
@ 
Pcrgamon

( icochint ica c l  (  osnrochinrrca . \cta.  \ i r l .  65.  No 15. np : . lqq 1507. l (x) l
( iopyr ight  i  2001 F. lscvicr  Scrcncc l .Ld
l)rrr tct i  i r  rhc IJ5, , \ .  r \ l l  r ig l t ts rcscrrcr i

(X) l ( ) -7037r01 : f10.0()  + ()0

PIr S00l 6-7037(01 )00602-0

I'emperature controls monthly variation in Ostracode valve Mg/Ca: Cypridopsis viduu from
a small lake in Sonora. Mexico

MANuLr.  I l .  Plr , rcros-Fls ' r  l  *  and DAVII)  1. .  Dr,  r  r  r ' r , rNl
rTcrra Nostra l :ar th Scicnccs Rcscarch.. ]220 Wcst tna Roat l  # RI05. I "ucson. AZ 1J57.11. LJSA)

2l)cpar l r r rcnt  o l ' ( icoscicnccs.  LJnivcrsi ty ol  Ar izonu, l 'Lrcson. AZ u5721, USA

l.Rrrcirt.l .lttl.\' 5,2000: utt:t'ptL:Ll in rcviwtl lirrn lichrtttrrt 2.l. 2(X)l)

Abstract  Thc nrolar Mg/( ia rat io rvas rneasulcd in l ivc-col lcctot l  oslracoclcs l ionr a snlr l l  c lanrrr . rcd bodv of
!v i r tcr  in nrrr lhcrn Mcxic,o.  - l -he s;rccies C,-pr idt4t .s i ,s v idr ta was col lcctcd cverv nronlh throughout 1990. Four
to ten spccinrcns wcrc measurcd f l ' t tnr  cach rnonth's col lcct ion.  Mt inthlv avcl 'agc MgiCa rat ios r l r rgc f i 'orn
0.0l t i  to 0.0-12 and arc correlatcd wi th watcl  tcnrpcraturc.  An antrrnalously cool  .TLr ly is le l lcctcd in lor ,vcr
Mg/( . ia rat ios iu that  nronlh 's col lcct ion.  Thc Mg/Ca rat i t r  rcsponds lo tcnrpon)turc i r  th is l .vay:  ' I "  

-  (Mgi(  l
-0.010.1)() .000(r(r .  Thc rapic l  valvc chcnr is l ry lcsponsc to tcmpcl i l tufc changc in thc lakc can occul  l rcclusc
thc l i lc  span ol ' ( ' .  t , i t l t ru is vcly short  (^"30 d). ' l ' l rc  h igh var iabi l i ty  in thc dattr  scl  shows thl l  l i lanv
lncl lsurcnrcl l ts o1's inglc valvcs urusl  bc avcragcd to t rack tcnrpcraturc changc.0r lJrat  nrarry Valrcs ntust  bc
cortrbinccl .  Valvcs nrust  a lso bc sclccncd f i r r  incornplc lc calc i l lcat iorr  as M{r1( ' r  r -a l ios arc s igni l icant ly,  h i thcr-
in prxrr ly cnlc i l icd valvcs.  l l ' thc Mg/( ' l  o1'valvc is nrodclcr i  as i i  tonr l lcr i l lu lc-r lcpcnr lant  part i t ion cocl l lc icnl ,
thc resi t lu i r ls  c i t t  a l i t rcar rogrcssion i r rc s igni l icant ly larger. ' fh is i rnpl ics t i lat  ostracodc biologv ant l  tcnrpcnrtLrrc
play a s igni l icurt t  ro lc in l l tc  c lcnrcntal  cornposi t ion ol ' t l rc valvc uncl  th i l l  u, i l tc f  chcmistry is ol 'nrnror
i rnportarrco.  ( 'o l l , t ight  t l t  2()0 1 I i lset ' i t ' t  St i< ' t tce L. td

t .  IN' t 'R() t ) t t ( ' t ' toN

Ostracoclcs arc snral l  (0.-3 - j rnrrr)  crustaccans that proclucc

arrd nrol t  n inc calc i lc  shcl ls c lurrng thcir ' l i l l ' t r rnc. ' l -hcsc calc i tc

shcl ls,  nraclc up ol ' tw()  valvcs.  look s i rn i lar  to bivalvc shcl ls but

are not thc rcsul t  o l -  i lccrot ionary growlh,  rathcr thcy alc l ] ro-
c ip i t : r tcd in a nrat tcr  o1'hours.  ln thc last  two clccaclcs a uurnbol

o1'  papers havc roportcd ou thc usc ol '  thc rnirror c lcr lcnl

courposi t ion ol-  r )st l 'aco( le valvcs as i r tc l icators ol '  palcocrrViron-

rncntal  cont l i t i t ins.  Thc rat ios ol 'Sr and Mg to ( la in v l lvcs hlvc

bcen the pr inr i r1 l  lbcus. C)ur work addlcsscs only Mg/C)a ratros.

