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Chapter 7 

From Cnidaria to "Higher 
Metazoa" in One 5tep 

Ferdinando Boero! and 5tefmlO Pimillo1 

Introdu ction 

Melazoan evolution is traditionally secn as a long road where the main 
steps af the increasing addition of fealures leading from simple lo complex 
organisms are called milestones. This is the way 20010gy is treated in 
tex tbooks (see Valenline 2004 for a rev iew). The first chap ters are dedica te<! 
lo the simplest animals, aod the diversi ty of animai phyla is ordered along 
a series af bauplans of gradually increasing complexity. 

Protozoans usually introduce the stor)', since it is highl), reasonable 
thal the Mclazoa origina ted from a colonial protazoan, probably a 
choa noflage Ila te, that evolved cellula r d i fferen tia tion. CelI ula r d i fferen tia lion 
is the initial milestone leading, from a colony of individuai cells, lo an 
individuai and multicellular organism, Th is organizationallevel has been 
ach ieved by sponges, most probably from choanoflageUates. It is difficult lo 
"see" in sponges Ihe premises of ali Ihe aSlonishing features that define what 
we cali animals, as they lack, for instance, Ime nervotls cells, the trademark 
of anima ls. Neverthelcss, some sponges do have real tissues (see Wang 
and Lavrov 2007 and references therein), and tissue formation is p robably 
another sponge mi lesione. Recen t findings also showed that sponges possess 
at least some of the molecular equipments associated with development 
of sense organs (reviewed in Jacobs et al. 2007) and synaptic connections 
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(5<lkary.l et al. 2007). Finally, s tudies on spongl' nlldear .md m itochondria\ 
gennmes (Larroux et ,,1. 200(-" Erpenbcck et <1 I. 2007) confi rmed liMI Porifera 
are tnle metaZO.1l1s. 

Peramorphosis vs. Paedomorphosis 

]t i!'ò paradoxkal thal ecoloA:-' .md embryology-de\'c lopment.ll biology, 
the disciplincs tha! con lrihllied more lo Darwinian th inking, did noi 
participate much IO Ihe neo-Darwini<1n synlhcs is . Gallid (1977) repl.1ced 
dl!\'('lopmenlal b iolop;y inlo ,111 evolutionary fr.lmework ,lnd prapo5cd 
helerochrony, and es pecially paedomorphosis, .. s a key evol ution.lry 
nu'chan.i slTl. Frt)m Gould 's Sl'llli na l book. m<lny ide<1s s temmed, ali 
proposing evolutionary processes that s tar!ed from complex o rg<1nism$ 
that became simpler throllgh Ileo teny or progenl'sis and tha l, then. g.lined 
nt:'\\' complexi!)' from the rE'-{'lnboration of !he simpliFied s iates. 

However, lo simplify something to reach then a higher complexi!y. 
rl'quires a certain degree of complexity Ihai, presumably, wa s reached by 
adding complexily lo a simpler org.1nizalion . Peramorphosis is jus t this: 
the additionl) i new featurcs lo a ld Dnes. If metaZO.1n evolution i5 inferrl'd 
by looking al vertebrates, or insects, or molluscs. or (,"en nemnlodes, il 
is obvlOu s Ihnl thc s tory run!! by Ihe re-elilboTalion of fcntures that \Vere 
Ihere alrend)'. Pnedomorphosis alone, ,11 th is leve l (lf comple);ity, makes 
pt'rfect sense. Bui if we concentrate on "simplc" org.lni sms. Ihe s ilu.,ll011 
becornes radica lly differenl: il is diffkult lo s ublracl w hen no additions 
have been made. Sponges added multicellubrily clnd crll differrnti.ltion, 
bui illl Ihe olhe r mel.lZoa n fe,llures seC'1ll IO be mi ssing. The organization 
of adu li s ponges pravides no hinl ilbout the origin of Ihe olher milcs tones 
of metazo,m e\'olutioll. As sUi;;g\!s tcd by Milld on,ldo (2fXfI), the key lo 
identify sponge re lntiònships \vith thc res i of the Metazoa is thei r lan\l . 
Some sponge l.uvne, in fact, Me ver)' SilllililT lo cnidi1ri,m pl<lllld" e, o r 
to acclous turbellclTia, or lo placozoa. They mi~hl be the beginning of 
subsequenl Metazoall evoluti0n. nley l1re cle.lrly indi viduals, Ihc)' ll.l ve .1 
one-w.l }' mm'ement, ",ith a fron l .1 nd a rcnr, thcv move "nd mnke choicl'S 
(the subs tr,'h:, where lO settle). I f we sublracl mo~t Di sponge de,·elopment , 
what renhli ns is " p l<llltdn-li ke org<lnjsm. Fram Ihere, wC' III igh l hope lo see 
thl' res i o f Ihe p<lt h Ihal leads lo "higher" met,lZ0a. 

