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ABQTRACT
The hlstpry and state of the art of phytollth analy51s
is cr1t1cally rev1ewed New technlques for collection of

ﬁ'samples, proce551ng, mount1ng,:and optlcal and SEM ”:;'

N N
m1croscop1c analyses are presented An 1hnovat1ve approach
“?to grass and sedge phytollth taxonomy is proposed w1th1n an

'ontogenlc and anatomlcal framework Appl1catlons and avenues

Y

- for‘phytollth research are 1nd1cated
i Confllctlng hypotheses about the Quaternary ;} .;”yfy
p(Plelstocene Holocene mesoglac1al) paleoblology ‘of Berxngia |
'are testedﬂfo; the first - tlme by phytollth analy51s It 1s

shown that fossil phytollths are abundant and wldespread in-

- Berlnglan lake sedlments, muck and coprolltes. Prellmlnary

rresults indicate that the phy51ognomy of ‘the plant cover_~-
.durlng the last glac1al and mesoglac1al (corresponding to
.hthe regloﬁal herb pollen zone), is better descrlbed by a
‘vegetat1on mosalc, where probably d1verse steppes were
'1mportant cOmponents These steppes would.have 1ncluded'h
’gram1n01d elements upat occue today 1n,more southerly :
temperate habltats Phytollth data conflrms the carbon,

| . .
stable 1sotope 1nd1catlon that C“ plants were not a feature

of the herb zone steppes?“lef;?ent grass- rich assemblages
continued to be wzdespread in Alaska and the Yukon
rthroughout the mesoglac1al (at least up to about 8 000 BP)
ThlS could have 1mportant paleob1ologlcal and archaeologlcal

-liry
"1mpl1catlons.

€
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A:for subtracted along the chalns,_or spl1tted (change in

' . ¢

It is proposed, in“an extended note, that under natural '

conditions evolution is a. stochastic processfthat produces

{ oo

“\genetlc 1nformat10n heterogenelty selected 1nrhierarch1cal

sets of hlgher inte f_": sormatlon redundancy herefore,
selectlon woul&"v v and not a cause of evolut1on.
)
It is also sudf e fundamental mechanism of
* ’“0
evolutlon is the change in tran51t10n 1nformatlon

. v
(tran51tlon probabllltles) of Lntogenlc chalns. If

o AT v g
transition probab111t1es change along ontogenlc epigenetic

chains, eVOIUtionrwill'be translated into‘topologidal

o

'transformat1ons of the descendents. I1f 1nformatlon 1s added

number of p0551ble transitions at any state of the chaln)
it wlll be translated into. topolog1cal jumps.vIn each of the

N -

two cases there is a change in one of the two constants of
¥

the capac1ty of 1nformat10n equatlon (allometrlc equatlon)

“Cultural evolutlon belng a dlfferent process/ cannot be

equated to biological evolutiof. A varlety of new'and

relnterpreted concepts is also presented in the same note,

«

to serve as a framework for evolut1onary theory,

.part1cularly oﬂ“ 1nformatlpn ;heory, m1nd ‘culture, and

n1che. ‘In another extended note, the sub]ect of megafaunal
ext1nct1ons in the New World 1s relnterpreted an it is

concluded that thlS eplsode is better modeled by a

comblnatlon of 1nterrelated feedpack processes,.ln whlch

anthropogenlc effects are promlnent. -
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1. Overture

I am aware that most points of the the51s w1ll beneflt

7

'from expanded explanatlons and 1llustrat10ns, and certalnly

1

-*\everythlng 1n 1t can*be 1mproved with ﬁurther work However,

T phytollths vere done about 10 years ago,_when looklng for

Lat thlS p01nt,_I had to compromlse between scope of content

.aand a practlcal text 51ze. Very often, 1. thlnk technlcal

‘parts W1ll be ObVlOUS only to the spec1al1st but, as a:

%

i « »
»whole, I assume that 1ts 1ntended contrlbutlon would be

comprehen51ble to any scholar wOrk is st1ll in progress, or
ylS just beglnnlng,-on most of the sub}ects presented here
jThus, thlS should be con51dered in general as a First
approx1mat10n to the tOplCS hereln{ e

_ The themes in this the51s stemmed from efforts to
leluc1date blologlcal and anthropologlcaﬁ problems under a
vfunltary theoretlcal framework and 2, perspectlve w1th ‘time

depth The maln source of emplrlcal data -has been Quaternary

ev1dence, 1nclud1ng the - present My first observatlons on

»

,-’mlcrof0351ls that could be’ used to reconstruct the Late’

Quaternary paleoecology of ‘an area in southeastern South
Amerlca (Bombln, 1976) The sedlments of the Touro PasSo
Formatlon 1n that reglon were poor in pollen, but very r1ch
in the 1ntrlgu1ng 5111ca bodles,vwhlch later became the
focus of my research for this the51s My.1nvolvement wlth
,the anatomlcal study of phytollths and thelr ontogeny were
,also the germ for the eVolutlonary 1deas presented in. Note -



ThlS opus is- 1ntended as a multlvarlate contrlbutlon toh\
"evolutlonary,,ecolog1cal and anthropolog1cal theory and
';method and also to de%onstrate thelr appl1catlon to fﬂ
‘problem solv1ng in Quaternary research As a whole, it
1llustrates the operatlon and synergy of hOllSth dhlnklng
‘;when addre551ng lingering 1nterdlsc1p11nary quest1ons,,as

‘well as the effect of: 1ntroduc1ng 1nnovat1ve theory and new

ll'technlques to 1nterpret Natural Hlstory

Quaternary stud1es have developed 1nto a very broad and
1nterdlsc1pllnary area of 1ntellectual endeavor. Flgure l
Tshows the tetrad of sciences and arts that form the ba51s
for understandlng the hlstory and processes operat1ng on‘
Earth durlng the" last 2. mllllon years or so. At the base of;
‘the tetrahedron stand the natural sciences; at the apé 'ofL._
it are the sC1ences related to the most dlstlnctlve.%f human'
tralts, culture, and also the arts and phllosophy”The
tetrahedron is- 1mmersed in the- medla used to express
1nformatlon, whlch can be a spoken language, a computer
language,,mathemat1cal language, or all/ Quaternary studlesu
are indeed diverse. Attendlng a meetlng of Quaternarlsts,:
for example,'one finds- people from departments as varled as
anthropology, blology, geology, geography phy51cs,_
'chemlstry, hlstory, and so on. ‘The papers they dellyer mlght
"be even more d1verse, from 1sotopes, to geomorphology,
so1ls, and sedlments, or from blologlcal extlnctlons, human

cevolutlon, pollen and snalls, ‘to or1g1ns of agrlculture

fire, prehlstorlc art, or the cllmato ergotlc reasons for



L@ 3

//" : : . 'CUlturai;ScféHtés, ' R "\\\

, // ot - . Art & Philosophy

Physical® .
' — /& Chemital

Sciences
\\*' | o vii _ BibTogica] ISR /// B
N _ i : © Sciences o R

-—

QUATERNARY —

\L, Y e

P

Applied ‘Sciences
& Technology

X
¥

Figure 1 - Interdisciplinary»posifion bf'Quaternéry studiés

* among the sciences, art, and philosophy.



6 R . .~ . ) L ?

: the pa1nt1ngs of Hleronymus Bosch Quaternary research also

contrlbutes to applled sc1ences such as englneerlng,

grlculture, and natural resource management

Why is: 1t S0 1nterest1ng to rummage 1nto the
4

' Quaternary’ Pr1nc1pally pecause 1ts recentness,vln", .\//>
geologlcal time, prov1des the r1chest testlmony of and the -
basms to understand and reconstruct the past hlstory of

‘Earth It also leads to clues to explaln the present and

S

"extrapolate the future.iIn part1cu1ar,_1t y1elds scenarios

/ .
.of our own paleoecology and evolutlon.

However, because the record is so fresh Strict

unlformltarlanlsm is a common a55umpt10n 1n Quaternary

.

paleoecology that needs to be challenged Many ecosystems,

even of the recent geolog1cal past have no counterpart in
‘the presegt,‘because of the so many dlfferent p0551ble .
-qual%tatlve and quantltat1ve comblnatlons of organlsmlc and
1'enV1§onmental matrlces' For example, there is nothlng today

o

in the New World comparable to an ecosystem conta1n1ng

;elephants, horses, camels, ground sloths, etc and lacklng
'humans, whlch was a common comblnablon 1n the Late

‘¢Plelstocene of th1s contlnent

L
-

: The success of Quaternary research 1s dlrectly
. dependent upon the adequacy of theory and methods derlved

Vf;om the sciences and arts that supply ways of testlng its
'hypotheses, and solV1ng 1ts problems. In partlcular, tine

scales and resolutlon have to be approprlate 1n the search ;

for correlatlons and cause effect explanatlons.



- On the other hand, ’Quaternarists can aCtually‘help

1dent1fy1ng the need for new theory in the ba51c sc1ences, -

s in the case of Clementlan vVersus Gleasonlah\v1ews, and~

|

B
new methods, as 1n the case of pollen analys1s. There are
. ‘

'fundamental polnts in blology and anthropology that need
refreshlng of concepts and new theory, pr1nc1pally ‘on f.ﬁ
'evolut1on, culture, and the role of 1nformat10n.,And there';

‘.1s always the opportunlty to. 1ntroduce or develop new

,techn1ques to advance or reflne the knowledge about our 1

'fgeologlcal perlod The use of stable 1sotope (Note 4) and

rphytollth analyses (chapters 2 and 3) are ‘but two of such
1nstances. g R . ‘
_ IR . \\\.f v
In summary, the objectives o ‘this the51s are:

a) Introduce innovatrons and a Eresh approach'to the

B method of phytollth analy51s, w1th1n the fr ework*of.plant“
,anatomy, ontogeny,‘and new theory . .;am\\\\\\\\ S
b) Apply the new -developments in theory and method\og\‘

'phytollth analy51s to test: specific hypotheses on the T

ecology of Berlngla at the cr1t1cal time of human arrlvalito
d‘the New World. | - |

c) Present un1fy1ng new evolutaonary and ecologlcal
theory based on rnformatlcs, of rnterdlsc1p11nary interest
to anthropology and blology,'as well as prov1de an .
explanatory model for the extlnctlon of" megamammals durrng
the Amerlcan Plelsto Holocene mesoglac1al (1 e. tran51t10nal;

-perlod from full glac1al to full 1nterglac1al mode)



Ba51cally, the subject of Note 1 is on general theory,
and as such it WIll hopefully f1nd appllcatlons 1n other‘
subjects not covered by thls work, ~and p0551bly contrlbute
to modlfy current eyoiutlonary thlnklng.,Here 1t serves
spec1f1cally as a. theoretlcal framework and to spell
general hypotheses 1n part tested by cases presented 1n R
chapters 2 and 3 Whlch 1n turn will prov1de strength to gy
the theory f'

" The subject of chapter 2 (phytol1th analy51s)) will
also find appllcatlons in wide ranglng studles.(Here,-it ’
paves the way to understand 1ts use in test1ng partlcular
'thypotheses and reconstructlng Berlnglan paleoenv1ronments,

"~ whlch are the central tOplCS of; chapter 3 The material
presented on evolutlonary and ecologlcal theory,
paleoenv1ronmental modellng (w1th phytollths and other
methods) and. Berlnglan paleoblology, are all fundamental to
understand my view on the problem of'mesoglac1al megafaunal
extlnctlons in’ the New. wOrld dealt w1th in Note 5. Adapted
ver51ons of chapters 2, 3, ‘and the extended notes 1 and’5 -
will be submitted for publlcatlon as separate but related

_ papers. The Venn and cluster dlagrams in Flgure 2 1llustrate
graphlcally the relatlonshlps among the dlfferent parts of

~

‘the thesis. -
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2. Phytolith Analysis: .a New Beginning

2 1 Avant propos .

Phytol1ths are 1ntracellular 5111ceous corpuscles
dep051ted in a varlety of plants. Phytollth analy51s is the
decodlflcatLon of evolutlonary, ecologlcal or any other ~

f,
1nformat10n from phytollths.

The development of phytollth analys1s started some 140

| years agok bht 1ts progress has been 1ncred1bly slow in

cempa ison. to. cher parallel methods, such . as pollen and

&

d1at m analyses ‘Moreover, most phytollth research has

fol owed the same unfru1tful pathways agaln and aga1n The

regult is- that phytol1ths are so obscure as not to- be

' iéi“cluded in d1ct10nar1es such as Webster and oxford (where
C 3 . /
nly the outdated meanlng of the word plant foss1ls, is

glven) and phytollth analy51s 15 S0. low key among the © 3;

t

arsenal of paleoecologlcal tools as" not to be 1ncluded at

-

all}\or glven wo 1ncorrect llnes 1n modern textbook (e g.

Blrks & Bi%k . 1980T Perhaps even more 1nconce1vable is the
fac} that phytolxths are ‘not mentloned at all 1n a recent»;
rewlew oi paleoagrostology by Thomasson (1980)

T The only way to elevate thp method to its potentlal

'tatus 1s to attempt a:new beg1nn1ng Therefore, the

V4
..

"_objectlve of thls chapter rs not to prov1de an exten51ve

jrev1ew of prev1ous work on phytollths but rather to presentA
wha& I th1nk is.. essentlally needed to practlce the method

~as well as,a summary of the dnfferent perspectlve ‘and

/

L A e
Te : . , . *



inno&ative ideas that I have heen‘developing'in the last 10
years; These are; in general, radlcally dlstlnctlve from the
currently published state of the art In large extent it
_'relles theoretically on ideas presented in Note 1, and"
serves as basis for chapter 3. The reader 1nterested 1n the
“tradltlonal and presently maih stream. approach to phytollth
analysis, wlll find-reviews in Bertoldi de Pomar (1975)
‘Bonnett (1972) Deflandre‘(1963): Geis‘ahd Jones (1973),
Laroche (1977), Norgren'(1973), Pearsall,(1982), éiperno""

‘(1983) Rovner (1971, l983), and TaugOurdeau—Lantz,et al .
4 N

. (1976) .
If future historians of phytolith analysis consider the

innovations presented here as a turning p01nt which

......

‘prec1p1tated the‘extlnctlon of the present main. stream ways

BN A
in phytollth analysis, the-objectlves of this chapter would
have been,accompllshed.
e B | G
2.2 Background
BlOlIthS are mlnerallzed b1ologlcal structures. Their

~

presence 1n organisms contributes to phy51calhproperties
.such as structural strength, density and‘optical.qualities '
as well as'partlcipates inimineral.stOrage‘pools.and |
metabolism ‘protection and blogeochemlcal dycles
Paleontologlcally, bioliths are very 1mportant because they
become fossils par excellence. In‘mylvrew there are five.
-kindspof biolithsr biocrystals, hioconcretions;
agglutinoliths, hystoliths,'and cytoliths.

.



Brocrystals are 1ntracellular or extracellulay,
1solated or aggregated crystals. Oxalate and phosphate
.51ngle crystals or.druses are examples of this type of

blOll. : : . ‘ o . — - , | N A o “\\ : .

Bloconcret1ons are 1nterst1t1al m1neral organlc
dep051tlons. Intercellular depos1ts, tabashlr (b105111ca
concretlons depos1ted ‘'within the hollow 1nternodes of
bamboos) calcul1, and dental tartar exemplcfy th1s‘” |
category. ‘Some b10crYstals and- bloconcretlons are - )
pathologlcal ‘as for ‘example. renal calcul1 and ]Olnt calclum
pyrophosphate crystals. - |

Agglut1nol1ths result from@ the agglut1nat10n of m1neral
cpartlcles by an organlc matrlx T1nt1nn1d Rhlzopoda, and‘
some foram tests, ‘or some worm tubes are examples of these
b1011ths. ‘

: HlStOllthS are mlnefallzed tlssue such as-bone, teeth,
lnvertebrate shells and exoskeletons, radulas, cuttlebones,
‘otolrths, scales, scolecodont and worm ]aws, conodonts;t‘ h
'oogonla (e.g. Chara); some;wormftubes, and calc1f1ed .
.tISSUES. | |

Cytol1ths are m1neral1zed cells or cellular structures.
They can be subd1v1ded accordlng to their taxonomlc origin
into zool1ths, thecallths, and phytollths Zool1ths are
animal cytollths, e.g. sponge and octocoral splcules
- Thecaliths are cytoliths derlved from protlsts, such as -
forams, thecamebae, Chrysophyta,'dlatoms,-radlolar;ans,

silicoflagellates;.and:Coccolithophoridaceae;
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Phytoliths,‘the cytoliths-object of thds cHapter, are
diversely shaped silica corpuscles formed wit in'a variety
of plant cells. Although in the llterature dther mineralized
plant structures are sometlmes cla551f1ed as phytollths, the
~usage of the restrlctedﬁdeflnltlon,above,1s rechmended on

. . ST , \
‘natural and practical grounds. - \

! \ -
Biosilica is;laroely the chief component of ghytoliths,
usually with an organic matrl#~and/or‘incluslons} Biosilica
results from the polymerlzatlon of Sl(OH)u (monosilicic
ac1d) in b10flu1ds, through the formatlon of 51 o) covalent
bonds. It varies from a rigid 5111cagel to 'a hydrated “,
opaline amorphous or very poorly crystal1zed form of silica.
" The chemical conditions w1th1n the plant for polymerlzatlon
. are 51l1c1c acid concentratlon aroumd 100 300 ppm and pH.
neuttal to basic. The presence of hydroxyl groups on che
out51de of the b1051lica polymers, creates a surface of
p01nts favorable to hydrogen bonding (e g. w;th water or
other polar molecules such as carbohydrates and prote1ns)"
or even subst1tut1on of the hydroxyl H for cat1ons. The
.cat1ons of Na, K,‘Ll, Ca,_Mg, Fe, Cu, Mn Al, and Ti were
already identified in phytoliths (Bertoldi de Poman{;l§75[lrj
compiled a llSt ‘from several references) .

The 5111ca polymers (primary structure) grow to form.
spherulesvfrom 10 to 3,500 & in dlameter ‘(secondary

structure). Phytoliths are formed by packing of silica

spherules (tertiary structure) directed by polar surfaces

(cell walls, fihrils), or by self-packing. In-both‘cases////?'f \
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they are not as clogely packed as ‘precious opal, producing a

Very porous structure (Peinemann & Ferreiro, 1972, repdrt.a3

specific surface of 122.4 m?/g for phytdliths),‘The details

T

of this process are discussed in section 2.4,

‘The size of known phytolitbs_yaries from around 3 to

2000 um. However, the overwhelming majority ‘of phytoliths *

N
. \"/
o

falls between 5 and 150 um, that is in_the silt and very
fine sand range. | A
‘ Phytollths are usually tr‘hsparent in vivo, end in many
cases as fossils. They can be also translucent’ot opaque,
dependlng on organic and*other 1nclu51ons, corr051on, and
staining. Their index of refraction varies from 1.40 to
f.é?, and they are usually isotropic and nQn—blrefrlngent.
The"density of phytoltths varies- between 1.5 and 2.3

g/cn’, with an average around 2.10 and 2.15 g/cm?’. This

variability is due to-differences in porosity, hydration,

inclusions,-lacunae7 and vacuoles. Decay_of phytoliths is a
source of soiuble'silicm to the biogeechemicai cycle of
5111con, but dependlng upon the d1agenet1c conditions they
can be qu1te durable as f0551ls (comparable to diatoms,
radlolarlans, or any other b405111ceous structure) The
solubility of phytollths is largely unaffected by pH changesf

between 1 and 9, wh1ch is w1th1n ‘the range of.most so1ls and

§

sedlments, however, above pH 9 the solub111ty of phytollths .

(and any other biosilica) 1ncreases very rapldly Metalllc

ions attached to the surface of phytoliths durlng
o “& .

dlagene51s, partlcularly of Al and Fe,’lnh1b1t their

T

-
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dissolution due to the formation of insoluble silicate
coatlngs Freservatlon of phytolzths is best in amorphous
silica rich soils or sedxments, such as those includ1ng
volcanic,ash\or abundant diatoms.

The pcoperties above are generally favorable to .
phytollth preservation as fOSSllS (the oldest phytolxths
that I have observed come !}om the Upper Cretaceous, and

older will no doubt be found) ’and to analysms (see sectlon

2.3) Mqre details about blogenlc 5111c% propertles and

A related references are glven by W1ldlng et al. (1977).

Phytollths are notedly consplcuous among the monocots,.
particularly grasses, sedges, and palms.\However, they occur

thoughout the Plant Klngdom A llstlng of plants contalnlng

‘biosilica is given by Voronkov et al. (1975).

The anatomical. dlstrlbutlon ‘of phytollths is not -

‘ absolutely cohgtant in plants that produce ‘them. Some cells

are always 5111c1f1ed for instance 5111ca cells of grasses,
but with the exception of embryonlc or merlstematlc cells,
any type of cell can eventually silicify in

phytolith- produc1ng plants. In general the ep1dermls is
richér in phytoliths, particularly in’ olﬂer~cells subjected

to hlgher transplratlon.

Silica accumulatlon in plants can be very high, for. -

« \

‘example in Equisetum, where about 30% of its dry weight and

more than’ 95% of ‘the ash.we1ght is gilica. About 95% of the
dry weight of ash from rice seed hull is bioSilica,-and in

Japan they are even used as a source of pure silicon for

/



~
.

electronics, solar cells (Amick, 1982), and otherm

average

v

percentage of phytoliths -per dry weight of grass lepves\is

applications, as well as to produce cement. The

about 1 to 5%. This means that a considerable amount o£
bxogenxc silica is 1ncorporated in soils and sediments every
year, ‘ - ' 7 .
Upper horizons of soils under grassland vegetation
usually contain from“O 1 to 10% of phytoliths by weight. I
have analyzed soils and sediments from the Argentinian Pampa
with up to 202 of phytoliths (up to 70% of the silt
fraction), and Riquier (1960) reports on soils horizons of
‘the Reunion Islands composed almost entirely by»phytoliths.
As already d{scovered by Darwin and Ehrenberg last U
century,’ phytollths are an 1mportant component of '
~atmospheric dust. Baker (1960b), Folger et al. (1967),
Parmente; and Folger (1974), Salgado-Labouriau (1978), and
Suess (1966), present intemesting data in connection with
>pﬁyto};ggs<in~athmos§heric dust: o
As a matter of fact, since Ehrenberg (1843, 1854) many
.fother'auﬁhors havévshdwn these silica.bodies to be so
Qidespréqd in soils, archaeological, and qpoiogical
deposifs, even in marinekgediments (Bukry, 1979a, 1979b,
':1980a, 1980b) covering at least the Uppef Mesozoic and all
rthe Cen0201c, that it is perplex1ng why their potentlal as
fossils hasg not been as yet adequately explored, (some of the

possible reasons are dlscussed in section 2.2). Other v

( sources of fossil phytoliths coprolites and tartar
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xis not clear yet
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%

incrustations on vertebrate teeth (e g. Armitage, 1975) .-

In accordance to theory presented in chaptef 2

‘phytollths should not be seen as. an evolutionary adaptatlon

to certain "selective pressures" for example as an’ N

“anti- herblvore defense. Functions do not create structure5°‘

w7

it is the other way around structures create functlonal'

'probabllitles The evolutlon of phytollths generated a new

parameter in the n1ches of their bearers, whether or not

L

'thlS changed 51gn1f1cantly thelr probabilities of extinction

Lons

In-reallty, the ant1 herblvore hypothe51s is:at odds'

Switho the fact that plants such as- grasses actually benef it
'from grazing (Estes et al ., 1982).'Herb1vores<have morev
damage caused to their teeth'by mineral'dust and'soil

-partlcles than by phytoliths w1th1n plants ~When two very

51m11ar spec1es of herblvores are compared one feeding

-hpredominantly on grasses and the other on. phytollth poor

iplants (e.qg. ‘the hyraxes studied by Walker et al 1978)(

there is no 51gn1f1cant dlfference 1n-frtness Phytoliths

could have some deterrent effect upon: very small herbivores

such as Insects, but thlS is 1n51gn1f1cant when they occur

1n plagues, such as grasshoppers. In reality grasshopper

fclipplng to a»certain extent might help grasses in natural

grasslandS“tofsurviVe concomitant drought by reducingﬂ

transpiration surfaceL In addition, palatabillty in grasses

is not well correlated with lower phytollth content (lower

organic roughage is more correlated)
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I_Another hypothe51s is that a functlon of phytollths is
'to improve.the use of llght by photosynthetlc chlorenchyma
rbelow the . ep1dermls, by act1ng ask"w1ndows (Kaufman et al
v1981). Rev1ew1ng the abundance of phytollths 1n plants from .
well lrradlated versus shaded habltats, no correlatlon or’
peven a p051t1vé correlat1on 1s found (desert grasses, for
‘example, are always very rich’in phytollths) Also, a hlgher
concentrat1on of phytollths in grasses occurs at ‘the
term1nal portlons of the grass blades, whlch are more~‘
exposed to llght Therefore,’although phytollths mlght in
‘lsome c1rcumstances 1mprove advantageously transmlss1on of

' llght to cells below the epldermls, there is-no ev1dence for
the evolutlon“of phytollths as anvadaptatlon for such
‘functlon o B | y

The depos1tlon of phytollths could be 1nvolved in d
’yblochemlcal pathways through the - metabollsm of 5111c1cvac1d
slmllarly ‘to what Werner (1977) has proposed for dlatoms.
”However thlS does not- eXpla1n the1r anatomlcal p051t10n and
morphologlcal varlatlon and'ls at odds w1th the1r
‘ontogenesis in cells under metabollc "degeneratlon (See,,
vfsectlon 2. 4) | | .

The most commonly llsted functlon of. phytollths is that -
of prgyldlng strength to the leaves, for whlch there is not "
. much. support e1ther.vIn the case of grasses and sedges,; |
'whlch have leaves formed by longltudlnal rOwWS of cell

"tubes",‘lt is at least concelvable ‘that phytollths could

help preyent.the "buckllng'of shells” effect on,these
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‘"tubes" (Dav1d Murray,‘Un1ver51ty of Alberta, personal

commun1cat1on) ﬁ/ﬁever, as a general rule, thelr

‘strengthenlng effect on leaves is probably negllglble in

: comparlson w1th the structural strength prov1ded by cell

v

turgescence, flbers, and 5111clf1cat10n of cell walls.

ln conclu51on,'no adaptatlonlst program explanatlon for
the presence, abundance, and morphology of phytollths seems
adequate at present The functlons of phytollths,vwhen
ex1stent appear to be c1rcumstant1al However this does

L

not mean that phytollths are not 1mportant as a source of

= O
prox1 data through their redundancy 1n relatlon to the

source plant, and enV1ronmental parameters durlng thelr

,dep051t10n. A dlscu551on on the appllcatlons and potentlalf

uses of phytolith analy51s is presented 1n sectlon 2. 5 and

should sufflce to stress its 51gn1f1cance.

