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Abstraet: S concentrations of some recent |Il'li'|'l\|llll|.‘~' i relation to the
averange vear temperature and salinity aree disenssed,
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Introduction

The stady of recent carbonate skeletons is caused by its potencial use as an paleo-
temperature and paleosalinits indicator,

On the basis of the observations ol previoons authors the Tactors influencing the Se
concentrations in skeletons are as Tollows:

A phylogenetie Tactors:

B, physie-chemical Tactors:

H] l‘.‘lirlt'l'n[ng"\‘ ol the skeletons

b temperature of the environment

eosalinity of the environment

Coother Taetors,

AT was well documented in literatoee (K0 K0 Tureekian and B N em-
strong 19600 TL T Odum 1957, 00 B Dodd 19630 bo T G Thompson
and To00 Chow 19550 T A Lowenstam 1963 and others) that the differences
i Sroconcentrations of caleitic and aragonitic shells and i the |ni|||'|'n[n,',l.'_\' ol recent
the elasses, genera and <pecies ave mainly due to phylogenetic factors, This is probably
aresull of metabolie processes and influenee o organie compounds (NC Watabe
and NG MC W i Thore 19600 TN, Lowenstam 19635 Y, Kitano and D, W,
Flood 1965 and others, However, the processes are nol sufficiently known,

B. Although the phylogenctie Tactors are the dominant Tactors o controling the Sre
distribation of skeletons within a single species. the inllunee of physico-chemieal Tactors
mav he observed as owell,

a Mineralogy

The Taet that Seois associated more with aeagonite than with caleite was already
abserved by WO No LD 10540 A0 P Vinogrados (195330 confirmed that this
pattern is ovalid, o genceal. Tor many of marine organisms, T G Thompson and
T Chow (19550 observed that the average S Ca ratio ol the molluses is inereasing
with mineralogical t'[!lTIjlli‘-ililll] ol theit skeletons as Tollows: ealeite. mixture of ara-
vonite amd ealette, armzonite,

L Temperature

'|'l'|||[n'l‘:|ll|1'l- THS floenee Se content of the <keletons o two Wivs:

[oThe changes in temperature may canse the changes o the skeletal mineralogy.
thos mfluencing the Se o content of the whole skeleton as well,

2 Temperature changes may cause changes of the Se coneenteation within the
arizonilie or caleitie Tavers ol the skeletons,

THRNDe L NVedzer, tose BXDes o Demoov i Cosens Geologieal Tnstitate of  the
L Nesudewy of Seiences, Beatislava, Stelanikova ol 41




6 VEIZER, DEMOVIC

LT Odam 19500 00 B Bogailbd (19300 sond T Kalp et oal (1052
concluded that temperature is not an important Tactor, TN Low e ns tam (1954h,
e 19601 found that the temperature may alfeet the carbonate mineralogy of the species
which precipitate caleite and aragonite in theie carbonate skeletons, However this s
nol valid Tor the mollusea (1L A Lowenstanm D65, Nso Jo 1 Doodd (1963
reported that voung individuals of Mytilus californianus do not show a temperature
effect in theie shell mineralogv. but larger skeletons showed  positive temperatore-
aragonile correlation. Ino subsequent veviews L R Doodd 196300 b he coneludied
that some skeleton Tavers were seasonal depended, 00 1L D odd (196300 b steessed
i oslrong |r||_\'|1l;:{'||l-lii' cffect on the lemperalure |Jtii|r|‘.‘||n',r_\' r'l-|.'|Iin||.~'||i;| for dilTeren
species of The same genus,

T. G. Thompson and T. J. Chow (1955 renovted that Se Ca alom ralios
of some Ivpes ol marine organisms were nearly constant. egardless ol the water
temperadure, Later O T Pal ey and o Thosw e TGO found. that Se Ca rantin
s temperature dependent at the speeilie level but ot at the elass Tevel, They also
reported that Se Caoratio showed  positive correlation with lemperatuee in arngonitic
molluses and poor negative correlation in some caleitic molluses, Mso O L Pilkey
and LGl Goodel (1963 Tound positive correlation of  Seowith temperaturee in
aragonitic molluses and negative o the ealeitie one, 0 1L Do dd (196300 deseribid
positive correlation of Seowith temperatoree in the caleitie prismatic Taver ol Mynilus
whereas, S arngonitic nacreons Taver varied donversely with temperatoee, T, T
Davies (1OGAT and X Ihallam and NoB Preiee (1968 observed nesalive Sr
correlation with lemperatore in Cardinm edule. The Tast mentioned  authors also ob-
served higher Se o concenteation e the inner Tavers than o the outer I'".‘“'['-“ of the
skeletons, The dilferent Se concenteations rellected the differences i the mineralogy
ol These Tayvers.