No matler Wh"l lechniques MC used to build up Ihc Irce of metazO,ln 
e\'olu lion, the b,l se is in" Mi,lbly occupied by n group of phyla : s ponges. 
pl"cozùnn~, clt:'nnphorcs. and c nid<1Ti<l . Mnlecular dal,l aboul "w ho ca me 
fi~t" might be cQt'ltro\'crsi<l1, "ccording lO the chosen ma rkers or SOftwMf:' 

illgorhytms. The renson for this m ighl be lin ked to some mi sm aleh belll'een 
the p<lce of evolution . intendcd as introduclioll o f Ilov(>\ties, .:lnd th"l of 
phylogeny, inlended <1 S lime of divergencc betwct'n 1\\'0 monophyletic 
clades. 
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Micro- vs , Ma croevolut ion Throug h the In verted Cone of Dcvclopment 

The identificatlon of jllmps in Ii'vollltion.,r)' patterns, or punctuated 
equilibria, derin.·d from the an.1lysis of the fossil record and led, for 
some time, to thc dism issal of Darwinian gradu" lism, The view was that 
organisms rema ined more or (ess lIIwMicd (the equilibrium) and thcn, 
ali of il slldden (in geologica l terms), thc)' becamc something e lse, with 
an e\'olutiol1i'1r}' jump, These jumps "punctuatc" the otherwise p revailing 
cqllilibrium, n,c introdllction of the concep t caused ,1 he"lth)' bursl of 
scienlific debatc, li nked lo the coupling or uncoupling of O1i cro- and 
O1acrDevolution, For some evolutionists (cspeci.,lIy neontologists), 
microt'\'olution \Vas the \'aria lion within specics, and macroevol11tion 
\Vas the format ion of ne", specics, For some other C\'Ollltionisls 
(especia ll)' paleontologists), O1icroc\'olut ion \\',lS the origin of specics and 
m.1Cr<x,, 'ol ution was the o rigin of higher taxa, 

Thc introduction o f the ill\wtecl conl' mctaphor by Arthur (1997) 
reconciled thc role of de\'elopment" l biology and o f genetics in proposing 
,l theoretical fra01ework for macroevolution ,md for ils coupling with 
O1icrDevolution, if any. Thc itl\'erled eone (Fig, l) implies Ih.11 de\'f,~lopmcnt 
C,ll1 be seen as starting with a lolipotent celI. thc zygote, ",hose genome 
will be exprcssed in its whole polenli.ll. 

Cleilvilge, and the conscq llent differcn tiation, reduce the potene)' 
of the new, differentiilted cclls that, in spite of s tili ha\'ing the whole 
informalion, hil\'e thc possibility of cxprcss ingjust a part of it, exemplified 
by the number of other celi typcs thal w ill derive from them, At the end 

"", .. hum bI). ... 
• Jul. ~<lult 

mUl" ""''::J!!!"mi"'ii''iì'~;s,''7 ~ .<lul! 

.. , 
~fI,"'~n~ 
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Fig, l , Th~' inwrt .... t c,'"~' "f dl'wlupml'nt (A rthur, Iyn), 
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(lf devc10pmenl, completely differentiated celi types will lead jusl lo ,l 
reiteration of Ihe sameccll type. Aquantit,1ti\'ely identica I gcnetic mulalion 
affecling earl)' ontogeny, then, will have a much grea ler impaci on thc 
fina I resull of dcvelopment Ihan a mu tation of the sa me size occurring 
<11 inlermediate or final sleps of onlogeny. With this conceplual 1001 at 
hand, il is much easier lo envisage what mighl be the resu ll of mutations 
at different ontogenetic s tages. 

Figure 2 shows how species 1 (51) can givc rise lo species 2 (52), the 
two remaining in the sa me gcnus (Cl). 11lis episode of "simple specia tion" 
implies a mu la tion that becomes effecli\'e near theend of ontogcny. 5pecies 
1 ,l nd 2 sharf.' most of their onlogenetic patlerns and differ for jusl some 
adult fcatllTcs, ,l llhe end of Ihc invcrtcd cone. 

