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Synopsis In anim al s, ep i th e lial tis s ues a re ba r r iers a gains t t he exter nal enviro nment, p roviding p rote ct ion a gains t biolog ica l, 
c hemical , and physical damag e. Dependin g on the organism’s p hysio logy an d be havior, th ese tis s ues encoun ter differen t types 
of me chanica l f orces a n d n e e d to p rovide a sui tab le adapti v e respon se to en s ure s ucces s. Ther efor e , under s tanding tis s ue me- 
chanics in different contexts is an important r esear ch ar ea. Her e, we r e vie w re cent t is s ue mech anics di scover ies in t hree e arly 
div er g ent no n-b il ateri a n systems—Tricho plax a dh a er ens , Hydr a vulgaris , and Aur e lia a urita . We hig hlig h t each animal’s sim ple 
b o d y p la n a nd biology a nd unique, rapid tis s ue rem ode ling ph en om en a th at pl ay a cruci al role in its p hysio logy. We al so di scu ss 
th e em er g ent lar g e-sca le me chanics in these systems t hat ar ise from sma l l-sca le ph en om ena. Fina l l y, we emp hasize the potent ia l 
of these no n-b il ateri a n a nim al s to be m ode l systems in a botto m-u p app roach fo r f urt her invest igat ion in t is s ue mechanics. 
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Introduction 

Ep i th e lia l t is s ues in anim al s are subj e cte d to different
types of me chanica l fo rces d ur ing t heir entire life cy-
c le . In order t o fost er the anima l’s surviva l and s ucces s,
these tis s ues mus t res pond, adapt, and wit hst and exter-
n al forces. Thu s, an im portan t go a l of t is s ue mechanics
r esear c h is t o app l y t he pr in ciples of m ec hanics t o c har-
acterize a nd qua ntify th e m e chanica l propert ies and un-
derst and t he respo nse o f b iolog ica l t is s ues ( Fung 1990 ).
This can lead to f urt her in sights a bout h ow th e proper-
ties o f individ ua l cel ls and their col le ct ive interact ions
give rise to emergent me chanica l propert ies of the tis-
sue. 

Tis s ue me chanics a lso play an im portan t role in bi-
olog ica l processes such as deve lopm ent an d p hysio l-
ogy ( Fung 1990 ; Gui l lot and Le cui t 2013 ). Impo rtant
ad vances have alread y be en made in t is s ue mechan-
ics r esear ch focused on human b io me dica l applica-
tion s ( Fun g 1990 ; Park et al. 2015 ); a s well a s devel-
op mental p ro cesses in mo del anim al s such a s the f r uit
fly, Drosophila m e la nogas t er , a nd zebra fis h, Dani o reri o
A dvance A ccess pu blication Jun e 24, 2023 
C © Th e Auth or(s) 2023. Pu blis h ed by Oxford University Press on behalf of the
Fo r permissio ns, plea se e-m ai l: j ourna ls.permissio ns@ou p.co m 
( Bla nk enship et al. 2006 ; Lecuit and Lenne 2007 ; Gui l lot
and Lecuit 2013 ; He et al. 2014 ; Mon g era et al. 2018 ).
In vitro cel l-cu lture system s hav e a lso be en a po p ular
m ode l for tis s ue mechanics s tudies ( Har r is et al. 2012 ;
Latorre et al. 2018 ; Xi et a l. 2019 ; Bonfant i et a l. 2022 ).
How ev er, little is known r egar ding the tis s ue mechanics
of early div er g ent, no n-b il ateri a n orga nisms. Here, we
hig hlig h t recen t tis s ue mech anics di scoveries in non-
bil ateri an systems and their potent ia l in opening up new
questions and r esear ch dir e ct io ns ( Ab rams et al. 2015 ;
Carter et al. 2016 ; Prakash et al. 2021 ). 
No n-b il ateri a ns a re so me o f the first mul ti-cell ular

species to evo l ve fro m unicell ular o r ganism s, makin g
t hem t he e arliest div er gin g or ganism s to not have a
bi latera l axis of symm etry. Th e n on-bil ateri an phyl a
incl ude Po rifera, Placozoa, Cten oph ora, an d Cnid ari a
( D unn et a l. 2014 ). Th ese n o n-b il ateri an s hav e been
the focus of s e vera l re cent biolog ica l studies ( Sr ivast ava
et al . 2008 ; 2010 ; Moro z et al . 2014 ; Lec lère et al . 2019 ),
but have re ceive d little a tten tio n fro m a b iophysical per-
spe ct ive. The obj e ct ive of this re vie w is to inspire and
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otivate b io mecha nicia ns a nd biophysicists to work on
hese interesting and understudied systems. 
Here, we wi l l focus on three no n-b il ateri ans: Tri-

h oplax a dh a erens of phylum Placozoa, and Hydra vul-
aris and Au rel ia au rita of phylum Cnid ari a ( Fig . 1 ).
h ese n o n-b il ateri ans prov ide s e veral ke y advantages
s m ode l or ganism s for tis s ue mecha nics resea rch—
hey have a l l be en s ucces sfu l ly ma inta ined in the lab,
re soft an d experim enta l ly t racta ble, hav e simple b o dy
la ns, a n d th eir tis s ues are s ui table fo r liv e imagin g.
omp are d to bi l ateri an s, the or gan s and or gan sys-
ems in no n-b il ateri ans do not arise from as many
 erm lay ers an d do n ot exhi b i t a s m any cla sses of cel-
u lar spe cia lizat ion, a l lowin g or ganization on the tis-
ue level to play a p ro minent role in physiology and
 ehavior. Here, our fo cus is on fast t imesca le (min-
t es t o hour s) tis s ue rem ode lin g ev en ts tha t a re ma inly
riven by me chanica l forces, as o p pose d to t is s ue mor-
h ogen esis in m ode l systems th at u sua l ly occur over
uch lon g er t imesca les, a nd a re ma in ly determine d
y gen etic/m olecula r progra ms o r cell ular p rocesses
 Bla nk enship et al. 2006 ; Lecuit and Lenne 2007 ; Gui l lot
nd Lecuit 2013 ; He et al. 2014 ; Mon g era et al. 2018 ).
e wi l l focus on t is s ue rem ode ling ph en om ena, in clud-

ng loca l cel lu la r rea rra n g ements, tis s ue fractures, and
e aling, in t he context of p hysio log ica l processes such
s fe e ding, locomot ion, r epr oduction, and r epair. Im-
 ortant asp ects such as growth an d regen era tion tha t
ake place over longer t imesca les (days to weeks) are 
eg lec t ed . 
We begin this re vie w with a brief overview of the
hysica l propert ies of biolog ica l t is s ues. We dedicate the
 ext three su bsectio ns fo r each o rgani sm al system: T.
 dh a erens , H. vulgaris , and A. auri ta . Fo r each o rgan-
sm, we begin by introducing the organism’s biology and
 o d y p la n orga nization. We descr ibe t he tis s ue organi-
ation and the subsequent role of tis s ue o rganizatio n
m portan t for each or ganism. Then, w e hig hlig ht spe-
ific cases of how tis s ue mechanics play an im portan t
ole in various for m-f un ction re lations hips in each of
hese systems. Spe cifica l l y, we loo k at tis s ue mechanics
 hrough t he lens of r epr oduction and sh ape ch an g e in
ri chopl ax , fe e ding an d locom otion in Hy dra , an d s hape
han g e in Au rel ia . Fina l ly, we co ncl ude by hig hlig hting
 ow n o n-b il ateri an s, includin g those featur ed her e, ar e
xce llent m ode l syst ems t o investigat e the b iophysics o f
is s ues. 