nud we wi l l  l imi t  our discussion to Mg. Chivas ct  a l .  ( lc) l l - j ;

1986) invest igatcd thc rc lat ionship ol-Mg/( la in valvcs wi th

lcrnpcl 'ature.  salrrr i ty.  and Mg rvar labi l i ty .  lJngstror.r . r  and Nel-

son (  f  99 l )  s l rowccl  that  the chcrnist ly o1'  cul turcd Cont. lonu

rut t , .sr t r t i  valvos can bc cxplaincd Lrsirrg a paft i t ion ct lc lJ lc icnt
(Kp) lbr  Mgi()a that  increascs rvr lh tcmpcraturc.  Xia ct  a l .

(  l997).  a lso rvorkirrg wt lh ( ' t rndona rav' .soni ,  rneasurcd vcry

cl i l i 'ercrnt  l (p valLrcs than that of  [ngstronl  and Nc]sci : r  (199 l )

ancl  sr-rggcstcd that 1hc par l i t ion cocl l ic icnt  o l -  Mg dccrcascs

wit l r  incrcasing Mgi( 'a rat ios in thc host lvatcr .  conrpl ic i r t ing

thc applrcat ion o1-a Kp lbr  palcoenvi lonnrental  reconslrLlc l ions.

Othcr workcrs have shown that Kp is s1-rccics dcpcndant and

that i t  can vary widcly r .v i th in thc sanrc gcnus ancl  (as abovc)

rv i th in c l i f ' fercnt  populat ions ol  thc samo species (Wansard.

199( i l  Wansard ct  a l . .  1998; De Deckker ct  a l . .  1999).

Palacios-Fcst (  Ic)9(r)  cul tu lcd Lirntrot . t , t l tcr t '  s /apl in i  acl()ss a

srnal l  rarrgc of  ionic cornposi t ions (Mgi( 'a of  6 8) ancl  l i runcl

th i , r t  tc lnpcraturc was thc dorninant control  on the valvc Mg/Ca

lat io.  A l 'egrcssion nrot le l  that  c l id not usc part i t ion coeff ic icnts

for [Mg] was developed. Thc nrodel  l tas bcen uscd i l l  sevoral

case studies ar ld has gencratccl  rcaf ist ic tcmperature cst i rn i r tcs

+ALrthor to whom corrcspondc:rcc shoulcl bc acldr-csscd (tcrra nostra

rnx(rlyahoo.com. nrx ).

( [ ) l lacios-Fcsl .  1994: ] ( )97:  ( 'ohcn ct , r l . .  l (X)0:  I 'a lacjos- |cst  ct

a). ,  in prcss).  ( 'onccrns i i r l  thc c l ' lccts ol  thc art i f ic i l l  c l l \ i rorr-

rncrr t  o l ' thc cLr l turcs huvc lcr l  to th is stu( l ) '  jn rvhich a ni l lufal

sct t ing i : i  r rsccl  to c() l r lparc growth tcnrpo'atLr lc arrd thc chcrtr-

ist ly ol '  valvcs unt l  !vatcfs.  ' l ' l lc  s1-rccinrcrrs usccl  hcrc u 'c lc

col lcctcd l ionr. lanuuly t r r  Dcccrnbcr 1990 l ionr a snrul l  la l<c i r r

thc outsl<ir ls of 'Magclalcna clc Kino, Sonora.  Mcr ico.  l -hc {rolr l

o1' t l r is  stucl l ,  was lo t locul t tcnl  lhc c1' lccts ol ' ter t rpcratulc and

water chcrr ist ly on valvc chcnr istry in i r  populat ion ol ' ( . r .7;r ' r -

c lopsi ,s t ; i t lua h 'orn a srrral l  la l<c in nol thcln Mexiccr i r r  ht lpcs ol

using thrs rc lat ionship as a proxy l i r r  tcmpcraturc in stut l ics ol

ancient systenrs.  [Jsing thc scasonr l  tcrrpcraturc c1'c lc ol '  a

natural  set t ing al lorvs t l rc c l ' l 'octs ol ' r ratrrral  lnnual  tcnrpcfalufc

