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Plants and animals are described as opposimilar organisms, inasmuch as
they exhibit polarly contrasting morphogenetic processes revolving around
a common principle. In effect, the basic morphogenetic logics of plants and
animals respectively correspond to those of branching upon branching and
invagination within invagination. Repeated morphogenesis thus allows
describing both organism types through their several fractal systems and
the sequential iteration of said systems. In this context, a striking
morphofunctional correspondence reveals that these fractal systems
perform opposimilar functions in plants and animals, including extremely
precise topological distributions of polarly contrasting biochemical
effectors. Due to the complexity of these opposimilarities, so far they
constitute an unexplained phenomenon clearly going beyond the Darwinian
paradigm. In fact, they call for a revision of the concept of homology, since
there seems to be “continuity of information” (cf. Van Valen, 1982)
between two natural kingdoms that are said to have diverged from
unicellular common ancestors. Some fields with potential explanatory
power in this respect are considered.
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1t might all be written down, and I get it wrong while decoding
Excerpt from a Colombian anonymous poem

INTRODUCTION

Plants and animals are said to have diverged from unicellular
ancestors (Irimia et al., 2007). Yet, among the authors who have
considered their similarities (reviewed in Barker, 1995), Carl Linnaeus
established an integral morphofunctional comparison between the two
kingdoms, in which analogies are established between the root and the
digestive system, and between the leaves and the lungs (Linnaeus, 1751, p.
93). In effect, an overall morphological similarity can be observed between
leaves and lungs, coupled to the fact that they both perform gas exchange.
Likewise, nutrients absorbed by the root, which converge towards the
primary shoot, are quite similar to those coming from the intestines and
converging into vessels, be they blood or lymphatic ones.

On the other hand, and from a rather analytical standpoint,

- 336 -



BecmHuk Tel'Y. Cepusi "buonoausi u akonoaus”. 2018. Ne 3.

complementarity by opposition is suggested by the relation between
photosynthesis and respiration in plants and animals (P&A). Said notion is
aligned with the philosophy of the opposites in nature as expressed both by
Heraclitus (Patrick, 1889) and Lao-Tse (2008), respectively in the west and
the east; and more recently by Lupasco (1951). As it can be expected, this
philosophical standpoint has been poured into scientific perspectives, as
exemplified by the works of Niels Bohr (1928) in physics, Saint-Hilaire
(cited in Gerhart, 2000) in zoology, and by Sinnot (1923) in botany, among
others. Furthermore, a recent analogical model by Rapoport (2013) equates
many biological examples to the Mdebius strip and Klein bottle shapes, both
of which are featured by continuity between opposite surfaces, since moving
along either of them leads to the other one. The mentioned author proposes,
then, that nature is pervaded by a non-dual logic (actually “logophysics”)
linking opposite trends. He poses a particular emphasis on inside-out
continuity, as in Volvox spp. (plant kingdom) and Hydra spp. (animal
kingdom), both of which perform ontogenetic processes in which the outer
surface of the organism is swapped with the inner one.

Along these lines, numerous additional examples can be observed in
works not intentionally oriented by the idea of polarity in nature. A recently
proposed comparison between modular and unitary organisms suggests the
complementarity of P&A. Notov (2005, 2016a, b) characterizes modular
organisms (actually colonial animals and most plants and fungi) as opposing
unitary organisms (non-colonial animals and a few plants) respectively
through open vs. closed growth, mobility versus immobility, external form-
and-function building system vs. central functional control, coldness vs.
warmness, low vs. high integrity of developmental processes, and cyclic vs.
non-cyclic morphogenesis.

Likewise, the action potential of the nervous system in animals —
which is mediated by sodium and potassium — has been compared to a
somewhat corresponding plant function, also known as action potential. The
latter is mostly mediated by potassium and calcium (Pietruszka et al., 1997),
although both P&A systems also involve other minerals. What is quite
suggestive is that sodium and potassium belong to subsequent periods
(namely, 3 and 4) in group I of Mendeleyev’s table of the elements, whereas
potassium and calcium belong to subsequent groups (namely, I and 11 of the
fourth period). As it can be noted, these three elements are located at an
electrochemical crossroads of the table (the crossing of group | and period
4, which corresponds to potassium). Hence, P&A can be said to have
resorted to contrasting electro — chemical properties (i.e., the number of
electron layers and the number of electrons in the outer layer of the atom)
revolving around potassium, in order to handle electronegativity in their
corresponding action potential systems.
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All the above-mentioned data suggest the existence of a non —
random pattern linking P&A beyond the constraints imposed by common
functional requirements. Such a pattern would seemingly correspond to
some sort of structural (rather than just functional) commonality linking
both groups, which we preliminarily conceptualized as “opposimilarity”,
I.e., similarity by complementary opposition around a common principle.

For another thing, the idea of plant fractality (Arber, 1950;
Rutishauser, Sattler, 1985; Lacroix et al., 2005) constituted another
epistemological antecedent of Syntonic Divergence of plants and animals
(SDpa). In effect, since the leaf is considered to be a fractal reiteration of
the shoot (Zimmermann, 1976), we wondered (based on all the above-
mentioned considerations) if plant fractality was complemented by an
animal correlate, which, to our understanding was provided by the relation
between the digestive tube and the gastric cavity, both of which result from
invagination, as opposed to plant branching. Some confirmation of this idea
was added by the functional coincidence of both the P&A fractal systems
(i.e., the leaf/shoot system in plants, and the gastric cavity/digestive system
in animals) which corresponds to energy capture; and by the transition from
leafless to leafy plants, paralleled by the shift from non-coelomic to
coelomic animals.

To the best of our knowledge, no P&A opposimilarities have been
reported so far, let alone the development of a corresponding theoretical
framework. Currently, the only available theoretical development regarding
morphological relations between P&A is provided by the Darwinian
perspective, from which several morphological coincidences between these
two groups are attributed to coevolution (Bascompte, Jordano, 2007) or
parallelism (Arendt, Reznick, 2008).

METHODOLOGY

The current exploration of P&A likely opposimilarity, inasmuch as
it is framed in a general philosophical perspective, is neither deductive
(since it lacks an actual theoretical framework on which to support
hypotheses) nor inductive, since it is not purely empirical, due to the
philosophical influence under which it is conducted. This particular
epistemological situation in which an intentional bias is introduced to the
research process is not usual in mainstream science. Yet, it corresponds to
what Charles Peirce (1891) termed “abductive” research, as it proceeds to
explore the fitting of empirical data into a general idea instead of a sound
hypothesis (Andrade, 2011).

Thus, the current study must be framed into a more general
perspective, in the same way Kant stated that reflexive judgment is a general
condition of rational deductive thinking. Reflexive judgment allows justifying
a systems perspective, in which mechanical thinking. A reflective judgment
allows justifying a systems perspective, in which mechanical thinking is just
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one particular local situation of causally connected cases, but the whole
picture would imply to show how those seemingly unconnected pieces are
actually connected and integrated in a higher order system. That is the way to
construct a working hypothesis, for example the one that assumes that
everything is connected and makes part of a system in which parts and whole
codetermine each other, and/or are determined by a more general principle.
With the development and success of the mechanistic thinking framework,
the systemic approach was put aside on the claims of its being too
philosophical and not empirically verified. Yet, other authors like Bohr
(1928) suggested that perhaps the systemic approach was not sufficient and
formulated, instead, a Taoist inspired principle of complementarity as a more
general framework that would allow making sense of quantum physics and
alike living phenomena. Furthermore, Lupasco (1951) developed this idea
and suggested that the very more basic logical principles inferred by energy
transformations would justify a principle of dynamic opposition, needed to
make sense of the gathered scientific data on evolution, development, physics
and quantum mechanics.

Hence, Peirce’s abduction is a development of Kant’s idea of
reflective judgment, which he considered necessary to justify objectivity. A
subjective scheme is necessary before one can justify objective testable
scientific facts. Otherwise, it is impossible to make sense of data. None of
these general principles are inferred by deduction, nor by induction; they are
elaborated by abduction. The result of applying these general philosophical
frameworks to the known biology of P&A can be observed in the present
work, which, methodologically speaking, simply consisted in a brief
literature search for the support of the mentioned data.

It is worthwhile noting at this point that the epistemological process
we have followed rambles from ad hoc speculation to the discovery of new,
unexpected opposimilar patterns that may sink again into further complexity
as the analysis delves into additional organismic realms. All of this
configures a puzzle that only future research may be able to assemble. Such
persistent incompleteness, however, gives the current work the character of
a rather naturalistic manifesto.

RESULTS

The basic morphogenetic logics of plants and animals are,
respectively, those of a solid cylinder that branches constantly throughout
its life (open growth), and of a hollow cylinder containing other cylinders,
all resulting from repeated invagination (closed growth). Thus, we have
branching upon branching in plants, and invagination within invagination in
animals. Under this tenet, the current analysis explores P&A
morphofunctional opposimilarity in three different aspects: energy
assimilation (section 1), energy processors (section 2), the transport of
energy-carrying fluids and energy processors (section 3), internal and
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external movement (section 4), and direct similarities (section 5). In turn,
sections 6, 7 and 8, which make up the “Discussion” chapter, attempt to
provide an explanation of syntonic divergence.

1. Energy assimilation: The primary fractal systems

The first terrestrial plants simply had a leafless, dichotomous branching
system which, at the same time, supplemented the functions of support and
photosynthesis (Zimmermann, 1976). In a diametrically opposed way, the
simplest multicellular animals have a single internal cavity which serves the
functions of locomotion (externally) and digestion (internally) (Fig. 1). With
the acquisition of leaves in plants, a new dendroid pattern is supported on the
branching stem. As a result, the whole (the branching system) and the part (the
leaf) assume separately the respective functions of support and photosynthesis.
In animals, the digestive tract results from a new invagination of the single
primitive cavity; i.e., the formation of a tube within the first tube. As a result,
the whole (the body and the walls of its gastric cavity) and the part (the digestive
system) separately assume the respective functions of locomotion and nutrition
(Fig. 2). Corresponding fractal systems were thus formed in both groups.

I I

vegratedbody |
Locomation + digestion First iteration:
Structursl
support +
energy intake et
Thallus: Support +
photosynthesis
e

Fig. 1. Firstiteration of the primary fractal systems of plants and animals:
While plants underwent iterative branching processes, animals underwent iterative invagination
processes. At a first evolutionary step, plants and animals developed the first iteration of their
primary fractal systems: leafless plants acquired a mostly dichotomous branching system, while
animals developed a single cavity.

Puc. 1. IlepBas urepanus nepBUYHBIX (PPAKTATEHBIX CHCTEM IS pACTEHUHN 1
JKUBOTHBIX:

Jlnst pacteHuit XapakTepHbl HTEpaTUBHBIE POLIECCHI BETBICHHS, B TO BPEMS KaK JUISl )KUBOTHBIX —
UTEPATUBHBIC IPOLICCChI NTHBAr THAITAU. Ha TICPBOM 3Tall€ 3BOJIIOIIUN PACT €HHWI ¥ JKUBOTHBIX
IIPOU3O0IILIIA IEPBast UTEPpALUA UX IEPBUYHBIX d)pal(TaJ'lebIX CUCTEM. 663HI/ICTHble pacTCHUA
npu06penu l'[peI/IMyLLLeCTBeHHO JUXOTOMHYCCKU BE’TBS[IJ.lleCﬂ Cl/ICTeMy, a JKUBOTHBIC — l'lepBH'-[Hy}O
TOJIOCTh.
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Fig. 2. Second iteration of the primary fractal systems of plants and animals:
Within the gastric cavity and upon the plant branching system, we observe the second
iteration of the primary fractal system: the leaf and the digestive system. The first
iterations specialized in structural support, while the second ones specialized in energy
intake.