issues as materials 
n derstan ding th e m echanics of ce lls comin g tog ether
o form tis s ues takes center s ta ge in tis s ue mechanics.
he fol lowing se ct ions int rod uce so me impo rtant co n-
epts in tis s ue mec hanics t o provide a better under-
tanding of the examples di scu ssed in this review. 
Indiv idu a l cel l s mu st come in co ntact wi t h e ach ot her

o form tis s ues. Ce ll jun ction s serv e as co ntact po ints
 etween neighb oring ce lls. Th e differen ce in types of
e ll jun ctions i s ba sed on how they connect cel ls. Cel l
unction s serv e o ne o f t hree f unctions in t heir con-
e ct io n: occl uding junctio ns, ancho ring junctio ns, and
omm unica t ion junct ions ( Alberts et al. 2002 ). Occlud-
n g junction s seal tw o cells tog et her, for ming an im-
er me able bar r ier bet ween adj acent cells so t hat le ak-
ge of m aterial s into the negative space between cells
s prevent ed . Tig ht junc tions and septate junctions are
 wo t yp es of o ccl uding junctio ns that differ b ase d on
 ow an d wh ere th ey conn ect ce lls ( Al berts et al. 2002 ;
o nusai t e et al . 2016 ). An ch oring jun ctions m echani-
a l ly conne ct cel ls either to other cells or to the ex-
 racel lu lar mat r ix t hrough t h e cytos ke leton an d dis-
ri bute m echanical s tres s acros s a m embran e ( Al berts
t al. 2002 ). There a re f our different types of an ch oring
unc tions, w hich differ based on the cel lu lar st ructure
sed to conn ect th e ce lls an d th e types o f p roteins they
sed to connect the cel ls: ad herens junct ions, foca l ad-
 esions, desm osom es, an d h emidesm osom es ( Al berts
t al. 2002 ). Comm unica tin g junction s allow for pas-
age of chemical or ele ct rica l sig na ls from one cell to
 ts neighbo r ( Alberts et al. 2002 ). Gap junctions are a
o mmo n type o f co mm unica t ing junct ion that a l low for
ra nsf er o f io ns and other sma l l mole cu les betwe en cel ls
 Unwin and Zampighi 1980 ; Go o den ough an d Paul
009 ). Th e m ost comm on example of gap junctions is
h e e le ct rica l synapses betwe en neurons ( Go o denough
nd Paul 2009 ). 
Ce ll jun ction s, servin g as conne ct ion sites betwe en

ells, ar e dir ectly a ffected p hysicall y and chemica l ly
hen tis s ues fracture and repair. Here we focus on
he physica l effe cts on cel l junct io ns d ue to frac-
ur e and r epair but do not di scu ss th e ch emical ef-
e cts. Re cent te chnica l advances a l low for c haract er-
zing me chanica l forces betwe en cel l–cel l junct ions in
erm s of stren gth and tensi le st ress limit, i .e ., how
 uch a ma terial resists un til being torn ( Ch arra s and
ap 2018 ; Esfahani et al. 2021 ; Lenne et al. 2021 ).
ater ials defor m in o ne o f three ways in the pres-
nce of external me chanica l forces such as tension
n d s h e ar. E lastic defor m ation i s a comp letel y re-
ersible process where the mater ial retur ns to its orig-
n al sh ape in th e absen ce of an external force. Duc-
 i le and b ri ttle defo rmatio ns are both plastic or ir-
 eversible pr ocesses. A b ri ttle defo rmatio n resul ts in
racture, fau lt ing, o r b reaking o f mat erial , whereas a
uct i le t ra nsf ormat ion resu lts in a permanent shape
han g e wit h decre ase (or t hinning) in cross sec-
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Fig. 1 Non-bilaterian animals are excellent model systems to study tissue mechanics. (A) Tr ic hoplax adhaerens of phylum Placozoa, Image 
courtesy of Oliver Voigt/Wikimedia Commons/CC-BY-SA-3.0. (B) Hydra vulgaris of phylum Cnidaria, Image courtesy of Stephanie 
Guertin/Wikimedia Commons/CC-BY-SA-3.0. (C) Aurelia aurita (Moon jellyfish) of phylum Cnidaria, Image courtesy of Alexander 
Vasenin/Wikimedia Commons/CC-BY-SA-3.0. 
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tio n bu t does n ot n ecess ar ily le ad to breaking or
fracture. 

Trichoplax 

Th e ear l y di v er g ent marine s pecies T. ad haerens
( Fig. 1 A) is the most wel l-studie d member of the b asa l
animal phylum of Placozoa ( Sr ivast ava et al. 2008 ;
S mith et al . 2014 ; Armon et al . 2018 ; Sc hierwat er and
DeSa l le 2018 ).This is bec ause Pl acozoa is co mp rised o f
on ly thre e spe cies, with T. a dh a erens as t he e arliest doc-
ument ed , and t he ot her two spe cies on ly re cently dis-
covered ( Eitel et al . 2018 ; O sigus et al. 2019 ). Tri chopl ax
a dh a erens h a s been found in m a ny pa rts o f trop ical
ocea ns a roun d th e wor ld ( Pea rse a nd Vo igt 2007 ; Ei tel
et al. 2013 ). It is considered to be the simplest free-living
animal since it consists of less than ten cell types ( Smith
et al. 2014 ; Romanova et al. 2021 ) and lacks neurons,
muscles, ext racel lu lar mat rix, and a basement mem-
brane ( Sr ivast ava et al . 2008 ; Sc hierwat er and DeSa l le
2018 ). Tri chopl ax adhaerens h a s a simple and flat b o dy
pl an, w it h a t hickness o f o nly 25 μm, bu t individ uals ex-
hib i t a lar g e vari ation in w idth, ran gin g from ∼50 μm
to 10 mm (Prakash et al. 2021 , Fig. 2 ). 

