Kriwet, 2008

t.5vnechodus™ prorogatus (Kriwet, 2003a)

tSynechodus Woodward, 1888

Family PARAORTITACODONTIDAE nov. fam.
tParaorthacodus Glikman, 1957
tMacrourogaleus Fowler, 1947



Appendix S3. Matrix of the neoselachian phylogenetic analysis. (Multistate characters [01]
= *. Multistate character [012] =#)

1 1111111112 2222222223 3333333334 4444444445
1234567890 1234567890 1234567890 1234567890 1234567890
Outgroup 0000000000 0000002222 2207200770 0*02000000 0200000027
Heterodontus 2010000000 0100000101 0000000270 0000000000 0000100000
Orectolobiformes 0010010000 0100000107 0000000270 0000000000 00001#0000
Lamniformes 1000010000 0100000000 0000000270 0000000000 00000*0000
Carcharhiniformes 1000010000 0100000000 0000000270 0000000000 00000¥0030
Chlamydoselachus 0000001111 1000000000 0100000270 0100000000 0000001000
Hexanchus 0001101111 2001010000 0000001000 0100100000 1000001000 ——
Notorynchus 0000001111 2000010000 0000000270 0100100000 1000001000
Heptranchias 0001101111 2001010000 0100001000 0100100000 1000001000 HHHS 5555; %%'14‘1;’14%%}1 -11411-11}1-11411-11411411%
Echinorhinus 0001001111 0000010010 0001001000 0100100000 0000001000 222223 3333333334 4444444440
Etmopteridae 0001100111 0000000010 1001001000 0001110100 0100001100 34367890 1234567800 1234567890 1234567890
Somniosidae 0001100111 0000000010 1001001000 1000100000 0200001000 8)8888888 g%’g%gggggg 8888?8?(1)88 8(1188{1)88888
Oxynotus 0001000111 0000000010 1001001000 0001100000 0200001000 s 10] ]
Dalatiinae 0001100111 0000000010 1001001001 0000100000 0200001000 0000010 0002220100 0001101100 0*0010010*
Euprotomicrininac 0001100111 0000000010 1011001000 0010100000 0100001100 ;8888818 88%;:8188 888”88{;6 L]}lg}ggigg
Centrophoridac 0001100111 0000000010 1001001000 0000100000 0000001000 :
Squalidae 0001100111 0000000010 1001001000 0000100000 0000001000 0100000 0002707101 0000000100 0100001111
Squatina 0002000111 0010111010 1001001100 0000000000 0400001000 33188888 8{8“88881 ngggigig} 8“{88}”8
Pristiophoridac 0102002111 0010111010 1001111111 0200000001 0010001000
1‘Weic£mm1’a 7999999999 2999999999 99999999992 2999999999 92999992999 10100000 0101100001 1000010100 0111001111
+Pseudonotidanus 2999999999 29299299999 2999929999 2292929929 9292922227 )0000000 0001000710 0001001100 0100001101
+Rhomphaiodon 2799992972 9299799727 92797729299 2929979972 2997272972 30000000 0000000710 0001001100 0100001001
tMucrovenator 2097922999 2999999999 9992992999 9999999999 9999992999 J0000000 0001000710 0011001100 _0100001*01
Sphenodus 2909999999 2929990997 2999999979 9999999997 9999929979 J0000000-0000000710 0011001100 0100001000
i,,éreL—Ju;a;sicSmechodus“ 2292929929 2929929299 2292929929 92922992992 9222922292 0000000 0001000710 0011001100 0100001101
tPalidiplospinax 0292922077 2222209772 9722977229 21722229220 9797227772 10000000 0001200210 00110011000100001101
Svnechodus” prorogatus 7772227727 2922999297 2799922999 9292229922 9999992297 J0000000 0000001710 0001001100 0100001000
;r-ésﬁmchadu: prOTORAH 0000077007 1292907727 2292922272 2122792220 2727977977 30000000 0000000710 0001001100 0100001000
tParaorthacodus 0222929022 29229922299 2292992922 2929292220 (292922299 10011001 1101010210 0101001100 0100010100
tMacrourogaleus 2997929929 29729929929 9299929929 99929929929 9797977977 11000000 0001010710 0101001127 2222000100
2900000 112022 11T T IN?
T Pseudonotidanus XN AW LNY RN NNY 0 10100007
¥Rhomphaiodon 299999997 21229 1999299997 2929790797 2972729297
TMucrovenator FFXTNNTY NIV RN ML NN
T Sphenodus 22700077277 2227720270 207127927700 0772770797 7727100100
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Fig. 2 Phylogenetic hypothesis of neoselachian sharks conducted by using the heuristic search function with tree-bisection-reconnection
of branch-swapping. Strict consensus tree of 16 equally most parsimonious trees; numbers above branches are bootstrap estimates. For