Puc. 2. Bropas urepanus nepBUYHBIBX (DPAKTAIBHBIX CHCTEM
pacTeHui 1 KUBOTHBIX:

B ractpanbpHO# IOJOCTH )KUBOTHBIX U B CHCTEME BETBJICHHS pACTEHUI MbI Ha0II0AaeM
BTOPYIO UTEPALIUIO NIEPBUYHOMN (ppakTanbHOi cucTeMbl: HOPMHUPOBAHUE JTHCTHEB
(¢unnomoB) u nuieBapuTeNnbHOrO TpakTa. [lepBble nTepanny crenuaIu3upOBATICH
Ha OMOPHO¥ (DYHKIMH, BTOPbIC — Ha CHA0KCHUH SHEPTHCH.

A plant-animal morphofunctional type arises at this point, the
common places to both kingdoms being: (i) the fractal iteration of their
polarly opposed morphogenetic processes, (ii) the complementary functions
performed by the resulting structures, and (iii) their evolutionary sequence.
In this context, both the branching stem of plants and the gastric cavity of
animals constitute the first iteration of their corresponding fractal systems.
Upon the stem and within the gastric cavity we can find the second iteration,
namely the leaves and the digestive system. Interestingly, the functions that
were initially united in the primitive, non-re-iterated, energy assimilation
systems (support and photosynthesis vs. locomotion and digestion) have
been segregated, so that the first iterations specialize in plant support and
animal locomotion (i.e., space occupation), while the second iterations (the
leaves and the digestive system) specialize in energy intake.

In this way, the notion of opposimilarity presents a different
perspective of P&A comparative morphology than the one introduced by
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Linnaeus, which is based on direct similarity. The above-mentioned
structures make up the Primary Fractal System (PFS) in both plants and
animals, which is devoted to energy assimilation. But still, there is a
Secondary Fractal System (SFS), which is addressed below.

2. Energy-processors intake: The secondary fractal systems
Later, plants developed a secondary, independent, fractal branching
system, namely roots supporting absorbent hairs. Correspondingly, animals
developed their own secondary, independent, fractal invagination system:
the thoracic cavity and, within it, the lungs.

Sucand theration: K ™
Respiratory systam "|1
it iteration:

CH

e

Secondary fractal
system; intaks of
EGY FOCESSig Socond erat
syt econd deration:
-------------- Freemeere """ Msarbent hairs (#yditoks
Firet iteration: Roal
{ahsorbent hair
suppord)

Fig. 3. Secondary fractal systems of plants and animals:

With relative independence from the primary fractal systems, plants and animals
developed the secondary ones, both specialized in absorbing energy-processing
supplies. In animals, the first iteration is the thoracic cavity, which contains the second
iteration, namely the lungs themselves, which perform oxygen intake. In plants, the
first iteration are the roots, which support the water-absorbing root hairs. Notably, both
water and oxygen are respectively reductive and oxidative reactants for photosynthesis
and respiration, which take place in the primary fractal systems.

Puc. 3. Bropuunsie (hpakTalbHBIE CUCTEMBI PACTCHUN U )KUBOTHBIX:

C OTHOCHUTEJIbHOM HE3aBUCUMOCTEIO OT MEPBUYIHBIX (I)paKTaJ'ILHLIX CHUCTEM pPACTCHUA U
JKUBOTHBIC (I)OpMI/IpOBaJ'II/I BTOPUYHBIC CUCTCMBbI, KOTOPBIC CIICHUAIIU3UPOBAJINCH HA
IIOI'JIOIICHHUH BEIICCTB, HGO6XOZ[I/IMLIX JIA CHaOKEHHS 3H€er€ﬁ. YV ’KUBOTHBIX B
pe3ysbTate mepBoi uTeparuy 00pa3oBaiack TpyaHas MOJI0CTh, 00ECTIEUnBIAs BTOPYIO
UTCpalI0, a UMEHHO IMOABJICHUE JIETKUX, KOTOPBIEC OCYHICCTBIIAIOT MOTJIOIICHUE
KHUCIIOpOJa. Y pacTeHUH B XOJI€ IIEPBOIl UTEpalM BO3HUKIIN KOPHU C KOPHEBBIMU
BOJIOCKaMH, O6CCHe‘II/IBaIOHlI/IMI/I IIOIJIOICHUE BOHI. HpI/IMelIaTeJ'II)HO, 4YTO BOJa U
KHCJIOPOJ CIIY>KaT BOCCTAHOBUTEIIbHBIMU Y OKHUCIIUTCIIBHBIMU pEAarcHTaMu
COOTBETCTBCHHO AJIsL (DOTOCI/IHTCEIa 1 AbIXaHUA, KOTOPBIC MPEACTABIICHBI B ICPBUYHBIX
Q)paKTaJ'ILHI)IX CUCTEMAX.
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Interestingly, while the root’s absorbent hairs intake water, which is
the reductive supply of photosynthesis, the lungs intake oxygen, the
oxidative supply of respiration, which opposes and complements
photosynthesis. Once again, physiological polarity fits morphological
polarity, since the energy processors for photosynthesis and respiration are
provided by these novel fractal systems.

3. Transport of fluids across fractal systems

As to the fluid transport systems, there also seems to be certain
topological and functional correspondence between animal circulation and
xylem and phloem flow in plants. While the former is usually pumped by one
central heart, the latter is due to many peripheral sucking microsystems which
correspond to the leaves. But for the sake of simplicity, we shall take
momentarily the pumping systems out of the analysis, just to concentrate on
fluid conduction across fractal systems. As it can be seen in Fig 4A. A, vein
circulation from the primary fractal system of animals (made up of the gastric
cavity plus the digestive system) to the secondary fractal system (made up of
the thoracic cavity plus the lungs) is featured by the mixing of energy-carrying
blood coming from the intestines, with oxygen-and-energy-depleted blood
coming from all organs. Similarly, phloem flow from the plant’s primary
fractal system (the shoot and the leaves) to the secondary one (the root and
absorbent hairs) is featured by the mixing of energy-carrying savia coming
from the leaves, with water-and-energy-depleted savia coming from the entire
shoot. In plants, this mixing happens not just once (Sinnatamby, 2003), as it
does in animals, but at every leaf insertion point, in such a way that, the closer
we are to the shoot tip, the purer the fluids will be. Thus, in the two groups
currently under study energy-carrying fluids depart from the second iteration
of the PFS just to get mixed with fluids depleted of both energy and energy-
processors coming from the first iteration of the same fractal system. Then,
the mixed fluids are transported to the SFS. Also noteworthy is that the part-
to-whole relationship between the leaf and the shoot is also an energy source-
to-sink relationship. Just as well, the part-to-whole relationship between the
digestive system and the entire animal body is an energy-source-to-sink
relationship. Thus, an energy-source-to-sink relation is maintained between
the second and first iterations of the PFS in the two studied kingdoms.

At this point, one would expect photosynthesis and respiration to take
place at the same iteration of their corresponding fractal systems, but that is
not the case. Instead, a different and intriguing regularity takes place. Energy
is initially assimilated by plants through photosynthesis (1st step, taking place
at the second iteration of the PFS) and then wrapped into more complex
sugars than glucose or starch (2" step, taking place at the first iteration of the
PFS) (Fig. 4B).
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Fig. 4. Energy assimilation, processing and distribution in plants and
animals:

A. Simplified fluid transport systems of plants and animals. Bluish arrows illustrate the
carrying of mixed fluids from the primary to the secondary fractal system in both
plants and animals: In the latter, blood containing energy from the digestive system is
mixed with blood lacking oxygen (the energy processor for respiration) from the entire
body; in plants, savia containing energy from the leaves is mixed with water (the
energy processor for photosynthesis) depleted savia from the shoot. For their part, red
arrows illustrate the conduction of water and oxygen (respectively in plants and
animals) from the secondary to the primary fractal system in both kingdoms.

B. Energy processing sequence from plants to animals. Energy is initially assimilated
by plants through photosynthesis (P) and then wrapped (W) into more complex sugars
than glucose. Later on, it is unwrapped (U) through animal digestion and then
chemically released through respiration (R), which is common to P&A, although this is
not shown in the drawing.

Puc.4. Ilornomenune, nmpeodpa3oBaHue U paclpeieleHne YJHEPTUH
paCTEHUSAMHU U KUBOTHBIMHU:

A. Vnpowennvie cucmemvl mpancnopmuposKku ’#cuoKocmell y pacmeHull U HCUGOMHbIX.
TomyObIe cTpeNnky WLTIOCTPUPYIOT OallaHC CMEMIaHHBIX )KAIKOCTEH OT MEPBUIHOI K
BTOPUYHON (hpaKTaIbHON CUCTEME PACTEHUN U )KUBOTHBIX. Y KUBOTHBIX KPOBB,
nojyyaromias SQHEPruro OT HHHIeBapHTeHBHOﬁ CHUCTEMbI, CMCIIUBACTCA C KPOBLIO,
00eTHEHHON KHCIOPOIOM (PHEPTETHUECKON COCTABIISIFOIIEH MPoLiecca IbIXaHus)

CO BCCro TCja.

V pactenuii, GI03MHBIN COK, T.€. pACTBOP YHEPTOHOCHUTENEH U3 TUCTHEB,
CMEIIMBAETCs C BOJIOM (IHEPreTHUECKOM COCTaBISIONIEH (POTOCHHTE3a) U3 OOETOB.
KpaCHLIe CTPCJIKU WUTIOCTPUPYIOT MEPEMEIICHUC BOJABI U KUCJIOPOJa (COOTBGTCTBCHHO
y paCTeHI/Iﬁ u )KI/IBOTHBIX) OT BTOPHUYHBIX K ICPBUYIHBIM (bpaKTaJ'IBHLIM CUCTCMaM.

B. Ilocredosamenvrocmo npeobpazosanus sHepeuu 0m pacmerull K HCU8OMHbIM.
9Hepr1/1;1 NEPBOHAYAJIIBHO aCCUMUIIMPYCTCA PACTCHUAMU IMOCPEACTBOM (bOTOCI/IHTGBa
(P) u mpeobpasyercst mociie 3TOro B yriieBo/Ibl, OoJiee ciokHbIe, 4eM rioko3a (W).
Oneprust, ycsanBaemast (U) )UBOTHBIMHE B IIpoIiecce MUIIEBAPCHHUS, 3aTEM
BBICBOOOXKTaeTcs npu apixanud (R), o0mumm 115t pacTeHHH 1 )KUBOTHBIX,

XOTs 3TO HE IIOKa3aHO HAa PUCYHKE.
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Table 1
Location of energy capture and further processing in the PFS
of plants and animals
[Tormomenwue u mepepadotka sHeprud B [IOC pacTeHm 1 )KUBOTHBIX

Step Plants Animals Iteration of the PFS
1 Photosynthesis| /I Unwrapping 2
2 Wrapping | ' Respiration 1

Note. The arrows indicate the whole sequence of processes undergone by energy from
plants to animals: photosynthesis and wrapping into complex sugars and starch in plants
(steps 1 and 2), followed by digestion (unwrapping) and respiration in animals (steps 1 and
2). As it can be noted, in both groups the first step takes place at the second iteration of the
PFS, while the second step takes place at the first iteration of the same system. Just as well,
complementary processes (photosynthesis vs. respiration; wrapping vs. unwrapping) take
place at contrasting iterations.

prweltanue. CTpeJ'IKI/I YKa3bIBalOT HA IMOCJICA0OBATCIILHOCTD npeo6pa3OBaHm[ OHEPIruu OoT
pacTeHuil K KMBOTHBIM: (POTOCHHTE3 M 0Opa3oBaHUE CIIOKHBIX CaXapoB M Kpaxmaja B
pacrenusix (maru 1 u 2), a 3ateM nepeBapuBanue (pallerieHUe) U AbIXaHUE Y )KUBOTHBIX
(marm 1 u 2). B obeux rpymmax mepBEIil mar IpOUCXOANT Ha BTOopoi mureparmu PFS, a
BTOPOM — Ha HEpBOM HTepaluu TOH € cucTeMbl. KoMIuIeMEHTapHbIE NPOIECCHI
((1)OTOCI/IHT63 MU JbIXaHHWE, 3amacaHue u 0CBO60)K,I[€HI/I6) TAKKEC TIMPOUCXOAAT Ha
KOHTPACTHBIX UTCpaAlUAX.