The role of tissue layers in Trichoplax 
physiology 

In T. a dh a er ens , the fla t b o d y p lan co nsists o f thre e t is-
sue layers: an upper dorsal epith e lium, a cent ra l layer
of fiber cells, and a lower vent ra l ep i th e li um ( Smi th
et al. 2014 ). The dorsal ep i th e lial ce ll s h ave a thin and
flat arc hit ecture , whi le the vent ra l ep i th e lial ce ll s h ave a
columna r structure, a n d th e two tis s ue layers are cou-
pled at the edge of the organism ( Smith et al. 2014 ).
The ep i thelia l cel ls are conne cte d together only by ad-
h erens jun ctions - n o tight jun ction s hav e been found
( Smith and R eese 2016 ). A ltho ugh bo th tis s ue layers
have m on oci liate d cel ls, the ci lia of vent ra l ep i th e lial
cells are unique since they can adhere to the bottom sub-
strat e , providing the organism sufficient t ract ion forces
to wa l k an d gen erate pus h/pu l l forces ( Bu l l et a l. 2021a ).
Tri chopl ax adhaerens does not have a fixed shape like
other anim al s ( Praka sh et al . 2021 ). Inst ead , the organ-
i sm i s const ant ly chan gin g shape in a n a m orph ou s m an-
ner driven by ciliary tractio n wi t h t h e bottom su bstrate
( Prakash et al. 2021 ; Bull et al. 2021a ). Indiv idu als ex-
hib i t an extreme ran g e of shape morp ho log ies rang ing
fr om cir cula r disks a nd rings to lo ng elo ngated t hre ads
( Prakash et al. 2021 ). Tri chopl ax adhaerens r epr oduces
by v eg etativ e fissio n o r asexual rep rod uctio n, resul ting
in two or more da ugh ter anim al s ( Sriva stava et al. 2008 ;
Eit el et al . 2011 ; Prakash et al. 2021 ; Fig. 2 B). In these or-
ganisms, ep i th e lia l t is s ue rem ode ling processes can play
a n importa nt role in determining the organi sm al sh ape
chan g e dynamics and asexual r epr oduct ion ( Pra kash
et al. 2021 ). 

Tissue remodeling via cellular rearrangements 

The v eg etativ e (asexual) r epr oduction pr ocess in T. ad-
h a erens begins when an indiv idu al forms t wo coher-
ent regions that start pu l ling a wa y from e ach ot her
( Fig. 2 B). The tis s ues between the two pu l ling re-
g ions are subj e ct to me chanica l fo rces (tensio n), and
respond by under g oin g a rapid thinning deformation
to form a thin narrow thread, taking < 1 hour. From
a m aterial s s cience vie wpoin t, this ra pid thinning pro-
cess resembles a “duct i le” materia l t ra nsf o rmatio n p ro-
cess, w here “duc t i lity” refers to the ab ili ty o f a mate-
rial to be drawn into thin wires. This rapid thinning
process invo l ves loca l t is s ue rem ode ling v i a fast-time-
sca le cel lu la r rea rra n g em ent m ech ani sms ( Praka sh et al.
2021 ). If the two o p posing parts of the organism gen-
era te sufficien t t ract io n fo rces, eventua l ly t he t hre ad
wi l l brea k at t he lengt h-sca le of a single cel l, forming
two or more da ugh ter or ganism s and completing the
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Fig. 2 Tissue mechanics in T. adhaerens : (A) Cartoon shows the flat body plan, and cross-section shows the upper/dorsal and low er/v entral 
epithelial tissue layers. (B) Time-lapse image sequence of asexual/vegetative reproduction process; in the central region, tissues deform 

ra pidl y to become a nar ro w thread that eventually breaks. (C), (D) Cartoon and time-lapse image sequence of fracture hole formation in 
the ventral epithelium and subsequent healing. (E), (F) Cartoon and time-lapse image sequence of fracture hole formation in both ventral 
and dorsal epithelium. This type of fracture hole does not heal, but instead, enlarges to form a thin edge that eventually breaks, giving rise 
to a string-like animal. Images in this figure are adapted and reproduced from Prakash et al. (2021 ). 
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 epr oduction pr oces s ( Srivas tava et al . 2008 ; Eit el et al .
011 ; Pra kash et a l. 2021 ). The sma l ler da ugh ter or-
anisms wi l l g row in size a nd aga in under g o fission
h en th eir size reach es > 2–3 mm ( Prakas h et al.
021 ). 

issue remodeling via fractures 

ri chopl ax adhaerens can grow to lar g e sizes ( > 2–
 mm), and lar g er indiv idu als are c apa ble of ex ecut-
ng extrem e s h ape ch an g es, makin g them an interest-
ng m ode l orga nism f or tis s ue mecha nics ( P rakash et al.
021 ). Lar g er indiv idu als generate l ar g er t ract io n fo rces
h an sm a l ler indiv idu als due to their mot i lity. Thi s lead s
o surpri sing sh ape m orph ologies, such as fracture holes
n d th eir h ealing dyna mics, a nd lon g strin g-like or gan-
 sms ( Praka s h et al. 2021; Fig. 2 C–F). Fracture h oles
an be rap idly ind uced in the bulk of their ventral tis-
ues so lel y due to mot i li ty-ind uce d tensi le or s h ear m e-
ha nical f orces at the organi sm a l sca le ( Pra kash et a l.
021; Fig. 2 C). They begin at small scales as micro-
ractures and co a lesce in ∼30 min to f orm la r g e, sta ble,
ent ra l h oles visi ble at th e organi sm a l sca le ( Fig. 2 D).
rom a m aterial s s cience vie wpoint, this fracture for-
at ion and g r owth pr ocess r esembles a “b ri ttle” mate-
ia l t ra nsf o rmatio n p r ocess, wher e “b ri ttleness” refers
 o the t endency of a mat erial t o break. In many cases,
ent ra l holes can also rapid ly hea l th emse lves, taking
30 min, if the hole edges come in to con t act as t he or-
anism moves ( Fig. 2 D). 
Som etim es, ventral h oles do n ot h eal, an d th e dor-

al ep i th e lium lo cated ab ove the vent ra l hole ( Fig. 2 E,
) al so su stains a fracture h ole. Th e organism is now
ef t wit h a t hrough-h ole inside it, an d th e two tis s ue lay-
rs se al t h emse lves to form a permanent edg e in side the
 rganism (p reventing any f urt h er h ealing). This in di-
 idu al w ill now have the do nu t-shape d ge omet ry of a
o ro id. Over a t ime-sca le of ∼10 h ours, th e inside h ole
iameter con tin ues to increase unt i l one e dge be comes
 hin and bre a ks, chang ing the organism’s orig ina l shape
o now be a long, thin string ( Fig. 2 F). From a m orph o-
og ica l p ersp e ct iv e, fractures ena ble fast er t opolog ica l
ra nsf o rmatio ns fro m a circular shape to a lo n g strin g-
ike shape than shape chan g e mechanism s, which rely
 n cell ula r rea rra n g em ents ( Prakas h et al. 2021 ). 
Tis s ue rem ode ling proces ses in T. ad haerens were