e salinily

O d w1950 00 T Ieabp et al 19520 coneluded that the primary Tactor
l'lrllll'r:“ll,‘—" SeCavatio ol the shells s the Se Caoeatio ol the water, Trom which the
shells were deposited. ad thos the saliniy of the water media, This o was also con-
Fiemed expermentaly by LT O dwm (0950 T Ordbaom (1957 o 1L Loent-
woedn 19630 stated that Se Caooratio ereases with nerveas in salinniv, Somilaely T,
T hompson and T Chow (19550 demonsteated that Se content of the marine
:lr'I||i'n[:m|:l and mollusea is higher than the Se content ol Teesho water organisms. hul

the dilution or concenteation: ol sea water within the toleranee o marime organismes

would not be an inlluential Tactor on the Se Caoatome vatio ol the caleareous skeletons,
oA Lowenstam 050 ¢ and J0 B0 Dodd (196300 Tound  that salinity
elfects the IIIiIll’I'u‘II[Iﬂ'_\' ol certam [11'il'|'}'|nlr:|\. The aragonite caleite ralio inerease with
decrense e salinily,

O 0L Pl ke and o Hhower (09600 coneluded that salinity could imflTuenee the
Sieccontent ol skeletons hui the velationships are Tae Teome being simple. They also
deseribed ane exellent negative relationship ol salinity 1o 5e i the ealeine molluses,
They  demonsteated, that difTerences i salinity vesulted o geeater modilication of
mollises shell composition as was eased by the temperatoree vaviations. hot that saliniis
above 25" dud not maekedIy alTeet the composition of the skeletons, Also 0, 11
Pl ke s and TG Goodel 19620 gquoted that exeepl one species. ane inverse
velationship hetween salinity sl Se o content was 1o some degree preseeved e all the
molloses stodied, The negative correlation o Mg = 5 o salinity was Tound by )L
Boeker and oW N alentine (1961 0 Crassostrea sirginiea.



STRONTIUM CONCENTRATIONS 77

) { ATLANTIC OCEAN ) ~— T
e . '
1
1. Map ol the Tocalities. Explanations: 1 — Black Sea (Hopotamorn, 2 — Blaek Sea
At — Blaek Sea steijac, 40— Mdeatie Sea (Kastielska Bavi, 5 — Nddeiatie Sea
ansha Bavi 6 — Nleiatie Sea (Omid, 7 — Ndreintie Sen (Roseto do Nbrazzi . 8 —
Mediternnean Sea DA recles <0 Mero 90— Flovida Steadt (Shell of Guoanabor. Wb — Gull ol

Mexieo (Calo paraisor, [ — Caribbean Sea Cavos de los Ballenatos .

From the deseription above 0 s elear the |'t‘|r|[ir:|1:-hip.~ hetween Seocontent and
physivo-chemical Tactors are complicated  and are mostly phylogencelicaly controlled.
Thos the ievitable assumption of the progeess in this Tield is o seleet lemperature or
salinity sensitive species Tor Tuther detailed studies as it was already done by J. R,
Do CTOGT 19630, b 1H64. 1963 in the case of Mytilus californianus and Nigiilas
edulis. This paper aims to be aosmall contribution in this Tield,

NAnalytical Techniques

The Seodeterminations were made using POS-2 oplical SI}E'!"I‘H,‘.’I‘FI[}[I. Details of the
method arve given elsewhere G N ed v ed 19670 R Demovie 1062, The repro-
ducibility of the method expressed as per cent standard  deviation was = 9" The
separation ol the inner Taver of the shells was made using dentist deilling miaschine,

Seammpiles

The simples studied. originated Trom the collection of Doe. Des Jo Sened D Se,
Flealso gave temperatiee and saliniiy datas The aathors are obliged o0 i Tor
vitluable help and discussion ol the problem.