Accord1ng to Frengue111 (1930) Saussure'was-the first

to reveal the ex1stence of 51llc1f1ed cells in plants in hlsjs.,”
‘"Recherches sur la Vegetatlon , publlshed 1n 1804. However,

" Davy (1814) mentlons that he had been observ1ng plant 5111ca

since 1798 In any case, at least from the early 1800's
5111ca has been known to occur in plants Some t1me later

Struve (1835) lndlcated that plant Sullca had to be

‘dep051ted from 5111ca taken from 5011 solutlon, demonstrated'

_that plant 5111ca is rapldly solublllzed by hot pota551um

“hydroxide, and rs 1nsoluble in ac1ds.'He also combusted



plants and treated the res1due w1th ac1d ‘to Study the
',"sceletl stllcel" under the m1croscope (a precursor of thell
'.spodographlc method) and prov1ded 1llustratlons of
phytollths in Spanlsh reed leaves.r.'

- The flrst analy51s of phytollths from 501ls and
,sedlments (ma1nly from Braz1l) was presented to the Berlln
Academy of Sc1ences in 1841 by C. G Ehrenberg (Ehrenberg,
,1843) A fac51mlle of a plate from tth h15tor1ca1 work 1s
reproduced in Flgure 3. In thlS paper he also proposed i
formally for the flrst time the name Phytol1thar1a, and ‘
attempted thelr flrst cla551f1cat1on._1t was ‘an art1f1c1alf
- cla551f1cat1on which Ehrenberg emphas1zed would be"
provisional untll the source plants could be demonstrated
- for each morphotype._Ehrenberg (1854):showed the UblqultOUS L
#lestr1but10n and prov1ded profuse 1llustrat10ns oﬁ
,phytollths from samples collected all over the world C. G.
Ehrenberg should be therefore cons1dered the founder of |
Vphytollth analy51s (Note 1). | o ‘ o |

'h‘After the death of Ehrenberg botanlsts contlnued
studylng phytollths in 11v1ng plants, but the subject of
phytollths in soils and sedlments ‘was never heard aga1n
" until the 1’0'5, when Frenguelll‘ (1920, 1925, 1930) |
publ1shed hlS observatlons on Argentlnlan Cen0201c
sediments., However, h1s papers being 1n Spanlsh and
.publlshed in Argentlna, recelved llttle or no”attentlon 1n
Europe and North Amerlca (which is actually a general

_phenomenon with materlals publlshed outs1de the ma1n
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.sc1ent1f1c spheres of 1nfluence")

Wlth the exceptlon of a few c1tat10ns by 5011
'sc1entlsts, andther gap in the llterature about f05511 '
phytollths occurs between 1930 and 1956 Smlthson (ﬂ956).was“‘
.the startlng p01nt of . a "bloom of papers and theses on .
'phytollths by 5011 sclentlsts, which. lasted untll the
11970 s. PhytOllthS in sed1ments also received some attent1on~'
durlng thlS same perlod Slnce then ~the 1nterest on soll
phytollths.seems to.have sub51ded?' . |
| -'-‘The:paper hy Pearsall (l978) 1n1t1ated a trend of
dlnterest in- phytollths from cult1vated plants Adn L

archaeolog1cal contexts, and rev1ved archaeolog1cally

.orlented reSearch on phytollth analys1s. Irw1n Rovner,.of

'.hNorth Carollna State Unlver51ty, became the enthu51ast1c and

energetlc leader of this. renalssance organlzlng several'"

"symp051a since 1980, and startlng the publlcatlon of the

‘»Phytolltharlen Newsletter (P O. Box 5535, 'Raleigh NC 27650,
‘USA) in the fall of 1981 It is reorettable that such a'
pralseworthy effort produced so llttle new in phytollth
research because 1t is bu1ld1ng upon an 1nadequate ba51s._‘
Many plant anatomlcal works since the last century»
1nclude data about phytollths (Netolltzky, 1929, summarlzes
“the’ early work to that date) culm1nat1ng with the
'monumental series "Anatomy of the Monocotyledons editedvhf
C R. Metcalfe (of partlcular interest for phytollth analy515'
are Metcalfe, 1960, 1971) Recently, the monographles by

. : o \ -
Palmer and Tucker .(1981, 1983) arefexamples of contlnurng



, research in this area.

-

hnother active'line of'researeh started in the late
51xt1es, is. that of 1nvestrgat10n of the eplgene51s of '
35111Ca dep051t10n in plants,‘whlch is: summarlzed in papers
»[‘by Sangster and Parry (198&) and Kaufman et al (1981)
- The paper by Tw1ss et: al (1969) whlch is probably the
“‘: | most constant c1tatlon 1n-phytollth analy51s 11terature
slnce 1t'uas publlshed '1s of hf’torlcal 1nterest for two

7 .'reasons. First, because 1t must be saldrthat 1t contalns,
’ -

almost verbatlm the cla551f1cat10n proposed by Prat (1932-,
: 936, 1960) w1th add1t10na1 1nformat10n publlshed by

'*Metcalfe’t1960)--Actually Pratvs-cla551f1cat10n 1s ]USt at}"
‘modlfled ver51on of . that avallable since Grob (1896) hej

‘;paper by Tw1ss ef al. hav1ng been published in an ea51ly

| acce551ble and prestlglous journal 1t has been adopted as
an orlglnal prlmary source, and so a cla551f1catlon known
.351nce last century in. the llterature 1n»German and French
and later 1n Engl1sh became the "Twiss et al. |

ycla551f1cat10n." In the paper 1n questlon the authgrs base:

Y \

'thelr cla551f1catlon on the observatlon ‘of only 17 selectgd
g“spec1es of grasses. Howéver, they c1te Metcalfe (1960)
Twhlch contalns descrlptlons of hundreds of grasses, manylof
Lthem the same or’ very. 51m11ar to the ones studled by Twiss

et al . Second because the cla551f1catlon is very crude and
"not unlversal ult has promoted 1nnumerable mlstakes in the

llterature. For example the c18551f1cat10n all

"dumbbell shaped" phytollths as pan1c01d or all



‘_help"g to relnforce a negatlve, useless, and obscure 1mage
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a"saddle -shaped" oneﬁfas chloridoid. The paper also induced
reséarchers*toﬁ;;@ard elongated phytollths as undlagnostlc,
‘ /

' /
', andutb restrlcv analyses to the superf1c1al exerc1se of

us1ng phyto ths to 1dent1fy sources at, the subfam1ly level_

v

/
In my opl_lon, t he paper by’ Tw1ss et al . (1969)

3,unfortu/ately canal1zed many years of unproductlve research

of phytol1th analy51s.

My vlew of the reasons for the stagnatlon and pr1m1t1ve

e

' _state of ‘the art ‘in phytollth analy51s can be summarlzed in

°

three p01nts.

0.

a) Plant anatomlsts and’ taxonomlsts have usually only

‘,looked at phytollths as, cur1051t1es, or as'a secondary

1characterlst1c among many other more conSplcuous

Lmorphologlcal features of the 11V1ng plant. Thelr work lacksf S

an 1nterdlsc1p11nary perspect1ve, therefore morphologlcal

deta1ls of 1solated phytollths, which are the vegetatlve

part of the plant more commonly (usually the only one)

preserved in Cen0201c 501ls and sedlments, were never,

studled The1r absence of 1nterest in phytollths also helped

~icreate, and generallze ‘the myth ‘that 1solated phytollths are

S aga1n,~were only interested in the processes of

not taxonomlcally very dlagnostlc. Cellular blolog1sts,'

dep051t10n without regard to morphology or paleob:o oglcal

'applications.

- b) 5011 SClentIStS .sedimentologists, and

,archaeologlsts usually used art1f1c1al cla551f1cat1ons, or
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the sxmpl1st1c cla551f1catlon5»proposed by plant anatomlsts,

'wh1ch never advanced to much more than u51ng such

‘non-technical and 1mprec1se terms as‘"hats" "dumbbells“
"keystones" "hooks" and so on;_to descr1be phytol1ths.

They also’ have not developed 1nterdlscipl1nary connectlons.
. Plant anatomlsts and earth/soll sc1ent15ts or archaeolog1sts
are perhaps more separated 1h unlver51t1es, than phy51c1sts
‘and economlsts. In addition, phytol1ths stlll d1d not f1nd
-appllcatlons 1n geologlcal explorat1on and econom1c
stratlgraphy, the major pushlng force towards the
'development of other mlcropaleontologlcal flelds such as
stratlgraphlc palynology, d1atom, foram, radlolarlan, and-
'5111coflagellate analyses, for examplé’* | | i |
S There 'is no. comprehen51ve llnk between phytollth
morphologlcal propert1es and ecologlcal genetlc,‘
eplgenetlc, or evolutlonary theory, whlch is a condltlon
sine qua non to retrieve these 1nterest1ng silica bodles
'from blologlcal and sc1ent1f1c obscurantlsm | |
In the next sectlons of this chapter and chapter 3 ‘an

attempt w1ll be made to start eradlcatlon of the

'abovementioned problems.

.2.4 Techniques.
, _ - i ‘*’
2.4.1 Collection of samples
I haVe”collected soil and_sediment samples for‘general

Th.phytolith analysis in the same way as any routine sampling'f
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for micropaleontological analyses'(Birks5&‘Birks,r1980). The
amount that I usually. use fprhanalYSis,ls,not'more than 1 to
10 grams of"sample; however, whenever possible‘I take a -
larger comp951te sample of 500-1000 g from a single '

: stratlgraphlc unit, in case that concentrat1on of rare
phytoliths is necessary The small sample can - be obta1ned
.from thlS larger one after thorough homogenlzatlon. No-

spec1al storage COﬂdlthnS are requ1red because phytollths

e N

: are not attacked by any known mlcroorganlsm- however, dry

’samples are recommended for permanent storage, to . minimize
.fposslblezsolublllzatlon of b1o51l;ca._Contam1nation problems
are usually not'so.crucialtas ln‘thehcase'of pollen_samples,
because in general;phytoliths are'not'so abundant or easily
transported»in_the'atmosphere.‘ | e

'Collection of samples.tofsolye spec&fic'problems, e'gl
archaeolog1cal features, should be tallor made for each .
case. I suggest that the follow1ng should be- always sampled o
for ;mmedlate or eventual phytollth'analy51s: ashes(from
archaeologlcal sites, sediment.adhered to archaeologfcar
artifacts, sedlment from abdomlnal area of. artlculated
»fossil herblvore skeletons, ‘sediment and~concret1ons from
‘fossil teeth because all of those could potentlally prov1de
1mportant paleoecologlcal 1nformat10n.' A

Present 5011 for- reference or genesis studles, should
be - sampled to best represent the respectlve pedon Reference
- samples from plipt materlal may ' be collected fresh or from

herbar1a, because phytollth morphology is- not altered by

0
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drylng ~In theory all plant organs, including roots should

R

mbe sampled In practlce, and for paleoecologlcal purposes,

e
»

the l aves being the part that produces most of the f0551l

'phytdllths, are, my first choice if a comprehen51ve reference

|

is ndf feas1b1e. For grasses and sedges, 1f'only a portion

‘u_d of thé leaf can- be sampled, the medlal seg@ent of the blade

_aby

ww

is reéommended as more representatlve, accordlng to my -

X

e A

personal observat1ons of around 300 spec1es of- grasses, and -

100 spec1es of sedges,.representlng all,the trlbes of these

s

families I have also found that'a good collectibn of

‘herb1vore feces from an area produces an excellent

complement to 5011 and’ plant reference samples, because of

gexcellent pgeservatlon of phytol1ths in- feces (and

coprolltes) and the better representatlon of the spec1es -

btroph1cally 1mportant

2.4.2 Processing of samples

The most widely used techniques'for_processing

phytoliths are discussed.in'RoVner (1983)Q'The extraction of

- phytoliths from 501ls and sedlments is based in the.

‘e

.separatioh of phytollths from the mlneral fractlon by means

#*

'bf_a heayy 11qu1d, such,as_bromoform, or tetrabromoethane,

_adjustedvto density 2.3 wfthfany apolar solvent. Carbone

'(1977),'has_used a_saturated solution of potassium and .

"cadmium iodide, boiled'd0wn to"denslty 2.3, as a heavy

'liquid’ However having experlmented with all the proce551ng

,technlques for phytol1th analy51s avallable 1n the
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llterature,oI did not find any af them totally sat1sfactory,
for a variety of reasons. The main problems are ‘alteration
of phytoliths; unnecessarily complicated and tedious
-procedures, and the use of hazardous and/or expen51ve
chemlcals (such as the heavy llqu1ds mentloned above)
Therefore, I have developed a dlfferent set of procedures\
a1m1ng to max1m1zec “effectiveness, s1mp11c1ty, safety, and ,
,low cost.. These Orlglnally dev1sed technlques are descrlbed

4

below. o o | .

o

v

2.4.2.1 Reference plants

‘ a) Put pieces &f plant materlal 1nto small vials.
_ b) Add 30% hydrogen‘peroxxde to half-of the vials'
3volume to‘oxidize the organic matter. '

c) Cover ooselz with the 11d (to allow

- pressure to escape) Lid should be preferably P _tic;

and not have any organlc materlals such as ‘cor
d) Let stand for. 48, h, and observe daily from then
on to determ1ne when the dlaphanlzatlon process is L*\}
adequate fo see phytollths w1th transmltted l1ght This f\
is usually atta1ned when the plant fragments are whlte |
and transluscent. Sw1r11ng the vials gently from time to
time accelerates the process.. !
e1) For histologiCal preparati n.of‘leaves‘("vet
spodogram") put wet diaphanized'pieces on microscope
~slides and dlssect ‘the abax1al and adaxial epldermes
with histological needles or sharp blade. Leave them to

dry as extended as possible on the surface of.slides or

e

;:/
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' coversllps.‘ :‘ R " ‘ | v
e2) For 1solated phytollths, olose the lid and
shake the v1al v1gorously from t1me to tlme. Open the
lid 1mmed1ately after shak1ng to rel1eve pressure.“ .
'Contlnue to shake 1nterm1ttently Jmtll a loose wh1t1sh
‘sedlment of phytollths androther cellular debrls 1s
formed (generally about'a week) . Plpette one or two
.drops of the sedlment onto a coversllp, and d1str1bute
the sedlment on its surface as homogeneously as
,p0551ble, and let it dry (heatlng at 50-70 °C helps)
‘.‘ Lobse pleoes of epldermls can . be 1ncluded vith the_
sediment toiald understandlng of .the anatom1cal
relations of phytoliths fﬁdsjtb.* ‘ _A ' s
ff In both‘éases (el‘and e2),,mount the Eoverslip
»w1th a medlum that has a refractlon index (RI) dlfferent“
\

from phytollths (RI of phytollths is usually around

1.43). Hyrax.re51n (Custom‘Research,and Development =

Inc.) is a an excellent mountlng‘medlum_with R% 1;65.
Canada balsam (RI 1.54) or slmilar'can also be employed.
Cell walls (RI approxlmately 1.56) are not very -well °

observed with Canada balsam but are very clearly seen
' L .

wlth ‘Hyrax.

o0 Sta1n1ng of phytollths can be obtained with the”~
pmethods glven by Dayanandan et al. (1983) Howevef thlS
.1s totally unnecessary. for phytol1th ana1y51s, 1f the
proper mounting medium is used Stalnlng, although

esthetically atraCtive, actually tends to obscure
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surfacenéetaila.

In a Mel;.homogenized reference preparation there
will be phytolhths‘in diffeteAt views, but a liquid
medium can be used to move phytoliths in order to better
observe thetr tridimensional morphology. Of the mounting

media used in palynology, glycerol is not good (poor

optical contrast), but silicone oil can be used

(although its RI 1.4 does not produce a marked ‘optical

contrast)., Water is also satisfactory for non-permanent

breparations. Experimentation with other media is in

progress. When u51ng 11qu1d med1a, the corners of the

slide should be anchored with drops of nail polish.

Store the slides horizontally in slide boxes or drawersx
Vlals with the samples of isolated phytollths can

be stored indefinitely. Preferably do not let them dry

out. .

‘Some plants are harder to diaphanize because of the

~

cutine waxés and oils. In these cases, a pre-treatment

with xylene or benzene for a few hours before the

oxidation with H,0,, impro&es the results qonsiderably;

Peats, organic soil horizons, recent feces, and
non-mineralized coprolites, can be processed'in the same
way described above for reference plants.

5

-Although the waiting time to have the samples ready

can take several days, in the long run the procedure cah,

save time, due to the little manipulation involved -and

the large batches that can'be processed“each time. If an

ay
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urgent preparat1on is. necessary chromlc acrd can be
‘.added slowly (1t will effervesce) to the H Oz and left‘

to react for a few hours. Then samples are washed |
_lthoroughly by repeated centrlfugatlon with dlStllled

l/‘.

water.

. o o S | o
Observation: Handle 30% hydrogen peroxide with care. Do

Qnot todch itvwith bare hands If H Oz acc1dentally
_enters in contact w1th your skin (or eyes) ~wash
.1mmed1ate1y and thoroughly. If this is done, vbbenfgn‘
whlte‘diSCOloration will occur_and remain for somedtime.
Apply ayprotective\skin cream~o;>lotion. If Xontact ls"
prolonged,.Severe hurning'dan,occur.”Never mix 30%,w

hydrogen Pe%Oxlde with alkaline.SUbStéhceé"

~;2 2.2 So1ls and sedlments
- One is frequently confronted with the problem of
“testlng sedlments or 50115 for the presence of |
fphytollths. It can be very dlssapolntlng“to go through a.
tlme~consum1ng pro@essing‘only‘to find out that the
Samples were sterile.,Therefore,‘two procedures are
*.presented here. One for a qu1ck test of phytollth
rlchness in samples, wh1ch can actually be carried out
Adinnthe'field' and another for complete process1ng of
:;f055111ferous samples, which produces cleaner
p;eparatlons Both methods recover any b105111ca

mlcrof0551ls present (e g. dlatoms, cysts, splculae)

, The method is based on den51ty separat1onkuslng an
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acidic solution .of ziné¢' bromide, which isgpfepafed;as

follows: . s S j‘s*a 8

Stir slowly 100 ml of concentrated HCl into t kg of

Zanz (heat will be generated). Slowly and carefully add:‘
200 ml of dlStllled water, Allow to ‘cool at: room
'temperature Use small volumes of water to adjust
den51ty to 2 3 2 4 g/cm“' Wthh can be measured by
weighing.a known volume, using a densimeter, - a set. of .
different den51ty chlps. A 51mple densunetera be | |
1mprpv1sed by callbratlng and ‘marking a tall v1al
'conta1n1ng some 1ead spherules. 1lter if contamlnatlon
is suspected Store in dark bottle. Thls solutlon_can be
reused by flltratlon and addltlon of more ZnBrz if
neCessary It can get darker w1th use, but thlS does not
:alter 1ts propertles for separatlon. Av01d contact w1th
skin (wash thoroughly if 1t happens)

R

" Rapid processing .

"a) Put 1-2 cm® of each sample in small vials or
centrifuge tubes.

b) Add 5-10'hl_of zinc bromide SOQution to the

" yials/tubes.

‘¢) Mix well with a rod or equivalent. There will be o

effervescence if carbonates are present. If
o . C . i o .
effervescence is too strong, add the zinc bromide 1 ml

T

at a time.



- dl’Putiavstopper’on each vial/tuber lt therelis
efférveScence, ieave the stoppers loose-to.avoidl,-
building up of pressure. ' u“ ~ | ‘..k -

@) Leave the v1als stand for 24 h or centrifuge the
ltubes for 20. minutes at 2 500~ 3 000 rpm Iﬁ there_is
effervescence let 1t stop flrst | |

£) Scoop‘(w1th a. flat toothplck for example) or .
-pipette one or two drops of” the float and transfer to a
slide, add a drop or two of the zinc. bromide solutlon
homogenize (w1th the same toothpick), put' a coverslip,
_wait until the liquid spreads between the slide and
:coverslip, and put a. drop of nail pOllSh on each corner
of the coversllp to anchor. |

If steps c, 4, and e are'repeated'several times, a-
better recovery 1s obtalned |

The use of the zind bromide heavy 11qu1d‘as a
- density separation agent and as a moumting medium'is_‘
‘very handy indeed. Three good properties of the zinc
bromide as a mounting medium are: 1t does not dry out
-because ZnBrzpis hygroscopic, the phytoliths remain
closer torthe cowersliptmaking_them easier to observe
and move.‘Moéghg'of phytoliths ismeasily accomplished by
pressing gently any point of_the cowerslip with 5'
/pointed‘object‘(e.g.’needle, pencil, toothpick). The RI
‘kis)around 1.56, which is satisfactory for-analySis of ;’v
phytolith morphological featnres,félides must be stored

horizontally. Sometimes' the results'are so good that'
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analysis can be fully carried out on'these preparations.

Full process1ng V o o "ﬂ-o

a) Put 1-5 g of. soil or sedlment sample (usually
| dry and f1nely d1v1ded) in a tall 200 ml beaker or
equlvalent ‘ ' hl ' “ :
d b) To d1sagreggate the sample, add 40-60 ml of ',;v ;.
‘acetate buffer (1N sodlum acetate solutlon adjusted to -
‘pH 5 w1th acetlc ac1d) st1rr1ng\frequently for 24 48 h,
1f there is not much carbonate in. the sample thlS should
be enough to. dlsperse 1t Ultrasonlc v1bration (20 KHz)
~'can be used for very dlfflcult cases, but normally it
should not be necessary for unconsolldated samples.'lf
-the sample 1s very calcareous, decant and repeat .
treatment w1th acetatebtﬁ,untll there ‘is no more‘\

,effervescence.,If efferve nce is too pronounced it

. can. be controngd by a jet of alcohol from a- washlng
ubottle If the sample is too organlc, a pre treatmentf
w1th 30% hydrogen peroxlde might be necessary If the
sample is too rich-in clay, add water to form a column
‘of suspen51on 5 cm deep in the beaker, stir and let

: stand for 30. mlnutes,'decant and repeat if necessary—
-several times (rarely the case) a

-,c) Transfer to small centrlfuge tubes u51ng 10%

HC1l.. alance with 10% HCl. Centrlfuge 5—10 m1n at )

©2,000-3,000 rpm. Decant.
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d) Add 10-15 ml of zinc brom1de +o0 the tubes with
centrlfuged sample. St1r and shake well (use stopper)

for a few mlnutes. Centrlfuge at. 2, 000- 3 000 rpm for 20

'mlnutes.'A better recovery of phytol1ths is usually

‘obtalned 1f the tubes are stlrred and centrlfuged

solutlon) SRE T - / _f;'j .

several tlmes (w1th the same ZnBrz 1nstead of repeatlng

.extractlon wlth new ZnBrz'and wastlng heavy,llqu1d

e

A sample of the float can be mounted after thls

step; the same as 1n step f of the rapld proce551ng

nmethod The-float and a portlon of. the clear column of.f

-

" heavy llqu1d below 1t can be transferred to a vial and

'stored untll proce551ng is contlnued

7»"Absolute" phytollth counts or phytollth 1nflux can'“

".hbe obtalned the same way as pollen, by - sp1k1ng the

)sedlment with a known. amount of contamlnant le.g. exotic =T

pollen) lelted exper1mentat10n 1nd1cates ‘that

mlcrospherules for column ionic. exchange could be used

as a contamlnant. - R o A RS f'j
e) Pippete the float to. another centrifuge tube.
Add 10% HCl to the float residue. Centrlfuge and decant.

Wash w1th dlStllled water twice’ or three tlmes,,transfer

‘ ,'to a v1al w1th Water The. float can be also ea51ly

transferred to another centrlfuge tube by free21ng the

‘ bottom of the separatlon t;be with llqu1d n1trogen

f) Mount using the same procedure descrlbed in step

e2'and f of the reference plants method. -
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' vMounting>Samples f0risﬁM1Pipette 1 dr 2 drOps of,_1;
sedlment from processed sample (after step e2 for |
reference plants, and step £ of the full proce551ng
',method for 501ls/sed1ments) onto an alumlnum SEM.stub,
homogenlz1ng sample over the surface of the stub. Let
vdry‘at 60-70 °C for 24 h. Coatkas usual for SEM just
before analy51s is to begln.
Pieces of leaves partlally treated w1th H,0, and
ldried or 51mply jUSt dry herbar1um mater1al can be
bimounted on stubs with double-coated Scotch tape, and
coated as usual | . . - N
Examples of results obtalned w1th my proce551ng
‘technlques are shown in ‘the mlcrophotographs of malze;
preparatlons represented $n Flgure 4. |
2.4.3 M1croscopy
Optlcal m1croscop1c observatlon of phytollths is
;normally done w1th a common compound blologlcal m1croscope
(the ideal be1ng a trlnocular w1th attachment and camera for
'mlcrophotography) Routlne countlng 1s carrled out at 4OOX

’

'(or at a maximum of 650x) Detalls rarely need to be

2

obserVed by the use of 1mmer51on and 1000X Petrograph1c

'm1croscopes, frequently c1ted in, the llterature about

. phytollths as - ‘the 1nstrument of cho1ce, are not necessary,

and some models are actually too; cumbersome for the,
'systematlc countlng of phytollths. It is an advantage hav1ng

polarlzers to d1fferent1ate altered phytollths from mlneral
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£1rure 4 = Maize phy.l‘r\]lt}].;. A: cpidermal pr.n.w_irauo}\, (6] D
' ‘B 1solated phytolith, OM. . C: rcpide;r’\.;l surface, SEM.

D: ‘1solated phytalith, SEM. |




or other particles .in some cases, but this can be easily
improvised by using a pair 6f polarizers (e.g. from

‘ polarlzlng sunglasses) However;'as'a rule;'if a‘microscOpic

LR

e

’partlcle cannot be 1denw1f1ed as a phytollth w1th 51mole.
OpthS, probably 1t is not a. thtOllth or 1t is not worth
-countlng ngh resolutlon optlcs, 1nterference, phase
‘contrast and other ‘more sophlstlcated resources can be used’
occa51onally if ava1lable, but they are certalnly not
‘necessary for ba51c research and’ routlne énalyses.