Later, energy is unwrapped through animal digestion (1st step,
taking place at the second iteration of the PFS) and then released through
respiration (2nd step, taking place at the first iteration of the PFS). In both
kingdoms, step 1 takes place at the second iteration, while step 2 occurs at
the first iteration. While photosynthesis and animal respiration take place at
different iterations (respectively, the second and first ones), energy
wrapping in plants and unwrapping in animals follow a contrasting pattern,
since they take place in the 1st and 2nd iterations, respectively again
(Table 1, Fig. 4B).

4. Plant form vs. animal movement

As mentioned above, the functional segregation of leaf and shoot is
paralleled by the way the digestion of non-coelomic animals - which used
to depend on locomotion - has been segregated from the latter in coelomic
animals. In the case of leaves, although they specialize in photosynthesis
while supported by the shoot, still they are internally supported by their own
vein system, which is considered to be a modified shoot system
(Zimmermann, 1976). The similarity between branching and venation is
such that both plant components are considered by some authors to be
partially homologous (Rutishauser, Isler, 2001) or homologous (Floyd,
Bowman, 2010). In animals, for their part, with the development of the
coelom, the intestines were finally in condition to perform digestion
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separately from body locomotion, but still had to develop peristalsis to
supply for the effects that locomotion used to provide them with. Thus, in
both groups the second iteration of the PFS is not only structurally but
functionally similar to the original, unsegregated whole. Now, given that
both plant growth and animal movement are space occupation strategies,
and that leaf and shoot growth are said to be homologous processes, one
might wonder if a somewhat corresponding similarity between the digestive
system and the x-legged organism is expressed not by form, but by
movement.

The latter analysis has two implications. In the first place, the
segregation of the functions performed by the primitive whole into those of
the derived part-and-whole systems is accompanied by the reiteration of said
primitive functional integration on the part of the 2" iterations of the PFS.
Thus, there is some morpho-functional fractalization in P&A. In the second
place, the stillness and passiveness of plants seemingly contrasts with the
dynamism and activeness of animals. Let us explore the latter statement
first.

Table 2
Plant linearity vs. animal circularity are shown by internal movements
(transport of fluids) and external movements (animal locomotion and closed
growth vs. plant stillness and open growth)
Tabnuuma 2
JluneapHOCTh pacTeHH MPOTUB LHUPKYJISIPHOCTU KUBOTHBIX, CBSI3aHHAA C
BHYTPEHHUMH NEPEMEIICHUAMU (TPAHCIIOPT KUIKOCTEH) M BHEITHUMHU
JBUKEHUSMH (TIepeMeIlleHIe U 3aKPBIThIH poCT )KUBOTHBIX, B OTIIMYHE OT
HEMOJIBIKHOCTH B OTKPBITOTO POCTa PACTEHUH)

Internal (fluid) | External movement | pjanetary scale projection
movement growth locomotion of external movement
Plants N N nOne
Animals 0O 0 =

Note. Although animal locomotion is relatively horizontal with regards to plant growth,
which is rather vertical, at the planetary level, they are respectively circular and radial.
HpuMeuaHue. XoTsa NEPEMCUICHUC JKUBOTHBIX OTHOCHUTCIBHO TOPU30OHTAJIBHOE 110
CpPaBHCHHIO C TPEUMYHICCTBEHHO BCPTHUKAJIbBHBIM POCTOM paCTeHHfI, B IUIAHETAPpHOM
Macitabe 3Tu IPpOHECChl HUPKYIIAPHBIC W paiuaJIbHbIC COOTBETCTBEHHO.

Separately analyzed, the two kingdoms under study are featured by
an intimate morphofunctional association between internal movement (i.e.,
the transport of fluids) and external movement, namely animal locomotion
and plant growth (see Table 2). In effect, plants compensate their stillness
with open growth, which is mostly vertical relative to the rather horizontal
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displacement of animals. Furthermore, the growth of plants is made possible
by the turgor sustained by their open, linear fluid transport system, which
corresponds to xylem and phloem. Conversely, animals compensate closed
growth with locomotion, which is facilitated by blood circulation through
energy and oxygen supply. Furthermore, if we project the respective P&A
“movements” at a planetary level, we find radiality vs. circularity and,
hence, a clearer identification with their fluid transport systems (Table 2).

SumsssmEmsEEEEEn

NN EESEEEEEEEEEEEEE

EEEEEEEEIEEEEEEEEEEE
P
w
b

Fig. 5. Longitudinal sequences of direct similarities and opposimilarities
in plants and animals:

Secondary fractal systems are represented in yellow, while primary ones are
represented in blue. Reproductive systems, represented in pink, are shown as an
iteration of the primary fractal systems. Direct similarities are shown in green. As it
can be observed, the sequences of opposimilarities (yellow-blue-pink, representing the
SFS — (PFS (2" —27")) topological sequence explained in the text) are the same,
but they run in opposite directions.

In turn, direct similarities between leaves and lungs and roots and intestines are aligned
in the same direction, as highlighted by the dotted lines.

Puc. 5. HpOILOJ'H:HaH MOCJICA0OBATCIIBHOCTD IPAMBIX CXOACTB U CXOACTB I1O
KOMIIJIEMCHTAPHBIM OIIIIO3ULIUAM Y paCTeHI/Iﬁ " JKUBOTHBIX:
BTOpI/I‘IHBIG @paKTaﬂLHHe CHUCTEMBbI BBIJICJICHBI KCJITBIM IBETOM, IECPBUYHBIC
OTMCUYCHBI CHHUM. PerOJj[yKTI/IBHI:Ie CHUCTCMBI, O603Ha‘IeHHLIe PO30BBIM IIBETOM,
MOKa3aHbl KaK UTepalysl EpPBUYHBIX (PPAKTAIBHBIX CUCTEM.

IIpsamMble cxo/icTBa MOKa3aHbI 3€JIEHBIM I[BETOM. Kak M0>HO BHIETD,
TOCIIETOBATCIIbHOCTU CXOJCTB MO KOMIIJIEMCHTAPHBIM OIIIO3ULIUAM ()KCJITO-CI/IHC-
PO30Bast, MpeACTaBIsIoNas coboi Toromoruueckuit psa SFS — (PFS (27 —27)),
O6’b}ICHeHI/I}I B TCKCTG) OAWHAKOBBI, HO pa3HOHAIIPAaBJICHBI.

B cBoro o4epe/ib, IPSAMbBIC CXOACTBA MCKAY JIUCTHbAMU U JICTKUMH, KOPHAMHU U
KUIICYHUKOM OAHOHAIIPABJICHBI, YTO MOAYCPKUBACTCA ITYHKTUPHBIMHU JIMHUAMU.
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The considerations made above suggest an intimate opposition
between plant form (growth) and animal movement as the axis of P&A
morphofunctional fractalization. Thus, an exploratory observation allows
noticing how, for example, the form of animal feces (in turn related to the
intensity of peristaltic contractions) seems to be associated to the overall
speed of locomotion. In effect, while cow feces are almost liquid and seem
to be shaped by rather superficial peristaltic contractions, rabbit, deer or
mouse feces are comparatively drier and clearly shaped by the deepest
possible peristaltic contractions (the feces of these animals come in separate,
more or less rounded pieces). Needless to say, the overall movement of the
latter group of animals is quite fast and frequent, while the scarce
movements of cows are rather slow. At an intermediate point between these
groups of animals, there are humans or dogs, whose feces and movements
do not match either extreme.

The purported plant growth vs. animal movement connection
introduced by the current work leads to another interesting temptation,
namely claiming to have found the “heart” of plants, which, in this
framework would revolve around the leaves, mainly due to their type of
pumping activity, location and number, which oppose those of the animal
heart. The peripheral location of the heart of plants was predicted by Goethe
(Steiner, 1988) as simply opposing that of animals, which is mostly internal.
This was later reinforced by the very notion that animal organs may be
represented in plants by widespread tissues providing functional integration
(Shafranova, 1980, cited in Notov, 2005).

Table 3
Comparison between plant and animal pumping systems
Tabnuma 3
CpaBHeHI/IC MMorjIomarImmux CUCTEM y paCTeHI/Iﬁ U JKUBOTHBIX

OPPOSIMILARITIES
pumping | location | number | fluid
mode transport
mode
many linear, mediation pulsating
leaves open | between internal |nature of the
circular, and external | plastochron
closed movements  [and the heart

DIRECT SIMILARITIES

Plants | suction |peripheral

Animalsjpropulsion| central |one heart

For its part, the pulsating nature of the plastochron (i.e., the alternate
production of leaves and internodes at the shoot apical meristem) is yet
another aspect that contributes to the present argumentation, as a direct
similarity (see section 5) with the animal heart. Although the leaf is not the
same as the shoot apical meristem, it not only produces the leaves, but is
closely associated with the plant’s fluid transport system, as is also the case
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of animal circulation and locomotion. Thus, the connection between the
internal and external movements, which in animals is mediated by their
heart, is mediated by leaves in plants. Table 3 summarizes the comparison
between the pumping systems of P&A.
5. Direct similarities

The direct similarities between leaves and lungs, roots and intestines
mentioned in the introduction can be further commented in the framework
provided by P&A opposimilarities, in which they reveal new correspondences.
In effect, the further elaborations of the primary and secondary fractal systems
of animals exhibit direct similarities with those of plants under an orderly
topological deployment. Furthermore, direct similarities match one another in
a linear sequence, while opposimilarities run in opposite directions. Finally, the
reproductive systems of both kingdoms add up to their direct similarities,
although they fall out of their direct similarities.

Table 4
Nominal relations between plant and animal fractal systems
Tabnuua 4
HomwuHansHBIE OTHOMIEHUS MEXAY (PpaKTaIbHBIMU CHCTEMaMH PACTEHHUN U
JKUBOTHBIX
ANIMALS PLANTS Through ...
PFS (2" iteration) | is directly | SFS (2" iteration) | intestinal villi and root hairs
SFS (2" iteration) | similar to | PFS (2" iteration) lungs and leaves
PES i PFS lower vs. upper location,
o respectively
opposimilar] -
SFS upper vs. lower location,
SFS to .
respectively

Note. Direct similarities are cross referenced (PFSs are similar to SFSs), while
opposimilarities are directly related (PFSs are opposimilar to one another, and so are SFSs).
Ipumeuanue. Tlpsameie cxoncta mepekpecTHbl (PFS moxoxwu na SFS), B To Bpems kak
CXO0ACTBA IIO0 KOMIUICMCHTAPHBIM OINMNO3ULUAM CBA3aHbI HAIIPSAMYIO (PFS SBJIAOTCA
anroronucramu SFS).

In the first place, the lungs, which are internal cavities, are further
invaginated within, but under the branching invagination mode of the
bronchial trees, which resemble the leaves. That is, the bronchial trees as
further elaborations of the SFS of animals actually turn towards the typical
morphogenetic mode of plants, thus resembling the second iteration of their
PFS (Fig. 9Fig. ). For their part, the further elaborations of the PFS of
animals, actually the intestinal villi, are also due to branching. Thus, they
can also be said as well to turn toward the typical morphogenetic mode of
plants, wherein they resemble the second iteration of their SFS (i.e., the root
hairs). Nominally speaking, these direct similarities are cross-referenced:
through the intestinal villi, the PFS of animals turns toward the SFS of plants
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(resembling the root hairs), and vice versa (lungs turn toward leaves). As a
consequence, they are aligned in the same direction along the P&A body
plans, while opposimilarities run in opposite directions (i.e., they are
palindromic sequences) because they connect the PFSs to one another and
the SFSs in the same mode (Fig. 9) (Table 6).