Simnples were collected i Black Seas Mediteranean Sea. Nddeiatie Sea. Gull of Mexico

and Floerda Steann avens (N, 10
Minvcralogival Composition of the Peleeypod Skeletons
Sheletal material ol carbonate shells s composed mainly of asconite and ealeite

o ealeite with various concenteations of MgCGOs as solid solution (K, Chave 19540,

The composition of peleeypode skeletons s oas Tollows G Pivetean 19520
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Table 1. Venus galling 1.

| Secocontent ol the whole

|
\vers e skeletons i ppm

we vealr

Now ool

Loeality : loe  lCmperature F r
simples o salinity in My,
|'.'[I||'_:I' HEAY l‘l‘-'l_'_’l'
Nelveiatie sean Bosero
Mhruws 1 1.5 H5 1532 — GGG 1454
Mediteranenn Sea  Argcles
<. Mer 3 195 00 20— 24 10 2140
Black Sea (Kavaeite 1 1.0 17 I, 1187
h 12 H2_2520 1741

I, Ouler |;t}'l-' 'f:['l‘inslr';n'tlnll 15 Tormed h_\' oraanie maller,

2. Middle Taver s Tormed cither Trom aragonite or caleite,

In the .'I1'.'|j_rnr|ilil' middle !.‘I_\'l'l‘ the external [ is ol o Nhrous or prismatie ol
the internal part of o nacrcons and poreclaineous or crossed texture,

I enleitic middle Taver the external part is ol a0 prismatic and the internal part of
a crossed or lamelar texture fealeiosteacnm,

S0 The nner Taver thypoosteacum s maindy ol an aragonitic composition, Less
abundant is ealeite with glassy textore,

A0 The daternal Tilling of the skeletons is mainly of a0 ealeitie nacreous crosshedded
or prismatic texturel, and Tess common. of o aragonitic composition foliage or fibreous
lextures,

However the above inteoduced deseription is o some extent only a0 generalisation

aned the composition of the skeletons varvies with genera and species,

Se Disteibintion
Vs gallina 1.

Seowans detesmined i 12 whole skeletons of this species, The sedisteibotion s given

e table oo fie 2,

VENUS  GALLINA

AVERAGE YEAR

TEMPERATURE IN

20 —_ (35 %.)
S {35 %)

e ti11)

3 &
10 10°ppm 5S¢

i, 20 se ddisteibution o Venns gallina, Explanations: hovizontal e — range: vertical
linie Y] number in brackels — average sear saliniy,
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|_m‘.'||[|)'

Iack Sea Hililul“l]]u

Velviaie Sea INastielska

I3

N
—

Foeality

Blaek Sea Istein

Nelviantie Sea Deadianska

by

1.|n|-.'l|i[_\'

Lilaek Sea INavaeite

Nelviatie Seq Omis

Meshiternean Sea Ay

~ Mer

3

able 20 Clilays glabra 1L

Mverage vear

Now of Mverire
ainol femperatore iiiasimh
sanpies . o6 =ikn A
| -9 A 0
2 16.5 7
| 185 0
o
b

Table .

Salen

vaginala 1.,

N oof

sanples

Mvernge
<aliity i "y,

Table 4,

Do tronenlus 1.,

Nvernee vear

N ool Average
il Tomperalure linity in ©
=i Mits . . =i .
| in °C P o
4 163,50 17
1 IS [4=17
4 195 i
A

-1

Seocontent of the whole
shelotons in ppm

range Verse

1 IRO— 1264 1220
L 100
He =126 1147

Srocontent ol the whole
skeletons i ppm

e N erne

14 =204

LA Tn—an000

whaole

ol e

skeletons i ppm

A oconlenl

rangse HANA IR

171 1— 0 R

14 =250 el b
|32 =3 1yl IR
1520 =23008) 205
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The nverage Seoconcenteation in the recions ol the same h:llillil}'. inereases with
the rise of lemperature, I the case ol Black sea ~:|||||r1i'.~ .~.'|1i||i|_\' ]7"” HI l:]_'_" staller
ol Se concentetions was obscerved,

(hlamys slabra 1.

U||])‘ three 5.'|n|]:|l-_-a [eom Iwo regions wepe studicd, The Se disteibution s as Tollows
fable 2. e, 3.