var ia l ion to bc stu<l icd ancl  rcrnovcs ar l i [ icrai  strcsses intr ' ( ) -

duccd by thc cul tur i r rg cnrr i ronnrcnt.  Wc also tcsl  thc val id i t .v ol

t l rc Kp nrodcl  in thc cxplanat ion of '  thc oLrscrvet l  chr:r l ical

v l r iat ion in th is sct t ing.  Fi : ra l lv  thcsc lcsul ts rrc ctrrnpalcd lo

thc labtrralrrry-c lcr i  r ,cd rcgrcssion for L.  . ;  t  a 1 t  I  i  n i  (  Pal : rc ios-Fcs(,

l  996).

2.  AlLl i^  o l '  s ' fL1l)Y

' l  hc Magt la lcnlr  Brsin is krcrr lct l  in thc Ar izonir  Upland SLrbdir  is ion
ol  thc l .owcr Sonomrr [ )cscrt  p l rvsior:raphic arrc l  b iot  ic  provinccs.  at  : rn
i l l t i tudc ol ' - . -790 rn : rbtrvc sca lcr ,c l  (nr  asl) .  - l - l rc rncrn anrrual  tcmpcr-
alrrrc is l ! ) .7 ' 'C'(rnorr th lv nlc iur  sLLnlr l lcr :27.5oC; wintrrr :  I  1.8"( ' ) .  " lhc

mcan rrrntral  prccipi tat ion is 397.7 mrn (  I -urncr artd 13rorvrr .  1991).
Srrrnrncr ( . l r rnc. . lLr11' .  Arrgusl)  ra in i i r l l  accorLr) ls ibr  30 to (r1) '1, i ,  o l  t l rc
arrnrral  lotal  wi th srrral lcr  propor l ions to thc nort l l  and largcr to t l rc sotr t l r
(Turncr and I l rorrrr .  199.1).  \ \ ' i r r tcr  ra i r r i i r l l  rangcs l ionr l ( )  to.10t l ;  o i '
thc annlal  total .  l . lL Ycso Lakc is an cphcmcral  bOdy 0fwalcr  uscr l  lor
i r r igat ion,  crcarcd arr t l  corr t ro l lc t l  by i r  rctaining darn.  l t  l ics l ( )  krn
southcast o1'Magclalcna clc K j r ro,  Sonora.  on thc road lo C'LrcLrrpc a1 an
al t inrc lc ol"-()00 m asl  (110"53'  Wi 30"38'N)( [ ig.  I ) .  nt  lhc t i rnc ol '
th is studv i t  l racl  an arca o1'--0.96 krn2. and a nrar i rnum dcpth ol '  l . i  nr .
l1 rcccivcs t l rc runof ' [  of  scvclal  ra in- tccl  strcarns l i ( )m Sicrra La Madcra
about 7.-5 knl  to lha cast-northcast.
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Thc vcgctation is dorninatcd by ltalo Vcrdc (()crciditnn spp.) and
cacti (Opuntia spp.) associatcd rvilh ironrvoocl (Olnt:.t 'u tesotu), utcs-
cluitcs (/)rrrsopl.r spp.) and cat-claw (:l<otirt greggii). Thc arbtlrcal
naturc o[ ' th is dcser l  subdiv is ion incl icatcs that  th is is thc lcast  dcscrt-
l ikc dcscrtscrub in North Anrcr ica.  Agr icul t r ra l  vcgctat ion along thc
irr igat iorr  bcl t  consists o[ 'a l l 'a l l 'a,  oat .  whcal ,  cot ter ] ,  sugar bcat,  ryc
grass,  sorgunr and sunf lowcr:  a l l  spccics lo lcrant ol '  h igh sal in i ty
(1500 2000 pprn to la l  d issolvcd sol ids).