111e founder of a monoph yletic genlls is a nel\' species, but itsevolution 
from the most proximate ancestor (refcrab1c lo anolher genus. othcrwisc 
ils descendanl would not be the founder of the ne\\' one) rcqll i res a greater 
change than si mp1e spccia lion. Species 3 (53) does not deri\'c from 52 due 
lo the same Cv0111tionary mechan ism tlMt led from 51 to 52. The mulalion, 
even of Ihe sa me size, acts ea rlicr in ontogeny, and had " bCclTing on il 

greatcr pa ri of development and of the resulting adllit s tage. 
A new family, ,lS depicted far thc origin of spedes 4 (S-\.), requires a 

much earlier-in-ontogeny tllll tcltion, and evC'n carlier Me the mutations 
leading lO a new a rder (from S-\ lo 55), a new c1ass (from 55 to 56), or a 
new phy lllm (from 56 to 57). The firsl represenlalive of a new phylurtl, 
e.g. 57 in fig. 2, is il new species that is al so ascribed to a new c1ass, a new 
ard er, a new fami1y, a nel\' genus. Phyla are noI fo rmed by" posteriori 
assemblages of thc independently-formed lower taxa. 

Th is aspec l is particularly important, since genetic mutalions of Ihe 
Silme size (in lerms o f mu taled nucleotidcs) might ha\'('complele1y differenl 
impacls on the body pian according lo the ontogenelic s tage in which Ihey 
act. If we measure evo1 ution according lO the genelic distances obtained by 

Pl Pl Pl P l Pl P~2 
Cl Cl Cl Cl Cl~2 3 
0 1 01 01 0 1 02 03 0 4 
Fl F l Fl F2 I F3 F4 FS 
G, Gl,/'G2/ G3/ G4 G G6 

~fJf~~~~ 
anceslor new new new new new new 

spcc,esgenus fam,ly order claS$ phylum 

Fig. 2. Ad,lPl,lt ion of tlw thé'ory (, f 11", inwrt,-'d ,one "f dc\·<,h'pm~·nt into thc fo rn1.ltil>l1 pf 
new tua (l f di ffert'nt hi~'r,lTchi c,ll uT,kr (rl'(tr,l\\'n from Ikx-m ('t ,11. 20051. 
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comparing genomes, we obtain the overall genetic similarity among taxa, 
which reflects the divergence in time, measured as if evolut ion had a steady 
and graduai pace. But one thing is having diverged since some time, and 
another thing is lO have acqu ired a sudden mutation, presumably irrelevant 
to the overall similarity of genomes, that leads to a new milestone. The 
g raduai evolution of neutral genetic divergence might be uncoupled with 
Ihe salta tional evolution linked lo thc origin of higher taxa. 

The Evolulionary Cane 

[t has often been said that higher taxa are the product of our way of 
thinking and that spedes are thc only "real " evolutionary units. Bui if 
higher taxa are monophyletic, then speciation events, as seen in Fig. 2, do 
have different bea rings on Ihe descendanls of the newly formed species, 
according to the developmental changes Ihat generated thern. One might 
say, re-eval uating Haeckel's recapitulation principle, Ihal higher taxa can be 
identified according to the shared percentage of ontogenetic patterns. The 
more on logenies differ, the higher is the "higher taxon" distinction among 
lineages. And higher taxa represent clades dcriving from these speciations 
of higher rank than "simple speciations" leading to theorigin of new species 
referable to the same genus of the ancestor. 

A monophyletic phylum starts with onespecies (Fig. 3), representingthe 
founde r of the phylum. That species will represenl also a ne\\' genus, a ne ..... 
family, a new order, and a ne\\' class. From this, ali the subsequent radiation, 
ii any, w ili take piace. Lead ing tothedistinction of new lower-level taxa,each 
olle stilrting, however, with a single species. Depending on the magnitude 
of the genetic (and phenotypic) modifications, new higher-order laxa can 
evolve suddcnly, without the graduai pattem shown in Fig. 3. Evolution can 
be both graduai and saltational, even though graduai evolution, leading to 
simple speciation, is much more probable than s.1l tational one, leading to 
speciation originating higher-orcler taxa, since the viability of the result of 
large genetic modifications rnight be im paired by thechange. The possibility 
that the su m of an enormous number of little variations might lead to the 
emergence of higher-order taxa is not reasonable in the light of the inverted 
cones of both development and evolution. Simple speciation events, in 
fact, do not radically alter the body pian of the descendents in respect to 
that of the ancestors, only leading lo a simple series of variations on the 
same therne. Higher-order taxa, to evolve, need radical changes, occurring 
towards the Hp of the inverted cone, far from the end of ontogeny. 