character distribution and corresponding character states based on DELTRAN or ACCTRAN optimization, see Appendix 54.
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Fig. 3 Phylogenetic hypothesis of neoselachian sharks excluding all characters displaying the character state [?] in the outgroup,
conducted by using heuristic search with tree-bisection-reconnection of branch-swapping. Strict consensus tree of 64 equally most
parsimonious trees; numbers above branches are bootstrap estimates, For character distribution and corresponding character states hased
on DELTRAN or ACCTRAN optimization, see Appendix 55.
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Table 1 Data matrix of the 356 characters included in the cladistic analysis. Order of characters follows that of Section 3.2.
“Inapplicable” and “missing” character states for a certain taxon are indicated with *-" and “?’ respectively (for more details, see

text). (Characters 241 to 356)

A. ORDINARIUM
TIMON
A. GUNNART
T. REOSEAE
LEPTDOSIREN
NEOCERATODUS
LATTMERTA
POLYPTERUS
ACTPENSER
PSTFIURUS
TRPTSOSTRUS
AMTA
HLOBS
NOTACANTHUS
BNGUTLLA
CONGER
- EURYPHARYNX
.~ .. MEGALDPS
| ATRUIA
HIODON
| PANTODON
XENCMYSTUS
| MORMYRUS
AILOPUS
CHLOROPHTHALMUS
ASTRONESTHES
STCMIAS
SATMD
COREGONUS
THYMALLUS
ESOX
UMERA
CALAXTAS

A 2 A AR 2 2 A2 2 2 A A2 A A AR A A AR 22222 2222322 32222333333333333333333333333333333333333333333333333333333333
444£4444455555555556666666666777777777788888888889999559395000000000011111111112222222222333333333344444444445555555
1234567890123456789012345678901234567€9012345678901234567890123456789012345678%0123456789012345678901234567890123456

00101010000-0-000001001-—00000101000700-10-2921?2¢———— 1-011-—-0--—-0-0-1-1-01-100?201111-000-0-0000-0000000000000
00111010000 0 000?00001£000000001000200 10 1 1 opo11 1 0 10 07 1010101011 000 © DOCO Q000000000000
0011001000070-0202000000000000200000100010-1—0-—-00--—-——00011?2??-———0-7-1-?-27-1010000011-000-0-0070-0202?20222220
0020?22200070-72720000260000007200000200010-1—0-—-00-———220222???———2-2-1-7-72-0010002011-000-0-0070-0202720227720
0111701-000-0-0--2000007201-00101000--0-0000001000————— 0c0ll-—0---—-0-—1-0-01-1001011101-000-0-0000-0000000C00000
0111?01-000-0-0--2000007200000101100000-0000001000————— 00011-—0--—-0-—-1-0-01-1001001001-000-0-0000-0000000000000
noaooeno 000 000 Q0o0000GO0N000G111001000000000000000 ononooGon ? 011 01 00000DOCOOGO00O O DODO Q0O00000000O00
0000000000000000000000000000000000100000000000000000——-— 001000000----0-0-1-1-00-0000000111-0000000000-0000000G00000
0000?20222000020200072022200000100000001-0001 11—~~~ 000010000-~——-0---010000-12012?21---0000-C0000-0000000000000
000070272000020'0002202?'000001000000G0-0001—1——————-— 000010G00-—--0-——01000?7-12010001-—-0000-00000-0000000900000

00000000000000000000000G0000000710000000 002000000000 012010000 0000  000GO0010100011004001020000000000000200000
000000000000000000000000000000011110000001.00000000000000001001000000001-—-0000000001000110C¢00000000001-0000000000000
00000001000000000000000600000001100016000100000020000000001000000000001000001000000011-1101-000000000100000000001000
00000077070007000100001£00000001100006010100000010000000001000000000000000001000010011-1101-000020000100000000001000
000000772?000700000720172000001010001¢010100000000000000001001000010003001001001- 100111111 000032000100000000G01000
0000002722000200000220122000001010001€010100000000000000001001000000004001001601-10011-1111-000000000100000000001000
000000772770007000007202?700000101000000-11-1—-1———————— ??0710007-27??—-1-0-01-10011-1111-000006000200000000001000
00000001000000000000000800000001100004000100000020000000001000000000001000001.000000011-1171-000000000100000000001000
003000010000000001000000100000011000060001.00000000000000001000000010000000001.000070011-1101-000000G000100000000001000
00000011070000000000000800000001100016000100000000000000001001000000000000001000010011-11022000000000100010000000000