Phytollth counts should 1nc1ude a balgnced number of
fields from the: borders, the mlddle, and the 1ntermed1ate
‘areas of the preparatlon, to minimize ‘any b1ased
dlstrlbutlon of phytollths due to artlfacts of mountlng

The numbers of phytollths to be counted depends on’ the-‘w
,fproblem under 1nvestlgatlon, the de51red confldence
1ntervals, and the d1ver51ty of the sample. For example, if
:,only the presence of ‘a certaln k1nd of phytollth is
‘:‘1mp0rtant (e g. maize 1n archaeolog1cal samples) the total
number .of phytollths counted is not cr1t1cal For |
'paleoenv1ronmental analyses, the problem is similar to that
'of pollen counts (ﬁirks and Birks; 19805r By plotting”the\
'number of morphotypes encountered versus number of
»phytollths counted of'many dlfferent 5011 and sedlment
usamples,51t is suggested that a plateau of number of
’morphotypes is usually reached between 300 to 1000
fphytollths (m@dlan around 500. phytollths) Therefore,

emp1r1cally 1t seems reasonable to count around 500
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g phytollths in each sample for routlne quant1tat1ve ‘
paleoecologlcalrwork. Counts smaller than 500 phytollths can
be‘statistically acceptable depend1ng on thelr d1ver51ty
‘;(confidence.intervals will help etaluatind these results).
Counts smallEr than 300'ph§toliths are also informative, but
.it.ls better'to7consider them as'semi—quantitatite'(i.e. |
into classes such as none, rare; common,'abundant) orJeven
presence absence counts. | |
‘ SEM mlcroscopy is not practlcal for routlne r

1dent1f1catlon and countlng of phytollths due to the tlme‘
‘and .cost 1nvolved-'however it has a place 1n.phytollth
' analy51s to accompllsh the follow1ng |

- Fac111tate the’ translatlon of encoded 1nformatlon on
trldimenslonal,features‘oﬁ phytoliths for retrieval upon"’ ﬂ
‘routine lightlmlcroscopy; | | , o
- Provide the basis for more'accurate taxonomy bf"l
phytoliths,'and improve the%lnformation ahout_thelr | /:p‘ .
"evolutionary relationshipsn/ | |
- bemonstrate:tridimensional anatomical relations of
.phytollths on the epldermal surface

- Help understandlng thelr ontogeny |

Any SEM model even the simplest»-can be used to‘study_
phytoliths' Stereopalrs can be produced by tak1ng two |
photographs of the same phytollth at a slightly dlfferent"'
_angle,(e g. 7°). If a X- ray m1crobeam .energy dlsper51on un1t

llnked to the SEM is avallable, complementary studles of

>SlllCIflcaf10h of cells, cell walls,—and 1ntercellular areas



progress 1n phytollth analys1s are all in place. Actually,

can be accompllshed by semi quant1tat1ve1y determxnlng

s1l1con The 31l1ceous nature of unusual morphotypes can‘

’also be conflrmed by thlS analy51s.

- TEM flnds appllcatlon only in stud1es about the -
ontogenesis‘and-ultramicroscoplc develOpment of-phytoliths.
Flnally, ‘the underdevelopment of phytollth analy515(

Canhot ‘be atrlbuted to technological barrlers. The ‘means for

|

© basic and routlne research in this area can be practlced

w1th very l1m1ted resources anywhere in . the world. The only

prerequlslte, then,'rs at the level of 1nformat10n. Next

' section i5 designed to supplement this area.

! . . B

VZ;S'Ontogeny, anatohy, and taxonomy

Phytollths result from 5111c1f1cat10n within dlfferent ©

cells of plants, and each kind of cell varies

<

) morpholog1cally aleng the spectra of plant taxa.. Therefore,.
to reflect relatlons of natural 1nformatlon, a phytollth

'taxonomy should be’ flrstly anatomlcal and secondly

'_morphologlcal representlng both ontogene51s and

Avevolutlonary hlStOfy None of the publlshed phytollth
itaxonomles (most refer tovgrasses) meets the requlrements

‘abover.'

1

<) Art1f1c1al classifications such as Ehrenberg (1843,

"1854) or Bertold1 de Pomar (1975) could be applied for

,stratrgraphlc-purposes, but are clearly unsatisfactory from

.“a,biological or paleobiological point of view. In addition,
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< ( _

,Ehrenherg's classificatlen_(rerﬁved by Deflandre, l963,'and
Dumitrica, 1973) is certainly ohsolete;;The taxonomic
attenpt by Bertoldi de Pomar (1975), which I actually
employed in earlierAwork (erg.'Bombin, 1976, 1980a), |
. ;contains errors, such as: dividing‘the phytolithspin
m1crophytollths (smaller than 40 m1crometers) and
~ macrophytollths (larger than 40 micrometers); 1nc1ud1ng
crescent shaped and dumbbell shaped phytoliths in the same —
category;'and lateral vlews of phytoliths as a‘separate
categdry‘("estrobilolita") |

Of the avallable anatomlcal cla551f1cat1pns, sone are
too crude and amb1guous (for 1nstance the much used and
abused -Grob—-Prat cla551f1cat10n, and later reproduced in
Twiss et al.), or 1ncomplete and simplistic’ (e.g. the
Metcalfe classification, which fulfilledpthelobjectives for
nhiCh it was created, but is inadequate for evolutionary and
'paleoecologlcal work). o

Any new attempt to produce a standard cla551f1cat10n of
phytollths should start by understandlng where, and how
. their. morphologlcal features or1g1nate, and what is the1r
'natural varlatlon and redundancy in different taxa, from
emp1r1cal observatlons. At thlS p01nt it is p0551ble to

"accompllsh ‘this for grasses, and to some extent for sedges.

This 1s‘the approach essayedlln thrs section.
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2.5.1 Grass blade and phytolith ontogeny‘

’

2.5.1.1 Ontogeny of the blades
| Refer to Figure 5 for the followlng dlSCUSSlOﬂ.

All the aerial parts of graSseS'originate from the
grow1ng culm apex. Th1s dome- shaped structure is formed
by @ corpus of undlfferentlated cells covered by a
two-layered tunlca. The culm apex grows malnly by
anticliral d1v151on (i.e. by walls perpend1cular to the
'surface) The ontogene51s of the typical grass leaf
'starts by the formation of ridges arlslng alternately
around the culm apex, - due to divisions of tunica cells
by perlcllnal walls (1i.e. parallel to. the surface).

. These ridges_grow to form 1eatlpr1mord1a with'
intercalary meristem atuthe base.'Continuing transversal
d1v151ons of this 1ntencalary mer1stem produce '
ultlmately the cells wh1ch by dlfferentlatlon w1ll form
the leaf (Barnard, 1964)

The detalls of this eplgenetlc chaln of events,
where eacH state condltlons the. tran51tlon probabllltles
(Note 1) towards the next are as follows. |

‘a) At 1ntervals in. the grow;ng culm apex there is a
dcertaln probablllty that cells 1n the inner tunica layer
{hypodermis or per1pherea1 mer1stem) w1ll d1v1de by
‘periclinal walls, instead of the anticlinal growth.
pattern. When this happens, it iS”the signal to start an
ep1genet1c chain towards formlng a leaf Immediately,

cells of the outer tunica layer (dermatogen or mantle)
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are induced to do the same.

b) As a response, cells‘of both tunica layers in
the same horizontal plane half arotind the culm apex are
triggerpd to periclinal divisions, forming a ridge,
which is the beginning of the 1eafvprimordium. »

i

c) Initially the rate of transition to cellular

division is higher in the mid-point of Eﬁfi}i}ge, o
causing the formation of a tip; later i ontogenesis the
rate is equalized, and growth is parallel in*all rows of

cells, thus the shape of the grass:plade.

d) The basal portion of the leaf primordia become

Qe

cus of cellular divisions forming a zone of

inte ary meristem, from which leaf cells will '&

iate. ' ¥
The division of cells in this basal intercalary
meristem ‘s predominantly transverse, producing parallel

rows of cells thatelengthen\the leaf primordium, until a ‘i

transverse band of cells differentiates into compact

[}

parenchyma, d1v1d1ng it into a proximal prlmordlum and a

dlstal prlmordlum. Intercalary merlstem at the base of

L

the proximal prlmordlum produces cells to form the
sheath,’ wh11e meristem at the#base of the distal

primordium (3ust above the ‘parenchyma band) becomes the

'orlgln of blade cells. The ligule, when present is

formed by growth of adax1al cells at the level of the
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e ‘\f) Each row of cells produced by the intercalary
merlstem of the blade has a certaln sequence of

: transltlon probab111t1es to dlfferentlatlon. Eor
uexample, to form the abax1al epldermls, certagn rows
could have only symmetrlcal d1v151ons,‘wh11e others
'could have dlfferent patterns of symmetrlcal and

assymetrlc dIVlSlons. It the former case, the result

.- could be rows, of pure,ground:cells, or pure silica-cells

N -

{in this. instance always costal). In the latter case,
the result=could‘be ground‘cells alternating with
:ﬂ5111ca cork cell palrs,'silica\cells trichomes, cr l
sstomata. In the adaxlal epldermls, cells of some rows
‘could‘dlv1de to produce exclu51vely bulllform cells.
‘ Also the epldermal rows above the vascular bundles
n(costal zone) usually have dlfferent sets of tran51t1on
;probabllltles than those of the 1ntercostal zone.

‘ " Not onlymgrass blades are formed by rows of cells
'wlth dlfferent comb1nat1ons of tran51tlon probabllltles
to dlfferentlatlon, but also the f1nal morphology of
d;fferentlated cells is determlned by a sequence.of

\
tran51tlon probab111t1es in- eplgenetlc chalns,
‘ultlmately controlled by genetlc 1nformat10n which is
var1able Therefore, morphologlcal varlatlon in grassa

%

blades arlses from varlatlon in t%%n51t10n probabllltles
for the sequence of cells 1n§%%ws, and for
d1fferent1atlon;of each cell. Evolutlon of grass blades;

as of any biological'Structure, occurs by_alteratxon»ln

T . . . . I3
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the values or numbers of these tran51tlon probab111t1es

’ r gy
4
through genetlc change. In fact blades of grasses can

/

be grouped in“ taxa with redundant comblnatlons of

d:ffeﬁbntlated rows: and cells (e.g using the data of

\Megcalfe, 1960), which are correlated wlth‘taxa

classified on the basis of»other'structdres, such as
reproductive organs. Therefore;‘blade anatomy‘reflects

e,

evolutionary relations. ' vy

2.5.1.2 Phytolith ontogeny

' Kaufman et al. (1970, 1981), using light and TEM,

‘provided the following data on ultrastructural

cork-silica cell pair development in the internodal
epidermis of Avena:

‘\';al Cells of intercalary meristematic origin, which il

will form the epldermls (protoderm) divide

and short cells The el

.

assymetrlcaly in a row,qiroduc1ng/alternat1ng elongated

gated cells differentiate later

“ng into ground cells. ‘The short cells divide again

]

transversely produc1ng two 51m11ar shorter cells.

b)”The proxlmal of the short cells grows markedly

v(trlpllcatlng its size), and dlfferentlates into a

'cork—cell, w1th heav1ly suberlzed walls, reta1n1ng 1ts

" nucleus and organelles.

. in the lumen are fibrillar elements and [

~ . - ‘ . . )

C)JThe distal -one (51llca cell) also grows about
three tlmes or more in volume, but Hts nucleus,f~

organelles, and membranes dlslntegfgﬁﬁfaéél thab*remalns' .
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~droplets . (whlch are staLned w1th Sudan IV being

probably 11p1d1c products of membrane and protoplasm
dlslntegratlon) The dlfferentlal growth of each cell of

the short pa1r determlnes the1r shape, crescent for the

,wcork cell and oval for the 5111ca cell 1n epidermal

v1ew. It was also notlced that as a result of growth
the distal silica- cell protrudes from the surface of the.
epldegnls. ' B o ‘ R

a) The‘disorganized Iumen of the silica-ceil

becomes filled with silica, by aggregation of biosilica

~_spherules (whgch Kaufmanpet alﬂ‘pall "silica bodies")

dep051ted in chalns, in assoCiahion with the fibrillar
matrlx..Thls completes the dlfferentlatlon of the

5111ca cell

t S

To explaln the sequentlal dep051t1on of 5111ca 1n

~

'the 1nternodes, whlch starts at the top and progresses

downwards, Kaufman et a; (1984) have - proposed that

‘5111ca is depos1ted as a result of ultraflltratlon of -

polyﬁbrs,‘formed when the COﬂdlthﬂS of- 5111ca

concentratlon and pH are adequate They called this

o,

'?process the "up31de down’ fllter cake model," "The ideal

CODdltlQﬂS tw'start dep051t on would exist in the upper
‘portlons of the 1nternode, 1mmediately below the,next' |
node : ol moved by the transplratlon stream, the xylem
sap, Whlch 15 carrying mon051lJc1c acid 1n SOlUthﬂ plus
complex 1ons of - 5111con chelated by a tropolone

derivative,'flndlng the roper- conditions above the



'. e . ' . ‘ N i‘,"} .’ . ! 46
‘ v * ] i " .4 . ' .

'

“Intercalary meristem zone (basal 1nternode) 'mduld yield

) polymerlzed partlcles 10-30 R in dlameter,:whlch in turn‘ o

would be ultraflltered by the tissues at the upper end
of the 1nternode After the 1ntercalary merlstem
act1v1ty ceases and 1ts pPH 1ncreases (probably by
decrease 1n the level of endogenous glbberelllns) it

wtoo becomes 5111c1f1ed There are problems w1th th1s

4 “1 ’ .

‘ﬁggause it does not explain how h1gh
B "’-\Uﬂ‘, *’

. i o
concentrations of mon05111c1c ac1d are rebu1lt to

s111c1fy the next. 1nternode, after the sap 1ost 5111ca ,3‘
by ultraflltratlon' and because the heav1er
5111c1f1catlon occurs in. epldermal cells, which. are‘
'actually marglnal ‘to the sap stream. It also; would fall
to explaln the same. phenomenon in leaf eplder
| Sangster and Parry (1981) have shown that
silicification of root endodermal cells occurs as
‘aggregates of blOSlllcauspherules dep051ted
entrlpetally, starting at the inner tangent1al uall
They also suggest that the small apolar Sl(OH)u'
molecules, from the 5011 SOlUthﬂ, could reach the root'
endodermls via the free- space or cell wall (apoplastlc)
'pathway. Once the silicic acid molecules arrlve to the
suberlzed cells of the endodermls they are partlally |
blocked and tend to accumulate, unt11 the concentrat{onv
threshold for polymerlzatlon is reached and blos1llca

starts formlng However, these researchers observed

:abundant,5111ca-dep051ts in the endodermls_of‘developingr



o accumulated against- the cell wall Still small silica

47
aerial‘rootsQof sorghum, out of contact with soil or
nutrient‘solution, which indicates:thatlthe‘reverse;is
also‘pOSslhlefwthat.is,sllicic aoid:ls able tomleave the
xylem- and enterlthedendodermis from inside.h»

My oriéinal,observations by liéht and SEM
microscopy indlcate that the epidermal cellsvof the

1

grass‘hlade_silicify~in'three difterent ways: one always

.formlng_phytolithsfin silica-ceélls, another forming .o
'phytoliths'OCCasionally-in any of'the‘other cells,‘and
. ¥ :
flnally by 5111c1f1catlon of cell walls.s

S1llca cells palred w1th cork cells or not (1n ‘the

' oy
costal zone) 1n1t1ate s111c1f1catlon at the . outermost

port1ons of the protrudlng external edges,(F1gure 6A)

'and c@ntlnue centrlpetally untll only the llpldlg K,
. 4; -
: droplets remaln un51l1c1f1ed and trapped w1th1n the\‘

1.

. phytoirth body'( .g. 1@ the center of the corn phytolith

v

' in Flgure 4B). j ST ,ﬁ‘:

‘ The 1n1t1al 5111c1f1cat10n of the edges occurs b

fpaCklng of very small_bL991llca polymers; directed by.

~polar surﬁaces at the~cell'wall or'fibrillar‘material

spherules contlnue to accumulate agalnst the external
wall of the s111ca cell probably orlented by flbrlllar
materlal (Flgure 6C) Larger spherules (100 200 R) are ;..’
formed and contlnue to’ bu1ld the tertlary structure j(\

(Flgure 6D)., untll the lumen is fllled and the phytollth

is completed. Under natural~conditions silica cells

o . L . - . - : . '



.porous nature of phytolith biosilica. Ty

\

Figure 6 - Tertlary structure of blOSlllca in

t- phytoliths of Bouteloua gracilis. A: selllform

-phytollth 'in lateral obllque view, showing fine

_s1llc1flcatlon at protrudlng edges and coarser 51llca

<ﬁﬂ1erules in the rest of the -body. Bl_ phytollths in
lower views. C: - phytollths in fron v1ew,'show1ng
orlentatlon of blOSlllca dep081tlon along flbrllS

b detail of the tertlary structure, where the

Qudcklnq of spherules along chalns 1s clear Npte_the
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alWays 5111c1fy, produc1ng what I call
’ template phytol1ths. : _
| The other 5111c1f1cat10n process that forms
thtOllthS, can occur 1n.any of the blade cells other
tavthan_silica-cellsi dt starts by a’'very marked B
'Jalteration, disorganization, or,death of the cell,'which;
mba51cally only preserves the cell Wall Biosillca is i.

’slmply prec1p1tated w1th1n the walls of the cell untll'
an 1nternal cast of the cell is formed Under natural
condltlons the formatlon of these phytollths (whlch I
call cast- phytbl1ths) is generally random, but some
,cells such &8s the tr1chomes generally produce
lphytollths, partlcularl;j1f_evapotransp1ratlon.Ys»
'1ntense ‘ | | . |

The two klnds of- phytollths can be recogn1zed eQen
1f 1solated from the blade, by transmltted llght '
‘mlcroscopy The - template phytollths (or t- phytollths)
derlved from silica- cells, have a- very transparent and
clear structure, and also contaln vacuoles correspondlng
to the 11p1d1c droplets. Whlle the other cell phytollths‘
'r(cast or c-phytoliths);: have a more granular |
(mlcroscoplcafiy opaque or darker) structure,uand do not-
have the vacuoles (although 1mperfect s111c1f1cat10n or
’corr051on can somet1mes be mlsleadlng) |

From the above and addltlonal or1g1nal research
observatlons, 1t is p0551ble at ‘this p01nt to propose

the follow1ng summarlzed model for phytollth format1on.



. palra of cork ‘and silica- cells (usually in the‘
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'.1n the ‘grass’ blade.‘l‘
’a) The antercalary merlstem dlstal to the
_';sheath blade parenchymatous 1nterface produces IOWS of_f
.cells, whlch have dlfferent tran51tlon probab111t1es of
'7d1v451on and d1fferent1at1on along the ontogenlc
.eplgenetlc chains. These tran51t1on probabllltles are
. controlled by the contextual reference system and the
jfprev1ous state. Two general klnds of cells aré produced,
4‘namely 5111ca cells and all the others. The former- |
;hhalways y1e1d templdte phytollths,;whereas the latter, t,if_'
eventually 5111c1f1ed 1nternally produce | o
vcast phytollths | '

b) Ontogene51s of £- phytollths.

In the merlstemat1c row that will produce ground |
cells (also called "long" or "fundanental" cells) ' d
1ntercostal zone) transversal assymetrlc d1v1s1ons
occur at 1ntervals The - shorter cells d1v1de
transverSely agaln, but now symmetr1cally Of~these,‘the__
‘g{ox1mal cell w1ll dlfferentlate 1nto a cork cell whlle
hthe distal one w1ll become a 5111ca cell. |
The dlfferentlatlon of the cork- cell 1nvolves-
‘;growth to about three tlmes the original volume (usually
part1ally embrac1ng the dlstal cell), and suber1zat10n-
of the walls,.but»not lossuof the nucleus and

=

,organelles{
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The differentiation of the dlstal cell into a
silica- cell starts by growth . even more accentuated than
;‘the cork-cell., The cell external surface protrudes, and
‘generally the edges extrude more promlnently. ThlS
noverflow" of the cell is perhaps determined by the
space anailable Eg:growth being‘limited by the
© surrounding cells. Then, it looses the nucleus,
membranes,'and all the organelles, becoming filled with .
fibrillafﬂneterialh and some lipidic dropletsj(mainly
from membrane d151ntegrat10n) It eeens that the cell
becomes even more turgid once the process of 1nternal
dieorganization starts, perhaps due to csmosis when the
4ceil memhrane barrier is altered. Because of”this
alteration cf the celiular membtane, it is hypothe51zed
heré that.a process of reverse Ssmosis or

ultrafiltration starts' at the surface of the cell, which

e

’ beginsv"leaking" water tbfthe outside where it is
evéporatec} Supporting evidence for this unidirectional
fluxvis provﬁded hy'the data of Bombin and Muhelenbachs
(1980), whgch indicates formation of phytolith'biosilica
in- 1sotop1c equ111br1um with 1nternal watér The
condltlons 1n51de the cell now favor the polymerization
‘of mon0511;c1c acid, 1n1t1ally 1nto very small’biosiiica
spherulee._The spherules are directed by the outward
‘flhk“towards the internal surface of the external wall,
preferentielly to the extrnded.edgee (which>eeem to be

thinner'and3penhaps more permeable to water), where the
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_spheruies are packed into a relatively compact tertiary
struc%ure, The inte;abtions of the polar surfaces’ of thé
spherﬁles,nthe fibrillar‘Cytoplasm,'and the éeIIIWall,
act as’guides foryselformation of the tertiary" |
structure,_Aftef the~ihit§al deposition‘of.smalI(
sphefﬁleé, the ipferéellular conditions becomé favorable
to further development of the secondary structure of
biosiiiégvpolymers, and larger spherules are genérated,
which éontinue to pack céntripetélly, until thé
t-phytolith is cpmpleted.yThe lipidic droplets, being
internally apolar areJnot‘silicified, resulfing in their
segregation, which will constitute the typical vacuoles
of silica-cell phytoliths.

. The same general process abo&e (for silica-cells in
cork-silica cell pairs) takes place in the formation of
phytbli{hs within éinglé silica-cells located in the
. costal zénes. For example, all the elongatéd )
silica—celis in the Pooideae, which always occur in this
anatomical positién. .
| The general outline of phytoliths is determined by
the shape of the mother-cell, which is also in turn
- affected by the differeﬁtial growth and shape of the

neighbouring cells. In the case of silica-cells, which

-

grow beyond the confines of the space provided by the
surrounding cells, forcing them to protrude externally
(Figure 4C), thejméde 6f extrusion is also a factor in

 the final morphology of t—phytoliths, partiéularly of

s, L
-
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the external surface, because 1t is not 1dent1cal 1n all
phytollths. This extrusion is 1n general more
accentuated around the edges of the external surface, so

most silica-cell derived phytoliths will have a concavef

: _ - - § '
upper suxface. The protruding edge can be more/or less

smooth, or be Lnterrupted by different kinds of
constrictions, due to differential resistance to
expansion (e.g. by cell wall bonding). Therefore, the
final morphology of the edge depends on-properties of
the cell wall, which is ultimately geneticallya‘

controlled (and thusdsubjected to-evolutionary change).

. Other structures that_are reproduced in the surface of

phytoliths are cell wall pits , and intercellular
_spaces, for'example, when there are two fiber cells

below a silica cell that partlally 1ntrudes the space

"between thenm, a keel 1s formed on the lower surface of

the phytollth

c) Ontogenesis of c- phytdllths ' "‘5

Internal silicification can occur -eventually in any

, of'the'other cells of the grass blade epidermis, namely:

ground cells, trichomes, bulliforms, and stomata; and

very rarely in cells of the mid- portlon of the bLade,

'namely° mesophyll:chlorenchyma parenchyma,‘mestome,

sclerenchyma, and vascular elements. The c- phytol1ths
formed W1th1n any of these cells are 51mply more or less
perfect 1nternal casts and occur when cells d1e or are

functlonally very altered The same mechanlsm of reverse
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osmosis 5: ultrafiltration could appiy here, without the'
template,effect of the fibrillar mattix described for |
the silica-cells.

The third kind of 5111c1f1cat10n that occurs 1n
blade cells (generally epidermal) is hy sxllceoal
1mpregnatlon of the cell wall. This happens generally
when there is a strong gradient between 'internal water
supply and evapotransp1ratlon, for example 1n
semi-aquatic or marsh grasses w1th emergent blades, or
irrigated plants in dry climates. In this case, perhaps
outward apoplastlc pathways of sap silicic ac1d play a
role. The same steep gradient conditions also favor the
formatlon of phytoliths, and intercellular silicic

’ .
concretions.

2.5;2 Morphological information in grass phytg
~ The first step in identifying the redundancy Of.

phytoliths and theif Linnean taxafcorrelates is to identify
the most significant morphologlcal loc1 of encoded
1nformat10n Exclus1ve use of generallzed and vague
descrlptlons such as. "hats", "dumbbells", "saddles" or
f"elongates" are not adequate for phytollth -analysis, because

they are very redundant throughout the grasses. A
',"dumbbell" for example, can occur in members of any of the’
grass subfamllles (Metcalfe, 1960 Gould and Shaw, 1983).

