Journal of the Korea Convergence Society
Vol. 8 No. 8, pp. 185-190, 2017 https://doi.org/10.15207/JKCS.2017.8.8.185

SUATE fst ZHY XA Evo—Devo AEsH4 a1zt

ol e, A3, A
SHe A=vtekt

Consideration of Evo-Devo in the Morphogenesis of Fractal
Structures in Ammonites

Yu—Ri Lee, Oc—Hee Kim, Cheol—Hee Kim"

Department of Biology, Chungnam National University

kA @G A LAY = ZHY (fractal) 7325 A7) FAMS (self-similarity) €] 9HE Fej=, A A<
WAL 7] FA A E Ak SR 53], FES T Rl EdA #HEE = B3 (suture) ] 3 o
Fet Fej= =Yg Ao g A=A oldlE 3 F2 ATtk & ATl = A 27| TS
A Bt Fx27F WS- & BAR Fogaudryceras sp.5 W02 BotA dAlol 1A4gS EA5tA} 513 om,
Ao Faby] FE 9190 WA (spiral) T4 Imm oo dndHel #as AAET) of Bghal o
Ay 2 A digh AETAR 7] of] By AdHolu, E ATE Fote] dEUo|E Tz X
Ay S0l o] AR #9Ek zolrh eSStk olg A= shbe]l AHAl WellA
Evo-Devo’?] ofg] WA o] WstE SAlol] HolE = = $2 dA2A, 35 29" 720 A& 7|1d
AT 2 A-EE e FFREAY] HEa &go] diE

LSl Tractal patterns are visible regularities of form found in the natural world. The mathematics
of fractals can explain spiral growth patterns of self-similarity in organisms. For example, ammonites have
complex but regular patterns of suture lines, resulting in a fractal-like display. In this study, a small region
(less than 1Imm diameter) of the spiral center of a rarely well preserved ammonite (Eogaudryceras sp.) was
examined under microscope. Interestingly, we found a differential change of suture shapes at early stages
of animal development providing a model for the study of Evo-devo (evoutionary developmental biology).
Evo-devo is a convergence science born out of the recognition of complexity from interactions between
generative and adaptive forces.
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3. AAy}

3.1 Xt Al e BFAe e wst
25H4 g B FejekE] Wt 7 2719AQ
NautiloidsE A]2F2.%, Goniatites, Ceratites, Ammonites
oM 7P dEA sk o AlE St A
9] Fe)E Bt} [Fig. 1]. Nautiloid®] #3428 7
°of AHYor 7Y week FEPoH, Goniatite,
Ceratite 5¢] X138t AAWA A4 0= B6H
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)l = Frxe] Fgido] #EH I

ammonite

unshelled
showing the evolutionary complexity of fractal—

[Fig. 1] Pictures of species,

like structures in their suture lines. A, a
nautiloid species. B, a goniatite species. C, a
ceratite species. D, an ammonite species.
Schematic diagram of suture lines is also
shown in the bottom of each picture. Scale bar,
lcm.
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[Fig. 2] Magnification of an ammonite shown in Fig. 1D,
showing fractal—like structure of suture lines. A
suture is the line of intersection between the
ammonite's shell and its septa. A, one suture
line is traced by a dotted line. B, drawing of a
dendritic pattern of suture line in A. Scale bar,
lcem.
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[Fig. 3] A, picture of an ZFEogaudryceras sp. used in
this study. This rare ammonite sample was
very well preserved to the very center on
both sides. B, magnification of a transparent
center region (4mm diameter) in A. Scale bar,
1mm.
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[Fig. 4]

Morphogenesis of septal sutures in early
chambers. A, examination of early chambers
under light microscope. B, same microscopic
field shown in A. To acquire a better image
of region “1”, lower intensity of light was
used, compared to A. C, high magnification
of each chamber in regions “17, “2”, and “3”.

Region “4” in Fig. 3A was also shown for
structural comparison. Growing complexity of
the suture shape (asterisks) is visible in
different  developmental stages of each
chamber (spiral order from the center).
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[Fig. 5] An Evo—Devo model for the evolution and

development of complexity in fractal—like
suture formation. A, evolutionary aspect of
complexity in suture formation from Nautiloids
to Goniatites, Ceratites, and Ammonites. B,
developmental aspects of complexity in suture
morphogenesis from early chambers (regions,
“1”, “2”, and “3” in Fig. 4C.) to late chambers
(region “4”) in a single animal.
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model [9]”, “viscous fingering model [10]” 5]
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2, Shinya Inoue 178 AZF X-ray micro-
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