Thc Magdalcna Basin is part  o l  thc uppcr platc oi ' t l ic  Magdalcna
corc cotnplcx (Miranda-Gasca and DcJong, 1992).  l t  is  a topographic
dcprcssion sLrroundcd by thc Magdalcua. La Madcra,  El  Torrcon and
l-i l Vcntana [{angcs. Quiltcnlary scclinrcnts an(l prc-Quatcrnary volca-
nics f i l l  thc basin.  Thc oldcsl  rocks arc l ' t rssi l i l 'crous Lorvcr ( l rctaccous

rocks (Bisbcc Grorrp) that  occtrr  nor lhrvcst  o l '  Magdalcna and local ly
along thc soul l lwcstcrn part  o1'Sicr la La Madcra.  l 'hc Cuosta ancl
Magdalcna l iornrat iorrs Lrrrc lcr l ic  thc Quatctrary al l t rv iu ln.  Alkal ic ba-
sal ts.  arr t lcs i tcs ancl  igninrtrr i t ic  lhyol i tcs ol  thc El  Torrcon l iorrnat i<n
rrnconf i rnt tably Lrndcr l ic  t l rc CLLcsta and Magclalcrra F\)nnat io l ts
(Mirant la-( iasca ct  a l . ,  l t ) r )S).  This rock asscrnblagc is thc sout 'cc o{ '
ions t ( )  lhc host g,alcr  of  l ' l l  Ycso Lakc.

3, JlIA'I'EI{IAI, AND 1\,II.:'I 'HODS

-1.1.  l - ie ld Work

Cl-yprirloltsis r,lrlla. a small cypridaccan ostracodc, was ussd lilr this
stLrt ly bccausc i t  is  a cosrnopol i tan.  cLrrvthcrmic spccics.  Opt inral  hatch-
ing toupcratrLrc f i l r  tb is spccics is grcatcr than l - | ' ' ,  a l though i t  may
hatch and l ivc at  lowcr and highcr lcnrpcratrrcs (<2'C to t - '32"C)
(Taylor. 1992). Llkc l.inno<:)thare sttt1tlini (to u,hiclr rvc will nrakc a
cotupar ison),  th is spccics to lcratcs a widc rangc of 'aquat ic cnvrron-
mcrrts fi'orrr cphcrncrai to pcnlrancnt systotns. In contmst to L..staplini,
i ts  sahni ty to lcrarrcc is l imi tcd (o thc low,cr rangc ol ' thc spcctrum
(10 10000 ppm) (Dclomc. 1989).

Dclonnc (19701 1989) has rcvic lvcd thc taxonorny ancl  ccological
rcquircmclrts o1' C. r'itlucr in North Amcrica. As with many othcr
C.y,pt"idop,ti.s spcrcics, (i. r,ltlrra Iivcs in oligo- to slightly hypcrsalinc.
Ca' 'iHClO i -cnrichcd rvatcrs (strcarlls, ponds. lakcs). Largc variations
in pH. t l issolvcd oxvgcn. as wcl l  as in Mg2' ,  Na' .  SO] and C' l
conccntrat ions arc to lcratcd by th is spccics (Dclonnc, 1989; TayJor.
J 992). This allows thcsc organisrns tcl livc in watcrs ranging fiom T;,pc
|  (C'ar '  ,  (Mg2'}HCO. )  ro Typc l l  (Ca2 I  -cnr ichct l )  o l '  F.ugstcr and

Hatdic (1978). Howcvct, unlikc sonrc olhcr Cl.,priLlop.rls spccics, C'.
l l r l r ra canttot  to lcrato high HCO, and C'Oi conccnt lat iorrs (Dclornrc,
1989; Taylor,  l1)92).

[ i rom January lo [ )ccombcr ol '  l l )90,  scdimcnts,  watcr arrd l iv i r rg
oslracodcs lvcrc collcctcd liom thc northwcst shorclinc of' Ill Ycso
Lakc (Fig.  l ) .  Thc local i ty was samplccl  oncc a month,  vcry ncar thc
bcginning of 'cach nronth.  nt  thc sanlpl ing stat ion physical  and chcrn-
ical paranrctcrs wctc mcasrrrcd (Tablcs I and 2) Lrsing a corrductivity
tuclcr  1 '<rr  conduct iv i ty and watcr tcrnpcraturc and a pH l l lc lcr .  Ma. ior
i<lns rvcrc r:rcasulccl in thc ficld using a Hach digital titrator (rnodcl
I (1900-01 with portablc tcst  k i t ) .  wi th a prccis ion ol ' : r  2pprn lor  [Ca]
al ld lMgl.  Thc conccntrat ion o1'Sr coul t l  not  bc nrcasurccl  in thc f ic ld.
Monthly nrcan lcr)rpcraturcs, prccipitation, cvalorali()n ratcs. usilgc
dischargc atrd lakc lcvcl  in lbrmat ion was obtaincd l iorn Bl  Ycso
wcathcr stat ion data s ihccts o1' thc Scrcrctar ia dc Agr icul tLrra y Rccrrrsos
Hidrr iu l icos o1'  Mcxico (SAI{HM).