But there is more to these direct similarities. The reproductive
systems of P&A were compared by Linnaeus himself (1751), who noted the
similarity between the stamens ending in the pollen sacs and the seminal
conducts ending in the testicles. Also, he showed the resemblance between
the animal uterus and ovules and the ovary and ovules of plants.

By delving deeper into these systems, one sees they are both
internally polarized, in the sense that the masculine polarity opposes the
feminine one. This was observed in plants by Goethe and is compared to
animals in the present work, to the point of revealing a striking therapeutic
linkage between the masculine polarities of the two groups.

In plants, the feminine/masculine polarity can be observed as a
proximo-distal growth polarization of the flower components, namely sepals,
petals, stamens and carpels (Goethe, 2009). In effect, while sepals are
proximally widened, petals are distally widened. For their part, stamens are
more pronouncedly polarized toward their distal end, while the carpels of the
ovary are more pronouncedly polarized toward their proximal pole, thus
finishing this alternate sequence of increasing proximo-distal polarization
revolving around the masculine/feminine principles.

In turn, the animal reproductive systems reveal an upside-down
polarity. If one pays attention to the front view of the morphology of the
human masculine reproductive system, it closely matches a spiral winding
upwardly from the testicles to the penis. Conversely, the feminine system
forms a downward winding spiral from the ovaries through the uterus to the
vagina. Similarly, the feminine pubic hair points downwards, while the
masculine one points upwards. What is more puzzling in all this is that
pollen has a specific healing effect on the prostate gland and, in general, on
the masculine reproductive system (Cai et al., 2017).

A new opposimilarity arises by considering the position of the
reproductive systems of P&A along their corresponding body plans. These
systems are built upon the shoot and within the gastric cavity (actually below
the intestines). Thus, we have palindromic body plans in P&A. In the latter, the
thoracic and gastric cavities (the latter containing most of the digestive system
above the reproductive system) are aligned in a top-down topological sequence
running along, e.g., the human body. For their part, plants show the opposite
alignment, i.e., the root and the shoot (the latter showing the vegetative portion
usually below the reproductive one) aligned in a bottom-top sequence. By
naming the energy capturing systems (leaves and intestines) and the
reproductive systems as iterations 2" and 2", respectively, of the PFS, we
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obtain that the SFS — (PFS (2" — 27")) topological sequence runs from top to
bottom in animals, and counter-wise in plants (Fig. 9).

DISCUSSION

Probably the first thing to be stated in terms of explaining SDpa is
that a strictly Darwinian type of coevolution can hardly be put out as the
main driver of this phenomenon, since it would not account for such
complex topological, physiological and biochemical connections relating
the two kingdoms under study. A similar idea to SDpa was exposed by
Geoffroy de Saint-Hilaire (cited in Gerhart, 2000) regarding an early
embrionary stage shared by arthropods and vertebrates, after which their
respective skeletons are formed outerly and innerly on the basis of the same
embrionary tissue; thus, the interpretation he proposed of both skeletons as
homologous. Yet, it is probably too early to make such an ambitious
statement with respect to P&A. Hence, for the time being, it might be more
interesting to look for a line of reasoning aimed at a plain explanation of
SDpa, aside from the likely straightjacket that homology would likely prove
to be in this case.

Another possible interpretation of SDpa regards opposimilarity as a
particular case of highly complex parallelism. Examples of the latter -
although based on direct similarity — have been reported by Notov (2011,
2017a) in modular plants, animals and fungi (which are shown to converge
around branching patterns and both leaf-like and scypha-like structures,
among others) and by Conway Morris (2009) in different animal groups.

Yet, it is worthwhile pointing out that parallelism might sometimes
lead to biological homology (cf. Roth, 1984) in the sense that, e.g., P&A
may be sharing opposite modalities of a common developmental constraint
towards which they may have converged (i.e., a hon-homologous distant
past) or which they may have inherited from a common ancestor
(homologous distant past).

A third explanatory vein for SDpa has to do with genetics, since the
extreme complexity of this phenomenon is probably not accounted for
solely by the epigenetic perspective. However, in the present case this would
lead to an extreme case of genetic homology, since all the specifications of
the (pluricellular) P&A bauplans would need to have been genetically coded
in their common unicellular ancestor, in a sort of newly evoked preformism.
In turn, such approach would put us in the realm of the so-called anti-
scientific “intelligent design” (Marshall, 2015).

Yet, another plausible explanation is available through the
perspective of genetic meta-data, i.e., the newly acknowledged possibility
that the genome contain background (i.e., non-digital) information that
somehow co-determines the phenotype (Rapoport, 2013). However, no
genetic explanation of SDpa is attempted in the present work.
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Subsoil rocks

Fig. 6. Polarsyntonic structuring of nature (A) and whole-plant fractal polarity
(B):

A. Polar syntonic structuring of the atomic, organismic and planetary levels of organization.
Nitrogen (N) and Phosphorus (P) are respectively represented in purple and green colors.
Thus, at the planetary level, P is shown to be abundant in the subsoil rocks, and N in the

atmosphere, but they coexist in the soil and the biomass, which can be more abundant in either
element. At the atomic level, N and P belong to subsequent periods in group V of
Mendeleyev’s table of the chemical elements (shown at the center of the Fig.). At the
organismic level, N abundant soils promote shoot development, while P abundant soils
promote root development.

B. Whole-plant fractal polarity. Polar fractal model of the plant. From left to right, the
root/shoot ratio at the whole-plant level correlates inversely with shoot and leaf apical
dominance. Framed in syntonic structuring around the N/P tandem, the model assumes that N
abundant soils correlate with higher N/P ratios at the organismic level and with their
associated fractal morphology, whereas P abundant soils have the opposite effect. This allows
talking about the integral polarization of ecosystems.

Puc. 6. IlonspHOE CHHTOHUYECKOE CTPYKTYPHPOBaHHUE TTPUPOJIBI (A) 1
(dpakTanbHas HOISIPHOCTD 11e)I0r0 pacTenus (B):

A. Tlonaproe cunmoHuueckoe CmpyKmypuposaHue Ha amoMHOM, OP2AHUSMEHHOM U
naanemaprom yposusx. Azot (N) u pocdop (P) npeactapieHbl COOTBETCTBEHHO
(broneToBBIM U 3eNieHbIM 11BeTaMu. Ha mraneTaprOM ypoBHE P B M300MIME COZIEPKUTCS B
MaTepUHCKOI! Iopo/ie o To4uBoi, a N B arMocdepe, HO OHH COCYIIIECTBYIOT B ITOYBE U
JKMBBIX OPTaHM3MaXx, B KOTOPBIX MOXET MpeobiaiaTh J1000# U3 3THX aneMeHToB. Ha
aromHOoM ypoBHe N 1 P 0THOCATCS K IOCTIe10BaTeNbHBIM ITeproiaM V TPy TaOJIHIIBI
XHUMHUYECKUX DJIEMEHTOB MeHienieeBa (B 1ieHTpe prucyHKka). Ha opraHu3MeHHOM ypoBHE,
T04Ba, OoraTast a30TOM, CIIOCOOCTBYET Pa3BUTHIO ITOOETOB, a Ooratast pochopoM — KOpHEH.
B. @paxmanvhas nonsprocme yenoeo pacmenus. lonspHas ppakrarbHas MOIEITb PACTCHHUS.
CneBa HarpaBoO COOTHOLICHHE KOpHeI71 M 1100ETOB HA YPOBHE BCETO paCTCHUA 06paTHO
TIPOTIOPIMOHAIBFHO ANTMKAJIFHOMY JTOMIHHPOBAHUIO BEPXYIIKH 1odera. B pamkax
CUHTOHHUYCCKOI'O CTPYKTYPHUPOBAHUSA COOTHOIICHUS N/P ,B JTOM MOZCIIM IPEATIoiaracTces,
YTO HOYBBI, OOraThie a30TOM, KOPPEIUTUPYIOT ¢ OoJiee BEICOKMM cooTHomeHneM N/P Ha
OPraHU3MEHHOM YPOBHE M C CONPSDKEHHOM C HUM (PpaKTaIbHONH MOP(OIJIOTHH, B TO BPEMS
Kak obmmme ocdopa B TIOYBE JaeT MPOTHBOIOIOKHBIN 3] dhekT. MoKHO TOBOpHUTH 00
HHTETPAJIbHOM MOJIIPU3aLU SKOCUCTEM.
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6. The generative properties of nature and the principle
of syntonic structuring

From an epigenetic standpoint, the notion of self-organization
around robust morphogenetic processes (Goodwin, 1994) may contribute
interesting insight into SDpa, since branching and invagination can be
approached as the two poles of a gradient between which bauplan-defining
morphogenesis is seemingly constrained in nature. Furthermore, the
polarization of morphogenetic fields can be understood as an extremely
simple and, hence, correspondingly ubiquitous and hardly observable
generic form-driver in nature. These notions are synthesized around the
concept of “syntonic structuring”, which states that nature — both physical
and biological — is generally built around robust morphogenetic attractors.
One of such attractors corresponds to the formation of polar gradients.

The clearest and most outstanding example of syntonic structuring
is provided by the nitrogen/phosphorus (N/P) polar tandem, which
structures nature from the molecular, through the organismic, to the
planetary level. In effect, N and P belong to subsequent periods of group V
in Mendeleyev’s table of the chemical elements (i.e., they are essentially
similar, just varying in their degree of electronegativity). At the organismic
level, N promotes shoot (i.e., aerial) growth, while P promotes root (i.e.,
underground) growth. Furthermore, at the planetary level N tends to
evaporate, thus being abundant in the atmosphere, while P tends to
precipitate and is abundant in the subsoil rocks. In this way, through their
contrasting physico-chemical properties, these two elements determine the
earth/sky polarity of the planet and its organisms (Fig. 6A).

6.1. Whole-plant polar fractality

Syntonic structuring has an interesting bearing on plant structure
and, therefore, on P&A SDpa. Said connection, however, only comes clear
after comparing the shoot to the root and the leaf. In the case of root and
shoot, we can go beyond their contrasting tropisms, to see how their
anatomy and growth dynamics also run on polar grounds, as is also the case
of their branching patterns. In effect, cross cuts of these organs (Groff &
Kaplan, 1988) reveal how their vascular strands form an external ring in the
shoot and an internal core in the root. Likewise, new organs are formed
externally on the shoot, and internally in the root (Fig. 13). Figuratively
speaking, it is as if the root was an inside-out version of the shoot. These
observations support the current claim that the root is morphologically
opposimilar to the shoot. Furthermore, continuity between these purported
opposites is also suggested by Arber’s (1950) notion that the root is a
“partial shoot”, in the sense of the common dendroid pattern of these two
organs.
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Fig. 7. Topological comparison between root and shoot:

The central and peripheral positions of vascular bundles and new lateral elements of
root and shoot, respectively, are shown in longitudinal (A) and cross (B and C) cuts.
X —xylem; Ph — phloem; C — cortex; H — hypocotyl; Co —cotyledons
Puc. 7. Tononorudeckoe cpaBHEHHE KOPHS U TIo0era:
IentpansHoe U nepudepuyecKoe pacIoI0KEHHE COCYAUCTHIX MyYKOB M HOBBIX
JIATCPAJIbHBIX DJICMCHTOB KOPHA U no0era roxa3aHbl COOTBETCTBEHHO Ha MMPOAOJBbHBIX
(A) n monrepeunsix (B u C) cpesax. X — kcunema; Ph — gmosma; C — kopa;

H — runoxorune; Co — cemsiionu

For their part, leaf and shoot can also be understood both
phylogenetically and ontogenetically as contracted/expanded versions of
each other, thus constituting the alternative phases of a cycle that the plant
continuously reiterates as it grows, since shoots (the expansive phase)
produce leaves (the contractive phase), which, in turn, produce shoots. This
appreciation is mostly explicit through the position of leaf and shoot
meristems, which are peripheral in the latter and central in the former
(Fig. 8). A detailed topological comparison between leaf and shoot has been
invoked by several authors (Sachs, Uittien, Goethe, Kant Dresser, cited in
Arber, 1950, pp. 73 and 74; De Candolle, A.P., cited in Arber, 1950: 80-81).
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v

Fig. 8. Topological relation between leaf and shoot:

On the vertical plane, shoot meristems are located peripherally, while the leaf’s basal
meristem is rather central. Growth is specified centripetally in the shoot (therefore, the
structure grows centrifugally).