/
-The aim is to find 51ngular redundanc1es instead.
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" The system being proposed here starts by decoding
4 . o ' . i 1‘ .
information tofsegregate the phytoliths in two groups:

.}t-phytoliths'(i.e.‘from\silica-cells), and’c—phytoliths x o
'{i.e, from any other cell). ln'rggerence samples this is | ‘*
straiohtforward In fossil samples,ﬁtbphytoliths can be |
recognlzed because they are more transparent' have vacuoles;
are usually patelllform (knee-cap shaped) w1th or- W1thout

keel, cymb1form (%oat shaped) with -or WIthOUt keel, or
selllform (saddle shaped) and do not have any of the
Cfphytolith attributes. On the other hand, c—phytollths are
hsually only'transiu5cent, granular (ﬂdarkerﬁ under.the
)light‘microscope), do'nog have truelyacuoles,éand dlspla§f

the characteristic morphologf of their mothef;cells. The

only p0551ble amblgulty mlght arlse, occa51onally, n \
d1fferent1at1ng elongated corroded t- phytollths from ground "h,,

cell c- phytollths (these usually have. more 1rregular surface

and outliné) 1f thls happens, it is saﬁer to 1dent1fy them .

phytoliths is important

exclu51ve of the subfamlly POOéﬂ&ﬁg
e _ .
The next step is to transla. thef1nfoﬁmat10n conta1ned

g >

in the dlfferent parts of the pﬁgtgllths,‘whlch 1s morei
LR :

effectively done by systematléjgﬁ:}y51s of thelr structure -

“1’ )

,;Tyateral ,and frontal
T A {,' R

Sy ]

in three orthogonal views (upf
' %
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views), as indicated in.Figure 7. In 1ight microscopy, if

‘the mount ing medium i% too viscous or rigid, or the

preparatlon ls a leat ep1dermls specimen, this is not

~possible. In th1s‘case,'the information obtatned has to be

maximized by inference (e.g. through focus tomography),

‘trying to model the tridimensional structures as closely as

pésSibl\. In'analyzing c-phytoliths usually one view

prqvide§45u§ficiént infqrm&tion for analysis. The following
views are\récommended for c-phytoliths of different cells:
trichoké&,- laterhl view;
ground cells - upper view;
stomata - upper“view;'
. xylem - lateral of upper views;
’ fibers - lateral or upper views; and @ ‘_ P

[ buliifb:ms - frontal view. . : o ;f,;

As'suggested by Metcalfe (1960), the‘standard'

orlentatlon of the blade for ana1y51s, and reference,‘ls

with the loﬁglggﬁlnal rows of epidermal eells horlzontal to

¢

L]
the mlcroscoplst

The most common shapes bf grass phytollths in the three

’Qiéws are llsted and illustrated in Flgure 8. The three -

ba51c trldlmen51ona1 shapes of t- phytollths namely,
patelllform, cymblferm and selllform are also represented

in;Figufe 8. The. morphology of sides and ends normally

‘encountered in non-isodiametric phytoliths are represented

€

in Figure 7.

oS
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N\ everted {straight, convex, .concave)
/7 introverted {straight, convex, concave)
bo;tom ’ .
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.~ coancave . oo 9
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“frontal view:
Yrontal view.

top . L ) A
.l oyt T
N concave 3
corvex '
= flat
J . [
=1 ' crested .
sides . ;

vertical

1
X/ everted (st¥aight, con've'x,"conclave)
p .

’ \_ introverted (straight, conve:ﬁ, conca.ve) N

U“ u-shaped ' : : o st

\/ v-shaped“* ‘, .
sottom

flat

o~ 'co'ncavev

< convé;,
 “v-shaped LA

g
o keeled RN
.1 .

_basic tridimensional:shapes:

@ patelliform .gk(nee-gap shaped‘)

i B

¢ cymbiform (boat-shaped), . '

@ selliform (sadd}e-shaped)

C-PHYTOLITHS

from:
ground cells

interstomatal gtound cells
s

short trichomes"’
long trichomes (or macrohair)
- pitted modified trichomes ("crown=cells')

tip of long trichomes S

@ ,buf_l iform cells (usually flabelliform)

T s . :
re. 8 ~ Morphology of grass phytol}ths II. .

stomata {

S arlen
/sclerenchyma fibers

M

,
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‘Other parameters t%@t should be recorded when 1nd1cated
are, the presence of creeks, keel, Yacuoles, and staining.
Information'about»preservation;'other‘occurrences,_and
'bihliographic references aredalso useful 'A scaled sketch
showing the three 51ews (and photographs if p0551ble)
'should accompany descrlptlons of morphotypes. Any deta1ls
revealed by SEM should be déscr1bed A model of a protocol
sheet ﬁor phytollth descrlptlon, whlch can be adapted for
\computerlzatlon 1s reproduced in Note 3. » o

When all the 1nformat1on suggested above is. decoded
‘from phytOllthS (partlcularly t- phytollths) and arranged-
hlerarchlcally, a remarkable degree of dlscrlmlnatlon of
Llnnean taxa can .be atta;ned; in some cases (e.g. malze)
:\even at the species(level. Modern balanced grass -
.classifications Shou’higher'cbrrelatlon‘with phytolith p.
: morphotYpes whlch indicates that some of the past "

‘confus1ons in dlscrlmlnatlon of grasses based on phytollthg

‘werewdue to 1nadequatf

oy e

qnnean_cla551f;catlons of the

§Oaceae Theltaxonomy andnnOmenClature of-grass subfamllies,
‘tribes, and genera followed here,'ls that of Gould & Shaw

. S
(1983). ’

LN

1 sugg st that a. cla551f1catlon system orfkey, of any
phytolith set, should use the redundancy of parametric vand’
non-parametiric morpholog;cal attrlbutes to.cluster the1

phytoliths, initlallYTby anatomical origin, and then

‘hierarchically, until only idiosyncratic information

" remains. T e“identiflcationvof Quaternary, fossil phytoliths,
= , e n - ' -
| d . ’

|
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\ .
is done by comparlson of morphologlcal attlbutes w1th known -

_phytollths, wh1ch makes it analogous. to already establlshed
methods of . palynomorph analy31s (e g. pollen spores and
dlatoms)

The 11m1t1ng factor for precis1on 1n 1dent1f1citlon of
f0551l phytol1ths is the representativeness of the available
reference collection. The desirable or necessary Linnean
taxonomic level of discriminatjon depends'on‘the,kind of
. questlon belng asked, or hypothe51s be1ng tested
Ident1f1cat1on at the 1evel of trlbe, or in some cases

o

genus, is suff1c1ent 1n many 51tuat10ns, for example in the
application presented in chapter 3. Sometlmes even the sole
phytollth morphotype dlver51ty or abundance is a very key
| plece of 1nformat10n in paleoecologlcal research
archaeologlcal studles, when cultlvdted plants are searched
through phytollth analy51s, deta1l prec151on,_a nd’
- spec1f1c1ty are required to d1scr1m1nate the crops

'Figures 9 through 17 further 1llustrate morphologlcal
variation in grass; phytollths, and the use of the'
-’nomenclature and clas51f1cat10n 1ntroduced above.:-

1
Recently I have started the study of geometrlc

}1nformatlon coded on phytollths. Th1s‘approach is Stlll
tentatlve, but it already revealed an exciting and \

>potent1ally poﬂgrfdl 1n51ght into the study of natural
‘Morms. In my flrst attempt to model phytollths

geometrlcally, I trled to f1t surfaces to the three ba51c

7
t-phytolith tr1d1menS1onal shapes, and found that quadr1c

P

- 60



Fiquré 9, - Phytoliths in epidermal preparations. ' s

¢

«.tphytoliths patelliform, elliptic to, ov'ate‘ to fabiform. ey

. B Poa annda (Pboideaé, Poeae), costal t-phytoliths cymbi#%rm,
1 annca b

- -
. rectangular to parallelogram, shallow sinuate to crona;(f;

C: Koelerlw gracilis' (Pooideae, Aveneae), costal t-phytoliths
rectanaular to trapezoid to low pentagonal”, shallow
. './m':u}r_n'-smuu(’.u‘Lu,_mnuat‘;e ondulate, keeled {(sce Fi . 1567

Scantercestal trichones with silicified tips. D: Hordeur vulgare

Peloarar to trapezoid, ondulate to shallaow s

vl round cetl ytoliths, Nete difleronces betfec:
s Uil osphisto it d Ctaranalar™s ) T aaat rons arn ot
P Pee Tl e, et yrond TR ERI SN iler o : '
o1 h :
s
- v -

. - . . ’ K
A: Elymds canadensis -{Pooideae, Triticeae), gostal and intertostal

R Chviadene, Triticeas, costal t-phyteliths combiforr, receancals



Figure 19 - phytdliths irl epidermal preparations.

Y unutolnj curtipendula (Chloridoidéae, Chlorideae), costal ' - L
R ie
s -vhytoliths selliform, keeled transveraally. B: Danthonia sniCdta - :

hxundLnUldvdU Danthonlcae), intercostal t- phytollths patelleorm,
Trenmite S bllohdcc' costal t- phytollths bllobate meium to short . )

l\!lwn, costal” t=phytoliths. trxlobate xrreqular. . v o ’ .

Andropogon shrivensis (Panxcdxdeac, Andropoqoneae), sostal. . - -

bilobate medium to }onq constrlctxon, costal t- phytolitns

itn
Cryaebati mrreqularg trichomes with silicified bases, Note markedly ... . | . .

voeal lanes of bxl@bdtns and trilobates, which is

iyt Phoe Anddropoaoneac. D Ard ida setacea (chloridoidede,
st ader e, rastal t=ply iithy bilobate gonerally lona CORSLrICLon
. S rpaeve covers Jo(ox 300 LEn ’ '
i ; , R
£l



‘ t-phytoliths oy

sertotry

tagqure 11 - Phytolehs in ep1dermal preparations. .

- 4 Bambusa vulg aris . {Bambusoideae’, " Bambuseae),coscal t- phytollths

selliform, large bidolabriform: Lntercostal t‘phytoliths selliform,
very narrow bidolabrifarm; tip of trichomes silicified.

B: Stipa dregeanea (Poo‘ieae,’ !:tioeae), costal t- phytolxths bxlobate_"
short to .medium constr;ctxgﬂ 1rregu1ar, costal t-phytoliths, trllobate

'xrrnqular, intercostal t- phytoliths pabelllform, elliptic to ovate

to _abeorr C: Phragmites ‘australis (Arundinoideae, Arundineae),

costal t-phytoliths selliform {bidolabriform with markedly dlfferent -

focal planes); costal short trichome c- pﬁytolxths (rxght corner) ;

intercostal t-phytoliths patelliform, circular to elliptic to ovate; '

intercestal interstomatal ground cell’ cjphytoliphs. ’ “
(B4

\rinatus tPooideae, pPoeae, section Ceratochloea), pericostal

mknfufm, rectangular t(J sguare to trapezoid -(some-

Lery Narrowi, sihugate; pvricof;(hl short trichomes owWith tips silicitied,

*vkm ibooideae, Triticeae), costal pitted modified

("crown-cell™) xpln‘-pxlvutc 4“[){\‘,’(011(!\‘1 isee 16CH;

ﬁ’ {ntereostal and costal '—[h‘ toliths pate lllfurrr, circular to v H\p: 1

Sl each photo odvers 206050300 L. o :
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Figure 12 - Phytoliths in SEM. A and. B Festuca ovina (P001deae, Paam),'v

c05ta1/1ntercostal t- phytoliths patelliform, circular, keeled.
A, upper obllque v1ew, "B, frontal oblique view. ' C: Poa alglgena
- (Pooideae, Poeae),intercostal t- phytollth_ patelliform, reniform.

] D,.Arctophlla fulva (Pooideae, Poeae) costal (?) t-phytolith’
. cymbiform elliptical, very tall.’ o I 4 .



Flgyure 13 - Phytoliths in SEM. A: Stipa richardsonii (Pooideae,
Stipeael, intercostal (-phylolxth'patelhform, ellxptic. marked
Lasal protuberances. Note fine tertiary b;Esx'Hca structure at the
cidges and coarser at the base, B: Spartina gr.\cll_l_s {Chloridoideae,

vidnridaer, costal techytolith patelliform tall, C: Qrizopsis

serntes Pociddae, stiplact, costoal vtalith bilebate, -

STt mmtruttions, stroag bt ends, D DTSRG LUN $eojaaliur
X T e, . [
Sraotioar, L bed bent [ERE

6

l
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Figure 14 - Phytoliths in SEM. A: Glyceria paucifiora (Pooidess,

Meliceae), costal t-phytolith trilobate regular, end mamillate.
B: Pleuropogon. sabinil (Pooideas, Meliceae), costal t-ghytolith
cymbiform, trapezoid, sinuate deep (ll‘lthly angulo-sinuate), o
ends low mamiilate. C: Giyceria pauciflora {Pooideae, Meliceas),

costal t-phytolith t§ilobate regular, end wide mamillate, end with -

spike. D:" Ayrostis borealis (Pootdeae, Aveneae), costal t-phytolith
symbiform, rectanguiar extremely elongated, smooth, ends lpatulétéd

Twats crest,
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Figure 15 - Phytoliths in SEM. A: Bromus ciliatus (Pooideae, Poeae,

.»sectlon Pnigma), costal t-phytolith :cymbiform, rectangular, ondulate
shallow, ends convex. B: Koeleria#gracilis (Pooidea, ‘Aveneae) ,

costal t-phytolith cymbiform, elongated- pentagonal, shallow -
sinuate-ondulate, keeled. C: AgQropyron . cristatum (Pooideae,

Triticeae), group of four phytoliths, the cénter one is a bulliform.
cell c- phytolith D: Agrqu;on cristatum (Pooideae, Trltlceae)

mesophyll ‘cell c-phytolith.

67



R .

Figyre 16 ~ Phytoliths in SEM. A: Agrostis scabra (Pooideas, Avene
short trichome c-phytolith. B: Agrostis scabra (Pooideas, Aveneap),
Jlong trichome (macrohair) c-phytolith. C: Agropyron smithii (Pooideae,
Triticeae), costal sp;iny—plle-ltO c-phytolith from a pitted modified

’ rt trichome ("crown cell”i. These are characteristic of the

Teithomae. Br AgropyTon smithii (Peoldeae, Triticeae), intercostal

todh from o satted around cell.



Figure 17 - Phytoliths in SEM. A: Poa glauca (Pooideae, Poeae),

tip of long trichome c-phytolith. B: Muhlenbeggla richardsonis

(Chloridoideae,’ Eragrosteae), intercostal interstomatal ground cell
c- phytollth C: Pucc1nellia arctica (Pooideae, Poeae), xylem

c-phytolith. D: Phragmites_ communis (ArundinOLdeae, Arundineae),

heavily silicified epidermis, including stomata c-phytoliths.
Free on surface of preparation, there are four t-phytoliths

patelliform, fabifofm, with basal protuberances.
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surfaces approximate quite“pll the natural ones. The.
patelliform surfaces conform to parab0101d (x*/a? + y*/b? =

z/oy% or half hy;‘rb0101d of. two sheets (x?/a? +'y*/b* -

<;\ Xc’ = = surfaces. The cymbiform surfaces are deformed

& versions of the hyperb0101d of one sheet surface (x*/a? +

y*/b? - z?/c* = 1). An interesting consequence is that.an
eGolutionacy model of these,:;fee'phitolith shapes would
suggest that: ’ - .

a) Being hyperboloid patelliform and cymbiform
phytoliths are evolutionarily related, their morphological
difference resultisg from a topological jump, which can be
modeled by a change'in sign on the terms of their respective
equations. \ | |

b) Selliform phytoliths ate not directly related to the
two other'fotms refe:red above, but are to the paraboloid
patelliforms, their difference being also the result of a
topological lump, modeled by a change in 51gn 1n one term of
their respective equations. | ¢

The next attempt to model phytoliths geometrically, was

trying to fit plane and higher plane curyves to the shapes of.

-the;upper surfaces 3% t- phytoliths. Here also, good

approximations were obtained in the studied cases. The

simplest matches are obtained with the upper surfaces of

icircular, elliptic,-and ovate patelliforms. So far, the

cycloids seem to have the most general application. For
example, the epicycloids (curves described by a point on the

circumference of.a circle as it rolls around another f& :

\
]



c1rcle), which are described'by the eguations

:cx (a + b)cos¢ - b cos[(a_+ b)¢/b], and

©L Y a # b)51n¢ - b sin{(a + b)¢/b],

uhere a and b are respectlvely the rad11 of the fixed-
~and mov1ng c1rcles, and ¢ - 1s the angle descrlbed by the
mov1ng c1rcle in relatlon to the . orlgln of the coord1nates,
and the p01nt of departure of the mov1ng crrcle If»au=‘nh,
the curve is an n- cuSped eplcyc101d The C&rleld

(one cusped ep1cyclo1d) f1ts well patell1forms w1th

fablﬁorm renlform, and cordlform upper surfaces. The

nephr01d (two cusped eplcyc101d) conforms to bllobates. The -

four cusped eplcyc101d matches the crUleorms (1n the case

T

of malze, sometlmes there are even "defectlve cruc1form‘ -

phytollths that match the three cusped eplcyc101d)

Trliobates,_polylobateSL and a- varlety of cymblformS‘

o i
-wlth curv111ne r edges, are 1tted best by eplcyc101ds

pﬁcauced by a’ 1rcle mov1ng arOund an eIlongated elllpse.

'ACUtangula | yfollths correspond to the astroid
"%f0ur cusped hypocyc101d descrlbed by a ,point on, the -

c1rcumference of a c1rc1e mov1ng around the 1n51de of

o i 4 ¢

? another c1rcle)
on thls subject of plane curvesjithereare also

1nterest1ng conseguentlal predlct1ons for evolutlonary
1 modellng of phytollth morph01091Cal changes. For example,_

~

' the evolutlonary relatlon between monoconstrlcted

-

patelllforms, bllobates, trllobates ~and. polylobates would

be through topological transformatlons modeled by changes 1n

f‘-- o = G
.

P ] . . . s, . Lo



the proportlons between the ‘radii a and b.
'Y on a more speculatlve line of thlnklng, based ‘upon 9
these geometr1c stud1es,.1t ‘seems plau51ble to hypothe51ze

that the thtOllth ev1dence 1nd1cate an\arund1n01d l1ke

.
A

&5 ancestor for thefgrasses Th1s would then spllt 1nto

Arundlneae and Danthon1eae lines, wh1ch would respect:vely

evolve 1nto grasses. cla551f1ed today as A%pndlneaeq
/

3

Ory201deae, Bambu501deae, ahd Ch;g;1dq%§eaéhon one 51de, andfﬂ
. @ Bl C

P v

Danthonleae, Pan1co1 eae; and P001deag on the other.,,
Ev1dently, this has, to

e tested by Study1ng the fossil PN
record in Cretaceous and Tertlary dep051ts, which 15 ‘a

r'prOJect.that Ixame]ust@startlng to work on.

2.5.3 Sedge phytol1ths S . | %
,; :g‘_‘ Phytollths from the Cyperaceaeﬁhave been stud1ed less
Eﬁ than q@oge onm the Poacqae. Although géﬁeral Metcalfe

X _

(1971) Stlll is: the most comprehen51ve reference on sedge '~'_f,
», -

phytollths. They seem to hold a potent1al,51m1lar to that of

3 L4

the grasses for evolutlonary and paleoecologlcal studles.

g From my own l1ght and SEM mldrosc0p1c observatlons, as in-
\, . . - ‘ - A
’ the grasses, I propose the exlstence of two k1 ds of

~
~

phytollths in sedges' t- phytollths (from silica- cells) and

c- phytol1ths (from any other ceil). In all the spec1es -
¥
studledp\t phytollths are exclu51vely present in the costal

Y

- zone (e. g. F?gures 18A a@d 18B) ¢l‘5?5;:gﬂ.p~{7p*,j

Th'ﬁhas!c trldlmens1ona1 shape of sedg& t- phygplm%ps is

. 2 . .
e P . o . . . \ &

B vv . - “‘ .

a S ®
e i X

Ay . " :

Y
\



‘Figure 14 - sedge phycouths in epidermal preparations.
 'A Eriphorum latifolium, scutiform phytoliths, polnted protubetance

four to eight: tubercles regularly dlstributed arcund the. peri hety.'

B: Kobresia.royleana, Scutdiform: phytoliths, protuberance rourg@ded
to unconspicuous, tubercles xi}iable irregularly distribute ”and
very. conspicuous; grfound cell phytoliths tabular, rectangular to
) trapeziform, spiny sides., C: Scleria’ banharlensis, hemispherical

pAiytaliths on tranversal walls of costal cells, echinulate to

verrucate. D: Mapania wallichii, ground cell c-phytoliths of-
qhdpe peculiar to Lhe genus Maganxa. Scale: each photo covers
200 x 300 .m. . - s :
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evo%ptionary distance between the

74
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central boss or protuberance), as those 1llustrated in.
F1gures 19a, 19C, and 19D. In addition, many scutlform

phytollths also have small tubercles #n the upper surface.

Their morphology, number, and p051tlon 1s variable; in some

taxa the tubercles are located around the protuberance

‘("satellltes ), as. shown in Fxgures 18A, 18B, and 19C;. in

others, they are polarlzed as in the phytollth of Figure
20C; yet in others, the tubercles are dlstrlbuted over the

protuberance (Figures 19D, and. ZOD) ‘or the whole surface of

the phytol1th (Figure 188) In some sedges (e.g. SCleus)

these tubercles are cochleate (c01ﬁed like & snail shell),

‘er most og the Upper surface of the scutiforms‘
ZOB). The scutiforms occur.one per cell, two per
’ b ' ’ o - ) _
jused (gigure 20D) or not, and, more rarely, several

14

' The scutlform - phytollths from éedges are essentlally
' dlfferent from grass t- phytollths, whlch 1nd1cates (as

do oth"r anatomical features) a véry con51derable

lants grouped within the.l

'Poaceaerand the Cyperaceae.pr anything, the sedge L

phytoliths are perhaps morphologically closer to the ones

from Palmae CTomlinson, 1961) ¢ _

| The ontogeny’of scutiform t-phytoliths needs furtheP\
investigation. My preliminary observations indicate‘that'
they always form ‘at the base of the ep1derma1 iells, and

that the cellular materlal on. top of them serves as the’p

template to start 5111c1f1catlon, ‘and produce the upper
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Figure 19 - Sedge phytoliths in .SEM. A: Carex stenophylla,’

scutiform phytolith, protuberance of medxum size rounded no

. tubercles. B: Eleocharis palustris, 'stellate mesophyll celé

phytolith. C: Eléocharis_galustriSQ_scuglform phytoliths,.*

protuberance large and rOunded;‘;ubercles 3 to 6 around .the -

: protuberahce. D: Eriophofum angustifolium, scutiform phytol:

g?j

ths,

protuberaﬁce very lhrgg;and pointed} tubercles generaly 4 Qr“’

on the protuberance.
: -

v -




e . ~ . R ) : L
Fy Sedge. phytOliths in SEM, A Scirpus tuberosus,
e » phytolith in lower view, showing coarser blosilica

. tertiary structure Around tpe cavn:y corre-pcndinq to the

entripetal. B:i Scirpus tuberolun, lcuu{orm phytolith,
pr'ntubuxance‘ uneonspicuous, tubercules cochleate covering the
»ﬁ apper surface. Cr Carex obtusata.” scutiform phytolith,

. y‘nnt;‘d rpedium, tubercles polartized

G beliardin, tw fused

e slidted

Chow T O kaah suded . b Kok

tutepanoce lar e

=

strght iy poinated, oany
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.surface -sculpture. From there, silicificatlonwcpntinues

“centripetally; howeVerj they do hot form vacuoles, like the

grasses (Flgure 20A) S \Jrf”

'_ A minimum descrlptlon of Sedge t- phytollths should

1nclude the following information: : ’ f

.,'b

- Shape of phytolith in upper v1ew- c1rculat g}llptlc, JPPRR

, square/rect!ngular rhomb01d Fused or not.g : “33 ﬁQ, "

iﬁk

»"R‘

ﬁ,

Fle R .' gﬁﬁﬁ“ﬂ: 'd
- Maximum length. - T o

“

- Maximun width.

. Lo
N . . N . . R

- Helght ‘_ \

2 Nature of prgiuberance~ .unconspicuous, small medium,

. .(?'"

large; Pointed 3r rog;deg.

- Nature of tubercles' distribution, number} and shape
O

(usually clear only under SEM) >

Ground cellsc- phytol1ths 4 e Cyperaoeae are .

a0

generally 51m11ar to “their equ1valent5&1n the Poaceae

T

(Figure 18B) They can be Usually dlst1ngu15hed by thelr

tabular shape and commonly spihy %des Elongated .‘m &“g
t- phytollths do not occur in the Cy¢eraceae, therefore,

there is. no amblgu1ty all elongated phytollths in the -?
Cyperaceae arethphytollths. In other cases, the ground ‘1§ﬁ§‘

cells themselves are so pecullar ‘that identificatién is ‘\“ﬂﬁﬁ _

unamblguous (e g. Figure 18D).

i

Sometlmes stellate meSOphyll cells, whlch are typ1cal

&

'of aquatlc plants, also produce c-phytoliths (Flgure 198)

There aré some other phytollths with' restrlcted taxonom1cal

dlstrlbutlon, such as ‘the hem15pher1ca1 echlnulate or
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U,
4

verrucate bodies formed in transversal walls of ep1dermal
.cells of. Scleria (Figure HSC) which have not yet been
properly stud1ed )i .

The walls of se\ae e@wdermal cells can 5111crfy,
'totally, or partially (e.g. in sinuosities). In some
instances of very restrlcted taxonomical d15tr1but1on very
dlst1nd¥ wedge or brldge shaped portlons of the outer wall
Slllley (see;Metcalfe,'j971, for illustrations and
distribution). »

As 1 think can be apprSCiated"from this brief_overview;

the studyfof"sedge”ph%tolrths~pgomisésmtgﬂbe-ah;leastwa§

fascfﬁating as the grass gounterparts. -

R
.

The study of ‘phytoliths in plants other than grasses
and sedges is even more undeveloped However, the works by
- Cutler (1969), Klein“and Geis (1978), Kondo and Peason

(1984), Kondo and Sumidad(1978), Pipérno (1983), Rovner
(1975), and Tomlinson (1961, 196%&; for_example, indicate

that a very promising potential also exists ingthis area.

2.6 Applloatlon of phytol1th analysis

‘Phytoliths contaln two klnds of encoded 1nformat10n.
structural .and’ temporal spatlal The former 1is related to an
ontogenic- anatgﬁlcal- loglcal reference system, while the
ilatter relatesfto 5 space time context.‘As seen above,

phytollth morphologlcal varlables correlate with taxa of the

r
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: standafé éystem of biological‘classification, therefore,

aléo correlatiné to oth€r eeological and éVQlutionary
redundant information associdted with this taxonomy.
Furthermore, phytolith morphological variables such as gize,
or nature of,sillcificat‘lion are directly related to ?
environmental variables. Also physico—chemical pa;ameters

(e g. stable 1sotope ratios, and trace element proflle) m\\\\
contaln dlrect 1nfqrmat10n about the conditions  of phytolith

formatlon dlagene51s, and age. The spatial position of ¥

L
’3hytollths in sedlments, or soils, encloses - 1nformat10n of gg .

e

its own, For q~9mple, if phytoliths are found in deep ‘sea
samples or. in 10callzed archaeological features,_they
automatically bear singular connotations. The varlatlon 2
phytoliths in time, or temporal assoclatlons to othef‘
fossils, also carry particular information.

The avenues‘for aﬁslicatiOn of phytolith analysis to
decode this multiVafiable.redundant information would then
include: S . s | 7

| - Provide a robust, conspicuous, and paleOntoloqically
-durable taxonomlc parameter, specially for nocots.

- Yield data for evolutlonary studlesazj\élants and
animals, particularly on grasses, sedges, grazers, end
omnivores (e. g. hominids). -

5

- Indicate past vegetat1on (in particular when pollen

-

and other organic remaln?/éfe not -preserved), 1nclud1ng

' )
graminoid diversity.