Scrdirncnts wi t l r  walcr  rvcrc col lcclcd in 500 mL widc nrorr th nalgclrc
bott lcs.  labclcd.  scalcd and storcci  in an icc c l rcst  at  4oC. BccaLrsc of thc
possibi l i ty  o l ' rccovcl ing l ivc ostracoch:s in thc scdintcnts t l rcsc sarnplcs
wcrc not acidificcl trr fi.xcd in any way. Scclimcnts wcrc collcclcd with
a bottom nct gcnl ly rcrrr t lv ing thc uppcnt]ost  sccl i rncnt laycr at  a walcr
dcpth of ' - - ] -5 crn.  ln acldrt ion,  l iv ing ostracodcs wcrc col lcctccl  using a
srnall (finc rncsh.l aqrrariunr not gcntly passccl arourrd aquatic vcgctit-
t ion.  Thc organisms wcrc placcd in a 150 mL glass. jar  and l ixcd wi t l r
70% cthanol .

3.2.  Laboratory Work

In thc Laboratory ol' Palcolimnology o[' thc Dcpanmcrrt ol' Gco-
scicnccs,  l ivc-col lcctccl  spccirncrrs wcrc removcd l ionr thc 709, i ,  cthanol
solut ion.  Whcn avai lablc,  tcn adul ts wcrc analyzcrJ lbr  Car I  and Mg2 I  .
Thc carapaccs wcrc scparatcd frorn tl.rc soli body using a surgical
nccdle ancl a finc brush (000) unclcr a low powcr st(rrcoscopic rniero-
scopc. Valvcs wcrc imrncrscd in a 5'% HrO2 solution at room tcmpcr-
aturc fbr 30 min to rcmovc organic rcmains, thcn rinscd tlircc tinics
with dist i l lcd ivatcr  (18 Mf)) ,  Right valvcs rvcrc sclcctcd,  woighccl  in a
Cahn 29 (*  0.002 pg) c lcctronic balancc, and dissolvcd in 3 ntL 29i ,
d ist i l lcd HCI solut iou for  c lcmortal  1( ia2'  and Mg2')  analysrs usrng a
Turncr TS SOLA induct ivcly coupicd plasrna nrass spcctrornctct  ( [CP-
MS).  Dctcct ion l inr i t  fbr  Mg: '  was 0.001 ppb and l0 ppb f<>r Ca2'  2o
abovc backgrourrcl. All analyscs wcrc run against multi-clcmcllt stan-
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Ostracoctc Mg/Ca ratios alld tcll lpcraturc

Tablc l. h-l Ycso Lakc physical and hydrological crlvlronnrcnl

Col lcct ion
Month [)ate Titttc

Prcc ip itatitln*
(mm,

llvaporation *

(ml) ]1
Lakc Lcrcl

(m ASL)

Watcr Storago
( I 000m r)

Tcnrp ("( l )*  Tonp ( 'Cl)*

mini tnum* nraxi l t lu lu*
Air  ' fcnrp ( 'C) Watcr Tcnrp

this stud]-  th is st t rdy

J
l;
M

M
.I
J

S
o
N

I  -5 -90
l -21 -90
3-3-90
3-24-e0
5 -5-90
6-4-90
7 -7 -LX)
8-3-90
9- I -90
I 0-2-90
I l - l -90
I  2-5-90

I () :00

l0:15
09:.15
09:10
09:1 5
I0:30
l0:15
l0:00
()9:10

09: l0
09:45
09:15

5 5.6
5(;.2
e2.8

180.u
270.7
366. I
3 3 lJ.9
3 _15.3
321 .4
223.1
t08,1
3 tt.tt

893.2
89t.  l
f t93.0
892.9
892.6
f,t94.6
898.8
898.9
899.5
899.9
899.,1
I t99,0

|  .71
2.Ott
( i . l l
9..11

l2. l l3
I9,61
lg.79
17.95
r6.75
t0..18
5.3 0
2.7q

19.75
ilJ.5 7
24.61
2 8.41
12.4 |
37.35
3 4.03
I1.59
l . t . l6
29.95
24.43
17.08

l4
t2
0
0
U

21.5
212
t32
77
30
.10
70

l{)6
28ft

273
278
849

I 884
2t2l
279()
209 I
1935

l4
t8
2l

-11

- lo

26
26
z>
26
2Z
t8

I -.i
l ,+
t6

37
.\/
23
?6
l : )