Because of the small amount of samples. the results may be used only as o preli-
minaey reporl concerning Sroconcentration of 1his species,

Chlamys glabra

AVERAGE YEAR
TEMPERATURE IN °C

?ol
[ {35 %)
| e 1)
i
1
1ol -
10° 10" ppm  Sr

ASe disteibotion in Chlamogs glabiea, Explanations: as Qg 2

Solen  vaginata
AVERAGE YEAR

TEMPERATURE 1M "C

20

—_— (35%.)

X [17%.)

10

10° 10° ppm St

Fieo 40 Se disteibution in Solen vaginata, FExplanations: as fig, 2

Donax  trunculus

AVERAGE YEAR
TEMPERATURE 1IN °C

20

———— (35%)
— (=47 2.)
—e— [17%.)
[+] . — ——
10’ 10* ppm Sr

Fie, Joose disteibmtion in Donar tranealus, Pxplanations: as Tie, 2,
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Sulen vasinata 1.,

Sixosimples of the whole skeletons were analvsed, The Se disteibution is given in
bl 20, ﬁ!.‘. (H
The average Seocontent inereases with rvise ol lemperaloree al -:llfnil_\'. Because i1
is impossible 1o distingnish between the inlluence of salinity and  temperatoee, the
reprted resnlls Y serve nll]}' as o data ol Se coneenteation i the given .~[u~|'i|-.~.
AVERAGE YEAR
TEMPERATURE IN 'C

20]'
+ 0 135%)
i + {47 %)
1ol i - =
500 1200 ppm Sr
e GooSe disteibation in Mytitus galloprosineialis. Explanations: Tull crosses — whole
shell analyses: dashed crosses — analvses ol the internal lvers: mumber o brackels —

avernge vear salinily.

Cardium tuberculatum

AYERAGE YEAR
TEMPERATURE IM 'C

3 e (35 %)
s {35 %)
20
10°

"4

10 ppm Sr
i 7.0 se o disteibotion o Cardivn tuberenlaton. Fxplanations: hoeizomal foll line —
vange ol the whole shell analvses: dashed  hovizontal line —
.-|n.-||_\-~|'-: vertieal erosses — averp number in brackers —

ol the dnternal Laver
aEe vear

saliniy.

Cadakia orbicularis
AVERAGE YEAR
TEMPERATURE IN "C

307

% {35 -36%.)
- b 135 %.)

10'ppm Sr

|
20 l_ = A
10’

e disteibution in Cadalifo orbicalaris, Vxplanations: as fie, 7.
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Table .

Xil. llr

Loeality
- samples

Black Sea (Kavaeite [

CAdriae Sea (Rastielska

Pay |

VEIAER DEMOVT

Muytilus galloprovincialis 1.

. [Sr ocontent of
s ocontent of| |
oo | the whole |
" \p :
[ skeletons in

-'\ Vernge
o e
salinity n My, .

: "Mlavers in ppm

ppm
1.5 17 12|i:l _ 1440
5.0 a0 1520 il

1540 - 1S

Tab et Cardivm tubereulatum

AR trase

.\-Ii. Ilr

vear Average
Locality sinn- Lenperi- s;l.[inil_\'
ples Lure in in %
'Jl'
Judran Sea
[Dracianska
Bax) 2 175 N
[ Mediteranean
Sean A reelis
s, Mer 4 (K 00
: "
Table 7.
Nowof h .\\'1'I"I.;_{l'
Locality <= lemperas o salinity
|||1-.~» Lure in imn “m.
Ol'
Florida
Strait
Shell of
Couanabo 1 xi 00
Gl of
.\]r'xil‘n
Cava
1= i L a0
5 g

Secontent of the inner

Seocontent of the whole
lavers in ppm

sheletons in ppm

range average range average

LT —20150 G 2AGH—3550 2240
D=0 D840 S000 S000
FT0—200 2548 2A10=30 2004

Cadulita orbicularis 1.

Sreocontent of the inner

Seceontent of the whale
livers in ppm

skeletons in ppm

range

range

2100=3900 3000 1 780="2000 L8O
ADH0—1000) 770 S 000 et L]}
2100—39949 IR 7803000 2105
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Donax trunculus L.

Fourteen whole skeleton Sroanalvses of the species were carried oul. The Sr distri-
bution is given in Lable 4. Tig. 5:

1L seems reasonable 1o conelude that the average Sroconlent shows positive tempe-
eature correlation in o spite of the lower salinity in the case of Black Sea samples,

Muytilus galloprosvincialis L.