Alternative Morphs-Combined Cones 

The theory of alternative morphs (West-Eberhard 2003) was proposed to 
explain how evolutionary novelties can emerge in taxa with complex life 
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cycles. The rationa le of the theory is Iha llhe sirongesi fo rm of 5election i5 
stabilizing selection, with a strong tendency lO conserve extanl genetic and 
morphological slales. To ci rcumvenl stabilizing seleclion, allowing neutral 
evolution only, some morphscan be tempora rily red uccd orsu ppressed (by 
paedomorphosis) alld they can then be re-expressed in a modified form o 
The same idea, a t a genetic leveL is that of gene duplication. Important 
genes can nol be cha ngcd, bui they ca n evolve by duplication, so that olle 
copy does Ihe "orig ina i work" and the olhers a re free lo ch.mge, leading 
lo novelties. 

If paedomorph os is and peramorphosis can mod ulale change even 
in species w ith d irccl deve lopmenl, Ihis is evell simplcr for spec ies wil h 
complex life cycles, leading to different morphs. Translated inlo the 
inverted eone melaphor (Fig. 4), the alterna tive morphs suggesl that 
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mutations can affect a larva l stage of the cycle (fa r instance the polyp 
stage in a medusozoan ), o r the adult (far instance the medusa stage of a 
medusozoan), or both, according to what will be the contribu tion of the 
celi altered by the mulalion to the rest of development. Regulalory genes, 
furlhermore, can modulate Ihe expression of Ihe various slages, a rather 
widespread phenomenon in the Cnidaria, and espeda lly in the Hydrozoa, 
where medusa suppression occu rs very easi ly (Bouillon et a l. 2006). 

The suppression of medusae does not impl y the elimination of 
the genetic informa tion spedfy ing for Ihem. Being unexpressed, Ihis 
informat ion is noi subjccted lo natural selection and is free to change 
with no limils. If re-expressed, these mod ifjed genes can o rig inale much 
different morphs from the originai ones, as probably oc:curred fa r Ihe 
med usae of Obdia (Boero el al. 1996. Covinda rajan et a l. 2(06) (Fig. 5). 

In spite of being the classica l texlbook example of Ihe Hydrozoa, Ihe 
medusae of ObeNa have a radica lly d iffe rent body pian from thal of ali 
other medusae: their umbrella is flat and noi concave, Ihey lack a velum, 
their ten lacJes have a chorda l Slructure, idenlical to polyp lentacJes. The 
hydroid s of Obdia, inslead , are und islinguishable from Ihose of olher 
members of the fami ly, Ihe Campanulariidae. Whereas the hydroids are 
high ly conserva tive. the medus., is g reat ly innovative. 

The probable reason far Ihis is that the genes of Ihe Obt'lia medusae 
ha ve been re-activa led a fter having been inacti valed in an ancestral spedes 
wilh suppressed medusae. Obt'lia is probably one of the best examples 
of the o rigin of il ne\\' body pIan Ihrough a mechanism tha t is pcrfectly 

C. mlJlation 
afteeting 

.o"" 
reatures 

Fig. 4. 111" thrt'r)' of ,lhern,lI in :", morphs in çnmplcx !ife cyde-:. (q;. hyd rozo.m life cyd.·) 
,'~pla inl'<l by the melilphol\.' of Ihc invcrtcd conco TIlC oulcome o( ~enct ic chans('S dqx:nds on 
Ihe st.1ge in th(· lifc crete (1;1r\'.ll : planula and polyp. or aduli: mcdUs.1) \\'h~'O! they t.lke placco 



expla ined by thc theory of il lternative morphs. The polyp morph, in 
fact. is almost illdistingllishable from the polyps of other genera of thc 
Campanulariidae, and il is fo r Ihis rcason Ihal the gcnus is placcd illto 
this fam il)'. The medusa, however, diffe rs in such a \Va)' from a li olher 
h)'d romedusae (fi rst of ali b)' noi ha ving n vclum, thc tr,ldemark of 
hyd romedusac) tha!. if the polyp were llnknown, il should be placed illio 
a separate medusozoan clnss. 

In the light of the i1",erted eone model (Fig. 6), the dc"elopmenlal 
conc of the hyd roid remained unmodified . n,e medusa stage was 
suppressed and its genetic sllbstr"te mlltated frcely. When the medusa 
was re-exprcssed, its inverted eone was rad ically modified , rcsuhing inlo 
a new body pian by re-elaboration of the ex isting genelic materi,ll. 