2l
l6
t4

* Monthly Avcragc valucs f ro l l r  SAITHM'
u 191)0 data f ionr SAHRM.

tlards prcparcd fiom SpcxrM slock solutiolls To obtain good coullting

statisrics iir,,. s"ons wcrc madc pcr sattrplc. witlr firul passcs pcr scan'

; ; . ; ; , ; ; i , tg thc rvhnlc sarnplc l ' icc is ion is 3%r of  s ignal  lbr  Mgr+ ancl

691 o1's ignal  lbr  Cla ' -  (2rr)

'1. R1;SULI'S

Table I  sutnnlar izcs the physical  parametels obtaincd l ionl

El  Ycst ' r  weather stat ion logs of  the Sn R'HM alrd air  and waler

telnperatul'cs obtaillcd dtrling samplc coIlecli(-)ns' Solnc maior

l 'eat i r rcs c lcserve cot ls ic lerat ion,  fbt  exalnple,  precipi tat iot l  re-

r)raincd low clur ing the l i rst  s ix r l lonths of  1990'  l lcavy rarns

occul'rcd fiorn July to mid Septembcr arrd nloderate rains

coul inucd through Dcccnrtrcr .  The annual  precipi t f l t ton was

ahnosl  200 mln highcr than t l tc mean reported in the l i tcraturc

(Turncr and Brown, 1994).  In addi t ion,  cvaporat iou increascd

belwecn March and Jrt t re i rnd begarr  to dccl ine in October '  As

a resul t  o l ' the heavy st l l l lmcr rains the lake level  rose -6 nl

f ionr May to July ancl  the lake's sur l 'ace at 'ca rosc f ronl  0 ' l5

km2 to 0.49 krn2. Water wi thclrawals lbr  imigat ion wctc low

lionr January to July' achicvcd a nraxinlunt ill October and

were low again in November and Decclnber '  Changes in lake

volurne were pr imari ly the resul t  o l i l r igat iorr  d ischarge and not

evaporat ion.  There[bre,  ionic concentrat ion showed only nlod-

crate variation thrtlugh thc ycar.

El  Ycso watcr is dorninated by Na'  ,  Mg2' ,  Cl l  and (prc-

sunlably)  SO] ;  i t  is  Ca2 ' -cnr ichett  and FICO. -dcpleted (Ta-

ble 2).  Conduct iv i ty rose l i 'or l l  January to May. c lecl ined dut ing

thc sulnnlcr  r i l i t rs.  and incrcascd i lgain star l ing i r r  C)ctobcr"  p l - l

rcnrained stablc throughoul  thc yeirr .  Alkal in i ty dcct 'cased af tcr

May. Cl-  incrcased clurtng thc dry sct lsol l  and dccrcased with

the rnonsoon rains.  Sul fatc was not lneasured in thc l ie ld '  Whi lc

t l . rc coucentr i i t iot l  o1- calc iunl  and t l ragt tcsiunr bol l t  dectc l tscd

with the be ginning o1' thc nlonsoon, chi l r lgc in Mg was propof-

t ional ly lcss.  Tlrc nlolar Mg/( la rat io of  the watcr was tnodct-

atc ly var iable at  0.3 '1 -F0.0- l  for  thc l i rst  [J rnonths t r l ' the year '

theu increasccl  gr t rdtral ly to 0.4(r  in Dcccnrbcr '

Tatr le 3 orcsol l ts the chcr l rcal  conrposi t ion ol-  C.t ' l t r idt tpsi 's

r;itltru ir"r E.l Ycso Lakc by rrtonth' Onc htrlrdled attd twti firll-sizc

adul l  spccirnct ts wcl 'c selcclcd for  spcct tot t rctr ic analysis '  The

Mg/Ca nrolar rat ios ol ' the valves rangc f i 'om 0 010 to 0 048

The rat io incrcascs with inclcasing tcmpcrt l turc (Fig 2a) Thc

l i l 'e span of  C. t , i thru is vely sht l l '  on the order o{ 'one rnont l t