 urt her invest igate d using in-si lico t is s ue m ode ls
 Pra kash et a l. 2021 ). F or exam ple, a sim plified, heuris-
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tic, tw o-dimen sional, s h eet m ode l of vent ra l ep i th e lium
con sistin g of soft b a l ls r epr esent ing cel ls, conne cte d
by springs sim ula ting adhesio n bo nd s, wa s subj e cte d
to pu l ling forces to simu lat e t ensi le lo ading. This
m ode l r epr esents tis s ue rem ode ling processes at fast
t ime-sca les (minutes) and neg lec ts long-term effects
of growth (s e veral hours). Results of this m ode l s h ow
t hat bot h t he pu l ling f orce a n d th e length at which
t he spr ings bre ak g ov ern tis s ue res ponse . S im ula tions
exploring a wide range of these two pa ra met er s result ed
in a ph a se diagram that reveal an elastic–d uctile–b ri ttle
t ransit ion in the materia l propert ies. This m ode l re-
p rod uces exper iment a l observat io ns, su ppo rting the
hypot heses t h at ela st ic–duct i le t is s ue t ransit ions occur
dur ing t h e local ce l lu la r rea rra n g em ent process wh en
T. a dh a erens di vide by v eg etativ e fission ( Fig. 2 B) and
th at ela stic–b ri ttle transi tio ns occur when T. a dh a erens
s us tain tis s ue fractures d uring o rgani sm al sh ape ch an g e
( Fig. 2 D, F). Hence, T. a dh a erens is an excellent model
system for f urt her invest igat ions in tissue mechanics,
as it has be en demonst rate d that so lel y me chanica l
f orces ca n give r ise to t he tis s ue rem ode ling processes
that play a crit ica l role in their life cycle ( Prakash et al.
2021 ). 

In T. a dh a erens , w e hav e dis cuss ed the key role of
tis s ue mechanics in its p hysio logical acti vities, such
as r epr oduction by v eg etativ e fissio n and co n tin uous
organi sm-scale sh ape ch an g e. Tis s ue rem ode ling m ech-
anisms such as duct i le t ra nsf ormations f or v eg etativ e re-
p rod uctio n, and b ri ttle defo rmatio ns fo r extrem e m or-
p ho log ica l shape chan g es, are unique ada pta tions found
only in this animal thus far. Hen ce, th ese duct i le–
b ri ttle tis s ue transi tio ns seem to be effective f or their
sp ecific flat b o d y p lan. Tis s ue m echanics th er efor e
acts as an im portan t lin k betwe en the biolog ica l form
(flat b o d y p la n) a n d fun ctio n (rep rod uctio n and shape
chan g e). 

Hydra 

Hydra vulgaris is a freshwater, invert ebrat e po l yp of the
Cnid ari a phy lum, w hich exhib i ts the c haract eristic ra-
di al sy mm etry, cnidocytes, an d a bod y p lan deri ved
from two germ layers ( McLaughlin 2017 ). Hydra ’s b o dy
plan co nsists o f a t wo-l ayered tub e b o dy an d a m outh
co mposed o f a ring o f t entac les an d dom e-s haped hy-
postome ( Fig. 3 A, D). Its body plan is composed of two
ep i th e li al l ayers, th e en doderm an d e ctoderm, sep arate d
by an ext racel lu lar m esoglea. Ce lls in the tis s ues of the
b o d y co l umn cycle co n tin uously wit h t hose of t h e h ead
a nd f oot regions, ma inta ining the e qui lib ri um between
cell p rod uctio n and loss ( Galliot et al. 2006 ; Wang et al.
2023 ). 
The role of tissue layers in Hydra physiology 

In addi tio n to the dynamic nature of its tis s ues, the ex-
istence of a different ia l thickness betwe en t he t hinner
e ctoderma l layer and the thicker endodermal layer is of
p art icu lar importance ( Bode 2003 ). This difference in
thickn ess is m ost pertin ent wh en examining th e Hy dra
mou th. W hen c losed , t he mout h is a con tin uous epithe-
lial s h eet sealed wit h sept ate junctions, similar to the
m ode l orga nism Droso phila , a nd appea rs as a ladder-
li ke junct ion betwe en two cel ls ( Banerj e e et al. 2006 ;
Izumi and Furuse 2014 ). These septate junctions act
as intercel lu lar conne ct or s, mer gin g adjacent epidermal
ce lls with inn er, luminal ce ll edges ( Han d an d Gobe l
1972 ; Carter et al. 2016 ). 

Mouth opening dynamics 

Wh en th e Hy dra opens its m outh, it must tear a hole
t hrough t he ep i thelia l t is s ues at each ins tance of open-
ing th e m outh (Carter et al. 2016 ). Mo uth o pening is
an ex clusiv e ly viscoe las tic proces s, me aning t hat while
under g oin g deformat ion, cel ls exhib i t bo th visco us and
elast ic t ra its ( Ca rt er et al . 2016 ). Thi s wa s confirmed
v i a ce ll s h ape an alysi s and by tracking indiv idu a l cel ls
d uring mou th op enings ( C art er et al . 2016 ). It was
observed that cells were not re ar ran gin g and instead
w ere con servin g existin g cel lu la r contacts ( Ca rt er et al .
2016 ). Th e Hy dr a m ust overcom e th e m o uth-o pening
force th at exi sts while th e en doderm an d ectoderm are
sea le d. Wh en th e m outh is c losed , septat e junctions
conn ect th e ce lls in both ep i th e lial s h eets ( C ampb ell
1987 ; Banerj e e et a l . 2006 ; Cart er et al . 2016 ). In the ec-
toder m, t he se alin g force to be ov ercom e is sole ly that of
t he sept ate junc tions, w hile the endoderm ne e ds to ad-
di tio nally overco m e th e for ces fr om the myon em es, cir-
cu larly oriente d cont ract i le st ructures ( C ampb ell 1987 ;
Banerj e e et al . 2006 ; Cart er et al . 2016 ; Fig. 3 B, E). Both
of these closing forces must be exce e de d by the opening
force to lead to s ucces sf ul mout h opening. Thes e s eal-
ing forces have been estimated to be in the ran g e of 1–3
nN on the ba si s of the force re quire d to separate tight
junct ions sea ling two cel ls together ( Ve du la et al. 2009 ;
Carter et al. 2016 ). 
Alt hough t he opening for ce r equir ed must be esti-