Only two samples were studied, Bothe inner laver of the shell and bulk saanples,
wiere :1||;1|)'.-a:‘(|. The Srodistribution s civen in lable 5. ri:.{. 3.

Becanse of the small amount ol samples. the results are only of informative value,
The may be considered only as o data of Seconcentration in this species. However il
is 'lnl(-rl-.»-'ling lo note the r'l}hlr'.‘nii:‘lnl'}' behaviour of S in the internal i:l_\‘i‘l' and the
whole shell tlig. 610 The average Se content of the inner layer is higher than of 1he
bulk samples,

Cardivm tuberewlatum

Five samples have been analvsed Tor Se content of the inner laver as well as ol the
1

The average Secontent shows positive correlation with tempesataee in the nner laver

whole shells, The disteibution is given in table 6. fig, 7.

asowell as o the bulk samples. The average Seoconcenteation of the inner lavers is
lower than that of the bulk samples,

Table 8 Glyeimeris div, sp.

Sroconcentrations
of the inner

Sroconcentralions
of the whale

Noool o vear Jeeletons i L in ppm
Gy 4 skeletons avers
Species Loeality SAT= L. S OR i RERE, J, SHaGhs i PR
ples lure o nity ave-
o T ﬂ“" ringe range rage
Gliyeimeris Flovida Strait
undata L (Shell of
s boo 4 i | a9 SODO—10008 5655 1 1260—4370 3202
(lyenmeris Caribbean Sea
nndata 110 (Cavaos de los
PBallenatios 0 14 901 K ST20—6G310 AL 13900550 2u80
(ilyeimeris Nediternnenn
vrolaceous Seq A reelics
£ Al a 1495 B GRIO—1n0nn SI05 0 166023500 2000
Glycimeris Niviatie S
pilosi IKasticlska Bay i 180 39 2200680 401 IS — 1410 13ho
'rlll.'-fl"l‘l”f"‘:‘l-" Moditeranean
:f”a'um'a'i.\' Sen A rreles
s Mer 2 19.5 N Aaal—=3a720 0 G636 |]fr‘.ll}—2.':,'1'.l 1970
|
v 14 25201000 5206 12060—4370 23116
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VAR, DENON I

7

Tahle b
Now ool ppan ol se

sinples
nvernue

samples oo which only whole skeleton
analvses were carried oul 5] S _s0nn (N

‘\il”ll]l['\ ill AL Ili{'ll fllln’ll_\\l“- llr i'fl“’i'
lavers wnd whaole skeletons were
arried ol

]
nner ];l)‘l'l'h 5 20— Lonnh AR
whaole skeletons 25 Gl —4370 ] g
total ¥ of the whole skeletons analyses (it G L — Loat 206=
Glycimeris
AVERAGE YEAR
TEMPERATURE IN *C
30
G. undata 135 %)
" G G. undata Il. {35 %)
20 —_ f G. glycimeris 135 %)
- sl G Siolaceous (35 %)
' G. pilosa (35 %)
0 3
10 10* ppm Sr

O, se disteibntion in weneen Glgeimeris, Explaonations: as lies 7,

Codaliia orbicalaris 1.

Four somples were analvsed, The Seodisteibution is given in table 70 Mg 8,
| ; !

¢ Secontent positive correlation with temperature inc the ineer lavers as

The aver
well as i the hulk samples, The average Seconcentrations of the inner Taver s higher
than that of the bulk sample, However the amount of samples s oo small o allove

fother weneralisalions,

Cilyeinneris div, <p.

Fonteen ssmples of Tive species were analyvsed, The vesulis are sammiarised ine table
= T .
No coreclation can be supposed from This distribntion pattern, The resulis indieate

that e disteibution is dependent on the phylogenetic Tactors even within the sime
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venera conform K Toreekian and Bl N rmstrone 1960 and others . 1
mdicatess that the use ol Seas a0 paleotemperature o paleosalinity indicator. is Himited
oo the interpretation of the Sedisteitbution only within the smme species. The average
Seocontent ol the tnner Taverss i all Glyeimeeres species stadisd, s signilicanthy ligher
than the average Se content o the whole shells,

With exeeption of Cardivne taberewdatione the aversee Se contents of the other seven

ppm Sr
10000 | !
| |
[ |
- ! i
#1% |
. |
| 1
5000 ;