-
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-. Complement pollen analyéis (e.qg. by,discriminaging
Poaceae and Cyperaceae further ‘than the family level), and
other multivariate paleoecological indicators.

- Aid in paleoenvironmental reconstruction through

information relatgd to autogcoloéy, taphonomys, and”
’physi;o-chemistryk(e.g; isotope raﬁios).

- Trace the‘evolutionﬁ5and the?ecosystémic proportion
cof C3-Cy pﬁotosynthetic pathways.

- Reconstruct diets and paleodiets, through- the

analysis of feces/coprolites, gut contents, déntal tartar,

food residues, and teeth abrasion marks. 1 : e g

‘- Deterhine diet involvement in pathologies, such as
N : . i B
urolithiasis (Bailey, 1981), pneumoconiosis (Holt, 19%7),

andﬂcancer (Hodson and Parry, 1983; O'Neill et al., 1382; i
: /" - d . . P .

Roge,'1968)

' - Unravel archaeologlcal 1nformat10n foT'examﬁge about

1

domestlcatldn of plants and anlmals, agrlcultural practlce,'

act1v1t1es, source*of fuel, 1nterpretatlon‘of featyres and

Storage areas, -artifact use, and ceramics. "
- Help understanding soil genesis (e.g. graséland:

o

versug forest soils), and nature of paleosols.

o Serve as a stratlgraphlc correlation tool, as do many

other m1crof0551ls. . _
- Provide absolute dating by analysis of occluded

~

radlocarbon or thermoluminebcénce[ when better materials

are not avallable
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N .
- Indicate sediment and soil parent material source.
. - Cfiminal inveftigations, aqﬁ forensic applications.
Finally, 1 h&bé to have demonstrated that the study of
phytofiths deserQés more attention than ‘presently devoted,
and that its potential is not so remote as usually thought.-
”Howgver, it should not become an isolated_fiéld,,becauée the
're;ults of phytolith analysis are certainly maximized by
integration within a multidisciplinary cqipext 6f research.
I think that the eSSential areas of phytolith analysis to be
de%§loped in the near future, are the deepening of research
on phytollth ontogeny;~1n .grasses and other plants, as well
as their evolutionary 51gn1f1cance. The taphonomy pf

phytoliths needs immediate vestigation, particularly to

,determine if there are u roblems to 1nterpret
paleocenvironmgfts using these microfossils. Parallel to
this, the survey of phytolith occurxrence aqghyar;ay;om in- .

the Plant Kingdom, should be continued and accelerated.



3. Pleisto-Holocene mesoglacial ecology of Bdringia: a first
contribution from phytolith infdérmation
t

3.7 Introduction
’ "

As it is common knowledge, there have been several
glaeial—interglaciel cycles durlng the ‘gedlogical hlstory of
oue‘planet. The last and best known of them started at the
end ef the Tertiary, and continued throughout the
Quaternary. Between the dynamically quasi-stable full
glacial and full interglacial moaes, there were eonsiderably
long transitional periode, spanning approximately the tiﬁe
that the glac1al ice-sheets take to form or dlslntegrate
which I call mesoglaC1als; These were tlmes of profouynd and
rapid worldwlde cllmatlc phy51ograph1c and biotic cgEnges.
The megoglac1al that occurred at_ the Pleisto- Holocene\
boundary - .after the last full-glacial (about 16,000 BP) and
the beglnnlng of the present full 1nterglac1al (about 8 000

BP) - was a tlme of dramatic changes in the Ecésphere: the

climatic patterns modlfled @ompletely, large glaciers and

¢

-
ice- sheets waned, the sea level rose at least 100m

* ~

inundating vast stretches qﬁ coastal areas, qual1tat1ve and
QUantitative floral and faunal changes were very extensive.
" In addition to these g%obal events, the" New World witnessed .

the colonlzatlon by humans, massive extlnqtaons of

megafauna, and the blogeographlcal 1solat1on from the Old VGQ{«

82
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contingents of fauna and flora. At some

The Bering paleoisthmus Eormed severah t1mes dur;ng the"

Cen0201c glacials, as a consequence of the lower1ng of sea ‘

level due to water belng locked up in cont1nef¥al féé Thls

biogeographical synapsis. This opportuniz  Fpathway for
. ' 4 ¢
‘ t during the,

last time it formed, roughly betweenlz‘“ Wﬂ and 1O,OOOWBP,
it also serveg,for,ﬂsiatic humans .to ctbsﬁ’?@gg;;:df and

start the colonization of the Americas. In reality, when the

a e

bridge was in existence, during glacial and partnof
mesoglacial times, there was a cOntinUooé maés of
ungleciated circumboreal Holoarctic land from Iberia to the
Yukon : | - ! v |

The focal p01gt of this chapter will be the area of

thlS huge - biome between: the Lena and the Macken21e basins,

Wthh is w1de1y knowm as Berlngla (Hopklns 1967, 1972,

1979; Hopklns et al. 1982), in particular North American

- (or eastern).Berlngla.,ThiS'area is of particulat relevance
when studying the"mesoglacial events cited above, and to

.understand the initial human occupation of the New*World,

for this was the\}ain ecological filter to folks before

reaching the'more¢amenable~lands south of the ice-sheets. In

e

.this particular, there is an ongoing and heated debate as toAt

' whenﬁénd‘how the New wOrld was peopled and Berlngla 1s, )

obllgatorlly, at the very center of the problem.r ’

3



my - own - exper’ﬁhce w1th most of the relevant sites, at

. problems with the.evidence claimed to be equler than thlS

\ 84_
Judg1ng from the publlshed evidence for early humans in

Amerlca (e g. Bryan, 19783 Shutler, 1983; West, 1983)» and

A

}preaent time e%ere 1s no clear indication forlpeop11ng of

'*South America earlier than 13,000 BP, or for North America

(1nclud1ng Berlngla) earlier than 16,000 pr Most of’ the

Fa

falls 1nto one of the foblowlﬂg categor1es. evolutlonary,

k4

paleontologlcal paleoecologlcal, or cultural contradrctlonp

S

questlonable artifacts? stratxgraphlc problems; taphonomlc

’problems"QUestlonable assoc1at10ns, p0551b1e carbom

contamination; posslble oﬂd carbon used for f1res~ dates on

g

bone apatlte, small samples or dates with large errors; and

questlonable datlng technlques. ¢0n51der1ng that there is

also no firm ev1dence for the octupatlon of northeastern i~

| o

arctic Slberla at least before fﬁ»OOO'BP and that physical - o

/
anthropologlcal data 1nd1cates relatlvely Small am0unt of
]
mlcroevolutlonary_changes since the first A

1ansfentered the
New World (e.g, Turner, 9§_), it seems mo'e plaus;ble,.-
until clearly refuted[’t‘ work Wlth the ‘pothe51s hat

humans’arrived in eastern Berlngla not e rller than about .

mesoglacialf On the ‘basis of;thSical/anthropoIOQiobl -

eV1dence, it seems that there were at least two maJor N \ ;'

migratory episodes from. Asra- an earller one, whlch brought

atyplcal" Upper Paleollthlc tradltlons, and a later one

;oafter about 11 000—10 000 BP Whlch bdpught mxcroblade r,

7

24
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':trad1t1ons._The earller m1gratlons would have or1glnated-

; ‘most of the paleo—lndlan populatlons of the Amerlcas,‘whlle-q

-

vthe other would have orlglnated populatlons that later

'developed or. acqu1red adaptatlons to explo1t the
talassocycle (Esklmo and Aleut) Populatlons o? the Pac1f1c

.Northwest mlght have resulted from hybrldlzatmon of those
' -

‘Vtwo orlglnal groups ‘of mlgrants Therefore, for the purposes

B

of th1s chapter the\uorklng hypothe51s w1ll be that humans

‘became part of the eaStern Berlnglan ecosystems durlng the
last mesoglac1al \7f I, 41 B T o B

N ‘ ‘ : ’

Along w1th the arrlval of humans, another natural event
d'that is recurrently controver51al among Quaternar1sts was
‘the ma551ve and qu1te abrupt vanlshlng of megafauna in the‘

Amerlcan mesoglac1al Aga1n Berlngla prov1des a wealth of

‘e : ! 1’\

emplrlcal data to ‘help: unravel thl\\paleoec01091Cal enlgma.)
The present generallzed phy51ognomy of the vegetatzon' .

. o :
1n the 1nterlor of Ehe Berlnglan area is predomlnantly'

‘forest in the southern portlon (spruce\donlnated in Alaska
and the Yukon,_and larch domlnated 1n Slberla) and tundra
1n the northern portlon (or h1gher elevatlons to the soth),
w1th domlnance of shrub- blrch sedges erlcads, mosses and
llchens R1ver bars, Holocene terraCes,_and flood plalns
commonly have w1llow and alder. ngher mounta1ns and the
high Arctlc have alplne tundras ‘and polar deserts "~ More
contlnental dry and well dralned areas of Slberla have a

steppe vegetatlon dom1nated by a dlver51ty of grasses,Av‘

sedges “sage, ‘and herbs (Yurtsev, 1882): and well dra1ned

-
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&
t >

‘-southﬂfac1ng slopes of the Yukon and Alaska also have a

= I I N

vegetatlon cover of grasses, sage, and herbs (Young, 1982)
'klt has been \uggested thqt ‘these’ prese\tly restrlcted

'steppes represent rellcs of the more extén51Ve Plelstocene
- . - ) . L » , ‘
Steppes R . . ) - .‘ “ e . /

v There is 'a reasonable agreement amonglthe.aUthorsfthat,
;durlng 1nterglac1al and 1nterstad1al tlmes, the vegetatlon
A_of the area. was’ more Br\less 51m11ar to the present one, or .
in some 1nstances even more\meslc (e.gL durxngfthevlast

NG

,1nter lac1al). Co cordance also ex1sts that since'the last
_ g i ’

mesoglac1al started a generallzed ecolog1ca1 succe551on was .

'seg\ln progress, f1rst Mlth an 1ncrease in shrub blrch and

'heaths,‘then spruce (NorthlAmerlca) or. larch (SlberLa)

w

alder and other taxa w1despread in present,hore'
‘subarctlc/arct1c env1roﬁments.lﬂowever \there 15 no general
‘:concensus about the nature of the vegetatlon durlng the last,
full glac1al and late glac1al (beglnnlng of last'
dmesoglac1al) ”5
~Pollen- studles conducted since the f1ft1es 1ndlcate
\dthat a treeless vegetatlon' domanated by grass _sedge, sage,‘ :
Xand a varlety of herbs, was W1de5pread in Ber1ng1a durlng
Lthe last glac1al (for reviews see- papers in Hopklns, 1967 .
:and Hopklns_et'al, v1982) Other 1ndloators, such as fossxl
'°mammals (éher, l§74' Pewe 1975 Harlngton, 1978 Guthrle,
_T9w2; Matthews, 1982) plant macrof0551ls (Matthews, 1982{,
‘and\foss%léinsects (Matthews, 1982) tend to conflrm the

!

polﬁen‘reCOrd It is in the 1nterpretat1on of thlS record to’

W S -f‘é'
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reconstruct the terrestrial.ecosystems, particularly density

‘and product1v1ty of the vegetatlon, that confllctlng S w,.l

hypotheses exlst i L o o o

Hypothe51 (1 - The full glac1al vegetatlon would have ’

present day analogs, and be preponderantly 51m11ar to ,

lpresent depauperate, and h1ghly dlscontlnuous fell f1eld

tundra (Cwynar and . R1tch1e, 1980; R1tch1e and Cwynar 1982)

or somethlng comparable to the vegetatlon of north Banks’

’ Island and north V1ctor1a Island (thchle, 1984) ThlS 15’~  —

AT :
based pr1nc1pally on the presence of certaln arctlc monta e

‘herb pollen and calculated low pollen 1nflux. This kind pf s

| ~ ¥

vegetatlon cannot support a.rich megafauna, therefore, thlS

hypothe51s predlcts that “the f0551l megafauna ‘do not

represent a- fu&l glac1al blocoen051s, or that the megafauna

!

- was very rarefled fadlocarbon dates 1nd1cate-that at least

K -blson horse, mamm?th carlbou,'musk oxen, moose, and sheep

were part of ‘a full glac1al blocoen051s, however,-the .

¢

"‘p0551b111ty of a rarefled megafauna cannot be dlsmlssed w1th

1ava11able data In thlS hypothe51s,°the late~ glac1al

domlnantlvegetatlon is reconstructed as a sllghtly more

oductive herbfwillow tundra’ wrth sparse'dwarf b1rch~

&

“simila_‘to thefpresent vegetatlon of south Banks Island and? .

south Victoria Island; Also dur1ng late glac1al tlmes there

\\

- would ‘be more extensgve lowland wet, meadows and w1llow1 :

shrublands. Another pred1ct1on from th1s hypothe51s 1s that

'there w1ll be a low d1ver51ty of grasses, and practlcally

,only Poeae w1ll be represented Thi%:can and w1ll ‘be testedp‘

=



L by phytol1th analysrs further on in thlS chapter.d
- ypothe51 2 - The " full glac1al and late- glac1al
‘vegetatlon would have no modern analogs in the arctlc or
| sub arctlc It would have been a productlve and relatlvely
7homogeneous grass.sedge sage steppe (Guthrle, 1968
‘~Matthews, 1976) and accordlng to Guthrle (1982) poSSiblyw"
3 ‘ \-, :

even 1nclud1ng Cn grasses , . "-,"‘ , VLT

' This steppe tundra ’"arct1c steppe" or "mammoth ‘ -

’ -steppe" hypothe51s predlcts a relat1vely h1gh den51tj of

'megamammals -wthh cannot be tested properly at present t1me
: ‘ v(‘ ‘ '\\7

.(1nsuff1c1ent dates on foss1ls)

The part of this hypothes1s, which proposes the

‘

presence of C“ grasses as a 51gn1flcant component\of the

-

j "steppe tundra (Guthrle,‘1982) predlcts that mammallan
tlssues (partlcularly blson) will have 6"C reflectlng thei;n
"”dletary proportlon of those grasses (see Note 4). Bomb1n and
;_Muehlenbachs_(ln press) tested thlS hypothes1s by analy21ng
T'carbon‘isotope ratios.of mummlfled»tlssues from pract1cally )
'all avallable Ber1ng1an samples. These 1nc1uded f05511
remalns of ‘bison, equ1ds, mammoth carlbou,,musk oxen

' mOOSe, wholly rhlno, and other undetermlned spec1es, found
A1n Alaskan and Slberlan permafrost since last century The
‘results of thls research indicate that only Cs plants were a
n;signiflcant dietary item for the specimens stUdiédt-AlSo,‘n

\”there was no 51gn1f1cant 1sotop1c dlfference between blson
N ’i\' .
'and the other megaherblvores to ]ustlfy any 1d§a aboutv

co- evolutlon of bison and short- grass Cu grasse

4



Berxngla._The presence of/C, grasses in Berxngxa can be:'
ﬁurther tested by. phytollth analy51s, because the i, e
Chlor1d01deae and Pan1c01deae produce very d1agnost1c -
??t phytollths (e g F1gs. 1OA 10C- 13B ‘and 13D)

.. ;g The homogeneous steppe tundra hypothe51s‘wouldta1so dde

-predlct that phytolxths should be abundant but not very

' .d1verse, 1f there was a marked domlnance of certaln grasses.-

»

K Hypothe51s 3 - Glac1al and mesoglac1al vegetatlon would

M

have been a mosaic of sub systems (tundra,.steppe, wet 'J'.ff
meadows,vand w1llow shrubland) dlfferent 1n comp051t10n and
-'product1v1ty (overall product1v1ty hlgher than hypothes1s ‘
51),0controlled by var1at10n in substrate,‘topographyg and ',d,f
‘m;crocllmate (Matthews, 1982; Schweger, 1982) More -
T,productlve steppes and meadows would have been 1mportant‘*‘
.components of the lowlands. As a whole the vegetatlon of
'thls extlnct blome would have no modern analogs‘ however,
aeach sub- system could have a present 51m11ar counterpart
elsewhere (some remalnlng in the arga as rellcta) ThlS
‘hypothe51s w1ll predlct a d1verse megafauna,'and dlfferent
f0551l records dependlng on 51te If the phytol1th record
reflects with. reasonable fldellty the graminoid component of
the vegetat1on, thlS record would be also predlctably

.

diverse between 51tes,lbut relat;vely homogeneous wlthln
51tes. . b |

ThlS belng‘a p1oneer1ng work 1n phytollth analys1s as a
' paleoecolog1cal tool 1n Berlngla, 1n addltlon to test1ng the

vhypothe51s above,-lt will aLso serve as pilot study to

~
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'destabllsh -the representatlveness of foss11 phytollths, and
Ifappl1cab1lrty of the. method in the area. Detalled stud1es
’51te by 51te, and ‘the preparatlon of an atlas key for-

T,Berlng1an phytollths are in progress, and expected to be

submltted for pﬁhl?oatlon w1th1n a year. B o

a

3.2 Mater1a1 and methods
To serve ‘as the ba51s for understand1ng the fossil
record Iv1n1t1ated-a reference collectlon of grass-andr .
| '.sedge phytollths from the Ber1nglan area. The select1on of
‘genera and spec1es was guxded by Hu&tgn/4ﬁ968) Spec1mens
were collected 1n the fleld and obtalned frbm the follow1ng_
h@%parla. Department of Plant Sc1ence (Unlver51ty of
mfAlBerta) Northern ForesthesearchiCenter»(Edmonton),
Smfthsonian'lnstitutlon-(Washington),'and Komaromhsotanicalln
Institute (Lenlngrad) So far, l have studied'about ?sov" |
‘fc1rCumboreal spec1es, coverlng most of the grasses ‘and
;1mportant sedges from the Berlnglan area,rand pert1nent5
_ grasslands 'in Alberta and the nbrthern ngh Plalns All haye :
been observed by optlcal\and SEM m1croscopy | i

| f

In 1978, 1 collected samples - from fluvzal sedlments p
‘from the Old Crow Ba51n Yd?on. Laler on, I'obtalned
coprolites and"fossil matrlx samples from'the'American

: Museum of Natural Hlstory, Smithsonianvlnstltutlon, and
Natlonal Museums of Canada.,Hodéver »the mostlpertinent’set
”of samples for thls study, was recelved from Thomas' A. Ager

:(U S. Geolog1ca1 Serv1ce) [1nc1ud1ng.core sedlment samples
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'from‘ﬁarding Lake (Tanana Valley, Alaska) Eightmile Lake
(Northern FOOthlllS, Alaska Range), Blrch Lake . II (Tanana”'

e Valley, Alaska) Lake George (Tanana Valley, Alas_-

Zagoskln Lake KSt Mlchael Island, Norton Sou
- All the phytollth samples were prepared an
.,accordlng'to,the respect;ye methods descr13*

section 2.4,

3.3 Result5<and Discussion

| The'fluvial‘sediment samples from the 0ld Crow pasin
rwere almost sterlle of phytol1ths, desplte efforts to
concentrate b105111ca from large samples, and d1d not
produced any results perhlnent to the test1ng~o§ hypotheSes

~concern1ng the mesoglac1al vegetatlon of Beringiallsamplesh
from 51m11ar,fluv1al sequences_ln the Yukon,,collected by
other researchers and submltted to me- for analysls ‘also”
have proven almost dev01ded ot phytollths The absence of
other 5111ceous m1crofoss;ls, such as d1atoms, and the-

. presence of hlghly corroded sponge splculae, suggest that
’phytollths and other f0551ls ofv51mllar,comp051t1on h;ye,
been dlssolved durlng dlagenes1s lf this is a generalized
lphenomenon' fluvial sediment samples from Berlngla mlght
deserve a secondary pnlorlty in future studies. Other

o fluv1al sed1ments that I have studfed . (from South Amerlca,

-ror example) were exceptlonally rich in. phytolmths,

'therefore,,thls kind of d1agenetrc 1mpgyer1shment is not a

universal problem in fluvial deposits. All the other samples



e | 92

- (lake sedlments, muck, and coprolites)‘éontain excellently

P

- ‘ ) -

preserved phytollths.

'_’The sampfgs from Harding Lake (Nakao,,1980;_Ager, 1983)

@ L ' ' . RN

covered all\;ﬁ; pollen zones establjshed by T. Ager, and a ¢

{

summary of their percentage phytolith ogntent is d{ven in /
Figure 21. The phytol1th record ®hn be reasonably.
dlscrlmlnated if- subd1v1ded by the polleﬁ'zones The diatoms -
from the same samples are belng studied by E. Bombin, and

there is also a good agreement ‘with thelr record A

multlvarlate analy51s of the phytoluth poilsn and diatom
‘-records is in preparatlon ) i
For the purpose of testlng the hypotheses about the.

- nature of the Vegetatlon during the flrst part of the
mesoglac1al, the only pert1nent~data at.thrs p01nt is the
,"record‘from the herb zone. There is a diyerse assemblage‘of
'phytoliths in the samples from this zonex(70’morphotypes),'
including different bLlobate’and trilobate t—phytoliths |
lwhich‘correspond to~GlycéPia (Fidures 14A and 14C), Stipa
kFigures W1B and 1334), and perhaps Dahthonia (Figure 10B),
as well as cymblform t- phytol1ths from Koelerla (Flgures 9C
‘and 15B) . All of these genera are-not part-of the present
arctic assemblages. They are\represented today in more
fsoutherly temperate steppes. This-phenomenOn of presently
temperate biotic elements being present in Beringia during:
glacial and mesoglaciaf times, has been already documented .

" by Matthews (198?). No C, gras} phytoliths were’observed.

The details of the entire analysis are being prepared for



' o
: Ie]
%) n ") 7] %) v <
W w -
g S oE zE = £ afF w 2 3
rrgad - G — O - X - o - e < 'T S Lo
o W oy [ w o o« .J [ b—-a y W SN W
o € O Q -Q oo - O < [ [ 4
CORE oFr S .- o pigree Prigr= ) < - @ - < z §u
x> r > [ —_ > —_ > m > . O > =1 (") [~]
DEPTH 2 X 4, ui —x w T o X ST - T tad - — -
gl S a N - —a —-a Ta - a - a a > o - a
{em) @ [ — < > -— x > [=] v
wo -0 a W a Q- @ P [N oa a  we
0q 7 T
. .
1004 8
F— — — — 8,800
004 — — % 9,800
b e ) o e — 11,300
3004 .
3
|
4004 J
b —— 3 14,000
- —_— 26,000
5004 .
1
.600

N

Figure, 21 ~ Summary phytdlith diagram from Harding Lake, Tanana Valley,'Alaska.
Pollen zones: 1, Picea-Ericaceae~Sphagnum;.2, herb; 3, Betula:

v

4, Populus—Salfx: 5} Picea-Betyla; 6, Picea-Alnus-Betula.
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'publlcat1on 1n/£grated with the diatom (by E11sa Bomb1n) and
~pollen (by Thomas A. Ager) records. The basal zone of thls'
'-lake, separated from the herb zone by an unconformity,
‘ corresponds to the last 1nterstadfal. An 1nterest1ng feature
of the record in this basal zone}ﬁis that despite the very:
- low percentages of grass pollen’in»some samples, phytoliths
are very abundant, 1nd1cat1ng the p0551b111ty of a biased
pollen record in those samples.

The samples from Eightmile Lake zﬁger,_1983) also cover.
all the pollen.zones, and a summary ofﬁtheir percentage
phytolith. content is given in Figure 22. Here, itdis equally
possible to dlscrlmlnate relatlvely well ébe phytolith
distribution from the pollen and dlatom zones. The herb
3 zone, of interest for testlng the vegetatlon hypotheses,
also contalns a diverse assemblage of phytoliths (65
morphotypes), but of dlfferent overall composition in

omparison with Hardlng Lake. It also has different bllobate
‘and trilobate t-phytoliths correspondlng to Glycerla, and
Stipa (only in the basal sample\; and in this case it
contalns pitted-cell c-phytoliths cf. Agropyron (Figures 16C
and 16D). No Cy. grass phytoliths were obServed The same as
in the case ,0of the prev1ous lake, a detailed paper about
Eightmile Lake is in preparat1on with E, Bombln (diatoms)
and T. Ager (po&leq)r . i

» Only the herb zone samples have been analyzed from

Birch '‘Lake II, LakeJGeorge (Ager, 1975), and- Zagoskin Lake
(Ager, 1983). All of thelsamples contain diverse.assembiages'

4
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d

of phycoliths, w;thxn and between samples (about 200
morphotypes have been xdentifxed so far from the herb zone
of Alaskan lakes), All of them contain different bilobate
and trilobate t-phytoliths (cf. Meliceae, Stipeae,
Danthoniae, and Triticeae). None of the samples have
phytoliths indicerive of Cu grasses. The herb zone of all
the'iakes studied present a variable degree of redundancy
with soil reference samples from the Albertan Peace River
steppes (Moss, 1952), but this has to be further
investigated.

Among the coprolite samples.already analyzed, only}one‘
is pertinent to the testing of Beringian glacial vegetation
hypotheses. It, is a ground squirrel\coprolire from the
Fairbanks area (AMNH Frick Col. A81-2026A), which has a
radiocarbon date of 18,;30 + 410 (QC-668). it contains a
variety of phytoliths from at,ieast ten species or grasses,
two species og sedges, and Equisetum. However, the most
interesting feature of its assemhlage is the very high
percentage of Agropyﬁon "crown cell™ c-phytoliths (90%), and
the presence of trilobate t-phytoliths cf. Stipa. Husks of
Triticeae contein almost exclusively "cran'cell"

t- phytollths' therefore the coprollte 1nd1cates a diet rich
. in seeds of AgPopyPon, and probably represents a late summer
or fall meal

These. pre11m1nary results of the herb zone phytollth
aSsemblages are, as a whole, 1ncompat1ble w1th,hypothe51s 1.

The sole diversity of phytoliths 1is robust enough to reject

L
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this hypothesis, because there is no pf‘uont vet meadov, Wmgm
tell-f&}.r herb tundra analog redundant with this
information. Furthermore, the presence of ‘Agropyron, Stlpa.
Danthonia, and Koelerla, in addition to Meliceae, Aveneae,
and Poeae, cannot be reconciled with the reconstructions
proposed i; hypothesis 1. | | ‘

With respéct to hypothesis 2, although the possible
taphonomic problems with phytoliths SJe unknown at prbsengQ}
as it stands, the phytolith record speaks\agains; a
homoéeneoﬁs steppe fhroughout Beringia,‘and\r;inforces the
‘carbon isotope indication that*c, grasses w;r; not present
in glacial or mesoglacial Beringia.