The leaf follows the opposite pattern. Prepared by the authors.

Fig. 8. Tonomornyeckas CBA3b MEXKIY JHCTOM U TIOOETOM:

Ha BepTuKanbHOI MIIOCKOCTH, MEPUCTEMBI IOOETa PacIIoNIOKEHBI Ha Iepudepruny, B
TO BPEMs KaK OasanabHast MCpHUCTEMA JTMCTAa 3aHUMACT CKOPEC ICHTPAJIbHOC
nojoxxenne. Poct mobera MMPOUCXOAUT HCHTPOIICTAIBHO (CJ'IGZ[OBaTeJ'IBHO, CTPYKTYpa
pacTeT HeHTPOOEeKHO).

JInct COOTBCTCTBYCT HpOTHBOHOJ’IO)KHOﬁ CXEMC. PI/ICYHOK aBTOPOB.

By integrating the former leaf, shoot and root comparisons, these
three structures appear as topological transformations of each other. The leaf
can be seen as a shoot which has undergone centripetal meristem
displacement on its vertical plane, through the evolutionary process
described by the telome theory (Zimmermann, 1976). For its part, the root
can be interpreted as a shoot which has also undergone centripetal meristem
displacement, but on its horizontal plane (Fig. 13). As a result, the
evolutionary development of leaves and roots can be said to be the result of
the morphogenetic polarization of the shoot, on contrasting geometrical
planes.

6.2. Whole plant parallelism: Fractal polarity
Plant component systems seem to be evolving in parallel, under tight
physiological controls. Thus, we are introducing a fractal polarization model
of the whole-plant structure is based on the aforementioned topological
similarities between leaf, shoot and root, to which it adds certain parallel
trends. In other words, the whole plant and its main components are
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understood as an integrated series of nested topological and constructional
polarities. As a result, these plant components are said to not only exhibit
transformed versions of the positional assembly of their subcomponents
(organization), but also concomitant changes in the relative proportions of
those parts (construction). Said series of nested correlations are explained,
on the one hand, by leaf and shoot homology (cf. Floyd, Bowman, 2010),
which makes their parallelism an expectable consequence, and on the other
hand, by a simple root/shoot resource allocation model. As it can be
observed in Fig. 6B, when biomass allocation at the plant level is polarized
towards the root, this is assumed to be mainly expressed by an increase in
length of the central axis of this system, which, in turn, increases its apical
dominance. At the same time, biomass withdrawal from the shoot, (mainly
expressed by its central axis, according to the model), results in apical
dominance reduction in this system. Finally, the resulting changes in shoot
apical dominance are transferred to the leaf via their shared regulatory
(homologous) mechanisms. On these grounds, the model in question
basically states that the polarity of the whole-plant (as expressed by its
root/shoot ratio) correlates directly with root apical dominance and
inversely with those of the shoot and the leaf. This fractal parallel variation
might take place at different scales in time, be they evolutionary, phenotypic
or physiological.

As to the empirical support of this model, only preliminary
observations are available, although not at the expense of their very
suggestive qualities. These correlations can hardly be observed through
static forms, although cases like those of Schefflera spp. and Cecropia spp.
constitute notable exceptions. Instead, more widespread evidence seems to
come from parallel evolutionary variation. The entire model can be
appreciated already in the genus Smallanthus (tribe Helianthidae of the
family Asteraceae), where we have preliminarly observed a clear contrast
from abundantly tuberous to pivotal roots associated to the mentioned shoot
and leaf apical dominance features, including an insertion angle correlation
between leaf and shoot. We are currently studying the connection between
root/shoot ration and leaf apical dominance in a series of Oxalis spp. (Fig 9
and Fig. 10), wherein preliminary observations suggest that plants with
relatively larger roots tend to exhibit shoot, leaf and leaflet lateral
dominance, and viceversa. This parallelism would be affecting not only
apical dominance, but also characters like branching angles (Fig. 9). Parallel
variation between plant components may not be restricted to evolutionary
processes, but also to physiological changes, as suggested by preliminary
observations in Smallanthus sonchifolius (Fig. 11), or genetically
engineered mutations, as in lettuce plants (Fig. 12).
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Fig. 9. Shoot and leaflet morphocline in section
Holophyllum of the genus Oxalis, subgenus Thamnoxys:

Modified from drawings published in Lourteig (1994).Visual inspection shows how
shoot and leaflet apical dominance increase concomitantly from O. impatiens (1)
through O. mandioccana (I1) to O. kuhlmannii (111).

Even the insertion angle of the leaflets apparently correlates with
that of their secondary veins

Puc. 9. llenoe pacrenue, moder, KOPeHb U JIUCTOYECK
B cexituu Holophyllum poma Oxalis moapoaa Thamnoxys:

Mo pucynkam Lourteig (1994), ¢ usmenenusmu. BusyansHbIii 0CMOTp MOKa3bIBAET, KaK
OTHOILICHUEC KOpeHL/,IlOJ'IH (HO OLI€CHKaM COTHOOTHOCHTCIBbHBIX obacreii Ha pI/ICYHKe)
yBenmuuBaetcs ot O. impatiens (1) uepe3 O. mandioccana (I1) k O. kuhlmannii (1) u

06paTHO KOppeJIMpYyET € COOTHOLICHHUEM 10OETOB M JIMCTOBBIX 3a4aTKOB npu
AlMMKaJIbHOM JOMUHHUPOBAHUU. I[axce YroJ OTXOXKACHHA JINCTOYKOB, IO-BUIUMOMY,
COIIOCTAaBUM C YIJIOM PACIIOJIOKEHHNA BTOPUIHBIX KHUJIOK.
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Class| - ADI=0.12 Class IV ;9,=,,3

Fig. 10. Whole-plant, shoot, root and leaflet parallel variation in Oxalis
corniculata ssp. corniculata vars. atropurpurea and corniculata.

The Label “Class I” corresponds to variety atropurpurea, while “Class IV” corresponds to
variety corniculata. Data obtained from an ongoing study on self-similarity between shoot
and leaflet in Oxalis corniculata.

ADI — Apical dominance index calculated as the quotient between central axis length (blue
lines) and average length of the lateral axes (red lines). Leaflet and shoot ADI data
calculated from a sample size of 30 plants cultivated under uniform soil and climate
conditions. Root and whole plant data estimated directly by visual inspection on these
photographs (no statistical morphometric data are currently available for these
parameters). From left to right, the root/shoot ratio inversely correlates with shoot and
leaflet apical dominance.

Puc. 10. INapamiensHOe N3MEHEHHE LIEJIOTO PACTEHUS, KOPHS M JIUCTOYKA
y Oxalis corniculata moasuma corniculata,
pasHOBHAHOCTH atropurpurea u corniculata.

N3zo6paxenue “ Class I” cootseTcTByeT copry atropurpurea, “ Class IV — copry
corniculata. Jlannble, OTy4eHHBIE B X0/I€ MPOI0KAIOIIETOCS UCCIIET0BAHUS
camomno100us Mex 1y moberom u ucrom y Oxalis corniculata.

ADI — uHIeKC anuKanbHOTO JOMUHUPOBAHUS, PACCIMTHIBAEMBIH KaK YaCTHOE MEXKIY
JUTMHOW TICHTPATbHOHN OCH (CHHUE JIMHUH) U CpEeIHEN [UIMHOW OOKOBEIX ocel (KpacHEIC
sHuK). [lanHble auctouka u nodera ADI paccunTtansl Ha ocHOBe BbIOOpKH 13 30
paCTeHHﬁ, KYJIbTUBHUPYEMBIX B OAHOPOJAHBIX NOYBEHHO-KIMMATUYCCKUX YCIIOBUAX.
I[aHHBIe O KOpHAX U paCTCHUAX B IEJIOM OLICHUBAIOTCS HCTIOCPCACTBECHHO ITYTEM
BU3YyaJIbHOTO KOHTPOJIS Ha 3TUX QoTorpadusax (CTaTucTHUECKHe MOp(HOMETpHIECKIe
JAHHBIC 110 OTHUM IMapaMETpaM B HACTOAILECC BpEMA OTCYTCTBy}OT). CaeBa Hampaso
COOTHOIIIEHUE KOPHEH U MOOETOB 0OPATHO KOPPETUPYET C TOMHUHUPOBAHUEM BEPXYIIIKH
nmobera u JUCTOYKA.
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Shoot 1

Shoot 2

Larger side of th
ST

Fig. 11. Accidental cut in Smallanthus sonchifolius, revealing identical leaf
and shoot morphogenetic processes:

After an accidental cut of the primary stem, shoot 1 reiterates the monopodial branching
pattern of the species, while shoot 2 grows smaller. In turn, shoot 1 produces more
developed leaves and branches on one side, while those on the opposite side grow smaller.
Furthermore, the leaves exhibit bilateral asymmetry, since one side grows more than the
other one.

Puc. 11. Cnyuaiinsiit orpesok Smallanthus sonchifolius, packpsiBaromuii
NACHTUYHOCTH MOP(I)OFCHGTI/ILIGCKI/IX IMPOLCCCOB JIUCTHEB U 00Eros:
[Tocne cimy4aifHOTO cpe3a MepBUIHOTO cTeOs mober | moBTOpsAET BUA MOHOTIOAHAILHO
HapacTalIUX CTPYKTYP, a moOer 2 CTaHOBUTCS MeHbIIe. B cBoro ouepens, mooder 1
IIPpOU3BOAUT Oonee Pa3BUTHBIC JIMCTHS U BETBU C O,IlHOP'I CTOPOHBI, B TO BPpEMS KaK TC, Ha
HpOTHBOHOJ‘IO)KHOﬁ CTOPOHC pacTyT MCHbIIEC. KpOMe TOT'0, JIUCThA IPOABJIISIOT
JABYCTOPOHHIOIO aCUMMETPHUIO, TAK KaK OJHAa CTOPOHA PACTCT aKTUBHEC I[perﬁ.
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S~

Fig. 12. Overexpression of the homeotic gene KNATL in lettuce plants:

A generalized shift towards lateral dominance can be observed from shoot through leaf shape to
leaf venation minute details. Except for pictures A, B and C, which are self-explained, the letter
sets below the pictures label the wild type (actually mutant plants resembling the wild phenotype)
on the left and the actual phenotypical alterations (mutant plants classified as either mildly or
severely altered) on the right. Grey pictures: A, seedlings; B and C, first and eighth leaves,
respectively; D (wild) and E (mutant), leaf tip; F and G, leaf midvein; H and I, leaf base. J through
M illustrate the progressive formation of a lobe-like structure in a severely mutated leaf. Colored
pictures: L and M are flowering shoots; D, E and F, natural leaf and two degrees of mutation.
Adapted from Frugis et al., 2001.