'+- ." ~, 

Fig. S. The life c~'cl{' 0 1 Dl,'/m ~p ... l cI,bSic,, 1 modd of hydnllll.l n lill' cycli' . 

... _ . ..-
~~~r...o.;t. ~E; -, 7l! ... 

~~~.- -1- 1/ ~ tw ~jiOE",lQ'" t;;-;'-e>.(llfl!lO(l I • • • 
Fig. 6. High morphological di\"crgenc<.' in the .lduh S!.lgl' of 0/1"'/11 sp. ('spla ini:d by altern.1tion 
01 ml'dus.l SUppn.'SS lo n, silent .lccullIula tion o r s<.'no:'t ic ch.IIlS('S in th~· u n~'~p r~'SSCd p.ut o r 
thl.' senume, .md m("'uSo! Il'"-t's pn.'l>sion. 
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The Cni daria are the 8as is of Metazoa n Evolu tion 

Boero et ,11. (1998, 2005, 2(07) de\'cloped thl' idea thal mosl of the features 
that are considen:!'d as the "mi lestones" of meta zoa n cvolution evolve<! 
in thc Cnidaria .:lnd th al thc so-ca lled Cambrian explosion h,ld the 
Cnidari.1 as ils explosi\'e, since represen latives of the phylum are in the 
fossil record before ali olher prcsent-da)' animals. Thc proposa l slcm med 
from comp.1r,lti\'(· cmbr)'ology ,,,,d analomy and was later corroborated 
by molecular studies (sec Seipel and Schmid 2005 and refercnces therein, 
M;'Itu s et al. 2006), cven if for some lime it was noi favor"bly accep ted (c.g. 
Nielscn 2001). Howcver, alternative molecular approaches Cilll support 
d ifferent \"iews. as ,1 reccnt olle (Dunn 1."1 al . 2008) \'ie\\'ing thc Ctenophora 
as the slem group of the Metazo.. , among the Ir"diliona l "rad iai" groups. 

11,e dispa ri ty o f phylogenetic reconslructions calls for a double check 
of their ,' alidity, esperially when Illolec ular markcrs presume a more 
or less con tinuous changc (i.e. graduai c,·olutions) thal mighl noi cope 
with suddcn gcnetic changes Icading to sharp evolution,lT}' novelties by 
5<.ltationa I e,·enIS, as p roposed in thc first p"rl of this chapter. Comp.1ratiw 
morpho log)', under Ihis respecl, stili has ,1 101 lo sa}'. JUSI ;'IS molecular 
biology, though. n,e Iwo illu si go logether. Eye evol uti on, for instance, 
is with <III prob<lbility <I cnidari.ln ;'Iff;'lir, gi\'cn the numbcr of conser\"ed 
crit icai genes to the regulatory de\'elopmenl<ll cascade (e.g. Hmil/3, l"!lt'S 

I1bsi'lI t, Six/silll? oclilis) lead ing lo eye formation throughout the melazoa. If 
Ihe genetic control is thc same, eyes are wi lh <III probabilit)' monoph)'lelic, 
even though studies b<lsed on compara ti ve morphology suggested 
an;'llog)'. A Pl1x!3 cubOZO.1n gene, expressed in the rhop"lia, rct;'lin combined 
fea lllTCS of Pax6- <l nd P<lX 2/ 5/ 8 types, respccth·ely 1\\'0 mastcr genes for 
eye and e<lr/ g ravity organs fo rm<1tion (Gehring 2005, O'Brien <lnd Degnan 
2003). Tl,ese arguments are in (,lVOUT of a sharcd anceslr)' of sensI." org,1I15 
betwcen cnidarians .1I1d bil<lterians (J<lcobs et .11. 2(07). 