The predictions of'hypothesié 3, are more in accordance
with tﬁe phytolith record; however, the within habitat
diversity of grasses reconstructed from phytoliths,lsuggest
a more varied asseﬁglage than that predicted by hfpothesis
3. Theréfore,_a modified hypqthésis 3, including diversity
within habitat, is the best ap;roximat&on to accomodate the
phytolith record, and perhaps all the fossil data. Again,
caution in necessary in the interpretat{on of this record,
until more is known about the .taphonomy of phyﬁoliths. '

The cqmplete-data from lake sfratfgraphic cores, which |
' 1s s£ill being inEerpEeted, suggests preliminarily that even
after‘qhe onset of the Birch Zone, throughoyt the \' 3
.Poplar—willow Zone, changing but diverse and abundant |

assemblages of grasses continue to,pe widespread in

Beringia. Therefore, the explanation of other \
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paleoecologiéal'events such ag the extinction of mesoglacial

megafauna in Berlngla ask for multlvarlate models (Note 5).

C01nc1dental or not, 1t is 1nterest1ng to note that the end

of the Paleoarctlc Tradltlon (Jennlngs, 1978)'occurs more.or

e

'less synchonously w1th»the decrease in. grass phytollths from

/o v

\ the samples at the end of the mesoglac1al

i L.
- »

3.4 Conclus1ons
The results from thlS 1n1t1al study of fossil =

phytol1ths from Berlngla 1nd1cate that they hold more than

’jUSt potentlal to help reconstructlng past ecOlogical

events of that 1mportant paleob1ogeograph1c region The
L] ! .

Qfollowlng are the conclu51ons of thls prellmlnary work:

‘ a) Quaternary fossil phytollths are abundant and

‘f,W1despread in- non fhuv1al deposits- of Berlngla, where theyf

n.ﬁprov1de 1mportant and unique paleoecologlcal 1nformat10n._"

- b) ;he phytollth record from Herb Zone samples, and

"contemporaneous coprolltes, «can be used to test confllctlng

1'hypotheses about the nature of the glac1al and late glac1al

vegetatlon. Although more needs to. be 1nvest1gated about

“phytodlth taphonomy, at this p01nt the:results'lndlcate that

vthe phy51ognomy of the plant cover: at that time is better

":descrlbed as a vegetatlon mosalc,vwhere steppes were an’

r,1mportant component Moreover if the phytol1th record

r1ndeed reflects accurately the gram1n01d component of the

’.vegetatlon, the steppes would have probably dlsplayed w1th1n

and between habltat d1ver51ty, constltutlng,a blome without
B : R S T R ST # k

I3
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present analogs. ‘

c) Phytollth data conflrm “the carbon stable 1sotopei
1nd1cat10n that Cu plants (wh1ch have d1agnost1c phytollths)
‘were not a. feature of ‘the: herb zone steppes.
| d) It appears that d1fferent grass r1ch
‘ habltats contlnued to be avallable after the - herb zone t1me;

' throughout the mesoglac1al ThlS could have 1mportant ‘7 '

‘paleoblologlcal and cultural 1mp11catlons.

: e) The stratigraphic var1at10n of fossnl phytol1ths is .

- ~correlated w1th other. tradltlonal 1nd1cators, such as pollen
 and diatoms.

a
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NOTE 1/ Thoughts on 1nformat1on evolut1onary theory and

related topics

Prolegomena*"v -
! - Evolutlonary theory and approaches have not been at
peace~51nce that July 1858 when'the papers‘of Darw1nvand
Wallace were read at- the L1nnean Soc1ety Although they had
different approaches, Wallace puttlng empha51s on varlatloni
and Darw1n on natural selectlon the latter polarlzed work
fto come (even by Wallace later on). Natural selectlon became
‘ the pivot of much controversy for almost a hundred years,'v
untll the‘"modern‘synthe51s" was produced by Darwin.s*
defenders; This "synthesis, was so- full of data from'
dlfferent flelds,‘mathematlcal-formallsms and. supported by‘
'so many emlnent scholars from 1mportant centers, that.;t was
able to overwhelm most blologlsts,vor atrleast make-themgnotﬂ
"wllllngito rlsk the1r careers by contradlctlng the
Establlshment _ for detades most blologlsts were educated
(braln washed7) under a strlct Darw1n1an framework °?- k'
: Everythlng was explalned away malnly by adaptat1on through ;-
'natural selectlon. The core of the theory was 'so 51mple and

1

- .easy- to 1dent1fy w1th that it became rap1dly popularlzed
‘Even non- blologlsts, such as soc1al anthropolog1sts and
polqtlcal sc1entlsts, bprrowed Darw1n1an 1deas to "explain"
their problems;_And thls camerat no better'hlstorlcal'tlme'

than the post-Victorian industrial world. .
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The atmosphere of dlssent of the - 1960's and 70 s
»spreaded also to Blology, and some promlnent scholars
started to p01nt out the seriocus problems of Darw1nlsm. The
preSumably gradual pace of evolutlon, already cr1t1c1zed by
D!Arcy W, Thompson earl1er in the century, came under attack
with renewed 1mpetus in face of the f0551l record and to |
some, genetlc dr1ft was elevated from‘exceptlon to rule
(reV1ews in Vrba, 1980; Stanley, 1981). Natural,select1on
was ser . sly questioned (reviéws in Grassé, l977- R1fk1n
‘1984) @genetlcmts clalmed the1r place (Lgfvtrup, 1981)
- And even a’ new wave of- creat1onlsts jOlned the bandwagon and -
'helped attacklng Darw1nlsm “ ' |
| '_So, in the 80 s, evolut1onary ideas are'again-in
.turmoil but a unlfylng theory of evolutlon 1s st1ll
| lacking. Wham follows 1s an embryo of a candldate to such‘

Status. The ﬁ%y to un1f1catlon is belleved to be in- the
;realm of 1nformat10n theory,_therefore, new and
'relnterpreted old 1deas.are presented here w1th1n a.
glossary llke 1nformat1c approach These 1deas cover

1mportant.top1cs to Anthropology, such as mlnd, culture, and

human‘eyolution 'as well as to Ecology,.such as niche. Other‘

-

branchlng concepts are g1ven to show the unlfylng power of/

‘/

" the 1nformatlon'approach and 1nd1cate areas of potentlal

" theory expansion. Certainly,1nformat10n theory, game theory,'
cybernetics, and’topology‘can contribute in . the fUture‘to -

elaborate more formal mathematlcal ver51ons of aspects of

f the evolut1onary theory. Adm1tedly, to be ea51ly
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comprehended the substance of this notevwould have to be

v

'greatly expanded (a prOJect for future work) However:,
w1th1n the conc1sely programmed scope of the thgs1s, only.
the bare essentlals and some ram1f1cat10ns are: presented 1n‘-

. thls,sketch.‘The argas‘of interest for the other chapters,

Cwill become'betterfé;plored,”though,'as.theareader
"progresses along.
When Darwin first presented his ideas on.evolution at

7hthe Linnean Society, he'wrote: "This sketch is most

o

Jmperfect- but in so short a’space I cannot make 1t better.

Your 1maglnat1on must flll Up very w1de blanks " Conversely,
* \

it is 'hoped that thlS sketch, eyen most 1mperfect, w1ll flll
Upvuery,wide'blanks in your_imagindtion; ,
-~ . - : \\

Corpus'

- OurtUniverse is ultimately monistic,.because ic is
composedfof transmutabie statesrispace, time,:matter,tf\\\\\\f
ienergy, and 1nformat10n (and the1r symmetrlc counterparts) S\\
None of these f1ve "flrst pr1nc1ples is homogeneously
‘distrlbuted In contrast w1th'a nebula, for ekamplé, life
"forms contaln concentrated 1nformatlon .matter,'and energy,
.'operatlng on small space ‘and time reference systems.
;nformatlon Ps.any property»of space, trme, matter, N
energy, and‘of itself, capable‘of being transmitted
receiVed, and stored. Inform\tlon‘emanates from states and

,from relatlonshlps Anythlng in ‘the Universe can- be

representedAby its ' 1nformat10n (Informare = to give form

e
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\1nformatlon. What d1fferent1ates 1nformatlon are the

L

| a " : ) . ‘ - ‘ . . ' ' . s 1 03

o). All we know aBth the UnlverSe comes through its

dltferent probaballtles w1th1n a context.
InformatJon ep1genes1s ‘is the generat1on of 1nformat10n
Ty
from 1nformat10n. For éxample, there is not enough

1nformatlon in the DNA of our zygotes to glve all the

‘1nstructlons to bu1ld even the braln, 1et alone the whole

adult body, most of the 1nformat10n is eplgenet1c;:and only
. the 1n1t1a1 program of the hlerarchy (DNA) is necessary to
have the process started on the complex organ1zatlon pathway
towards the complete organlsm (ontogenes1s) “the rest is:
produced along the way from each precedent state..Ep1genes1s
1nvolves synformatlon selformatlon, and syllog1format10n.
.ynformat1on is the transformatlon of 1nformatlon bye

oy
1nformatlon.kA change of anlmal coloratlon as a response to
R

fenv1ronmental~st1mu11;15'an example of synformatlon,

Selformation is the self-organization of information

_(e.g;~in'our\mind).

Syllogiformation'is a combination of probabilistic
information minus‘the redundancy in common (e.g. if A?B,kand

C>A, then C>>é.‘where A is‘rednndant). The resultant_ S
. B L \ .

v1nformatlon is also probablllstlc.'

Probab1l1ty 1s a relative expre551on of the 1nformat1on

_about existence versus non-existence (yes/yes+no) or vice

‘.versa. It prov1des y/tormatlon about what is between yes

(prob -100%) and no (prob.=0). Probability depends on

randomness. Proportion between probab111t1es is also
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_probablllty

Transxt1on probablllty is the probablllt of one state

following another in a cha1n of states (e.q. ontogenetic
cha1ns) The transltlon probabllltles of a system depend on
the trans1tlon probabllxty.of its components. Tr nsition

“;probabilities can be controlled by feedback fro 3other

©

states of the\epigenetic chains (e.g.'hormones and enzymes'
in ontogene51s) | -
Rate of ttansxt:on is the amount of eplgenetlc

e

transition durlng a g1ven t1me. It is equal to the relation'
‘ between the probablllty ofaa state to stay the same and’ the
‘ probab111ty that it will® change during a. glven time. The'u
rate of transition can be controlled by feedback from states
of the eplgenet1c chalns, acting on tran51tlonal loops to.
stay the same._'b' . ' o E : .
| Informatlon can be measured by relating to a’ reference
system, usually a logarlthm base. The logarlthm of the,
inverse of probablllty is a measure of 1nformat1on
(1nstantaneous 1nformat1on) The macarthur (Van Valen, 1973)55
is an example of 1nstantaneous 1nformatlon.
The logarlthm of the inverse of transition probab111ty~
is a measure of trans1t1on 1n£ormat1on.
In a‘system of - components, the average 1nformatxon
("H“, entropy amount of . uncertalnty ) in information

¢udts/component';s represented by,

I Probabilityi x‘Informationi
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‘where ,Informatidn. = elOgarithm o# Probability..
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Average information is a function of randomness,
1ndependence, and number of components. The maximum average
;. information of a system occurs when all the components are
‘1ndependent and equ1probable. Average 1nformat10n has been

ﬁused to represent ecologlcal d1ver51ty. \

Explanatxon 1s the- 3ust1f1cat1on for the average and -

N t

actual 1nforma£10n of components of a system Theory is

. generallzed expianat1on.n R RV
-Error'OCcurs when information does not,fali;wgthin its
Bk probablllty, that is when non- probablllty occurs. -
Dzstort1on 1s an 1ntr1n51c change of transmltted
information. .
' Noise is an extrlnsic change (perturbatzon) of
“;nformatlon being transmltted | |
. Interference 1s an extr1ns1c add1t1on or subtractlon of,

-

51m41ar 1nformatlon to a message be1ng transmltted

.

Dlstortlon n01se, and 1nterference cause errors in
transm1551on of 1nformation.' ' |

. Stochastxc processes are those in wh1ch the sequence of
states depends on probabllltles. A stochastlc process is
ergodxc if the tran51t10n probabllltles from one state to
the next are constant (e g. Markov chalns) otherw1se they
are non ergod1cr For example, ontogeny is the stochastlc
sequence of non ergodlc eplgenetlc chains to form organlsms;
from the parental repllcated nucle1c ac1ds to the mature‘

1nd1v1duals.
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More precisely then, Earth life is a state of
matter-energy'and information, within'a space-time
-framework where proteins are formed usnally undef the
control of a nuclelc acid blueprlnf (prions seem to be an
exceptlon) in an aqueous medium. ThlS is a necessary and
suff1c1ent deflnltlon of life, because all the cther
components of living things are en epigenetbc corollery of
the/proteic set and organization, | '

’/b Life 1is also heterogeneously dlstrlbuted in space and
time, in gquanta called organ1sms. Each organlsm is the
- product of a unique 1nteractlon betwegen its genetlcf
‘Fbiueprint information (genotype) and all the other
information receivedner generated:by the ocganism during
epigenesis. Organisme ere ephemeral, but their genocypes or
part of them can usuelly“be auplicated and tranemitted to
their descendants.'However, during this process the original -
genetic 1nformat10n 1s distorted to a variable degree (e.qg.
by mutatlon, contamlnatlon, deneutral1£étlon or
.recomblnatlon of genes), or comblned with otherrinformation
(sexcal regroducticn). Information is.further modified from
’the'original bf trenSmission noise, when the nucleic acid
code of the copies is being translated into‘proteins‘(e.g{
by environmental influence), so the completed progeny
(phenofypes) ie not identicai‘to theif parents,'because it
‘ .incorpccates errors from genetic distcrtion and

environmental noise/interferenCe.”Actually the phenotype can

change its own information ﬁndependently of the'genotype by
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interaction with-theyenviroqment and, although these.changes
arelnot (?) transﬁittedgenetica}ly,lthls can prevent the
transmlssion"of otherwis Vdgble'genetic distortion. Each
organismxisia mosaic ofys ch changes in different‘ ) \
evolutionary units (e.g;‘m“cromolecules, structures,-

. oroéns), end et different t'mes. With the passage of“time,
ih successiye:generations, t e.original genetic information
of time zero is further and urther dlstorted¥ and this
expla1ns the %arlety of llfe ;orms. 1f "genetic informatioh:
werevnever dlstorted thene would have been no evolutron,‘and;
there would ‘be only exect\coples of-thelfirst formed

\
-qrganlsms on Earth Voo

| The orlg1n of multlcellular organiSms,vfor e;emple,
could,have occurredelf.a_genet1c error made a cell reproduce
into two‘different k{nds‘of cells,‘which were viable only‘by
sticking.together. I1f successful, they will reproduce the »
same error again ana agalnh making it systematic At this
polnt it 1is no longer an error because it has a defrn1te>
rprobablllty of occurrence. If this process keeps
reoccurring, end other successful "wrong" cells are
generated,ltogethervwith channels of communication among
them it wlll result in multicellular‘crganisms with
different kinds of cells, whlch only can 11ve by st1ck1ng
:together, 1ntegrated by closed circuit transmission of
informetion. ,
Informon is an information set (package), represented”

.by symbols (operatlonal units of information), which allows
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to operate nith information in a very econagmical way;
Letters and words are.exampies of informons. Imagine how
much information is synthesized in words like universe,
iife, culture, and love..Musical and mathematicai‘symbols
are other examples of infotmonsw Combinations of informons
do not simply add thelr information, they eplgenerates\more
information sometlmes with unexpected and powerful content
(synergy).'Poems and symphgnies»illustrate this well.
Informons have real existenee in the realm of infotmatfen._

Therefore, the notion of abstract ("removed from concrete

reality") is wrong, because "abstract" information is as

real as space, time or matter-energy.
System is a set of components that epigenerates

idiosyncratic information. Components are any discrete \

- entities such as informons, states, events, and

,relatlonshlps. ' . : . “

Black- box is a system about wh1ch it 1is not known how

its epigenetic information was, is, or will be generated.
] ,

System efficiency is the ratio between the rates of

,

output to input information.

+

Language is-an operatlonal system of 1nformat10n coded
into 1nformons, which are generally arranged or arrangeable,‘
unldlmen51onally

Redundancy is the presence of equivalent 1nformat10n in

'components of a ‘'system. Is 1is measured by the proportion of

. information necessary to attain maximum information, i.e.

Inform. max - Inform./Inform. max (Young, 1971).:Redundan¢y
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* between sets of related information is evaiuated by
correlation coefficients.
The information capacity of a component or class of

components y is given by:

i

Reference constant + Dimensional or Frequency constant x Informatiomy'

|
/ \

where InfonnationY = ~logarithm of 1/y .
| ' Einsteiﬁ's energy-mass relation,'Boltzmann's:entropy‘in, v
statistical mechanics, Huxley's allometric relation, or the
-speeies—area relation are but some'of the eéuations that can
be transformed and represent infb;matiOn capacity; The 1aét
two examples are of fundamental 1nterest to evolution. This
transdlsc1p11nary unlflcatlon is . what makes work1ng w1th
1nformat10n transformatlons extremely po;erful in
understandlng the Universe holistically. Perhaps the ' .
solution to finally produc1ng a un1f1ed theory of‘f1elds
resides in using information transformations and concepts;
afteruall the geomefry of,unVed.space—time'is in the realm
. of information. Fﬁrthermofe, space, time, matter, ehergy,
and 1nformat10n have information constantly emerglng from
them, wh1ch our thinking system is capable of manlpulatlng, .
hence the unity of the mind with the un;verse. This unity l
. has been one of the most peréistent‘philosophical problems,i’.
and many thinkers have;tried eo teckle it uﬁsuccesgfullyl'
from AntiquitY‘to the 80's (e.g.”Béteson, 1980), because

they failed to see clearly that information provides the b

real "missing link."
«‘\" ' R 'k.'j ) ) . ’ 5 N |

\
\

-
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Mind is, then, the thinking system of the human brain.
It is an fnformation receiving, storage, processing, and
transmitting syétem. Thinking is the dynamic arrangement of
information in the mind (or equivalent). Information
organizes in'tﬁe mind to thé point of perceiving and
undtrstanding itself. Most thinking is done‘by
unidimensionally afranged info!&ation (language); However,
. the Qind is capable of transforming unidimensional into
multidimensibnél information, énd vice vérsa. b
vThe first step in thinking is the_atcuﬁulation of
informétion»(meﬁory), a process that contihues'throughout

‘the life of humans, In this process,"information‘is made

Y

_more or less rabidly'availabie’by dégreé of reaundancy. An J

Jimpértéﬁt part of thﬁs‘process‘is the fofmation\of cultural
faigorithms,(énculturation), which'is'characteri;ed'by
conpinﬁous-{einfbrcement‘through redundancy, ézfectly from
huﬁa@s with Ag;eady redundénﬁ cultural algorithms, or
indirécfly from}their archives (extgrnal ﬁeméry);

Algorithms are chatacterized by rigidity ahdvfendency’.

to répeﬁ-competiﬁgﬁélgorithms._Thergforé, aft f a'cu1£ﬁral
algori;hﬁ/has beén loaded and sculptufed in ;he’mind by

D

jganmous rgdﬁnqancy, it will tend to repel other algprithms
noh—reduﬁdantjwith it; . B

Aftefiﬁheré ig a certain amount. of information load,
" three. kinds of thinking become eétablishedfat'the conscious

level: algorithmic, non-successional epigenetic, and

successional epigenetic. . _
T . - ‘ s /:
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Algotithmic 'thinking works by comparing information to
an algorithm (e.g. cultural algorithm) in search for™
redundancy. Most behavior is produced by this type of
thinking. It expedites a behavioral reaction but, if the
algorithm is not aéproqriate for the situation, error Eﬁ
certain.

Non—successxonal epigenetic thxnkxng emerges from
spontaneous selformatlon,vsynformat1on, or syllog1£ormat1on.
Successional epigenetic thinking starts by |

syllogiforming a hypothes1s, from information already in
memory\or gathered through observat1on (with or without an
auxiliary technique). From the hypothesis a predictibn is
selformed and evaluated by selformed tests. The reSuits of
the eGaluatiOn*(+ or -) will synform the hypothe51s, and the
succe551qnal thinking cycle can restart agaln. The
epigenesis of hypotheses by sylloglformatlon is called-
1nduct10n and the epigenesis og'predictions‘by selformation
is .called deduction. The so called sc1ent1£1c method of
thinking is an example of this. It is more acceptable in
conventional ‘scientific research because of its lqw‘error,
élthodgh it could be sometimes a very slow process. If a
hypothe51s is proposed by selformat1on it ushally needs to

a

be syllogiformed a posteriori to be accepted in Science. The
same is true’when a prediction is selformed w1thout a. »
. previously sylloglformed hypothesis. Hypotheses are
probab111st1c statements that epigenerate probablllstlc

pre£1ctlons: Tautology occurs when the prediction
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R ‘ ' woeose e
information is totally rééundant with: the hypotheésis

. e

informationr I a predictfonfis'nade into its hypothes{s.a-
f‘tautology will exist. _ ? o . | ,
o Other ba51c mechanlsqs of the m1nd are the caoablllty
_Of"blocklng 1ntormatlon_from consc1ousness and erasing-
'1nformatlon | - 2 '}. o 4 |
If culture is the mlnd s setdof information,algorithms
| used to 1nteract w1th the Unlverse, a cUltural tradition is
the presence in soace t1me of a set of mlnds w1th redundant

culture Culture serves as a meta- systemlc codex for the -

‘individual,'lncludlng a,"world view" and a repert01re of

L norms'fordacting‘ Mathematlcal'rules, algorithms,

\

determlnlstlc and stochastlc laws, law llke and emplrlcal
\

generallzatlons, loglco phllosophlcal laws, cosmologles and

' cultural lawsb(myths, taboos, and belleﬁs, including g

religion), all.contribute‘to ¥¥r0 culture, and vicedwersa.
dOr in a more general contexm,ﬂso'do Science, Art, and
Phllosophy Sc1ence belng the formal symbollc arrangement of
‘Alnformatlon 1ntended to represent the states and °
'relatlonshlpS'of the Unlverse(s}. Art (not craft) being
formal symbollc arrangement of informatlon 1ntended to
generate emotlons, which are also a partlcular class of
information intuitlyely known byuall-of,us..ln a more formal
sense, embtions (or feelings)‘are perceived ipformation
about the upsettlng of. homeostatlcally controlled states of
the m1nd Phllosophy being the formal thlnklng about

th1nk1ng and/ultlmate truths Art Sc1ence and Phllosophy
‘ / S~ .

[
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 are all related by thlnklng
The- evolutlon of the mind's capac1ty of storlng and

manlpulatlng 1nformatlon is dependent on the evolutlon of
:the brain, whlch is the substrate system of the m1nd |
However, the m1nd cannot be completely understood by solely
‘studylng the anatomo phy51ology of the braln, because once
the m1nd is eplgenerated 1t eplgenerates the capac1ty to
‘eplgenerate 1nformat10n on its own. The study of the
evolutlon of the brain serves to eluc1date ‘the k1nd of
platform of organlzatlon necesSary to eplgenerate the mind
and 1ts means of communlcatlon
| Thﬁégvolutlon of the m1nd 1s characterlzed by its |
rtendency‘to 1ndependlzatlon ‘from the rest of the 1nformatlonj
universe w1th 1ncrea51ng 1nformat10n load1ng, wh1ch is
dactUally a property of any complex1fy1ng 1nformatlon system

‘ The eVOlUthﬂ of the -mind brought about the problem of
correct1ng the resonance of redundancy In large extent o

“cultuﬁe 1s the reference algorlthm to correct selformed ’
resonant redundancy The uncorrected resonance can lead to
;paran01a. Selformed 1nformatlon 1tself ‘also has to be
.COrrected homeostatlcallyjbor\else'the'mlnd'w1ll~be;
oyerloaded wlth selformed informatlonijhichftakes over'
supremacy of thlnkihg (Schizophrenba); Partialpuncorrected
resonant redundancy produces ‘neurosis. Saturation‘of.the
~correct10n mechanlsms results 1n stress.“ | |

Another property of the- m1nd is the selformat1on of -

informons Taxonomy is.the establ1shment through
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“successional thinkingdothsets ofiinformons defined by their.
redundancy,,and'separated from each other by their |
non-redundancy . iTaxonomic:informons can usually be clustered
hlerarchlcally 1nto 1nformons of hlgher order unf{iithere'“
is only one informon - of ‘the hlghestaorder[ The L1nnean,
xcla551frcat10n }s an’ example of such~taxonomy‘ Taxonomles
-synthesize information hy condensing‘redundancy.*fakonomies
_tendhto become algorithmjcfand»he incorporated intohcuiture,
which.rigidiies'and makes them repellent ot'CQmpetingvv
,taxonomies. ‘ i o

| - The Smalier taxonomic unitshgroup-indﬁyiduals.with,
uinformatron content cloaer-toieach/other than todanY
51m11arly con51dered unit. Therefore,lthe amount.ot
redundancy con51dered will determine thedaize.of takonomicy
sets.vSplltt1ng taxonomles result from con51der1ng llttle
redundancy, whlle lumplng taxonomles result from extendlng
the redundancy con51dered to fdrm the taxonomlc 1nformons.

. ' The 11v1ng are heterogeneously dlstrlbuted i the
Ecosphere,hln addltlon to each 1nd1v1dual belng dlfferent
from the other because of genetlc and ontogenetlc errors.'
However, the ex1stence of 1nd1v1duals w1th redundant
‘1nformatlon makes ‘their taxonomy p0551ble. In the Linnean
taxonomy, aéec1es is an 1nformon clusterlng 1nd1v1duals with
very redundant and, if sexually reproduc1ble, compatlble |
(co—transmissible) 1nformat10n Therefore,'thelr n1chas~(see

deflnlgaon below) are very redundant Spec1es are deflned in

relatlon to a present space t1me reference system.
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Paleospecies are sim{iar‘informons detined in'relation'to
past space t1me reference systems.vTechnospec1es are those.
’4?1nformons grouplng organlsms created through blotechnologyn,
Spec1es, paleospec1es, and technospec1es EXISt as |
1nformat10n constructs.;* |

If it is p0551b1e to deflne a spec1esP1t means that a

certaln 1nformat1on plan for 11v1ng was successfully coupled

.

w1th env1ronmental 1nformatlon.

£

‘The size of a species population is an.indication of

‘its success'at the reference*time.‘The 1ength’0fut§e
trajectory of”population size in time is'an indication‘of‘,'

the ecolog1cal and eVOlutlonary success of a l1v1ng plan.

?