Puc. 12. T'unepakcupeccust romeotndeckoro rera KNAT1

y pacTeHul canara:
MoskHO HaOJTIOIaTh 00IIee CMEIICHHE B CTOPOHY JIaTEpaJIbHOTO JOMUHHPOBAHUS OT nodera
yepe3 CTPYKTYPY JIUCTA K MENTbUAHIINM JISTANISM KUJIKOBAHHUS JTUCTA.
3a uckiroueHueM pucyHkoB A, B 1 C, KoTopsie 00BSICHSIOTCS CaMOCTOSATEIBHO, OyKBa 10T
H300paKEHUSAMH COOTBETCTBYET SIPJIBIKY JIUKOTO THITA (MyTaHTHBIC PACTCHHUS, HATTOMHUHAIOIINE
IuKui GpeHotumn) ciesa U GakTuueckue GEHOTUIINYECKUE U3MEHEHHUS (MyTaHTHBIC PACTCHUS,
Kinaccu(UIMPOBAHHBIC KaK CJIETKa WU CHIIbHO H3MEHEHHBIC) cripaBa. Cepblie KApTHHKH: A —
npopoctky; B u C — nepBblii 1 BOCBMO# JIMCThS, COOTBETCTBEHHO; [] (aukwmii) u E (MyTaHT),
koHuMK jucta; F u G — cpeaunnas xwika nucta; H u | — ocHoBanue smcTheB; J — M —
WLTIOCTPUPYIOT MOCTENIEHHOE (JOPMHUPOBAHUE CTPYKTYPHI CHIIBHO BUIOU3MEHEHHBIX JINCTHEB.
IIBernsie kapTuaKH: L 1 M — nerymue nmoderwn; D, E u F — Tunaneril mvict u aBe cTerneHn
mytarmu. C m3menennsmu mo: Frugis et al., 2001.
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The current fractal polarization whole-plant model allows talking
about two polar extremes in plant construction, namely “earth” plants
(featured by relatively higher root/shoot ratios and their corresponding
fractal architecture) and “sky” plants, with the opposite overall architecture
(Fig. 6B). By coupling this model to the fact that nature is organized around
the N/P polar binary, it can be hypothesized that “earth” plants are
associated to lower N/P ratios both in their tissues and in the soils they grow
on, whereas “sky” plants follow the opposite trend.

By integrating SDpa into the analysis, a pattern starts to emerge,
seemingly permeating all life expressions, which appear to be just polar
topological transformations of each other. This is observed intra-
organismically within plants and inter-organismically when they are
compared to animals. Thus, branching and invagination can be viewed as
the two poles of a developmental and evolutionary avenue constraining both
kingdoms, in which it extends intraorganismically. Although the
corresponding analysis in animals is still pending, their many topological
and physiological connections with plants constitute a promising research
field in this sense.

On the other hand, this notion is perfectly aligned with the principle
of “minimum complexity increase” (Saunders , Ho, 1981), which assumes
that it is evolutionarily more advantageous to build new additional
complexity on the basis of formerly acquired features, instead of building
entirely new structures requiring largely complex novelty. In this sense,
topological transformations and self similarity as depicted by SDpa would
have been an advantageous morphogenetic option.

Finally, what is most significant in syntonic structuring is its
appealing simplicity, which makes it a very likely event and explains its
widespread distribution in nature, to the point of suggesting that biological
complexity is actually the iteration of simplicity (e.g., polarity). However,
polar morphogenesis is just as simple as conspicuous, which contributes to
explaining its having been overlooked for so long.

This attributed simplicity of nature also allows coining the metaphor
of the morphospace as an “urban epigenetic landscape”, in the sense of its
constriction by the mentioned polar morphogenetic and evolutionary
avenues. Furthermore, the fractal iteration of polarity and its
intraorganismic parallelism indicates the likeliness of an integral adaptive
capability of organisms. This stance may fruitfully complement the notion
of organisms as rather complex puzzles of individual characters, which has
pervaded biological thinking for so long.

7. Syntonic adaptiveness
Actually a corollary of syntonic structuring, the notion of syntonic
adaptiveness simply highlights that both the organism and the environment
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are structured around polarity. If this is so, the problem of natural selection
is reduced to fitting the degree of polarization of a given character to that of
the environmental factor that affects it. For instance, autotrophs are certainly
confined within branching morphologies, which optimize photosynthesis by
maximizing the light absorption surface of the organism (i.e., adsotrophy).
Consequently, all invaginated organisms are somewhat forced heterotrophs
through fagotrophy (nutrient absorption through internal body surfaces),
which is not a good autotrophic adaptation. Nonetheless, this does not
prevent the existence of branching heterotrophs, namely fungi and some
colonial animals, or even invaginated (i.e., carnivorous) plants. Hence, the
purported branching - invagination evolutionary avenue within which nature
would be morphogenetically constrained seems to be functionally
segmented (from autotrophy to heterotrophy), thus leaving autotrophs
“locked up” in the branching direction and invaginated organisms also fixed
on heterotrophy.

Figuratively speaking, syntonic adaptiveness can be compared to a
chess game in which both the board (the environment) and the pieces (the
organisms) range from black to white through different tones of grey. Under
these conditions, all an organism needs to do is to find the part of the board
that fits its tone of grey, which is much more likely than the Darwinian
natural selection mode.

Another likely case of syntonic adaptiveness seems to result in the
context of phyllotaxy. A mathematical and physical model of leaf
distribution on the shoot proposed by Douady and Couder (1992) accounts
for the golden ratio spiral observed in the phyllotactic pattern of most plants.
The former authors interpret the process of biomass allocation to leaf
primordia at the SAM in terms of mutual repulsion between them. That is
to say, leaf primordia would need to keep minimum distances between them
in order not to enter an excessively competitive dynamics for too little
biomass. Interestingly, however, this notion of mutual repulsion is equally
applicable to light distribution to the leaves, which is also optimized by the
golden ratio spiral (King et al., 2004). In effect, mutual shading in the
presence of abundant (not excessive) light is something from which leaves
tend to stay away through golden ratio spirals. Thus, mutual repulsion
among elements competing for resources (biomass or light) comes to be the
common place between the respective internal and external dynamics of leaf
arrangement. Hence, the structuring process and its corresponding selective
pressure seem to be quite analogous (sensu lato), thus conferring phyllotaxy
a certain degree of pre-adaptedness, reducing the need for natural selection
and evoking a less changing nature, as it is further commented in this
section.

Finally, syntonic adaptiveness can be mathematically summarized.
The probability of existence of a given structure (Ps) in nature can be
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roughly estimated as the quotient between its adaptive value (w) and its
variation potential (vp): Ps = W/vp (modified from Saunders, Ho, 1976).

Since vp tends to infinite (all forms are equally likely) under the Darwinian
paradigm, Ps tends to zero. For that reason, both life and its complexity have
seemed so unlikely for two hundred years. Yet, under the syntonic
adaptiveness paradigm vp tends to 2 (the two poles of a “black and white”
morphogenetic gradient), while w (which, by definition ranges from 0 to 1)
can be said to average 0.5 (given a certain structure, and since the ecological
factor that affects it is also polarized along the simplest of gradients, the
odds of w being 1 are 0.5). Consequently, by calculating Pswe obtain 0.25
under these “ideal” conditions.

7.1. Elaborating on the fractal polarization of functional gradients

As we have seen, the aforementioned interorganismic evolutionary
avenue linking P&A is seemingly paralleled by a functional counterpart
ranging from autotrophy to heterotrophy. Likewise, parallel functional
avenues appear to accompany the intraorganismic extensions of said
epigenetic landscape, to which we have attributed the fractal systems we are
studying.

The second iterations of the fractal systems of P&A would be much
more likely if their functional requirements were also polarly constrained.
The notion of leaf and shoot parallelism allows observing that, during the
evolutionary development of angiosperm leaves, the more leaf and shoot
differentiated structurally and functionally from one another, the more a
common requirement arose for the resulting whole (the shoot) and its parts
(the leaves); i.e., the need to provide support and irrigation for their
corresponding photosynthetic components. The latter correspond to the
leaves in the case of the shoot, and to the photosynthetic portion of the leaf
blade, in the case of the leaf. An identical analysis can be applied to the
digestive system (see sections 0 and 0).

As it can be observed, the fractal segregation of the morphospace is
seemingly paralleled by the fractal segregation of the functional space, all
of which can be considered to be a further complexation (fractalization) of
syntonic adaptiveness. This functional “pre-design” of the self-
organizational aspects of form calls into question the very dialectics of
structure and function, which has traditionally been the center of the
Darwinian paradigm. Just as well, and paraphrasing Stephen Jay-Gould
(1980), this pre-adaptedness of nature contradicts the panglossian paradigm
and fits both the structural integration and syntonic adaptiveness concepts;
only that, according to the latter, the spandrels of San Marco would be
somewhat older than ordinarily assumed. In fact, they would constitute the
manifestation of a timeless, immanent property of nature.
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7.2. A less changing nature?

Syntonic structuring provides a sensible explanation of an
observation that has been somewhat overlooked, if we take into account its
importance. In a study in the Virginia Piedmont (North America), each of a
series of studied plant functional guilds was found to be made up of
phylogenetically related taxa, in turn associated to close relatives apparently
belonging to the same guild around the world (Givnish, 1987). This is
attributed by the author to unknown phylogenetic constraints that would be
stabilizing the morphofunctional characters of each guild, thus preventing
its evolutionary drift towards other guilds’ morphospace and ecological
niches.

In these plants, apical dominance correlates inversely with light
availability, while leaf width correlates directly with temperature. These
features can be explained by the factors they correlate with, since light
scarcity stimulates plant height, while leaf size is a good adaptation to warm
temperatures (Givnish, 1976). From the standpoint of syntonic
adaptiveness, the evolutionary stability of these functional guilds can be
attributed to the purported robustness of their polar structural gradients,
coupled to the polar environmental gradients in which they fit. This may
have been enhanced by the occupied-to-available niche dynamics and the
possible adjacent constriction detailed in section 8. In sum, this notable
discovery reasonably fits the morphofunctional space exploration dynamics
as depicted in the current work, and its concomitant notion of a less
changing nature than ordinarily assumed.

Nevertheless, the Darwinian paradigm continues to play a role in the
framework provided by these new explanatory veins. In the formation of the
fractal systems of P&A, either simple genetic drift or contingent selective
pressures (i.e., typically Darwinian elements) would have been enough to
propel both kingdoms in opposite directions of their evolutionary spectrum,
namely the second iterations of their PFSs, which certainly rendered much
more efficient energy harvesting activities, and would have produced
another evolutionary “lock-up” effect (also see section 8). Precisely these
elements of the Darwinian paradigm play an interesting articulation role
within the structural and functional polar constraints that appear to have
framed and propelled SDpa, as it is explained in the next section.

8. Exploring the morphofunctional space (and putting it all together)

The dynamics of morphofunctional space exploration is likely to
introduce certain directionality into the evolutionary process, especially in the
context of polar epigenetic landscapes wherein characters with highly
adaptive values are fixed through their fitting into polar functional landscapes.
In other words, if evolution is simplified by syntonic adaptiveness, the
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specifics of morphofunctional space exploration seemingly confer it
directionality and “concentration”, in what appears to be an orderly series of
evolutionary steps, as it is explained below. Said exploration, as indicated by
its name, can be approached structurally and functionally.

Table 5
Morphofunctional space exploration dynamics
Tabnuma 5
Junamuka ocBoeHHS MOP(HOPYHKIIMOHAIEHOTO MTPOCTPAHCTBA
MORPHOSPACE FUNCTIONAL SPACE
General Inter- Intra-organismic| Intra-organismic Inter- General
framework| organismic structural functional organismic |framework
structural gradients gradients functional
gradients gradients
Current Leafless plants |Integrated support Niche
forms and Autotrophy |occupation
Branching photosynthesis
Genetic Leafy plants Segregated Niche
drift support and constriction
photosynthesis
Adjacent Non-coelomic Integrated Potential
possible animals locomotion and | Heterotrophy | new niche
variants | Invagination digestion availability
Coelomic Segregated
animals locomotion and
digestion

Note. The columns specify the segmentation of the structural and functional
gradients that, under the assumptions of syntonic adaptiveness, are said to have fit
into one another. Thus, columns with the same color indicate the fitting of the
morphospace into the functional space, which is approached as a general
evolutionary framework and at the inter- and intraorganismic levels of plants and
animals.