mat ed , th e kin ematics of th e m o uth o p ening can b e fu l ly
c haract erized by a logistic equation ( Carter et al. 2016 ).
Th e m o uth o pening are a is nor ma lize d to the maxi-
mum opening area of that instance of Hydra opening
i ts mou t h t hen plotted a gains t time to resemble a lo-
g ist ic curve. This curve can then be t ime-shifte d and
app lied indi v idu ally to the ectoderm and endoderm
mo uth o p ening area ( C art er et al . 2016 ). This results in a
modifie d log ist ic e quat ion tha t accoun ts for th e n ormal-
ized area of the mouth as a function of time and various
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Fig. 3 Tissue mechanics in H. vulgaris : (A), (D) Cartoon and brightfield/fluorescence image show the side view of Hydra ; the body plan 
consists of two tissue layers: a thinner ectoderm (green outline) and a thicker endoderm (purple outline). The mouth lies in the center of a 
ring of tentacles and together they compose the Hydra ’s “shoulder”, i.e., the region above the dotted line ( Carter et al. 2016 ). (B), (E) 
When closed, Hydra ’s mouth is composed of radial and circular contractile units called myonemes ( Carter et al. 2016 ). (C), (F) When 
mouth opening occurs, the contractile myonemes assist in providing the opening force necessary to tear the ectodermal and endodermal 
tissue lay ers, befor e sealing them once again ( Carter et al. 2016 ). (G) The Hydr a somersault, driv en b y diff erential tissue stiffness, is 
composed of three general stages. In Stage I (panels 1–2), the Hydra body column extends while tentacles anchor to the substrate. In Stage 
II (panels 3–4), it disconnects the basal end from substrate and raises the body column. In Stage III (panels 5–6), the body column is 
completely raised ( Naik et al. 2020 ; Wang et al. 2023 ). Images in this figur e ar e adapted and reproduced, with permission, from Carter et al.
(2016 ), Naik et al. (2020 ). 
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t pa ra met er s t o a l low for t he f u l l capture of th e kin e-
atics o f mou th opening fo r b oth ecto derm an d en do-
erm separately ( Fig. 3 C, F; Carter et al. 2016 ). 

he somersaulting Hydra 

is s ue mechanics also play an im portan t role in Hy-
ra loco motio n. A different ia l st iffness wi thin i ts b o dy
nables it to per for m t h e “Hy dra som er sault” ( Mac kie
974 ; Han et al. 2018 ). Th e Hy dra som er sault occur s
n three general s ta ges: in s ta ge 1, the b o d y co lumn
s stret c hed , an d th e t entac les hold on to the s ubs trate
 Fig. 3 G:1, 2). In s ta ge 2, t he bas al end is released
 Fig. 3 G:3, 4). In s ta ge 3, the b o d y co l umn co ntracts and
s lift ed , tran sportin g the base to a new location in the
ire ct io n o f th e Hy dra ’s m otion ( Fig. 3 G:5, 6). 
This type of m ovem ent is only possible due to the
ifferen ce in th e local m e chanica l propert ies of the
ydra ’s b o d y co lumn, spe cifica l ly that of a 3:1 ratio
n the Young’s mod ul us between the shoulder region
n d th e b o d y co lumn ( Nai k et a l. 2020 ).The Young’s
od ul u s i s the rat io betwe en tensi le st ress and ten-
i le st rain in a materia l, which r epr esents how eas-
ly a mat erial stret c h es an d deforms. Thus, wh en th e
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Fig. 4 Tissue mechanics in the Moon Jellyfish A. aurita ( Abrams et al. 2015 ). (A) Cartoon of A. aurita life cycle: fertilized eggs develop into 
planulae (larval stage), which then develop into a non-motile polyp form. Next, the polyps transform into strobilae and release 
free-swimming ephyrae (juvenile stage), which later develop into medusae (adult stage). (B) Cross-section of ephyra: The epithelium 

consists of an epidermis, gastric layer, and mesoglea—a viscoelastic substance that fills the volume between the epidermis and gastric lining. 
(C) Schematic of experimental amputation of arms in ephyra. (D) Time series images of shape symmetrization (without regeneration) of 
the five-armed amputated ephyra. (E) Schematic of the symmetrization model, where arms relocate to a new position until the forces are 
rebalanced and symmetry is regained. Images in this figure are adapted and reproduced from Abrams et al. (2015 )/Cr eativ e Commons/CC 

BY-NC-ND. 
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Hy dra m oves fro m o n e place to an oth er, i t u t i lizes
the different ia l st iffn ess of th e b o d y co lumn to en-
able efficient tra nsf er of mecha nical energy stored in
stret c hing t o bending ( Nai k et a l. 2020 ; Wang et a l.
2023 ). 

I n H. vulga r is , we describ ed how imp ortant physio-
log ica l act ivit ies, such as fe e ding and loco motio n, are
lar g ely imp acte d by t is s ue m echanics. Th e tis s ue re-
m ode ling ph en om ena invo l ved in mouth opening for
fe e ding, and b o d y co l umn bending fo r m ovem ents, are
unique ph en om ena foun d o nly in this o rganism thus
far. These tis s ue rem ode ling ph en om ena f urt her i l lu-
minate the relatio nshi p between the Hydra’s p art icu lar
b o d y p lan, the tis s ue mech anics di scu ssed, an d th e Hy-
dra’s behaviors of fe e ding and loco motio n. 

Aurelia 

A j el lyfish’s mu scula r a n d n euronal syst ems c haract er-
ize them as more morp ho log ica l l y comp lex inverte-
b rates when co mp are d to T. a dh a erens an d H. vulgaris.
Scyphozo an j el lyfish, incl uding the moo n j el lyfish A.
aurita , have a life cycle with two ad ul t fo rms, wi th o ne
being the sexua l ly r epr oducing fu l ly mot i le me dusae
an d th e oth er form being the asexua l ly r epr oducing ses-
sile po l yp ( Fig . 4 A; Luc as 2001 ). Desp i t e lac king a func-
t iona l brain, A. aur ita, p os ses s complex radia l ly dis-
t ribute d neura l and s ens ory systems that h e lp th e or-
ganism detec t lig ht and odor, ena blin g quick respon ses
to st imu li ( Satter lie 2011 ). Th e cross-se ct iona l view of
ju venile ep hyra-s ta ge A. au rita, r eve als t hree layers: t he
epider mis, mesogle a, and gastroder mis ( Mayer 1910 ).
The ou ter ep idermis co nt ains t h e n eural n et ( Mayer
1910 ). Th e inn er ga strodermi s, a spe cia lize d endoder-
mis, lin es th e gastric c av it y ( Mayer 1910 ). The region
betwe en the e ctoder m and t he endoder m is fil le d by
mes oglea, a vis coelas tic s ubs tance ( Fig. 4 B) ( Mayer
1910 ). 
Au rel ia au rita ’s hab i t at is vers at i le, rang ing across

varying tem pera tur es and depths ( Schr oth et al. 2002 ).
Though A. aurita can be considered top predat or s in
their e cosystems, many pre dato rs, incl uding other j el ly-
fish, att ack t hem o p portunist ica l ly, resu lt ing in lost ap-
p endages ( Thieb ot et al. 2017 ). Au rel ia au rita , an d oth er
j el ly fish, c an recover from am puta tion even ts through
o ne o f two p r ocesses; r e organizat io n o r regeneratio n.
Je llyfis h have been widely studied for their reg enerativ e
ab ili ties and symmet rizat ion, spe cifica l ly the medusae
a nd ephyrae ( Ha rgitt 1897 ; Schmid a nd Alder 1984 ;
S inigaglia et al . 2020 ). The focu s in thi s re vie w wi l l be
on the fast t ime-sca le p rocess o f tis s ue symmetrization
in A. aurita . 