_ ’ In-general the closer the genetlc 1nformatlon content
of 1nd1v1duals the hlgher the probablllty that they w1ll

relate by reproductlon. Therefore, the lower one puts the

1nd1v1duals 1n the’ L1nnean taxonomy the closer, in tlme,’

they could be related by\reproductlon.‘HOWeVer,'this is not

always necessarlly the case, beCause_of the~differenthzvo e
"freqanC1es in errors from genotype to genotype. The

e

trajectory of taxonomlc unlts in t1me (macroevolut1on) is
represented by phylogenles._Supraspec1f;c taxonomlc UanSv
fcontainfinformatiOn aboutvplattormsiof,organization, which
~.are the evolutionary steps of,organismic_complexificationf
‘hEcosystem is a’functional unitfof interrelated‘hioticg
and*abiotic information within_a certain spacetuimef

.

reference.,Ecosystem succession is the’ ep1genet1c chain of.

_1nformatlon states of the ecosystem components in
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B

.

vspace tlme. Success1on eplgenes1s can be culturally

channeled by technolog1cal use of fire. e

;/—’—’

et

Niche - of an organlsm is the set of 1nformat1on about
1ts components. If the var1at10n of 1nformat1on of each

| . o

component is plotted on a dlfferent dimension of
‘coordlnates, the nighe w1ll be’ represented by a\?}
character1st1c mu1t1d1men51onal hyperspace time. In-
non-humans( 1t'1ncludes three.subsets (subnlches): the
somatoniche (corporeal) the ethoniche (hehavroral)é‘and the
eﬁon1che (env1ronmental). When'the~evolution of the brain
reaches the human platform of organlzatlon and eplgenerates
'the mlnd a fourth subnlche, representlng the m1nd s'f

'1nformat1on set constltutes the mentalnlche, wh1ch assumes _

,‘a promlnent role in controlllng the other subnlches._.-]
. N\

The mlnd 1s the redundant element that characterlzes o
;humansr In nature, only mlnds can’ sustaln an. algorlthm so
,complcx as culture. Thus, culture can be used as the
redundant element to characterlze the presence of m1nd
eCultural redundancy can be employed to produce taxonomles of
mentaln;cheslp"Western c;v;llzatlon‘ is an example of such
vtaxa' a S . _ o S ‘ o

" The niche4(N)~is‘containedvwithin,the boundaries‘of’a
’larger hyperspace t1me conta1n1ng all the 1nformat10nvv
'Narlables,of our Unlverse (U) - U minus. N is the n1che
complement’lNC)e'therefore,‘N + NC = U;;

Each organlsm has a unlque n1che, the mlnlmum

’ dlfferende belng on a spac1al or temporal varlable.d‘

)

’ ' 4
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The somatonlche transmxts 1nformat10n to the

" denv1ronment and recelves 1nformat1on from it (actlons and ‘4
'reactlons) ‘through the ethonlche. The env1ronmental o

1nformat10n related to the somatonlche and ethonlche is the

econlche. . p }, ' |

The econiche plus the nlche complement’(only the
port1on spac1ally and temporally close to the econlche be1ng
:51gn1f1cant) is the env1ronment (it 1nc1udes other
_organlsms) | ‘ |

The genotype transmlts 1nformatlon to- form components

"‘of the eplgenetlc cha1ns that lead to. the phenotype. Once'

.‘the chain is in progress,llts components also transmlt
u1nformatlon,_some of 1t 1s recelved back by the genotype or,l
jcomponents of the cha1n in the form of feedback 1.e.» .
regulatlng further 1nformatlon from them and_some is used
‘hto eplgenerate other components. The total set of thls'”
1nformatlon 1s 1ncluded in the somatonlche. There is n01se,
“dlstortlon, ‘and 1nterference dur1ng these transm1551ons,
“from the env1ronment and from the somatonlche belng created
.resultlng in errors each tlme a somatonlche is reproduced
«Thls, plus genet1c errors, are- the major source of varlatlon't
in 11v1ng organlsms.yd | | .
Slmllar somaton1ches can be assoc1ated to dlfferent

thonlches and econlches,‘and v1ce‘versa; The reciprocal 3
transmissions through the ethon1che are governed by |

autonomous and consc1ous comands. They vary from 51mple v

' phy51co chemlcal reflexes to complex actions and reactlons
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controlled by the m1nd They become 1ncrea51ngly complex

} w1th complex1f1cat1on of the nervous system. '
Somatonlches can transmrt lnformatlon capable of d01ngf
',approx1mately the same as themselves (asexual reproduct1on)
or co- transmlt 1nformat10n w1tn other compatlble‘“" |
'somatonlches to produce 1nformatlon capable of d01ng the‘
'”same (sexual reproduct1on) The latter process tends. to

correct genetlc errors by redundancy 1n commbﬁl However,~‘

this tends to- allow accumulatlon of masked errors that can

o eventually be transmltted to phenotypes by homozygot1c

"genotypes Therefore, sexual reproductlon 1ncreased ‘the
p0551b111t1es of evolutlonary changes by storlng ‘masked
‘errors | | ' | .

The ethonlche is respon51ble for. establlshlng channels
hvamong redundant organlsms (spec1es) to promote deme bondlng,
_The*ethonlche has a certaln 1nert1a ‘to change because to a
‘large extent 1t 1s formed by learnlng from %thonzches formed
in a past reference system. Therefore, even if there is a
,somatonlche change compatlble w1th an ethonlche change in
- part. of a deme, the ethon1che could remaln more or less
unchanged for a certaln tlme. ThlS could help the
’:malntenance of genetlc var1at10n.7b'

| Compet1t1on is 1nformat10n 1nterference Therefore, .,//"l
nlche dlfferencgg\mlnlmlze 1nterference. Internallzatlon of

econlche (e g. by a dlgestlve system and. accessor1es) also

. m1n1mlzes econlche 1nterference.
‘v
-

%
r
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Organlsms live under stochastlc condltlons, which the1r

ex1shence 1n part creates, therefore they - have a finite

E probab111ty of ext1nct1on. An organlsm will be al1ve ’

(non—extlnct) ‘as long as 1t ma1nta1ns a certaln proportion‘

_.‘

: of Yes to No components w1th1n the eplgénetlc chains of 1ts

5n1che. Its probablllty of extlnctlon at ‘a certa1n t1me w1ll

be No/YeS to the power of Yes at that t1me. in a’

multlcellular organlsm, for ﬁxample, there w1ll ‘be a hlgher

rate of yes than. no cells in the juvenlle stages, and the

i probability of‘extlnctlon of all cells will be Pate of

T né/r-ate: of yes to the power of the number of yes cells at

that tlme. When thé Pate of no cells is equal or. larger than

the Pate of. yes cells, the probab111ty of extlnctlon is 1,

and the organlsm is bound to d1e soon unless the rates
change Each evolutlonary un1t has also a dlfferent
probab111ty of extlnctlon. ’

In anwep;genet;ckchaln,,the‘transition from one state“

to the next (generation of information), for example

multiplication of cellszmoccurs when the transition

A'probabllity to;stay the same is‘'less than 1 (information >

0).

The transition'probabilities from one state to the next

'in the somatoniche change with time (i.e. are non-ergodic).

The transitionvprobabilities7atwthe beginning and the end of
ontogenic'epigenetic chains willdtend to 1. The terminating

loop (tran51tlon probablllty =>1) is in everyncaseAat the.

‘extinction state,(death). Predatlon and other similarly.



catastrophic events change instantaneously the transition
probab111ty of extinction to. 1. - |

D1£ferent1at1on of cells makes the tran51t10n;‘
'probab111t1es to 'stay the same tend to 1. That is, there is
'almost no 1nformat10n of what to do next, so’the cell tends
" to stay about the same unt11 the tran51tlon probablllty to a
term1nat1ng ‘loop on extlnctlon approaches 1; The 1nab111ty
of reproduc1ng cells to complete d1fferentuat1on redundant
to adjacent cells ‘within a, multlcellular organism can result
in neoplasm. If the neoplasm contalns cells capable of
produc1ng 51gn1fﬂcant dlstortlon,‘noisg, or 1nterference on
1nternal 1nformatlon it is mallgnant (cancer). Degeneratlon
is an increase of the rate of tran51t10n to a terminating
loop. ‘ ‘A . ' B o , _ "

A multicellular organism'is'matute when a certain
‘threshold number of cells have a tran51t10n probablllty to
stay the same tendlng to 1 (i.e. are dlfferentlated) When
the organlsm matures the trans1t10n probablllty of the nlche/
to stay the same also tends to 1. An analogy to th1s can be
draWn'for ecosysﬁemsd | | |

Tran51tlon probab111t1es can change by genetlc errors
or errors durlng eplgenesls. Paedomorph051s is an example of
the forner,Awhere-the change of transition p:obabilities, at
‘the epigenetic chains‘oﬁuontogenesis,‘prodUces retention of
ancestral juvenile charactets in the mature descendants.

Niche'efficiency is thelefticiency of coupljng‘among

the subniches. It depends on the quality and number of

s

120
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channels per output among the subniches. Niche:efficiency is

an 1mportant factor in controlllng the probab111ty of

extinction of organlsms. Errors of coupling can be mlnlmlzed_

by redundancy of channels, but thlS reduces eff1c1ency.

Not all the 90551b1e niche channels are generally in

\ operatlon at any one time. Also, the somatoniche usually has

infoﬁmation not coupled or not efficiently coupled to the

- ethoniche and econlche (exaptatxon) Changing the niche

channels towards 1ncrea51ng eff1c1ency w1th or without
genetic change is adaptat1on.

The boundaries of the subniches vary with space and

t1me, and are elastic. H0wever~*their changing

configurations change the probablllty of extinction of the
organ1sm The n1che conflguratlons depend on the tran51t10n
probab1llt1es of its eplgenetlc chalns, -and amount of
distortion, noise, and interference (extrlnelc and
1ntr1n51c) . 4 .

‘ Organrsms with efficient nlches have lower probability
of‘individual extinction. If they can also transmit viable
genetic information w1thout much errory, these klnds of h

iy
organisms w1ll probably last longer in time and/or become
common for a certain time. 4

Dlsease 1s a state w1th niche" conflguratlons of lower

eff1c1ency than the lower limit of an 1deal (healthy)

»standard.-Conversely, health is a state with niche

[

conflguratlons of equal or hlgher efficiency Ehan the lower

"limit of an 1deal standard There is a m1n1mum threshold for
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' niche efficiency, below which the probability of extinction
increases catastrophically andfdeath (ofganism extinction)
occurs 'very fast.

. Niche homebstasis is ;he;attemptbto halntain”
quaei-stable niche configuratione through feedback
proceeses. o | |

Change of gene ‘proportions in a deme is not necessarlly
evolutlonary Only when change in the proportlon of genes is
not self-reversible,; that is when alleles become extlnct it
is erlutiona}yl J

The larger the deme the larger the probability of -
self- revers1b111ty of gene. proprtlonal changes by cor:ectlon
through redundancy. Mlgratlon alat can cause rever51b111ty
of proportional gene changesi | |

The'smaller the deme the higher the prbbabillty that an
.error in‘genetic information will become redundant thrbugh
lnbreeding, and also that a proportional gene‘change wjll°_
not be self—reversihleh(genetic drift). Therefore, any
process that reduces the deme size le.g. catastrophic |
guasi—extinctionj dispersal, dietary aupply ahortage,'
environmental bgttle—necka/‘banryens, environmental

Y

. B .
zonation), marginalizes position on’ deme, or polarizes
i | ’
sub-demes, will favor genetic information creation or
- extinction, and vice versa. o

3

Change 1in proportlons of genes in a populatlon is not a
good measure of creatloh or extlnctlon of genetic- eplgenetlc

information»through space—time (i.e. of evolutlon). First,



‘because 1t is the genetic- eplgenetrc 1nformatlon that
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“~

because proportlons of components of the same system have

redundancy among themselves (redundant denomlnator) Second,

=

evolves and not the populations (space-time samples).-Thlrd

because gene proportions are not a good measure of
¥

eplgene51s. Instead, the presence or absence of genes and
gene oombinations is a direct indicator of evolutionary

change. This is not possible to determfne in fossils, but

-

the presence or absence. of epigenerated information is an

approx1mat10n.

-

Sexually reproduced organlsms are constantly" evolv1ng
N

because the progeny is always’ dlfferent from the parents.

However, genetlc change seems 1nterm1ttent in tlme because

there are phases of slow change ("stas1sf)zand rapld change.
Slow ("gradual ) changes in genetlc 1hformatlon are not

e

conspicuous in evolutlon ‘because they are corrected in part

) > A “~
ks ~.

by redundancy (there is tlpe for correctlon of small <~
% 3
errors) or because they are suddenly pverrlden by rapld G

thange. Therefore, the evolutionary record w1ll show . N

<

- overwhelmingly rapld change ("punctual“)

In reality, if genetic changes are quantlc, evolution’

"cannot be gradual by definition. A serles o) small ‘changes

can be mistaken for gradual change& but .they are always
. - : J & ’ R

‘discrete (punctual).

Evolutlonary trends are gradlents of evolutlonary units
in spaaf—tlme. They are seen a posterlorr, because they are

historical pathways in space time. Trends are the outcome of
. o
e

{‘ ./
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stochastic epigenetic chains: after a chanée occurs the nextr
chaﬁge has‘a deginite~probability of beihg superimposed on
the first one, and so on, . forming a gradientr.Treﬁds could
'arlse from some genes belng more unstable than others. Once
‘changes (e.qg. mutatlons) start in one klné of gene(s) they
can cont;nue to_be unstab}e for certain time or1ginat1ng
different populatioﬁs}-which are "variations upon a theme"
‘ Onceva_trehd is started it tends to be perpetuated until
extinction’cprtails it.h

I1f a trend occurs by chahges‘in trahsition
prohabilities at-the same point of ontogenic chaihs; it
could give the impression'of'being gradual in time, even it
the transition probabilities change puﬁctually, because if
they are plotted against time, anyvpoint will fall on the
%samelline (even if there are no 1ntermed1ate values)

From the Set of arl 50551ble niches, there is a finite
‘number'of nléhes that can exist for each space-time’
- reference. The probability of niche existence is a‘funotion
of the‘probability of the'organismic information hatrix, and
the enyironmehtal'information-matrik. Therefore, an "emptyA
niche” can exist'only asfa pure informational construct, and
not as a representatioh of naturaiiy patterned information;
because if organisms are unique, ahd_niches are information

about them, organlsms have to ex1st in order to have a
N

nlche. Env1ronmental and organlsmlc 1nformatlon matrlces

. vary stochastlcally with space ‘and time, therefore the

“probablllty of. n1che exlstence also varies stochastlcally

-
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with space and time.

The higher the redundancy between niches the closer
their probability of extinction. Therefore, highly redundant
niches will® have approximately constant rates of extinction
(Red Queen Law of *Van.Valen, 1973). Non-redundant niches
will have different rates'of extinction. The result of
random or1§1nat1on of niches comb1ned with constant
extlnctlon of redundant niches, and differential extinction
of non-redundant niches, is stoahastlc selectlon of a
differeht set of organisms for each spaceflime reference.

Change in genetic information can, directly or
indirectly, induce two kinds of changes in epigenesis,
nameiy in the-values of transition probabilities, or the
number of transitions in epigenetic chains. In the former
case, the change in values of transition probabilities

-

causes a topological transformat1on of the somatonlche. On

1A

the other hand, the change in number of transitions (and

"statee), either along the chain or by branching (e.g.

“increase’ in "germinal centers"), causes a topological jump

oﬁnsomatoniche.,Combinations of the two are ‘also possible.

In both\cases the capacity of information changes'

topologlcal transformations alter the dlmen51onal/frequency

constant, whlle topolog1cal jumps alter the reference
constant. For example, the evolution of the brain, from f1sh‘
to mammal, involved prlnC1pally topological jumps, whereas

the brain evolution in hominids involved mainly topological

%gansformations. D'Arcy Thompson's deformation of



124
lcoordlnates (Thompson, 1942) also falls w1th1n ‘the categoryl
‘pof topologlcal transformatlons, although they are only
bi- dzmen51onal representatlons of morphologlcal components“
of the somaton1che. Even small amount of genetlc change’ can -
| produce large ep1genet1c effects through these- mechanlsms
(e g chimp vis-a-vis humans) This can also be a problem SRR
7w1th‘the use of molecular clocks. | l,
| o Maturatlon time depends on ‘the rates of tran51tlon
'dur1ng ontogene51s Organlsms can be ranked on a spectrum by

o

rates of transition from "p- strateg1sts (hlgh) to’

*f"K—strateg1sts (low) ‘This spectrum is very redundant w1th

'other spectra constructed u51ng llfe hlstorles, and"
cenv1ronmental predlctablllty oo
The non- transm1551on of 1nformat10n by reproductlon
‘causes extlnctron of- 1nformat1on contalned in_the
non- repllcatlng 1nd1v1dual -and this. 1s also respon51ble for
lthe nature qf‘change through_tlme. ‘ )
pThelDarwinian concept of naturql selecflon is
essentlally fatallstlc 'It assumes-that there are external
forces comlng from Nature to select the best. flt organlsms
As a hypothe51s to explaln evolutlon it.only produces
.tautologlcal predlctlops Eplstemologlcally 1t has the same
rvalue as the ‘idea of phlog1ston (it is on fire because 1t
‘has f1re = 1t is selected because 1t h;svselectlon). In
reality, thé same as somethlng is on fire due to the

t~propert1es of its components, the organlsms are selected by

“their own properties during the stochastic process of
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| e . .
.11v1ng The env1ronment does not force the organlsms to

'chhange. The econlche is part of the 1nformat10n of the

Lllv1ng organlsm, w1thout 1t the organlsm does not llve. If
the organlsms change genetlc eplgenetlc 1nformat10n,_there

,1s a new probab111ty of extlnctlon assoc1ated to the changed
,organlsms, wh1ch is dependent on ‘niche eff1c1ency and random o
_chance but,‘flt or_not,"all the organlsms w1ll go extlnct

o

"Selective pressures’ :dOunOt exist, they are, rather,
P 2 , Y '

-

!

'nselectivevprobabilities, whichrare a function of the'
-'environment'as'well as the organism. The environment is not
pre551ng agalnst or for varlatlon,-lt is ]USt contalnlng
varlatlon w1th1n certaln 11m1ts (whlch in most cases are
-qu1te elastlc). As a very rough comparlson, the env1ronmentr
'hdetermlnes the course and outcome of evolution Simiiarly‘as
a chessboard determlnes the course and outcome‘of a chess |

game B . , , ,

Coevolut1on is also a stochastlc process,'in“some cases
J : ,
equ1valent -to the formatlon of game coalltlons (e.g.
d symb1051s) |

In summary, blologlcal evolutlon is a stochastlc
process 1nvolv1ng random changes 1n nlche, whlch results in
viable creation and extlnctlon :of. genetlc eplgenetlc
:1nformat10n through space and tlme. The genetlc 1nformatlon
'Creat1on can occur by new genes or by new order of genes.
The eplgenetlc information. creatlon occurs by alteratlon of
ontogenetlc chalns either changlng tran51t10n

/o
probabilities,”and cau51ng a topologlcal transformatlon of
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the niche, or‘byfchange,in the number-of transitions,'and:
causing a topologicalajump of niche. Thedrate of transition_
gls controlled by tran51t10n probabllltles, therefore, a ‘A
‘_change in rate of tran51tlon also causes a topologlcal N
}transformatlon | .
Any n1che change alters the probablllty of its

"‘extlnctlon. The random creatlon of nlches with dlfferent
extlnctlon probabllltles through space t1me w1ll |
71ntr1n51cally produce heterogenelty At any one tlme the'

©

EcoSphere w1ll contaln log normally selected sets of

organlsms w1th hlgher redundancy w1th1n than between sets;

,:Therefore, selectlon 1s not a cause of evolutlon but an
effect. of iE; ‘ B | '
’; As a. general example of appllcat1on of thlS theory,dlt-
is pOSslble to 1nterpret the ma1n events in human evolutlon‘
through the followlng steps (a, b, c, and d in Afrlca)
la) Around 5 to: 4 mllllon years ago topologlcal jumps ind
dthe braln area comblned with topolog1cal transformatlons of
the motor structures 'of MlO Pllocene ancestors,lproduced a
- larger and more complex brain platform of organlzatlonv'ag
well as a fully blpedal pfatform of organlzatlon Each of
- these changes 1ncluded~a syndrome of eplgeneraégfyahatOmicai

changes. This was the evolution towards’the gracile‘

autraloplth grade Another group of related MlO Pllocene/
ancestors had topolog1ca1 transformatlons towards ‘the pongld

"grades.
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It is 11c1t to speculate that the MlO Pl1ocene

ancestors 1n common to humans and apes had already
-topologlcal transformatlons ‘in the area of ‘the l1ver,’
towards allow1ng the supply of enercy through ket051s,:ofh
partlcular 1mportance later on to 1arger bralns under more
Tcarnlvore drets. It is p0551ble that the capac1ty to h
synthes1ze v1tam1n C in humans ,whlch 1s—alsoycommon»to the
apes, was lost at that time. | | | | |

‘b) Between 3.0 and42 5 m'§{,'topolbgiCal'”
transformatlons in the- endocrlne area of grac1lev
/autraloplths, produced robust forms of australoplths, wh1ch
became ‘extinct around a. m11110n years ago.,‘ |

c) Another set of topologlcal transformat1ons 1nvolv1ng

la dlfferent,demevof grac1le autraloplths, occurred around
a2 5 and 2. O'm y" affectlng pr1nc1pally the brain, ~and 3
endocrlne areas (partlcularly c1rcumventr1cular glands suc"
‘as the plneal) A trend of topologlcal transformgt1ons e
’towards smaller molarlforms started ‘here and is st1ll 1n
'bprogress ThlS ylelded demes of protohumans of the habllls
grade. At‘thls.t1me the_braln probably passed the threshold,ppt
plattorm of:organization that could epigenerate awmindh:andl
‘therefore sustain cultural algorithmsr'This facllitated'v'r
gpopulationzincrease under‘a more enerdy demandlng_niche'(they
hproport1on of braln siie to body size isﬁproportdonal to
fenergy consumptlon). | |

4,d)fBetween 2.0 and 1 0 m. y the remaining gracile

autralopiths'becamerextlnct.
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e) Another set of topologlcal transformatlons around

5 mllllon years ago, pr1nc1pally agaln in the endocrlne

, area, promoted anatom1cal allometrlc enlargement and

A.aprobably a syndrome of other changes already started at the

habills grade, for example on . teeth skln, sexual area, and

~‘maturataon/longewaty (w1th thelr respectlve consequences on

| the_r m1nd ‘and c&mplex1f1catlon of cultural algorlthms)

These "mesohumans" were of the erectus grade. They expanded~y

'to Eura51a durlng the next mllllon years, formlng

- polymorphlc and pontyplc popul tions.

‘"f) Bets%en 0.5 and 0. 2 m, y the record 1s not clear

u'tbut it is: p0551ble that many of- ‘the’ d1fferent demes of the_yt

'ﬂePectus grade becamé extlnct, perhaps leav1ng rellcta here

h‘_and there,’or anastomosed: in large extent ("retlculate
_ evolutlon") as suggested by Tobias (1983) Probably around.
'f120—100 thousand years B. P.,Jfrom the demes of ‘a pre- saplens‘

".form that thrlved and by contlhu1ng the trend of - L -j"

topologlcal transformatlons on the endocrlne and bra1n

areas, "neohpmans" of the early saplens grade evolved and

texpanded agalnlln the Old world.

g) Topologlcal transformatlons agaln pr1nc1pally in

'the endocrlne area of some early saplens produced in Europe.

the forms of Neanderthal grade ("cla551c") wh1ch became

,extlnct around 40—30‘thousand years ago.

- h) Between 50-30 thousand years . B.P. topdlogical

~transformatlons on, endocrlne ep1genet1c chains 1nvolv1ng

;_another set of of early saplens 1nd1v1duals tr1ggered

&
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‘ paedomorphlc changes (neoteny) towards'the mofe gracile4

"forms of modern humans, whlch became rapldly dom1nant asva :

‘ result of more successful cultural algorlthms and probably a
more eff1c1ent overall m1nd.h~ " . ‘.Tk“‘ 3 _¢“wg'

1) As 1n all other grades of human ejoﬁt1on the. |
populatlons that expanded were hlghly polymorphlc. Genet1c(
drlft probably played an 1mportant role in dlfferentlatlng

va:-demes at the . t1me of expan51on (rarefactlon) Around 10, 000

' B;P; the dlfferent aspects of the mesolithic- neollthlc
revolutlon brought about the dlfferentlal expan51on of the.h
most successful food collector producers in d1fferent spaces‘
of ‘the Ecosphere, creatlng an 1ntr1cate'f |

h‘polymorphlc polytyplc mosalc, made even more compiea ddring o

: hlstorlcal tlmes. In some other 1nstances, 1solatlon (e g

f_f\ Australla) contrlbuted to add varlety to the total plcture. ,f

Analogles between blologlcal and cultural evolutlon are

‘not granted because they are two very dlfferent processes.

( -

The only 51m11ar1ty is that cu}tural evolutlon also. 1nvolves
A"change (1n cultural algorlthms) through space and tlme. o
~lHowever,.cultural evolution has strong non- random
"determlnants, and synformatlon from other cultural

‘algorlthms (acculturat1on) not present in blological :;

evolution. B1ologlca1 evolution under culture 1s ‘also gulded w".

by determ1nants such as domest1cat1on,'1ntent10na1

;alteratlon of probabllltles of ext1nct1on and

‘\blotechnology
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on the’other hand the}evolutlon of the m1nd could haver’
,been parallel to the top510g1cal transformatlons of the
brarn areav w1th each one of the’ thlnklng modes becomlng
more effect1ve at each step of human evolut1on.i,
Speculatlvely algorlthmlc thlnklng has assumed 1mportance'
‘at the habllls grade, and contlhues to 1mprove eff1c1ency
towards modern man, success;onal eplgenetlc thlnklng the
same startlng at the ePectus%grade- and non- succe551onal
!-eplgenetlc thinking at th;wsaplens grade. ST
n In the ‘case of human evolutlon only the general‘
‘ ‘gu1de11nes presented aboye are poss1ble\at the present state,
~of knowledge. A more detalled 1llusfratlon of the '
appllcat1on of the theory of topologlcaldtransformatlons and.
»jumps, requ1res the analy51s of emp1r1cal data from s1mpler
hstructural unlts. The dlfferent forms of blOllthS prov1de
. ideal materlals for such endeavor. In chapter 2 b105111ca
phytollths are used to support conformlty w1th this- theory
Nlche components correlate among themselves and also
’with’other ecosystem components, because they contain J
'f_redundancy principally‘related to coupling. Therefore, lt is
‘ possible to estimate‘somatoniches, and, at least attempt
,partlal reconstructlon of paleoecosystems by analy51s of
»redundant 1nformatlon (proxy data) from f0551ls (coded
1nformat10n about components of ext1nct n1ches) 'A similar
'task can be performed using 1nformat10n coded on ablotlc
'components (e. g geochemlstry, geophy51cs) Spurlous
correlatlon generated by random varlatlon (pure var1at1on.

sy
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‘redundancy), diéto:tign, noise;‘or interfefence‘(e.g.