Ipumeuanue. CTONOIBI OMPEACTAIOT pa3leiCHUE CTPYKTYPHBIX M (yHKIIMOHATHHBIX
T'paau€HTOB, KOTOPBIC, COIJIACHO HNPCAINOJJOKCHUAM O CHHTOHHYECKOH aZlalITUBHOCTHU,
BITMCBIBAIOTCS APYT B Apyra. Takum oOpa3oM, KOJOHKH TOTO K€ I[BeTa YKa3bIBAlOT Ha
YCTAaHOBKY  MopdonpocTpaHcTBa B (YHKIHOHAJIBHOM  IPOCTPAHCTBE, KOTOPOE
paccMaTpuBaeTcs Kak 00IIie OPUEHTHPH! U Ha BHYTPU- M HAJJOPTaHU3MEHHBIX YPOBHSAX Y
pacTEeHUN U KUBOTHBIX.

From a structural standpoint, morphospace exploration dynamics is
likely to be affected by the fact that a given morphology can only be attained
on the basis of certain pre-conditions. Such has seemingly been the case of
most leafy plants, which had to develop shoots in the first place, in order to
support their leaves. Just as well, flowers could only be developed on the
basis of leaves. In a general sense, it can be said that the morphospace offers
infinite possibilities, but a given morphological condition reduces such
possibilities to a set of adjacent possible variants (cf. Kauffman, 2000). As
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a result, the broad set of evolutionary possibilities attributed to genetic drift
by the traditional paradigm appears to be narrower due to their actual
availability.

Branching Branching Branching
T fl\. :
«—|0|— T
—|P | =
v cA |O| F S| Pa=>
— A |— P,
Invagination b «|CA (O] F |..
Ay
Invagination RS
)

Invagination

Fig. 13. General evolutionary dynamics of plants and animals integrating
syntonic adaptiveness and morphofunctional space exploration:
Sequential evolutionary steps are depicted from left to right.

O — Hypothetical ancestor of plants and animals. CA — Colonial animals. F — Fungi.

P —Plants. A — Animals. The blue fringes illustrate the constrained evolutionary avenue
that goes from branching to invagination. The arrows represent adjacent possible variants
at each step (P1, P2; A1, A2). In this extremely simplified scheme, only one adjacent variant
along the “non-trivial” evolutionary avenue is available at each evolutionary step. These
steps likely correspond to the sequential iterations of the primary and secondary fractal
systems of plants and animals. Fungi and colonial animals are represented as lateral
variants since they combine branching and invagination.

Puc. 13. OO0mas 3BOJIIOIMOHHAS TUHAMHUKA MHTETPAI[MM CHHTOHUYECKON
aJaNTUBHOCTH U OCBOCHUS MOP(HOPYHKIIMOHAIEHOTO MTPOCTPAHCTBA
y paCTeHHﬁ " )KUBOTHBIX:

HOCJ‘ICI[OBaTeJ'ILHLIe 3BOJIFOIIMOHHBIC IIaru I/I306pa>KaIOTC$I CJICBA HAIIPABO.

O = runoreTHYeCcKuin IpeaoK paCTeHI/Iﬁ # kuBOTHBIX. CA — KOJIOHHAJILHBIE JKUBOTHBIE. F
— I'pu6sl. P — Pactenus. A — sxuBoTHbIe. CHHHIE TTOJIOCH! HIUTIOCTPUPYIOT OrpaHUYECHHBIN
3BOJ'IIOLII/IOHHI>II?I IIyTh OT BETBJICHUA K MHBaruHaliuu. CTpeJ'IKI/I MPEACTABJIAIOT CMEKHBIC
BO3MOYKHBIE BapHaHTHI Ha KaxaoM mare (P1, P2; A1, A2). B 3T0if upe3Bbruaiino
YIIPOILEHHON CXeMe Ha KayKJJOM 3BOJIFOIMOHHOM 3Tall€ I0CTYNEH TOJIbKO OAUH CMEKHBIN
BapUAHT IO «HETPUBUAJIBHOMY)» 3BOJTIONUOHHOMY ITYTH. 3TI/I miarv, BEposATHO,
COOTBETCTBYIOT IIOCIIEJOBATEIEHBIM UTEPALIUAM IEPBUYHON U BTOPUYHOH (hpaKkTaIbHBIX
CUCTEM paCTeHI/Iﬁ M SKUBOTHBIX. I pI/I6I)I 1 KOJIOHUAJIbHBIC )KUBOTHBIC IMPEACTABJICHBI B
BUJIC OOKOBBIX BAapUAHTOB, TaK KaK OHHU COYCTAIOT BETBJICHUEC U UHBAI'MHALIUIO.
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From a functional standpoint, current morphological variants at any
point in evolutionary history constitute occupied ecological niches which
can be said to prevent, to a certain extent, backward steps. Thus, evolution
may have been propelled “forward” to develop novelty by niche constriction
(i.e., by contingent selective pressures of the Darwinian type) or “attracted”
from ahead by new ecological niche availability resulting from the
ecological interaction between P&A (see section 0). For example, an
invaginated organism (probably an animal) may have been compelled by
the aforementioned set of conditions (morphospace exploration dynamics,
the principle of minimum complexity increase, contingent selective
pressures and new niche availability) to further develop invagination as a
means to improve fitness to the environment. Under these conditions, P&A
would be somewhat directed towards the development of fractality. Table
illustrates the specifics of morphofunctional space exploration dynamics.

This assumed idea of the general directionality of evolution can be
illustrated by an analogical model in which sand progressively accumulates
by vertical deposition on a flat surface. In this way, higher levels of
complexity can only be reached on the basis of lower ones. Thus framed,
the case of P&A is represented by two sand piles growing in straightly
opposite directions (e.g., on antipodal positions on earth), which represent
branching and invagination as main body plan themes.

For the sake of simplicity, these relations can be deployed on a two
dimensional square grid wherein each group’s evolutionary chances can be
clearly represented (Fig. 13). There, successive “layers” of adjacent possible
variants can be seen as concentric circles which have been crossed by the
evolutionary history of P&A. Said evolutionary dynamics can also be
compared to an expanding circular wave propelled forward by the occupied-
to-available-niche polar dynamics, frontally contained in its expansion by
actually accessible variants, and “chanelled” by polar syntonic structuring,
which is represented as a laterally constraining force. There, the
evolutionary wave is “locked-up” when the character is fixed by fitting into
its polar functional counterpart (Table 5).

8.1. Non-trivial coevolution?

A closely related notion to developmental constriction and the
consequent evolutionary avenues was developed by Russian scientist
Serguei Meyen as early as 1988. He coined the notion of “non-triviality” for
phenomena like predictable leaf evolutionary transformations. Nowadays,
genomics and developmental genetics, coupled to morphological progress
such as the one introduced in the present work, have led to a clearer
understanding of these and other phenomena. Yet, the field of P&A
coevolution as framed in syntonic adaptiveness deserves the label “non-
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trivial”, since the current one is just a very preliminary attempt to approach
a rather unknown field.

To provide a general conceptual framework for this analysis, let us
recall that energy in the organisms we are studying is overly employed to
propel internal movement, which, in turn, facilitates external movement,
i.e., open growth in plants and locomotion in animals (section 0). And the
evolution of these features has implied the morphofunctional innovations
we have been dealing with, namely the primary and secondary fractal
systems and, within (upon) the former, the reproductive systems. In this
context, it can be generally stated that the vertical evolutionary innovations
of plants facilitated the horizontal developments of animals, and vice-versa,
as if building a spider’s web all around the planet. Thus, better energy
capture strategies on the part of plants supported animal locomotion
progress, and vice-versa.

For instance, herbivory may have constituted a selective pressure for
plants to develop more efficient photosynthetic strategies, which, in turn,
may have offered new potential ecological niches for animals. Conversely,
animal locomotive improvements surely were the basis of many cross-
pollination and seed dispersal strategies, which, in turn, may have offered
additional food availability and, therefore, new niches for animals. On these
grounds, an evolutionary dialectic between niche availability and
occupation, mediated by typically Darwinian selective pressures, may have
polarized the functional space of P&A evolution, as it is clarified in the lines
that follow.

Thus framed, syntonic adaptiveness facilitates some fruitful
speculation on leaf origins and hence, SDpa. The functional inter-modeling
of autotrophs and heterotrophs may have been mediated by the resistance
offered by a rather elastic nature (as opposed to the plastic one depicted by
the Darwinian paradigm) that actually canalizes change according to (polar)
developmental constraints.

One might consider, then, that foraging or grazing on leafless plants
such as the Rhyniophytes necessarily led to the decapitation of their apical
meristems. This, in turn, surely made it difficult to restart growth somehow.
Under these conditions, the chances of meristem decapitation diminished if
the meristem was located less distally and more proximally. This simple
selective pressure probably led plants to the centripetal meristem
displacement that characterizes leaves.

This transition toward the leaf could be reasonably attributed to the
PETROSELINUM genetic system, since it seemingly specifies the
alternation between stem growth and leaf inception in the shoot apical
meristem of angiosperms. This genetic system is considered to produce
alternate pulses of KNOX and JAG proteins, which are respectively
responsible for stem and leaf development (Ichihasi et al., 2014). A simple
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repolarization of this system from its KNOX pole to its JAG one may have
been enough to provoke the displacement of the meristem in question. At
the morphogenetic level, this transition depends on whether new cells at the
meristem are formed centripetally (as in the shoot) or centrifugally (as in the
leaf). Even a saltationist switch is a sensible hypothesis for this process,
since it mainly revolves around which of two cells resulting from mitosis is
going to remain meristematic.

In this particular case, the polar evolutionary avenue to which we
have referred in a rather abstract manner actually materializes in the
constituent telomes of the proto-leaves along which the meristems migrated.
At the proximal end of those proto-stems were the leaves which, until then,
were no more than a potential adjacent variant. Through grazing, animals
may have literally pushed proto-shoots away from existence, thus propelling
their change toward their potential counterpart: the leaf.

A new polarity arises at this point, namely actual vs. potential,
physical vs. conceptual or metaphysical. The coming section, after
analyzing fractality as framed in SDpa, brings things close to an intense, but
temporary finale, as we will see.

The shoot/leaf — plant/animal connection

The fractal systems of P&A resonate with a widespread (though
scarcely considered) phenomenon of nature, known as pseudocyclic
similarities (Gaussen, 1952; Notov, 2016a, b, 2017b) i.e., similar structures
found at different organizational levels within the same organism. An
example is provided by the inflorescences of the Asteraceae, which very
precisely resemble their constituent flowers (Gaussen, 1951). This condition
is often reached by aggregation of structural units into higher and higher
levels of organizational hierarchy, as if forming a spiral. Each cycle of the
spiral leads to the same structure, but a higher organizational level.
Therefore, the term “pseudocycle”.

However, and as commented in section O the evolutionary
development of leaves and roots can be said to be the result of the iterative
polarization of the shoot on contrasting geometrical planes. This, in turn,
allows interpreting plant evolution as a case of pseudocyclic similarity, one
in which the modules are not the growth units produced in the meristems,
but the opposite topological transformations represented by leaves and
shoots (at the shoot level) or the root and the entire primary shoot (at the
whole plant level). In other words, the repeated module is polarity itself and
its constituent poles.

Another likely example of pseudocyclic similarities as affected by
polarity may correspond to the case of conifers, where the phenomenon is
rampant (Mathyukin, 2017). In effect, these plants often exhibit extreme leaf
size reductions, a condition to which the mentioned author attributes certain
loss of the evolutionary plasticity of this organ (ibid.). In response, some
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shoot systems have been aggregated into phyllodes (i.e., they have assumed
several leaf traits). In some groups, this process has been repeated several
times along evolutionary history, thus exhibiting several pseudocycles
(ibid).

