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SOIE BIOL®GICAL ASPLCTS OF THZ STRONTIU.! CYCLE

Introducing o now tool cf Peleoecology
Hovrard 7. Odum

The main overall problem being undertaken is the Bio-
chenistry of Strontium,  The amounts are determined in rocks,
soils, sediments, 1skes, iivers, ocean, and organisms so as
to form a colierent plcture or the »ate of flux of the element
between its sites ol ozcurencers This whole complex of distri-
bution and novement oi an eleilent mny bc visunlized as a uvnit
as done by Vernadsl:y. ilke other s»ecles or units in nature,
this complex qualifies as an entity becanse of stability with
time even though material and enerzy are continually passing
thirough the system, A system of balanced rates may have
self correctimg mechanisims which maintain the stability.

A water wave, an organism or a blofeoc emical comiplex
are all cases of at least partial sta»bility, Natural
selec tion can act on any self propagating entity
organic or inorganic,.

T™is overall problem as stated above has several parts
that have assumed major importance, It is one such part that-
is presented in tiiis paper,

Strontium by its close cheiical similarity to the far
rore abundant calcium goes along with calciug whercver that
elenment goes, Dut it is just different enough so that it is
more or less partially excluded or included relative to
calciwa depcending on the naturc of the journeys, Thus the
ratio of tie amounts of the two elements is an ever present
indicator of the »nast history of the material,

This paper may be sunmarized briefly as follows: Because
thie strontium in slieletons and sihiells of orsanisis reflecis
the zumount in the medium in which the animal lived, it is
possible to tell Irom fossil shells the type of habitat in
which the animal lived, The following may be inferred:
l. The constitution of ancient seas may be deternined,
24 Some marine and fresh water :aterial may be separated,
) 3, Physiological evid-nce may be acquired on ancient
organisnis,
4. BSvidence may be had as to the stability of Bio- £eo-
chentical comnlexes,
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Method

First let us consider the technique, The accurate
: determination of Strontivm where calcium is a thousand times
| more abundant requires a spectrographic technique where the
excited ions in an arc, spark, or flame emit characteristic
light that is in part proportional to the amount, Thus
strontium has been estimated for many years in these ways,
Dut the big problem in such determination has been interference
sinc® any other ions present influence the Strontium emission
by unknown interactions in the excited state. Tieliable values
3 are obtained only when the total composi*ion of the standards
» used corresponds to the unknowns,.

: Because of this difficulty and tihhe tediousness of the
5 methods, good reliable values have been scarce indeed, In
; spectro-graphic work errors of 10007 have crept into much
published worlk where precavtions were not taken, Due to
these difficulties tiie accunmulated data has been too
contracictory for generalization to be made,

In the analyses to follow, it is believed that many of the
difficulties have been overcome by three technical steps.

: Pirst of all a Lundergarch flame sp:ctrosconic method is used,

’ A solution of the material is atomized by a Jet of comppessed
air and injected into the base of a Bunsen burner, The
strontiwn and calcimm ions are excited in the flame and emit
their characteristic wave lengths of light, This light is
passed through lenses to a diffraction grating wwhich
acting as a prism spreads the wave lengths apart into a
spectrum, This flame techinique invented in 1029 by
Lundergardh has advantages of steadiness of light, Also
it does not excite many elements other than alkali and
allkkaline earth elements. Thus there is no dLPflculty in
separating lines of the,. spectrum. In addition there.lis no

f~change in, characterlstlcs .of:the light source with time
~‘during .the. excitation since-new- fresb matorlal‘is aliays coming

‘ot into the flﬁmo.. The” apparatus ig abbroviated in figure 1.
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The sccond difficulty of tediousness .accompanied
by all the difficulties of the photographic method used in
many spectrographic techniques has been overcome by the use
of photoelsctric measurement, A photomultiplier tube 1is
placed opposite the best strontium line and another opposite
the best calcitm line, Tho elesetric currcent from these
tubes 1s proportional to the amount of light striking then, .
The currents arc passed through a D,C. amplifier and registered
on a micro-ammeter, By turning a switch thc calcium and then
the strontium deflections are obscrved in turn, These readings
give the amounts' of both clements whon taken to a curve made
from standard solutions, This speed incrcases accuracy by
allowing constont checks to be made with the Standards and wiith

the background light of the gas flamc alone,

Tho third technical step overcomes the greatest difficulty
of 1nterforence. All analyscs are made on calcium carbonate
dissolved in 209 Ilydrochloric acid, When the 8alecium and

‘strontium are in any other form or associated with anything

clse, standard gravimctric technigque is used to separate
and convert them into the carbonate form, These elcoments arc
precipitated as oxalate and ashed to convert to carbonate,

Analysis of variancd on 120 samplcs shows S5«~203
roproducibility for the strontlum/ca101um ratio, For a
spectrog craphic rmethod this is good and WMere the variation
in occurrcnce is of the order of 100,000%, tais is quite
adegquate, ILike all spcctrographic mothods the percent repro=-
ducibility does not decrease with tho ‘quantity. The measurcment
is as accurate for tiny quantitics as for the largecr ones,