The role of tissue layers in Aurelia physiology 

Au rel ia au rita can repair s us tained dama ge from tenta-
cle am puta tion thr ough r estorat ion of symmet ry using
n on-regen erative processes to regain function ( Abrams
and Goentoro 2016 ). An undamaged A. aurita has
eigh t a ppen dages kn own as tent icu locytes forming its
swimming a ppara tus, an d th e tent icu locytes symmet-
rica l ly pu lsate ( Mayer 1910 ). The st riate d muscu lature
of the tent icu locytes conne cte d to A. aurita ’s pu lsat ing
bell through ep i th e lia l t is s ue dr ives t h e recovery an d
power strokes of t he puls ations as the organism swims
( Abra ms a nd Goent oro 2016 ; Cost el lo et a l. 2021 ). The
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 esoglea’s e last ic propert ies are use d in the re covery
tr oke to r estor e th e be ll to i ts o rig ina l s hape ( Coste llo
t a l. 2021 ). Be ca use the m uscula tur e ar c hit ecture is
y mmetric ally linked with the bell, any loss of symme-
ry, such as th e rem oval of t enticulocyt es, creat es an im-
 a la nce in f o rces d ur ing puls atio ns ( Ab rams et al. 2015 ).
ince radial symmetry is essential for pro p ulsion, when
ny number of these tent icu locytes are removed from an
phy ra, radi al sy mmetry is expected to recover ( Fig. 4 ;
u l livan et al. 1997 ). The p rocess o f recov erin g radial
ymmetry is known as “symmet rizat io n” ( Ab ra ms a nd
oentoro 2016 ). 

urelia aurita -symmetrization model 

n the symmet rizat io n model, Ab ra ms a nd Goentoro
2016) s ugges t two repair s t rateg ies wi thou t increased
el l proliferat ion in Cnid ari a to r estor e symm etry; on e
ha t regenera tes lost pa rts a n d on e that does n ot regen-
rate lost parts. When appendages are not regenerat ed ,
ymmetry is regained by shif ting t he posi tio n o f the re-
ainin g appendag es ( Abram s and Goentoro 2016 ). 
When A. aurita ephyrae tent icu locytes a re a mpu-

at ed , indiv idu als quick ly b egin a symmetrization re-
ponse ( Fig. 4 C). The wound at the si te o f ampu tatio n
loses in as little as 3 h ours, an d within 18 h ours, fu l l
ymmet rizat ion—when the manub ri um relocates to the
ent er—occur s ( Fig. 4 D; Abrams et al. 2015 ). Ephyrae
egain radial symmetry with a s m any a s six of their eight
 otal t enticulocyt es removed . Even s o, de ve lopm en t in to
h e m edusae s ta g e, where swimmin g is fu l ly regaine d, is
nl y possib le with at least four remainin g appendag es.
ence, radi al sy mmetry appear s t o pl ay a v ital role in fa-
i litat in g further dev elop ment o f ephyrae ( Ab rams et al.
015 ). 
Th e symm et rizat io n p rocess p roce e ds in depen dently

rom glob a l fact or s suc h as th e m ovem en t of wa ter,
ight, or the or ient atio n o f A. aurita in the water col-
mn ( Abrams et a l. 2015 ). Symmet rizat ion appear s t o
 e indep endent of wound c losure , as evidenced by the
aster t ime sca le of wound closure wh en symm etriza-
io n occurs co mpared to when it does not occur. This
as confirmed by trea tmen t with an actin inhib i to r,
hich revea le d th at wound closure i s a neces sary s tep
efore symmet rizat ion, a lthou h wound closure does
 ot drive symm et rizat io n ( Ab rams et al. 2015 ). Finally,
ymmet rizat ion a lso appear s t o b e indep endent of cell
e at h and cel l proliferat ion. Thi s wa s confirmed by
 reat ing ephyrae cells with Syt ol , whic h does not cross
h e ce ll m embran e an d h en ce hig hlig hts dying cells,
nd/or by t reat ing ephyrae cel ls with a caspace inhib i to r
 Abrams et al. 2015 ). 
Bec ause sy mmetriza tion a ppears who ll y relat ed t o

el lu la r rea rra n g em ent in th e o rganism, i t is im pera tive
o look for cont ribut ions from the m uscula ture network
f th e ephyrae. Inhi bition of muscle cont ract ion s usin g
 uscle relaxan ts resu lte d in complete absence of sym-
et rizat ion, whic h leads t o the co ncl usio n that forces
enerat ed due t o pu lsat ions are lin ke d to symmet riza-
io n ( Ab rams et al. 2015 ). An intui tive way to v isu al-
ze m uscle con t ract ions as the driving force i s th at with
ac h cyc le o f co nt ract ion and repu lsion, th e appen dages
elax to an incre asingly st able st a te un t i l th eir m orph ol-
gy is ge omet rica l ly b a lance d. Asymmet rica l cont rac-
io n, d ue to am puta tion, migh t lead to piv otin g of the
ppendages toward the injured sight due to lack of bu l k
is s ue at the site ( Fig. 4 E; Abrams et al. 2015 ). Along with
he recovery of radi al sy mmetry, t his sug gests t he exis-
ence of a mech ani sm by which a symmetry i s dete cte d
 Abrams et al. 2015 ). 
Abrams et al. (2015) derived a m athem at ica l m ode l