From a structural standpoint, the notion of leaf and shoot parallelism
may contribute to explaining pseudocyclic similarities in conifers, since
they not only exhibit leaf reduction but internode shortening (probably an
integral adaptation to cold environments) as well. By understanding leaf and
shoot as homologues, leaf “nodelets” and “inter-nodelets” come to be seen
as homologues of shoot nodes and internodes. In this way, the internode
reduction one observes in the shoot of conifers is likely to account for the
(parallel) reduction in leaf size. Hence, the parallel evolution of a polar
character such as internode length is likely to be affecting pseudocyclic
similarities in these plants.

The involvement of polarity in pseudocyclic similarities has an
important bearing on the present endeavor to explain SDpa. While the case
of leaves is precisely that of aggregation of modules (telomes) into higher
order structures, the digestive system actually results from segregation. This
observation provides new insight into the nature of modularity (usually
associated to repeated morphogenesis and open growth) and, therefore,
fractality.

As shown by SDpa, repeated morphogenesis is widely distributed in
unitary animals, not only through longitudinal segmentation (e.qg., the gill
arches), but also through the SFS — PFS (2— 2"") module described in
section 0, which is an opposimilarity of P&A, as it is also the case of iterative
invagination/branching.

The widespread distribution of repeated morphogenesis in P&A
suggests that the modularity of plants is not exclusive of organisms with
open growth, but has been turned inwardly in unitary animals, despite their
closed growth. In this way, modularity appears as a unifying principle
underlying both open and closed growth, which come to be opposimilar
developmental strategies revolving around it.

The packing of open growth modularity into closed growth is not
exclusive of the plant/animal (p/a) system, since it also features the
leaf/shoot system. This is reinforced by several other characteristics linking
the two components of both systems, which are featured by the contrast
between radial (the plant and its shoot) and bilateral symmetry (leaves and
animals), the latter accompanied by dorsiventral polarity. Likewise, and
provided that the primary shoot corresponds with the aerial part of the plant,
its top-bottom polarity shows similar contrasts with the proximo-distal and
antero-posterior polarities of leaves and animals, respectively. In sum,
leaves are animal-like at a glance.

Additionally, while leaves and shoots are contracted/expanded
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versions of each other, P&A are inside-out versions of one another. Along
these lines, while leaf and shoots are considered homologue structures
(Floyd, Bowman, 2010), P&A satisfy several homologation criteria
(namely, topology, complexity and congruence), as largely detailed in the
results of the current work. For another thing, while P&A exhibit
palindromic series of elements, so do leaves and shoots. The latter
opposimilarity results from the fact that the leaf grows from the center, while
the shoot grows from the periphery. By understanding these structures as
circular sectors, new nodes in the shoot are placed at the apex, whereas new
“nodelets” in the leaf are placed basally. Hence the newer-to-older growth
series run in opposite directions in the two structures.

Table 6
Morphological relations between the plant/animal and leaf/shoot systems
Tabnuma 6
Mopdonornieckue OTHOIICHHS MEKAY PACTCHUSIMUA M dKUBOTHBIMH,
JIUCTOBOM M ITOOETOBOM CHCTEMaMH

Feature Plant/animal system | Leaf/shoot system

Symmetry Radial to bilateral
Polarity Top-bottom to antero-posterior and dorsi-ventral
Opposimilarity |
Structural . T
relations Homology suggested by tight opposimilarities
Constructional .

. Parallelism Apparent convergence
relations
Palindromic Newgr to older npdes (nodelets) SFS—_PFS (2’ - 27")*
sequences and internodes (inter-nodelets)
Matching linear . Direct similarities between primary

Center to periphery deployment

sequences and secondary fractal systems

Note. * Notation of the palindromic sequences of P&A explained in section 0.
Ipumeuanue. * Cuctema 0003HaAYCHUN MATUHAPOMHBIX TOCIEI0BATEIHHOCTEN pacTeHUI
1 )KUBOTHBIX OOBSICHSIETCSI B pasjiene 5.

Notwithstanding, since leaf and shoot share the same dendroid
pattern, the center to periphery deployment of these circular sectors (and
their parallelism constitutes a direct similarity coexisting with the
mentioned opposimilarity. Just as well, the p/a system exhibits the
coexistence of direct similarities (parallelism) and opposimilarities (all the
SDpa items mentioned in this work, including the palindromic series).
Table 6 summarizes the connections detailed above between these two
systems.

These observations suggest an enigmatic connection between both
systems under study, since the tight links that are being currently revealed
for the fractal iterations of plants would have, in this framework, a
counterpart between P&A.
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8.2. The nature of nature

Polarity is but one of what seems to be several metapatterns (cf. Volk
et al., 2007), robust self-organizing processes (Wagner, 1994), generic
forms (cf. Goodwin, 1994), or syntonic structuring modes, all of which are
closely related notions. Other metapatterns are exemplified by the formation
of circular or spiral forms (Goodwin, 1994; see section 7 in this work),
binaries and membranes, among other structuring modes (Volk, 2007). All
of these can be synthetically said to be generic interaction modes among
analog components, which confers them robustness (they can be attained
from different analog components), widespread and recurrent distribution,
and spontaneity in both the physical and biological world, the latter
revolving around the former. It is probably these generic interactions modes
what is behind pseudocyclic similarities and, hence, the fractal systems
involved in SD. But, once abstracted, these generic interaction modes appear
as rather conceptual in nature, as centrally defining elements of the
morphospace explored by nature through evolution. Thus, in the context
provided by the current work, nature seemingly shifts from being a “nothing
that becomes something”, as in the Darwinian paradigm; to be regarded as
a rather immaterial, timeless, immanent whole that manifests contingently
through evolution.

CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

1.In the context set in the current work, there seems to be “continuity
of information” between P&A, which actually fits Van Valen’s definition of
homology (1982).

2. The widespread distribution of syntonic structuring and its fractal
nature, together with the notion of syntonic adaptiveness suggest the
existence of certain “intrinsic design” in nature.

3.Morphofunctional space exploration dynamics goes one step ahead,
since it suggests a mode of further developing nature’s intrinsic design,
under the same “randomness constriction” dynamics.

4.By broadening the modular organization field, SD opens the way for
a frontal investigation of the underlying structuring principles of biology in
this area. Furthermore, Klein bottle logophysics constitutes an interesting
approach to the likely wrapping of the mineral world into the biological one,
while the science of metapatterns even proposes the incorporation of the
cultural layer into this same broadened view of nature.

5.As a likely materialization of the morphospace, SD has interesting
metaphysical implications that deserve being explored through future
research.
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CUHTOHUYECKAS IUBEPTEHIIUS PACTEHUI
N KNBOTHBIX

A. Toppec!, E. Anapane?, P. lapcusi-Kacepec®
Nlentp uccnenoBanuii Mo ONTUMU3ALMY U JIOTHCTUKE, borora
2YuuBepcuret neca Dib-bocke, Borora
SKomym0uiickuii mejarorudeckuii 1 TeXHOJIOrMuecKuil yuuepeuret, borora

PacTeHuss u >KMBOTHBIE NPEACTaBIEHBl KaK MPOTHBOIOJIOXHO CXOIHBIE
OpTraHU3MBbl, TIOCKOJBKY Y HHX pEaJu3yIOTCsl TOJISIPHO KOHTPACTHBIE
MopdoreHeTndeckre MPOIEecChl, 0a3UpPyrOIMKecs Ha OOMMX MPUHIIAIAX.
OcHoBHbIE MOP(QOTCHETUUECKUE CTPATeTUM PACTCHUH M KUBOTHBIX
COOTBETCTBYET MOJECISIM BETBJICHUS W WHBaruHauuu. Llukmmaeckuii
Mop¢oreHe3 MO3BOJSET OMHCATh 00a THIA OpPraHU3alMU MOCPEICTBOM
HECKOJBbKUX ()PAKTAIbHBIX CUCTEM U MX IMOCJIEN0BaTeNbHON uTepaunu. B
JAaHHOM KOHTEKCTE€ sIBHOE MOP(POQYHKLIHOHAIBHOE COOTBETCTBHUE
CBUJIIETENILCTBYET O TOM, YTO 3THU (DpakTajabHBIE CHCTEMBI BBHITOJIHSIOT
¢yHKIMM 0OpaTHOrO CXOACTBA Y PacTeHHH M XUBOTHBIX. B ux umncne u
Ype3BBIYAHO TOYHOE TOIOJOIMYECKOE paclpelesieHue IOSPHBIX
KOHTpacTHBIX Onoxumuueckux d3¢ddexropoB. M3-3a CIHOKHOCTH OSTHX
MPOTHBOMOJNIO)KHOCTEH OHM A0 CHX TIOp NPEACTaBISIIOT — CcOo0oit
HEOOBACHHMOE SIBICHHE, SIBHO BBIXOZSMICE 3a PaMKH JapPBHHOBCKOM
napaaurmMel. DakTHuecku TpedyeTcs IepecMOTp KOHIETIIUU TOMOJIOTHH, B
CBSI3U C WHIEeH O CYIIeCTBOBAaHUM HEKOTOPOH «HH()OPMAIIMOHHOM
HernpepeiBHOCTH» (cM. Van Valen, 1982) mexnay AByMS e€CTECTBEHHBIMH
LApCTBaMM, KOTOpbIE, KaK IOJIAralT, IUBEPTUPOBAIM OT OOLIMX
OTHOKJICTOUHBIX ~ MPEOKOB. PaccMOTpeHBl HEKOTOpble OCOOCHHOCTH
OpraHU3allud PacTeHUH M >KUBOTHBIX, OOJAJaromIue IOTEHIHAJIBHOM
OOBSICHUTETIBHOM CHIION B OTHOLICHUH THUX IIPEACTABICHUI.

Kniouegvie cnosa: Deonoyuonnasn 6uonozus, ciloicHoCmb.

Author information:

TORRES VALDIVIESO Andrés — biologist, Universidad Nacional
de Colombia, Bogota, consultant at Centro de Estudios en Optimizacion y
Logistica (CIOL) (Centre for Research on Optimization and Logistics),
independent researcher, Kra 3E No 101-29 Int. D, Bogota, Colombia,
e-mail: tierralma@yahoo.com.br

ANDRADE Eugenio — chemist, Universidad Nacional de Colombia,
Bogota campus, associate professor, Universidad ElI Bosque, Avenida
Carrera 9 No 131A-02, Bogota, Colombia, e-mail:
eugeniusandrade@gmail.com

- 376 -


mailto:tierralma@yahoo.com.br
mailto:eugeniusandrade@gmail.com

BecmHuk Tel'Y. Cepusi "buonoausi u akonoaus”. 2018. Ne 3.

GARCIA-CACERES Rafael — industrial engineering master’s
degree, industrial engineering PhD, Universidad de los Andes, Bogota,
Colombia, industrial engineering, associate professor, Universidad
Pedagogica y Tecnoldgica de Colombia (UPTC), Avenida Central del Norte
No 39-115, Tunja, Boyaca, Colombia, e-mail: rafael.garcia0l@uptc.edu.co

Torres A. Syntonic divergence of plants and animals / A. Torres, E. Andrade, R. Garcia-
Caceres // Vestnik TvGU. Ser. Biologiya i Ekologiya. 2018. Ne 3. P. 336-377.

Toppec A. CuHTOHWYECKas IUBEpreHIWsA pacTeHHd U kuBOTHBRIX / A. Toppec,
E. Anppane, P. T'apcus-Kacepec // Bectn. TBI'Y. Cep. buonorus u sxonorus. 2018. Ne 3.

C. 336-377. (in English).

- 377 -


mailto:rafael.garcia01@uptc.edu.co