00000111070000000000000600000001100006001100000000000000001001000010000000001000010011-11102000000000100010000000000
00001017-2?000-0001001016000000001-00000001-0000000000000001001000000000110001000010011-1111-000000000170010000000000
00000001000100000000000000000001100010010100000000000000801000000010000000001000010011- 11101000060000100001000500000
00000001000100000000001£00000001100008010100000000000000001000000010004000001600010011-11101000080000100001000000000
00000001700102000000701000000001100000010100000000000000001000000010000000001010110011-11101000000000100001000000010
00000001000000000000001£00000001100006010100000000000000001000100010000000001010110011-11101000020000100001000000010
00000001000100000000001800000001100002010100000000000000001000000010004000001000010011-11101000000000100000000400000
00001001000000000000001£00000001100006010100000000000000001000000010004000001600012011-11101000000000100000000000000
00000001000100000000001000000001100000010100000000000000001000000010000000001000010011-11101000000000100000000000000
00000001000000000100001£01000001100020010100000020000000001000000010000000001000010011 11101000000000100000000300000
00000001000000000000001£01000001100000010100000000000000001000000010004000001.000010011-11101000000000100000000000000
00001001000000000001000—1000001100000010100000070000000001000000010000000001000010011-11101000000000100000000000000
00000101070000000000000000000001100000010100000000000000001000000010000000001000010011-11101000000000100000000000000



AR ()

| 1'
SARCOPTERYGII i m
—— ACTINISTIA d
= -

DIPNOI - o
—— TIKTAALIK ROSEAE ~

# .
ACANTHOSTEGA GUNNARI -
_l:,:f\MPHIRM TETRAPODA .-—Idw
ACTINOPTERYGIT AMNIOTA Q

— CLADISTIA S —
— CIIONDROSTEI s o
—— GINGLYMODI '3,“"._"'--— Bl
[ HALECOMORPHL . s {
—— ELOPIFORMES N s
—— ALBULIFORMES =y =

I NOTACANTHIFORMES ELOPOMORPHA
ACTINGPCERL -‘|:|: ANGUITLLIFORMES

SACCCOPHARYNGIFORMES

NEOPTERYGII —— HIODONTIFORMES .
{ s e L JOSTEOGLOSSOMORPHA .
OSTEQGLOSSIFORMES 7
ALCPOCEPIALOIDEA
g SE 3 AT
. ARGENTINOIDEA ARGENTINIFORMES

ESOCIFORMES
4,:: GALAXIOIDEA
OSMEROIDEA [OSMERIFORMES _
TELEOSTEI —— SALMO W .
COREGONUS | SALMONIFORMES —

——— THYMALLUS
/4 —— AULOPIFORMES

L srommrormEs |0 HREOSTEL

CLUPEOCEPHALA —— CLUPEOMORPHA -

—— GONORYNCHIFORMES

SORBININARDUS APULIENSIS

EUTELEOSTEL — CLUPAVUS MAROQCCANTS

| SUNTANICHTHYS DIASI

OTOCEPHALA _|: CHANCHDEN MACROPOMA

LUSITANICHIHYS CHARACIFORMIN

CYPRINIFORMES

OSTARIOPHYST

= CHARACTFORMES ;
EXTANT OTOPHYsri:E GYMNCTIFORMES y—

SILURIFORMES

Figure 4 Relationships among the major osteichthyan groups examined,
derived from the “majority fools” tree obtained in the cladistic analysis of Chapter
3 (see Fig. 3).
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Figure 5.8 Reconstructing the phylogeny of
vertebrates by cladistic methods. (a) Are the
defining features of vertebrates the possession of
bone, a skull and a tail? (b) The tail is found in
a wider group, termed the Chordata, but the
skull and bone define the Vertebrata.
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Figure 5.10 The relationships of the major groups of vertebrates, tested using six familiar
animals. (a) Postulated relationships, based on the analysis of characters discussed in the text.
(b) Phylogenetic tree, showing the cladogram from (a) set against a time scale, and basing the
dating of branching points on the oldest known fossil representatives of cach group.
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