1000~

——— WHOLE 5Ren
INMNER LAYE®

-1}

.:.‘ ]

& 8 5
%5 - I
i o. B
o : &
£1 ¥ (]

[0 ~e coneentation ol some peleex pod species Paplanations:  sertieal Ties
ShisrtzontalT lines averanges: Tall Tines whole <hell aslvses: dashed Tines
analy ses ol inner Ty ees,
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::I"'L'il.'.-& ave hngher than the avernge contents ol the whole shells able S0 Tie, 100 The
inner laver ino most ol the recent molluses is Tormed ol araconite 0 Pivetean
195

Fetgel <olution to test the mimeralogy ol <Keletons, it was Tound that the magority of

. The high Seocontent is in ageeement with this interpretation, However, nsing

the skeletons aree completely Toemed ol caleites Towever the IYPANTN LD Keistin
and Nevav dilTeaction analvsis (1 Sama jova ol the <hells with inner Taver Sr
concentrations of 10000 ppmc Glygeinmeris undosa and G violaceous unequivocalls

indicated presence ol aragonite within the <hells, The Teaves some doubt on the extend

ol the ili':l_‘_:‘illlill'-t‘:lil'ill‘ conversion oosuch o reeent shellsc 10 s converston is trae. the
higher Se content of fnner Tavers might ndicate that sione parctition e >r distribution

could exist even alter conversion ol wostable aenconite 1o calemte, There i< however,

little donbt aboul the existence ol orvicinal arazonite 0 species with high Se contents
ol the mner laverss sinee they are eleary exeecding the Se concentration Tactor of
ealeite tel Ko s moan 19691,

This conclusion about possible partition of Se alter conversion requires thos additional

studies of the detatls of shell mineral as owoell as Kineties of this conversion.,

Conclusions

], ,\-l'\\' l‘l'!i-'l lir .U‘[' l'lll!l'i'“l['”lillll_‘; i” ["'l'l'“l 1':'”""'[]““' l”'li'!'l\[lllil !‘;Ill'”“" e !."i\"'ll.
The highest avernge Sreocontent was established o the Glyeimeris andata Flovida Steail
2020 and the Towest in the Mytilos galloprovineialis CBlack Sea. 16.5 200,

2o I agreement with previous results it was concluded that the phylogenetie Tactor
is the most illl[‘mr‘lt'lll [nctor controlling Se disteibution in recent peleevpod <hells.

S0 The correlation of Se concentrations with the temperature s complicated, Ne-

wetherless it seems reasonable 1o conelude that Se inercases with the temperatore in
Donar trunculus. Cardivm tuberelatiom. Cadalida orbicalaris and probably o Vienos
sallina and Solen vaginata as well, Donar tranenlus <eems 1o bhe the most promissing
from all deseribed species Tor Tuther detailed <todies althoogh, the within mean dilTe-
Felecess e more _\'l’;_f“l’lli{':lnl ll”l” Ihl‘ I']['I\\'l‘l’“ s l”lllhi'l"l'lll' =

A0 The average Se concenteations of the nner Livers of the skeletons aee higher with

exeption of Cardivun tuberealatun than ol the whole skeletons<s T is assumed that it
might be eavsed by the original arngonitic natoree od these Tavers, 10 is not known o
what extent the established ratio of Se moer aver< Seowhole shell <20 0s ddoe 1o
a conversion ol arngonite into caleite with subsequent Toss of Seor 1o a strong organie
fractionation of Se. which s tvpieal ol molloses el Winsomean 19690 The watio of
~ & Tor the species with very high Se content of nner Tavers < 80000 ppime as lower
then ~ 80 which should he |'x|n-r‘[1-:| from Se o disteibution coellicients ol ealeite and
aragonile. However, the avernge Seocontent of the whole shells, which s 1938 ppan.
also excecds the predicted value Tor caleite by oa Tactor of < 20 This strongly indicates
a contribution of Laragonitic™ Seoto the bulk <hell analvsis. AU the present stage il s
thus difTicult o speculate about possible Se Tracionation Tactors o peleevpods, Tiowever
it seems peobable. that 1 varies Trom species o species. depending on organie processes.
in the manner similae 1o that one deseribed by 0o s oo (1969 o the phivla level
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