" diagenesis, taphonomic scfambling) can be Minimized by
.eross correlatlon i.e. ver1fy1ng redundancy in common.
‘Paleoecosystemlc models are t hus 1mproved by comb1n1ng
multlvarlate decodlng methods, to augment information and
l’dlmlnlsh errors.,Multlvarlate evaluations also. help
v>1dent1fy1ng nonaredundant varlatlonvamong components. In
'fchapter 3, phytoliths are again used to iliUst;ate these
noints, and pfoVide»novel~infofmatiqn’abdutfBeringian
_ecosystems, Finaliy, in Note 5, the effect of diffefené
frates of eplgenetlc tran51t10n in evolutlonary ext1nct10n,

is used to explore the causes for the faunal changes durlng

the Plelsto—HOIOCene mesoglac1al‘1n-the New World..

\



: NOTE‘Z: Aﬂcondensed>biography of Ehrenberg

Chr1st1an Gottfrled Ehrenberg was the founder of phytollth

analys1s (actually of mlcropaleontology)

Ehrenberg was born in Delltzsch ‘near Le1p21g, Germany,
\, £ s

19 Aprll 1795, and died in Berlln, Germany, 27 Jnne_1876.'He

studied medicine 1n Lerp21g'and'Berlin, attenéing at,the;
same time coUrsesvand lectures in zoology, botany, and_
geoldgy (he alwaysebelieved,in‘mgltidisciplfnary education),
receiving a Doctor of Medicineid;gree in 1818, with the

presentatlon of a. botanlcal dlssertatlon on- fungl fromrthe

vicinity of Berlin. In thlS work he showed for the flrst

time‘the development of fungl from spores, p1oneer1ng and,'

employing intensely microscopical technigues, -which iead;him7 o

>to become‘one of the moSt accomplished‘microscopists‘of hiarw
time. HlS monumental descrlptlve work w1th ‘the mlcroscope'
includes for example, the formation of the polllnlc tube,
and the discovery'of thousands}of"bacteria'(he actually
created. the name Bactenlum) dlatoms and other algae,f
protozoan, and many other blogenlc structures, 11V1ng and
fossil, such as. phytollths. Qther notable accompllshments
were: ‘the first exact 1nvest1gat1ons on the anatomy and
phy51ologyaof’59£als, the explanatlon of sea
phosphorescence, and many other ploneer1ng researches in

/iological oceanography (1nclud1ng analysis of sea bottom

sediments), and.limnology.
Ehrenberg was made Extraordinary Professor of the

' University of Berlin-in 1827, and Professor of Medicine in

134



- worldwide soils, sediments (including.marine), and dust.

Most of them appeared>in the publications of the5Berlin

'expedltlons. One very ‘perilous to Egypt, Lybia, Sudan,
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1839, but although he belonged to the medical faculty, his
lectures and demoétrations were mainly‘on botany, zoology,
and geology, and almost devo1d of dlrect medlcal interest.

In 1827 Ehrenberg was elected a member -of the Berlln Academf

of Sc1ences,‘and later of many other European\academles.

Although he helped many students when' ‘asked, Ehrenberg never

had formal graduate studej;s and always preferred to- do h1sr
work alone, However,ghe was an 1ncred1b1y productlve
scientist; publ1sh1ng coplously oh botanlcal zoologlcal,m

anthropologlcal hlstologlcal geologlcal geographfcalb

‘meteorological archaeologlcal and’ phy51ologlcal subjects,

, among others. For 30 years startlng in 1841 Ehrenberg

produced many papers~1n which he descrnbed phytollths ﬁrom

| Academy of‘Sciencea His main book on the subject and other

'microfossilE"was Mlkrogeolggle publxshed 1n 1854 w1th a

.supplement in 1856.

Ehrenberg part1c1pated in two major. sc1ent1f1c
Sinai, and Arabiav,paréqcularly exploring the Red Sea; and

another’with’élexander voh,Hbmboldt'to Russia and Siberia.

L 4

- In addition.to his own collectlons, being a frlend of many

;&

- notable naturalists of his time, such as von Humboldt and

-~ Darvin, he received many samples of soils and sediments from

call over}thegWorld, which formed the base for his wide

rangingfmicropaleontological studies. His collections and
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Imanuscripts‘ﬁre still available at*the Mugeum'fur Naturkunde
in Berlln. H

| Hls microscopic observatlons were all made on a 300x '
m1croscope, which he bought when young. As a curiosity, .it
is {/lerestlng mentlonlng that he always made h1s very long

1croscop1c observatlons standing up. A more 1mportant?
hlstorlcal ract is that he always refused to use more
powerful and optlcally better 1nstruments, avallable later
on in his career. This could have helped to 1mprove
con51derably his tlreless observatlons. Stubborness was a
dominant, tralt of hlS personallty For example, before the
cellular theory was proposed he thought that all, anlmals,"
‘including protists,.possessed the same organs, - formlng,

~~ : o :
_nervous, digestive, Vascular, sexual ‘and muscular.systems,
‘which he used as an'argument agalnst the theory of
spontaneous generation and‘the,"charn of belng.' After it
was demonstrated that only multicellular ‘organisms have
organs, and that4protistslwere-unicellular, he continyed to-
defend his views for a 1ong time. Also, he never,accepted‘
b1ologlcal evolutlon Nevertheless, his errors cannot:
eclipse his 1nnumerable contributions to Science, a fact
actually recogn1zed durlng hlS llfet1me by the many medals,
“prizes, and honors received from the major learned soc1et1es
and academies’of Europe at that time. |
On a personal'note, he waska‘very nice'man and loyala

friend, and also something,of a poet.as wellfas an

accomplished draughtsman. He married the niece of the german’
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mineralogist Gustav Rose, Julie Rose, in 1831.'Frdm this
marriage he had one son and four daughters. After the eardly
death of Julie (1848), he was married,again; in 1852, to
karolﬁne Friederike Friccius, sister—in{law of theﬁchemist
Eilhard Mitscherlich, and had no furthervprogeny,
Ehrenberg's youngesr daughfer Clara aided her father in
-h1s‘sc1entlf1c research to the end of his llfe, even mak1ng‘~
mlcroscoplc observatlons for him, when both ef his eyes were
afflicted with cataract:

A very comprehen51ve biography of Ehrenberg, including

a blbllography, was prepared by Laue (1895)



NOTE 3: Phytolith synonymia.\‘ff\

A large number of synonyms for thtolith\heve
_proliferated in the literature, difficulting communication
and b1b110graph1c searches. Thls is a m1n1mum llSt of such

»
w_synonyms in the languages of the avallable literature. Some

terms are imprecise or technlcally wrong, but that is the
way they were employed in the_llterature. Most common
synonyms in English are marhed with an . asterisk. |

Biogenetif or biogenic opal (English).

Biogenetic or biogenic siiica (English).

Cellule siiicie;se (French). ) ‘

Células siliceas or‘silicrficadas (Spanish,
Portuguesé) |

vCone 5111c1euse (French for sedge phytollths)

Concretlon 5111c1euse (French)

. Corpo 5111coso (Portuguese)

Crown cells (Engllsh, for short trlchome spiny
| phytoliths).
| Cuticle silica (English).
Epiderhal opai or silica (English).
Excrétion silicieuse (French)
.Fitclita (transliterated Russian).
Fitoliti (Italianh(transliterated Bulgarian). .

Fitolito or Fitélitc (Spanish;';ortugpese). |

Grass opal (English). ' w

Kieselerde (German).

< 138
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"Kieselkorpe (German) .

Kieselmembran (German).

i3S

LY Kieselsaure (German) .

. Kieselskelett (German).
Kieselzellen (German).

Opal body* (English).
Opaline éilica (Engliéh). 
Opélo‘organégeno (Spanish).
Phytolite (English).

‘Q:D Phytoiith* (English). -
Phytolithaire (French).
Phytolithérig (Latinizg{k ame) .
Phytoldthe (French). R

©

Plant biolith.(English).

Particulas de silice organizada (Spanish).
: ’ R

Plant opal or silicax (English):
Piant silicon (English),

Sedge bpal (English).

Silica biogénica (Porﬁuguese);
Siliéavbody* (English).

"Silica cell (English).

Silica or opallcorpuscle (English)..
.Silica cystblith ?English).

Silica or opal particles (English).
Silica or opal sand-(English).
Silica or silicified scierite (Ehglish, usually for

‘tree phytoliths)-
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¥

silice blogena (Spanlsh)

L

5111c1f1ed asterosclereld (Engllsh usually for conifer .

'i,éhytollths).
Silicified afheroscleQEide (English;'wroﬁg_yg&sioh oﬁ"
the prior one) |
| 5111c1f1ed cell (Engllsh)
3‘ o | SlllCOfthlltO (Spanlsh).
~ silicophytolith (English).
Stégméta (Germén, English,‘for palm phytolﬁthe),
Tﬁe:ewis a eonsidefeble literatuee.on.phyfolithS-in”

: Japanesej however,”it geﬁera;ly eses,a direct tranelation.ef
the Engllsh synonyms | R |
There is con51derable llterature on phytollths in
.Japanese, however,‘lt genegally-pses dlrect‘transllteration’

of EngllshﬁsynonYms. o



,NOTE 4: Carbonllsotopes_in paleobiology

' Photosynthetlc t)xatlon of carbon d10x1de by

. terrestrlal plants produces a change in the_"C/‘zC ratlo,

because. of drscrlmlnatlon against the heavier 1sotope. These

~ changes in carbon isotope ratios'areuconvehtionally-reported

in the §6'3C notation wh1ch expresses the relatlve content
" of "C in relatlon to the Ch1cago PDB standard (carbonatet

‘from the Cretaceous marine f0551l Belemnltella amerlcana,
- .

A

“from the Pee Dee Formatlon of South Carollna) in parts per

 thousand (per mil or °/o0), 'accordlng to the relatlon:

A-8l3C‘per mil" [(sample\"C/‘ZC)/(PDB ‘3C/"C) —.1],x 10°.

The'origlnal PDB.standard is no longer ava1lable,vbut all
laboratories7rélate to it”through secondary standards.

| Uncontamlnated atmospherlc COz has a 8'?°C of about —7
per mll whlle plant carbon can have values as much as 30"

per mil-lower; The eﬂ&ent of thlS fractlonataon depends on

»-\.

analyzed so far, the hatural dlstrlbutlon of §1°C throughout

the Plant Klngdom }s b1modal and related to the respectrve
photosynthetlc pathway Plants w%th ‘the C3 pathwaY,;whlch

W

1n1t1ally le Q@sjln 3- carbon ac1ds by carboxylatlon of

rlbulose prhosﬂhate (Calv1n cycle) have §'3C ranglng‘from

-37 to —21 per mil (average -26. 5 per mil). Those with the.

Cu pathway, wh1ch 1n1t1ally f1x COz in 4- carbon ac1ds by the

wcarboxylatlon of. phosphoenolpyruvate, have 61:C ranglng from
—19 to -8 per mil (average -12.5 per mil). Plants with

crassulacean ac1d metabollsm (CAM) can be funct1onally
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metabollsm and env1ronment however, from all the spec1es:-~
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S e Temperate cult1vated plants are usually C,, but some

\ .

important cultivars, such as malze, sérghum, and sugar cane,
are Cu. 6'°C of marlne COz'ls enrlched by about 7 per mil. 1n
relatlon to’ alr, and thls is® reflected in the" marine food

: chalns. Exclud1ng plankton marlne plants have Cq*llke

L

ratlos. The se dlfferences have appllcatlons ‘in

archaeologlcal and geoenv1ronmental stud1es.

&
B

Desplte additional fract1onat};' W;carbon is

transferred’from ‘the ‘producers: through ggoa webs, the
consumers belng generally enrlched in "C 1t has been’
demonstrated that the animal tlssues (1nclud1ng bone) w1ll“
reflect, proportlonally, the 1sotop1c ratio 51gnatures of

dlets. ThlS property has been applled to

_the respecti:

de termifigia nt trophlc relatlonshlps, and archaeologlcal

sub o _ rategles. A fully referenced reviewv of the =

R
~

s L. )
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vsuccessors, between‘15,000 and 8,000 BP. Instead of

’considering isolated causes (e g. overkill or climatic P)

- extinction of megamammals, when parameters are changed»;a

‘matrix;

. mﬁ,f
NOTErS' Mesoglac1a1 megafauna;/extlnctlons in Ber1ng1a and

. IR /Nh . the Americas:

Presently publlshed models for the extlnctlon of megafauna

in the New World, durzng the mesoglac1al are usually

mono- causal (see reqxew by Bombln ‘1980a) and therefore

fall to accomodate all the ev1dence, which is mUltivariate{v"

However- 1t 1s“p0551b1e to produce a more reallst1c and

_un1f1ed model that accounts for the extlnctlon of Berlnglan

and the other Amerlcan Plelstocene megabeasts, thelr natural

predators, spec1allzed scavengers, and obl1gatory feedlng

.
e,

hypotheses) the model 1ntegrates env1ronmental
anthropogenlc, and paleob1ologlcal procéSSes in a feedback'

system that causes a contlnuous change in the probab111ty
I , ‘4 N

The probablllty of ethﬂCthﬂ of organisms is increase

\

by any. (or comblnatlons) of the followlng 51tuat1on5°

- 1nadequacy of the ecosystem to provide energy- matter

requirements,,

- ineffeCtivewcoubling between niches and environmentai__‘
--incompetence to adapt (changeiniche'channels)'to
changlng env1ronments,

- 1nab111ty//o/susta1n competltlon (trophlc and/or3

‘ terrltorlai////

V < )
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- constrains to cope with predation;r

- interfering catastrophlc events. o ;

For each partlcular case there is a~51ngular set of
processes through whlch the aforementloned reasons are
‘effected Therefore, to produce an explanatory model for  the
.synchronous extlnctlon of a.set of dlfferent organlsms,ﬁlt
1s necessary to 1ntegrate redundant processes that can
produce ‘the 51tuat1ons ilsted above at the same tlme. Also,
because different organlsms have, dlfferent probabllltles of

K3

extlnctlon if they go extlnct at the same time there is

'only a very remote probab111ty of that happen1ng by randomz

chanﬁe. The reason*ls l1kely some~redundant-property of the:~

emtlnct set.»gonversely) the'same‘is true for the set that
‘surv1ved K ‘ o 2 |
A summary of redundanc1es present in the case of

mesoglacial megafaunal extinctions 1n-Ber1ngla and'the
Amerlcas 1ncludes' |

pl) The time of- probab1l1ty of extlnctlon 1ncrease for
all organlsms 1nvolved was’ between 15, 000 and 8 000 BP, and
.'probably peak1ng between 12, 000. and 10,000 BP |

2) Table 1 prov1des StatlSthS on New World extlnct and

R
B

.surv1vor megafauna (humans excluded) show1ng redundancy 1n:
4s1ze »Important features to con51der here are: " ﬂ
| a) The.extinct megafauna Waszpredomlnantly adapted to
'open canopy vegetatlon systems. )
b) Pre- extlnctlon faunas (extlnct + surv1vors) show a

greater dlversrty of grazers and browsers, - suggesting

-

v



Table 1 - Late Quaternary Megafaunas df the New World

Q

North American Holoarctic -}
Survivors gen. kg
capybara ol 25-50
‘pronghorn 1 35-65
~-wolf 1 25-75
puma . 1 '35-100
~jaguar = 1 70-100
white-tail deer 1 50-90
sheep . B 35-125
goat 1 80~-120
mule deer 1 100-110
black bear 1 120-200
caribou 1 120-300
wapiti 1° 125-320
musk-ox 1 270~-400
griz./brown bear 1 200-700"
polar bear 1 300-700
moose 1 400-650
bison 1 450-1300
16 250100
Extinct ) . 7
saiga 1 . 50
pronghd®ns 2 10-100
- peccaries 2 50-100
cervids . d~-2 100
capybara 1 - 1006-150
shrub-ox 1 . 130
pampathere 1 100-200
-giant Beaver I 180~200
sabre-tooth cat 1 150-250
_scimitar cat . 1 150~250
camelids c2-4 100-500-
tapir -1 * 250 -
lion ! 250-300
horses 1 250-400
glyptodonts 1-2 2Q00-600
giant tortoise 1 300-500
musk-0OX. 1 350-500
yak-like bovid 1’ 500
short-face bearl-2 300-800
giant moose 1 1000
ground-sloths 4 200-3000
mastodonts .2 3500-5000+
mammoths. -~ . 1 3000-6500+
30-35 750%250

¥

‘Neotropics

Survivors gen. kg
capybard 1 25-50
vicuna 1- - 50 .
pampa deer 1 30-60
huemul 1 40-60
-white-tail deer 1 - 30-80
giant armadillo 1 50-60
puma 1 o 35-100
guanaco 1 70-90 -
jaguar 1 . 70-100
marsh deer . 1 90
spectacled bear 1 120-130
tapir i 1 - 250
. [ .
(11-12 85¥15
peccaries 1-2 50-100
capybara 1 100-150
pampathere 1 . 100-200
cervids 2-4 100-250 -
camelids 2 - 100-250
sabre—-tooth cat 1 " 150-250
horses L 3 250-350
short~face bear 1 200-400
giant tortoise 1 300-500
macrauchenia 1 400-600
- glyptodonts 9 100-1000
. ground-sloths 9 200~-5000
- toxodont 1-2 .2000<3000
mastodonts 1-3 3000-5000+
35-40 ¢9850%350
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environmental diversity within their migratory radius. In

- fact, recent blg mammal faunas of the American tundras/sedge

meadows, or grasslands, are clearly 1mpoverlshed in

comparlson to the Pleistocene, and have generaliy large

. T T

" populations of a few species, with smaller individuals than

: the past counterparts.w

c)'High_proportion Ofdpreferential grazers became

’extlnct , ' S - ' .

'sabre tooth cats were very rare.

/&%xSurv1vors are well adapted to zonal env1ronments
) £

(less heterogeneous w1th1n-hab1tat),
e) Most extinct forms have no eoologioal,vicars among

survivors,

A

f) There is a higher proportion of ruminants, (more

efficient large herbivores) among survivors.

>

. g) Predators of giant forms were rare in Beringia and

,the'rest of the New World. In the Neot;np;cs, for example,

: ¥
h) Only a few genera with more than 100 kg surv1ved

(only ‘two in the Neotroplcs) '
1) Adaptive characterlstlcs of the survivors 1nclude'

- herb1vores with preference or adaptive capac1ty for

living in forests or ecotones between forests and open.
' ¥

_Vegetation (e.g.‘tapir;‘pe¢caries, spectacled bear, some

deer)- high mountaln habitats (e.g. sheep, goat, vicufia);

arct}c and boreal forest env1ronments (e.g. caribou, mooseq
\& s &
musk-ox) ; xerophytlc homogeneous habitats (e.qg. guanaco,

sheep, pronghorn); homogeneous grasslands (e.g. bison,
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pronghorn, gﬁanaco, and somé deer); marshy lands (e.g. marsh

~deer, moose, capybara). | .
—\Carnivbres adapted to hunt a wide range of prey.
sizes, geﬁerally small to medium (e.g puma,'jégUar} woif),
or trophica%}y related tb the talaséocycle (ng. polar
bear); ' |
,? Highly competitive omnivores (e.q. black‘and grizzlf'

bears). All 6f thése"wére efféct}ve or benéficial’within the
poSt—giacial environmental matrices.
‘ 3) The recﬁrrence and persfstgnce of diQerse giant
forms ("K—strateéists") th:ohghout the Pléiétocene, suggests
an'overali dynamic environmehtal predfctability'during most
of this epoch. By comparison with present'"Kfstrategist"
faUnés,,where‘the rate of ontogenic transition is JOW}Jit‘is
licit to assume that the organisﬁs in Pieistoéeﬁe megafaunas
had niches inclUding the following redundant features:
slowé;:onfogénic deVelopment to&a:ds largé size, use of
energy emﬁﬁasizihé maintenance’and efficiency ihStead of
 reproduction and pr¢ductivity, delayed and repeated"'
reproductions dufiné long and complex life cycles, long
dependence of>YOung, and elabqrated behavior and social
 organizatfon. This was primariiy due to allometric ,
pfobabilities éprfelated with lafge-sized.animals,"such as
léﬁer intrinsi$ rate of'nétural increase, metabolic
rate/weighf;ratio, secondary producﬁivity/stanaing biomass

ratio, descendants/time ratio, birth rate, litter size and

‘frequency; longer_generatioh'time, lifespan, life expectancy



"
at birth, age at first partur1t1on, gestation t1me, b1rth

interval; and higher absolute food intake and terr1tor1al
reqoirements.~ |

The dominance and persistence ofathisrlife-strategy
.lndioates communities tending to be saturated; with uncommon
recolonizatioh, and'population sizes fairly constant in time
(close to the oarrying capacity of,relatively predlctable
Aenvironments). ThlS requ1res successful keen 1ntraspec1f1c
and 1nterspec1f1c compet1t1on (trophlc and. terrltorlal)
because of assymptotic blomass and high diversity, which
increases the.probability‘of niche specialization. Under
these -circumstances, there is a tenoency to aevelop7well
organlzed stratification and spat1al heterogenelty (pattern
dlver51ty),.and high degree of 1ntegrat10n of the feeding
and terrltorial strategies (symbiosis and mutualism);ras’
well as faunal influenoe in generatino or improving their
own_habitats. lhe welljgeveloped and intrlcate feedback web
in sdchﬂsYstems tends to maximize homeostasis.under
relatively predictable (ergodic)'cqnditions; therefore, the
demes -have long lasting "memor;" about.negative‘stochastic
effects upon reproductlvely active 1nd1v1duals, wh1ch below
a certain number lose the ability ‘to maintain a v1able 7
population,(at this threshold,the probab111ty of extrnctlon
= 1). Recent animals close to this threshold are for example
the whooplng crane and the blue whale.

4) Noteworthy env1ronmental changes occurred durlng the

time of the extinctions. Areas becoming free of glacial ice

’
/
-/
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we:e censtantly being made available for colonization, for‘
example, areas where'Laurentide ice was waning were rapidly
colonized ma1nly by boreal forests and wet tundra.
'Cons1derable extens1ons of land were transgredsed by the
postglacial eustatlcvrlse_of the oceans, dlmlnlshlng tyé
continental areal capacity of sucportiné megafauna
(important factor in Beringia), but also reducing
possibilities of migratory transit, altering hydrologic
characteristics, and coastaln}esoufces. buring the peak of
the extinctions, considerabie‘areaS’of North'America were
still under glacial ice. | |

- In the“unglaciated portions of eastern Beringia, the
climate became”less continentaip andJextensive diverse‘
Asteppes,ilowland meadows and willow shrublands, gane way to
wet tundra and.boreal forest. At thevsamevtime, in eastern
North Amefica, the‘dpen'conifeF forests and parklands,'and

. the oak shrub- grasslands,vwere succeeded by close canopy
forests, at the same t1me that coastal lowlands became
permanent marshlands. Some areas of the Great Plalns and the
Pampas probabily improved the graminoid range and
productivity {particularly after humans started intentional
burning);‘howeyer, there was an overall loss of’diversity
and heterogeneity. In the troplcal areas, partlcularly 1n
the Amazon Basin, former exten51ve open canopy areas were
" very significantly reduced by'closed pluvial forests. Thev

total reduction in area suitable to sustain diverse

megafaunal communities, and for its migratory transit, by
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submers}on; forestation, desertification (e.g. Atacama,
Great Basin), was of‘tne order of 50%.

Considering all these mesoglacial cnanges, the period
when the bulk of the megafaunal extinctians ocoutred was -
chacaterized by enormous environmental variability, and

continuous ecological readjustments to the postglacial

regime. This included a previously absent and powerful

variable: the arrival, adaptations; and’demographid
expansion of humans.

'5) To be able to expand into Beringia at the peak of

‘last glacial, or the beginning of the mesoglacial, humans

had to be very. skilled big-game hunters, otherwise they

would have not survived there. The same is true for the

people that came south thtough the ice-free corridor.

Therefore, the first pale€o-indians were, in my opinion

already adapted to hunting megafauna. Other adaptations,

"suChAaslgenéralized gathering and hunting developed later in

K4

America. The same is the case of maritime adaptations. I . do
not think that a Pacific coastal route was hospitable or
even feasible during the earlytmesoglacial.

Between 12, 000 and 11 000 BP humans were . already

tlnhabltlng practlcally all p0551b1e avallable habltats in

the Amerlcas, huntlng and 1nterfer1ng ecologlcally with
megafauna from Berlngla to Patagonla |

From the prev1ous summary{‘there is’ ground to pvoposef
that all the situations:that‘increase th&fprobability of
extinction'of‘organisms,'liSted at the beginning, were in

LA
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effect in one way or another at the time the megabeasts
"vanished. Therefore, there is no reason to sinéle out ahy
paréigular cause for the extinctions. It‘makes'ecofzgicalli
and evolutionarily more sense to.mddel this episode as a
resultant of the‘combined effect of‘intefrelated processes,
conducivé‘to make thé‘pfobability'of extinction of
megaﬁammals tend to 1. . o £ -

Most of these suggested‘proces;es and interrelations
 ar¢ synthesiied in Fiéure 23. | .

It is possible that this kind of model, with;proper
modifications, would find application to explain extinctions

)
" of "K-strategists" in other space and time contexts.

d_
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APPENDIX 1: Sample of a phytolith analysis protocol sheet

1. Morphotype f# : ~ Linnean Tgxdn:
2. Sample material, provenance:

© 3. Processing, mounting:

4. Microscopy data:

-

5. Summary description: R

. Mother-cell: | | |
. Tridimensional‘shape: S
." Upper view shape: | J
9. Lateral view shape:

10. Frontal view shape:

1l. Length! '

12. width:

13. Height:

14. side morphology:

15. End morphology: '

16. Crest: '

17. Keel:

18. Processes:

19. Vacuoles:

20. Transparency. Staining:

21. Pre'serv§tiqﬁ':

22. Observations, references:

&

164