RESULTS

In order to get oricnted to the story, the following basie
faets must be romembored, In the occan theré are 8,16 atoms
of strontium for cvery 1000 atoms of calcium, This is written
8,18/1000, DBut when skclctons and shells arc laid down, some
of tho strontlum is left bchind so that in shells and skclectons
the ratlo by atoms of strontium to calcium is botweon «6/1000
and 5,5/1000. The degroc of exclusion has & deffnite taxonomic
pattern, '

In contrast to the occan most ordinary frcsh waters have
lowor Sr/0a ratlos with a rango: 45/1000 to_$,0/1000.
Correspondingly the ratio in the shells is less than the water
and thus less than the . marine shells, That this is truoc 1s
domonstrated in figure 2. The data in Table 1 show that the
gane diffcrences exdist between fresh and salt watcr for
Qalearcous algae, crustacca, and otoliths of flSh as weckl as
#elluscs,.




Figure 2

Strontium in Shells of Pelecypod and Gastropdd lolluscs

As a function of Strontlum in Aguatic Habitata
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Sr/Ca ratio in abitat(25 Lal:ics and thc Occan)

Tihicsc basic dato lcad us to thc most intcresting rcsult
in Table 2, The Sr/Ca ratio is not radically diffcrcnt in
the Crctaccouws, l.loccnc, and Plecistoccne marine shells,

Thus it is infcrrcd that thce occanic chemifal condition was
sinmilar in these rcspects cduring this neriod, This can
bo callced Palcochenistry,

Table 1, Comparisons of Strontium Distribution

ilarinc ?rosh Water

Sr/Ca  number of Sr/Ca Numbere®

saiples samplcs
Water 8.16 120 1.09 28
Ilollusca 1,01 25 £ 07 72
Crustacca 2.82 5 37 1
Calcarcous algac o4O 10 228 3
Otoliths of fish 2,25 7 033 2
Arid lalzc lollusca- - - »90 3

liollusca from pool, Roscn~

dalc, .Y, -- -- 375 3

Tablec 2, liollusca During Geologic Time

liodcrn 1,01 25 .27 72
Plecistoconc ~=Fla, 1,24 6 - -
l’ioccne --fustria & France -~ 1.16 10 - h
Crotaccous--Tenn, I.J.,& MeD. 1.42 19 - -
liazon Crcck, Il1, -~ - .60 1
Oldman River, Alb, == - .34 1

The sccond big usc of the Sr/Ca ratio as a palcoccological

tool is thec determination of the diffcrcnccs between fresh
and marinc fossil sheclls, As shown in figurc 2 for the

ITIolluses the frcosh water valucs grade into and ovcrlap vith

the marine valucs., DBut the marinc valurs ncver get below
»8/1000, I'rcsh wahbrs get high Sr/Ca ratios onl undcr
certain conditionss This is not cowplotcly vrorl od out yet
but »Hroriscs to bc a tool in itsclf as an indicator of lako
pal cochomistry. At present it may be said that 3r/Ca rati
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arc nigh in threc con’itions, Onc occurs whaecrcver the
caleiwm is very low so that the ratio tends to be high.

Tho sclective eoiwev) of daclliu by organisms may aild

this proccss, It ozt corrtainly docs in laboratory culturc,

The seccond condition is in Arid lakes, This was first
pointcd out by iiutchinson in 1943 for Tibcectan lclics, The
high valuocs averaging 49/1000 for snails in Table 1
support this ideca, Thc third condition for high 3r/Ca
ratio occurs vherc tiic water is pceculiarly situvated over
rocks and mincrals which for spceial gcological rcasons are
high in sr, In the table 1 there is a casc where this is
suspected for a pool ncor Roscndale, N, Y,

In Tablc 2, two frcsh wator localitics in  the Crctaccous
werce analyzced, The valucs avrc in agrcoment wit': the
generalizations above, The Alberta valuc of .84/1000 is
too much on the bordcr between fresh watecr and marince organisms
to be conclusive alonec, DBut the ,60/1000 for o gastropod
frorm liazon Crcelz, 111 is plainly indicative of “resh watcr
since thc only marinc forms this low arc Iccten, BDrachiopocs,
and rtcropods,

‘l:ic cdata for thic Palcozoic as yct 1s very limited bocause
sood unrceplaced fossil material has not Heen obtained, Zut
in the procecss ol study, 2lthoch tlic c¢videonce is not yct
cextensive, it sceus likely that JSr/Ca ratios can give
imformation benring on rcplaccmcnt and history of roclk formation

C . ‘ ‘ ,

The evidence in  table 2 from thc goologic »Horiods
suggiests that sincc thic ionic conatitution of thce occans
is strongly intcrrcloted, the maintcenance of the ssame order
of magnitude of Jr/Ca ratios over consid rablc time is a
support for the ideca of a chemical complex of sone stanility,
Just as llatural sclcctron as a ..axwell Demon has guided
organic cvolution tow: rd tiic moirc complcx, o has 1t here
nerhaps guided thic cvolution of the bio-geocheriical complcex
tozcrd higher svrvival value, Can we -ronder tuizt therce might
be riorc total orcanizotlion in tlic modorn ococonic complcex
than in ancicnt occans??
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vUsborn Zoologieal Laboratory
¥2le University
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