The milestones of metawan cvolu tion thal h<lve or mighl ha ve Iheir 
firs t ;'Ippearance in the cnidaria are, according lo Boero et al. (2007): 

The eyes, supporled by thc conserva tion of the genetic cont rol of cye 
de,·elopment by PAX gcnes; 

The s tatocysts, as equ ili briu m organ s, fir st developed in jellyfish; 

The b il atera l sym metry, as documented by the finding of fundamental 
genetic controls for the estab lish menl o f a secondary mai n body axis 
(rev iewcd in Boero el a l. 2(07) ,md by some anatom ical c\' idences, such 
,1S thc dramatic polari.wtion of nerve cells in the pl,llllda larva Ihat, for 
thc firs t time in the Metazoa, ex hi bi ts " centr.ll nervous systcm wilh an 
<lnterior, b rain-Iike structure, <lnd longi tud ina l neural proj<.'Ctions towards 
Ihe postcrior pole (Pi raino. unpublishcd data); 
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The mesoderm, whose homology with the mesoderm of "triploblasts" 
has been repeatedly demonstra ted at anatomica!, embryologica l, and 
molecu lar levels (see Seipel and Schmid 2005, 2006); 

The coelom, as formed during the earl}' olltogen)' of the su bumbrellar 
chamber of the hydromedU5<le, lined by a mesoderm-deri \'ed tissue, the 
striatoo muscle layer; 

The chitinous exoskeleton , presen t in hydrozO<ln polyp stages; 

The calcium-based ske leton, presen l in thc Madreporaria and in some 
H}'drozoa; 

Metamery and mod ul<lrity is <lIso a possible miles tone, if the repetition 
of modular pa rls (polyps) a long ,m axis (colony) will be demonstr,lled 
lo be regulaled by the same genetic COll lrols regulating the formation of 
metameres or repe,' led mod ules in individuaI o rgan isms. 

If ali or most of thc mctaZ0<1n evolution milcstones cited abave prove 
to be homologous, <lS the eyes and the mesodcrm h.we been, il can be 
argued that most of the key fealures of melazoan groups are presen! in the 
Cnidaria and that thevarious melazoan phyla ha vesimplydeveloped some 
cnidarian feature while not havi ng others. The chitinous exoskc!cton, fo r 
instance, charactcri zes the Ecdysozoa, whereas a ca\c iu m-based skeleton 
characterizes the Deu tcroslomia. 

The ph ylogenetic !rcc of thc Metazoa is uSll<llly divided into Ihrcc 
megab ranches, represen li ng groups of phyla that share the same basic 
features (mi lcslones). They are united al base by being bilatera!, asopposed 
lo Ihe stem groups. that are caUed Radiata. The bilateral planula-like aduli 
or larva of these rad ia i fo rms was nott,lken as a sign of bilatera lity in these 
groups since the b ilatera l stages lacked a centra I nervous syslem. The 
recen t discove ry of a centrai nervous systcm in a Hydrozoan planu!a sets 
back the ori gin of both bilaterality and thc centraI nervous system. The 
most ancient Melazoa with a bilateral symmetry an d a cen traI nervous 
system are thc Cn idaria . The recenl description of Cambrian jellyfi sh 
fossils almost idelltjc,l!to rE'Cen l ones (Cartwrighl et al. 2007) suggests that 
jellyfish were present e"en before the Cambrian ex plosioll. 

A somehow bold statement: The era of the Bila teria \Vas set 5-10 
million yearS ago, by paedomorphosis. when a planula became sexually 
competen t, stopping its development but retaining the genetic information 
of allthe milestones a!ready present in the Cnida ria. The de\'elopmen t of il 
chitinous exoskeleton would ha ve started the Ecdysozoa, whereas thal of 
a ca1cium-bascd ske!cton would ha ve sta rtcd the Oeuterostomia, ali with 
their coelom, and mesoderm, and sense o rgans, and metamery (a!read y 
evolved by the Cnidaria). 
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Conclusion: Testing Hy potheses 

The above hypothesis, consisting of a constellation of sub-h ypotheses, 
stems from comparative morphology and can be tested by investigating 
the genetic control thal leads lo the formation o f Ihe milestones, forming 
the sub-hypotheses. The first lesls already suggested homology for 
both eyes and mesodenn. If mosl of the o ther milestones will prove lo 
be homologous, the Cnidaria will acq u ire a pi votal role in metazoan 
evolution, being not only the base of thei.r tree, but also Ihe basis of their 
evolutionary novelties. The mecha nisms allowi ng far the radiation of 
the main meta zoan lineages from the Cnida ria are the suppression by 
paedomo rphosis o f some acquired featm es, the retention of thei r genetic 
specifica tion, their re-elaboration followed by thei r re-expression in 
a modified form. This mechanism is suggested by the in verted cones 
of development and evolution, linked lo the paedomorphic and the 
alternati ve morphs models of evolution. 

If these hypothcses witl be validated, the evol ution of the Metazoa 
will result as deriving from a s ingle, major step: the evolution of Cnidaria. 
And zoology lextbooks will require some re-w riting. 
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