(Kcsl ing,  l95l ;  Anclolsotr  ct  a l . .  1998) and in a subtropical

set t ing,  where tenlpcraturo docs not l imi t  growth,  thc valves arc

conlemporancous wit l t  lhc ntcasurcmcnts of  the lakc'  cnvt t 'otr-

ment.  This is show'n in thc s igni f icant di f - f€tence in Mg/Ca

ral ios f rom lnonth 10 tnont l t .  suggest ing that the valves rcsl l t rncl

to the ambient ot lv i rontnotr t  on roughly that  t in le scale Thc

rnonthly t rend in tcrnpert l ture is very c loscly paral lc led by t l tc

t rend in valve chcrnistry (Fig.  2b) Valve Mg/C)r responds

quickly to tc l l lpcraluro change as is sccn i r t  thc anonalot ts

Tablc 2.  t l l  Ycso lakc chct l ical  paramctcrs

Watcr tcrnp.
('c)

COND,
pmMHOS

ALK
lnrg/l)

c l l -
(mgl l )

(la

(mg1l)

Mg
(rng/ l )

Mg/Cla
(rnolar rat io)

Month pH

l3
l . t
l6

73
26
IJ

21
t6
l4

J
F
M

M
J
J

S
O
N
D

8.26
8.3 7
8.40
f l .3 5
8.31
8.31
8.31
8.3 l
8.  l5
8.4--l
8.3 7
8.30

740
'7 50
780
800
850
850
'7 50
710
7to
140
765
780

222
234

220
140
120
100
102
140
i56
l|44

3 5.8
42.2
43.6
.18. i
5 2.0
3 8.4
25.6
32.0
21.4
20.3
25. 1

25 fJ
258
256
23 rJ
226
221
20rJ
l t36
146
140
146
l l ( j

4u
56
56
JZ

50
4l
40
38
l,+
36
39
lfi

0.107
0.3 _s s
0.-161
0.160
0.. t65
0.106
0.1l7
0..13 7
0.184
0.424
0,44{)
0.4(; I
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Tablc -1.  Ostractrdc valvc c l rcnr istry.

Month

Watcr
Tcmp.
('c)

Valvc Wt
(/as)

Ca in Valvc
(lrg)

Mg in valvc MglCa
(pg) nrolar ratio

Clalculatcd T Avcragc
(cqn. l )  cal '^ .  T*

Averagc
Mg'iCa*

.lan I3 8.9
o. l

l l .8
7.7

r0.0
6.5

't .5
6.2
7.0
6.5
7.0
1t

3,5 8
1^1

5.45
.3.07
1.95
2.5 8
2.92
2.99
2.43
2.78
7.57
2. '7 5
2.93
2.46
2.59
t.50
2.55
2.44
7.61
11A

r.tr2
2.69
2.82
2.( ;3

2.65
1,99
3,17
t.52
1.69
2.87

0.0324
0.0281
0.0-s84
0.03 l3
0.034(;
0.0281
0,0452
0.0296
0.0372
0.0303
0.03 3 7
0.03 20
0.03 62
0.037 |
0.03 | 5
0.0225
0.03 l  3
0.028e
0.0104
0.0348
0,0282
0,03 3 8
0.033 7
0.03 l6
0.0347
0,0363
0,0270
0.0299
0.0266
0.0235
0.0289
0.0274
0.0237
0.0296
0.0267
0.0254
0.027 6
0.0249
0.041 8
0.029'7
0.0269
0,03 77
0,0282
0.()328
0.0204
o.0372
0.041 I
(\ .0267
0.0419
0.0226
0.02tt5
0.028 6
0.0295
0.0292
0.0295
0.0240
0.0-188
0.0325
0.0323
0.0299
0.0301
0.03 07
0.0?61
0.0261
0.02t7
0.0205
0.0224
0.0224

0,0 r49
0.019 I
0.0t77
0.0 |  69
0.0 t45
0.01 79
0.02 5 6
0.01 63
0.0253
0.0 r 80
0.0217
0.01 92
0.0203
0.0249
0.020 |
0.0747
0.0202
0.01 96
0.0 |  92
0.0210
0.025 5
0.0208
0.01 97
0.0198
0.0232
0.0226
0.0224
0.0 r  56
0.0288
0.0229
0.0 |  60
0.0279
0.03 t9
0.0350
0.0293
0.0256
0.03 08
0.0236
0.0361
0.029(i
0.0296
0.0346
0.0343
0.0268
0.0377
0.0390
0.0183
0.0295
0.0256
0.0246
0.0442
0.02 l  3
0.02 l5
0.0276
0.0247
0.0108
0.0222
0.02 s8
0.0233
0.0258
0.0253
0.0262
0.0261
0.0285
0.0282
0.0301
0.0432
0.0369