or the t imesca le of symmetry recovery based on the
 bov e-m ention ed intuitive idea. The model is b ase d on
 he sug gestion t hat t he m uscular con t ract ion f orces a nd
h e e las tic res po nse o f mesoglea invo l ved in the pro p ul-
io n o f the uninjured ephy rae c an sufficientl y exp lain
he recovery of radial symmetry in injured ephyrae. Us-
ng the a ngula r m ovem ent of each appendage with re-
pect to th e geom etric center as a pa ra m eter, th ey ap-
 l y Hoo ke’s Law, w hich direc t ly relates t he tot al force
e e de d to extend or compress a spring to the distance
 he spr ing wi l l be chan g ed by, to g enerat e a recur sive ex-
 ressio n fo r the pa ra m eter. Th e sim ula tio n o f t he mat h-
mat ica l m ode l with pa ra meter values obta ined by es-
 imat ion s h ows th e appen dages of th e ephyrae m oving
oward the injured si te wi t h e ach cont ract ion and relax-
tion cycle unt i l symmet ry is regained. In other words,
ymm etry in cre ases wit h e ach cont ract ion. Addit ion-
 l ly, th e m ode l predicts th e spe e d of symmet rizat ion to
 e dep en dent on th e frequen cy o f muscular co ntrac-
ions. Th e m ode l s ugges ts tha t m uscular con t ract ions
lay a dominant role in the mech ani sm an d tim e re-
uired for symmetrization ( Abrams et al. 2015 ). 
Au rel ia au rita uses its radia l ly symmet ric muscu la-

ur e to pr o duce p o wer and reco very strok es f o r p ro p ul-
ion, aided by fa st mu scle cont ract ions in the tent icu lo-
ytes and elastic recoil in the vi scou s mesoglea ( Costello
t al. 2021 ). Ther efor e, both pr opulsion and pro p ulsion-
in ke d re covery fro m ampu tatio n a re ta ilored f or the ra-
i al sy mmetry, tis s ue flexib ili t y, and muscul ature of the
nimal. Th e symm etrizatio n p rocess i s a fa st self-repair
trategy, ado p tin g existin g p hysio logical mac hinery t o
r ive t h e m e chanica l rem ode ling process. Symm etriza-
 ion encapsu lates t he pr ior ity a fforded to s h orter tim e-
ca le funct iona l re co very o v er lon g er t ime-sca le t is s ue
egenerat ion. It wi l l be fa scin atin g to inv estigate th e n o-
ion that symmetrization is an ener gy-savin g pr ocedur e
 hat incre ases t he or ganism’s a b ili t y to surv ive. This pro-
e dure cou ld mot ivate the develop ment o f b io mimetic
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m aterial s an d techn ologies that p reserve functio nal ge-
o metries wi thou t the r equir ement to regenerate exact
s hapes an d for ms ( Nawrot h et al. (2012)) . 

General principles 
Small-scale phenomena lead to emergent 
large-scale behaviors 

In the vent ra l ep i th e li um o f T. a dh a erens , micro-scale
fractures appear first due to local regions of high ten-
sio n o r s h ea r f orces that a rise from cilia ry-driven trac-
tio n fo rces ( Bull et al. 2021a; Prakash et al. 2021 ). These
micr o-fractur es subse quently co a lesce to form a lar g er
and stable vent ra l fracture hole ( Prakash et al. 2021 ). In-
t erestingly, dor sal ep i th e lial fractures also begin with a
very sma l l fracture hole tha t propaga tes in a different
ma nner a nd grows in size ( Prakash et al. 2021) . Even-
tua l ly, t he dors al h ole m er g es wit h t he vent ra l h ole, an d
an inside edge is created in the organism ( Prakash et al.
2021 ). Thu s, sm a l l-sca le micro-holes propagat e t o form
lar g er scale macro-holes in both the vent ra l and dorsa l
ep i th e lium ( Prakas h et al. 2021 ). 

Hy dra vulgaris m o uth o pening r equir es the over com-
ing o f d ua l sea ling forces associate d wit h sept ate junc-
tions at the cel lu l ar sc a le and cont ract i le myon em es,
w hich ac t t ogether t o ena ble the lar g e scale ph en om-
ena o f mou th opening wi th p recise co n trol ( Cam pbell
1987 ; Banerj e e et a l . 2006 ; Cart er et al . 2016 ). Also, the
chan g es in cel lu lar and mole cu lar propert ies at the loca l
s h ou lder reg io n o f th e Hy d ra r esult in differ ent ia l t is s ue
s tiffnes s between th e s h oulder an d b o d y co lumn. This
different ia l t is s ue s tiffnes s gives r ise to t he lar g e-scale
mechanics of the organism’s locomotion ( Mackie 1974 ;
Ha n et al. 2018 ; Na ik et al . 2020 ). Hence , phenomena at
th e ce l lu l ar sc ales determin e em er g en t behavior a t the
organi sm a l sca le. 

Rapid tissue remodeling versus regeneration 

This re vie w focus es o n rap id (minu t es t o hour s) tis s ue
rem ode ling ph en om ena in th e three n o n-b il ateri ans.
How ev er, Cnid ari ans are also known for their regen-
erativ e a b ili ties ( Alva rado a nd Tsonis 2006 ; Vogg et al.
2019 ). In p art icu lar, H. vul garis and Nemat os t ella
vect ens is are po p ular m ode l systems for regeneration
( Layden et al. 2016 ; Vogg et a l. 2019 ). Some j el ly-
fish species ar e mor e r eg enerativ e than A. aurita dis-
cussed a bov e . One suc h example is Clytia h emisph a er-
i ca , which exhi b i ts woun d h ealing an d regen eratio n u ti-
lizing a co mb inatio n o f tis s ue reo rganizatio n, p rolifera-
tio n o f cell ular p rogeni to rs, and lo n g-ran g e cell recruit-
ment ( Sinigaglia et al. 2020 ). Further, in C. h emisph a er-
ica rapid tis s ue rem ode ling is difficult to separate from
th e regen erative m ech ani sm in terms of recovery, even
t hough t he time scales differ ( Sinigaglia et al. 2020 ). 
The conflict between the cost-effe ct iveness of rapid

tis s ue rem ode ling in re lation to regen eratio n p resents
trem en do us o p po rtuni ties fo r f urt her invest igat ion
( Chiou and Collins 2018 ). Addi tio nally, qu antify ing the
a mount a nd type of me chanica l forces that can tr ig ger
rapid tis s ue re ar ran g em ent an d regen erat ion cou ld s h ed
light on the cost-effe ct iveness of both processes. Thus,
it wi l l be int riguing to look into the sma l l sca le, loca l-
ize d mole cu lar me ch ani sms th a t transla te for ces fr om
m uscle con t ract ion into tis s ue reo rganizatio n. 

Tissue remodeling by fractures 

The only known instances of p hysio log ica l t is s ue frac-
ture in or ganism s occur in T. a dh a erens and H. vulgaris ,
a s di scu ssed in their respective section s. How ev er, there
are s e veral differences in the tis s ue fracture ph en om ena
bet ween these t wo organi sms. A n im portan t difference
is the location of tis s ue fractures. In H. vu lgaris , this lo-
cation is always fixed at the mo uth, b ut in T. a dh a erens ,
fractures arise anywhere in the ep i theli um—an emer-
gent ph en om en on depen dent sole ly o n o rgani sm al-
sca le me chanica l forces. Physiolog ica l t is s ue fracture
an d h ealing dyn amics h av e not y et been observ e d in j el-
lyfis h, an d it could be very interesting to look for them
in future work. 
Hen ce, H. vulgaris an d T. a dh a erens are power-

ful m ode l systems fo r fu ture ce ll an d m ole cu lar biol-
ogy invest igat ions t o det ermine sp ecific comp onents
(e .g., prot eins/mole cu les) that enable these unique tis-
sue fractures and their healing dynamics. 

Tissue remodeling by cellular rearrangements 

Tis s ue rem ode ling by local cellula r rea rra n g ements is a
ub iqui tous and wel l-known me ch ani sm during the de-
ve lopm ent of m ode l spe cies ( Blan kenship et al. 2006 ;
L ecuit and L enne 2007 ; Gui l lot and Le cuit 2013 ; He
et al. 2014 ; Mon g era et al. 2018 ). In T. a dh a erens , we
hav e observ e d duct i le t is s ue defo rmatio ns that sug-
gest local cellular re ar ran g em ents ( Prakas h et al. 2021 ).
In-silico m ode l s h ave inde e d revea le d th e presen ce of
fast cel lu la r rea rra n g ements in the vent ra l ep i th e lium
( Pra kash et a l. 2021 ), but thi s h a s not y et been observ ed
in experiments. 
Un li ke T. a dh a erens , st udies of H. vul garis have not

reported any fast time-scale cellular re ar ran g ements.
G iv en the dynamic m ovem ents of H. vulgaris , in future
wo rk, i t would be int eresting t o look for loca lize d t is s ue
rem ode lin g ev ents inv o l ving ce ll–ce ll re ar ran g ements. 
Th e symm et rizat ion m ode l p roposed fo r recovery in

A. aurita is b ase d on cel lu la r rea rra n g ements due to
for ces fr om cont ract ions that lead to recovery of radial
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ymmetry ( Abrams et al. 2015 ). It was found that cel-
ula r rea rra n g ement driv es symmet rizat ion, indepen-
ent of woun d h ealing at the si te o f injury ( Abrams
t al. 2015 ). Desp i te different tis s ue s tructures and
 orph olog ies, different spe cies ( Abrams and Goentoro
016 ) and life-s ta ges of j el l yfish, notab l y the hydrome-
 usae ( Hargi tt 1897 ), also utilize such a re organizat ion
rocess in their recovery. 

issue mechanics in other non-bilaterians 

e have so far described interes ting tis s ue mechanics
h en om ena in the phyla of Placozoa and Cnidaria, but
o n-b il ateri ans also include two other phyla—Porifera
n d Cten oph ora. Sp ecies b elon gin g to these two other
hyla also have the potent ia l to b e go o d c andid ates as
is s ue m echanics m ode ls, given th eir simple b o dy plans
n d m orph olog ies ( D unn et a l. 2015 ). 
Members of the phylum Porifera, commonly r eferr ed

o as spon g es, con sist of cells in an ext racel lu lar ma-
rix, and occa sion ally h ave stiff sca ffolding ( Va n Soest
t al. 2012 ; Kraus et al. 2022 ). A recent study disse cte d
heir tis s ues and s tudied their res ponse t o mec hanical
orces in a r h eom eter ( Kraus et al. 2022 ). It was found
hat spon g e tis s ues revea le d interest ing propert ies, such
 s ani so tro p ic elastici ty, and i t was s ugges ted t hat t hese
r operties wer e linked to the spon g e’s flow sen sitiv it y
 Kraus et al. 2022 ). Th e phylum Cten oph ora i s ch ar-
cterized by s e veral hundred species of cten oph ores,
hich are soft, ge latin ous, free ly sw imming pred atory
nim al s ( Pang and Mart inda le 2008 ). It h a s been shown
 hat t h e cten oph ore Mnemi opsis l ei dyi is capable of
apid wound healing when their tis s ues are cut ( Tamm
014 ; Tray lor-Know les et al. 2019 ). 
There is a huge diversity in Porif era ns a nd
ten oph ores, an d th ere are hundreds of different
pecies in both these phyl a, w ith unique ada pta tions
 Haddock 2004 ; Van Soest et al. 2012 ). The few studies
n t hem descr ib ed ab ove give a glimpse of the p ro mise
f these anim al s to serve a s m ode l syst ems t o investi-
ate tis s ue rem ode ling ph en om ena, p art icu larly t is s ue
 h eology an d rapid woun d h ealing. 

onclusion 

n this re vie w, we des cribe d interest ing t issue me chan-
cs ph en om ena in two n o n-b il ateri an phyl a—Pl acozoa
 nd Cnida ria. We re vie wed how these or ganism s hav e
tret c hed our p ersp ective and understanding of tis s ue
e chanics. We revea le d how or ganism s in these phyla,
 art icu lar ly th e P lacozoan T. ad haerens , a nd Cnida ria ns
. vulgaris , and A. aurita , ut i lize rapid t is s ue remod-
ling for their p hysio log ica l funct io ning ( Ab rams et al.
015 ; Carter et a l. 2016 ; Pra kash et al. 2021 ). We a lso i l-
ust rate d how sma l l-sca le cel lu lar re organizat ion events
ive rise to ph en om ena at th e lar g er scales of tis s ues.
e pres ented s e veral examples of h ow th ese un derstud-

ed no n-b il ateri ans present a we alt h of o p portunities
o improve our un derstan ding o f rap id tis s ue rem ode l-
ng ph en om en a such a s cel lu la r rea rra n g ements, frac-
ures, an d woun d h ealing. Hen ce, th ese n o n-b ilaterian
is s ue mechanics m ode l anim al s com plemen t and con-
ribut e t o the broader field of biolog ica l physics of tis-
ues ( Har r is et a l. 2012 ; Bi et a l. 2015 ; Park et a l. 2015 ;
yatt et a l. 2016 ; Nol l et al. 2017 ; Latorre et al. 2018 ;
on g era et al. 2018 ; Xi et al. 2019 ; Krajnc 2020 ; Armon
t a l. 2021 ; Bu l l a nd P ra kash 2021 ; Kim et a l. 2021 ; Bu l l
t al. 2021b ; Bonfanti et al. 2022 ; Duque et al. 2023 ). 
We ado p te d a comp arat ive appro ac h t o a l low for a

igo rous co ntribu tio n to the search for general biophys-
cal p rinci ples. We hope to have made a strong case
or studying these earl y di v er g ent non-model or ganism s
s their extreme examples of behavior and morp ho l-
gy present a unique o p po rtuni ty to study fun dam ental
 roperties o f tis s ue mec hanics from a bott o m-u p per-
pe ct ive. These im portan t studies can h e lp us ar r ive at
 co mp re h en siv e framew o rk o f tis s ue mecha nics in a n-
m al s. 
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