0.01.36

0.02 | |

0.0212

0.0272

0.03 t8

0.03 l4

0.0248

7.00
r3,36
|  1.24
10.01
( i .39

I  t ,55
23.21
9.12

22.76
I  r .70
r7.30
13.-s2
15.t8
22.t5
1,1.88
2 r .85
r 5,03
14.t2
I  3.52
16.24
23.0(i
r5.94
14.27
14.42
19.58
18.67
18.36
8.06

28.06
t9. t2
9.5 8

26.70
32.7 6
37.45
28.tt2
23.21
31.09
20. l t i
39. t2
29.27
29.27
36,8 5
3 (r.3 9
25.03

43.52
42.45
29.12
23.21
2l .70

16.'70
t '7.00
76.24
2 r .85
31.09
r8.0( i
z-\ . )  I

19.7 3
23.52
/L.  to

24.12
24.27
27.61
27.15

I (t .39

t6.55

32.6 |

32.00

0

6
3
(r

Apr

Mav

o./

O.()

6.9

4.6

6.8
" t  . l
6.7
(). 

-t

6.1
5.0
8.0
3.9

7.2
4.1
l . l
3.6
3.8
Aa

.r.8
4.4
4.r)

3.8
4.6
3.5
5.1

4.0
4.5
l .8
6.9
3.9
2.7
5.6
5. '7
4.4
5.0
3.3
7.3
5,3
s. f3
4.l i
5.0
4.9
4.2
1.8

2.8
2.2
2.6

ot

22
.19
50
64

1.48
1.75
t.9 |
1.66
t.50
1.79
t. .16
2.02
0.89
t.58
1.71
1.49
2.70
t.52
1.06
2.21
2.26
| .15
1.98
1.29
2.89
2.08
2.29
t.9 t
t .96
r .93
1.66
1.5 I
1.27
t. t2
0.85
1.00

Aug 0.0262

(Cont inucd)



Ostracodc Mg/Ca ratios ancl tclrpcr.turc

Tablc-  3.  (Cont inur 'd)

2-s0-.1

Month

Watct
Tcmp.
('c)

Valvc Wt

(pg)
Ca in Valvc

(pg)
Mg in valvc

(trg,

MglCla
nrolar rat io

n vcragc
Mgr'Ca*

Clalculatcd T Avcragc
(cqn. l )  cal '^ .  T*

! )

2l

Scp

Oct

5,5
5.6
5.7
5.9
1/

5.1
6.0
4.3
5.4
6.4
5.0
7.0
7.1
1A

4.9
o. - l
7 .()
4.9
5.(r
6.4
) .1

5.4
5.2
5.9
6.3

I t).9
11

I  r .5
3,9
6,9
2.0

2. l6
2.20
2.25
2.30
2.92
2.64
Lii4
L66
2.00
z. ) t t

1.69
2. t3
7.53
t.98
2.7 6
2.81
2.94
t.92
2.49
2.7 8
1.9.+
2.21
2.5 I
2.07
2.14
2.07
L.t-1

2.48
4.1I
2.9-|
4.58
r,52
2. '72
o.79

0.03 88
0.035I
0.0350
0.04 l8
0.03 l4
0.0142
0.0269
0.03 l9
0.033s
0.0797
0.0284
0.0280
0.03 80
0.0252
0.0291
0,0340
0.03 25
0.0252
0.03 20
0.0134
0.03 37
0.0298
0.01 l9
0.02 88
0.023 8
0.0219
0.0261
0.0323
0.029(;
0.0291
0.0289
().023 l
0.0292
0.0228

0.0296
0.0261
0.0256
0.0300
0.0177
0.02l . l
0.024 i
0.03 t6
0.0276
0.0208
0.0277
0.0217
0.0217
0.021 I
0.0 |  74
0.0200
0.0l t i2
0.02 t7
0.02 r2
0,0198
0.02 tJ7
0.0223
0.0209
0.02.'I0
0.0 l f i4
0.0223
0.0 t lJ5
0.02 r 5
() ,01 r l
0.0 t65
0.0 t04
0.025 |
0.0177
0.0476

0.o279

0.02-l lr

0.02 I3

0,1) I80

29.27
a t  a1

2- l .21
29,8 8
1 t .24
t6.70
2.0.94
12,10
26.24
I -s.94
26.j9
17.30
21.85
I ( ; .19

10.79
t4.73
12.00
17.10
16.55
t4.42
27.91
It{ .2 I
l ( r .09
19.27
I 2.30
18.21
12.45
17.00

1,55
I.12
0. l8

25.4 5
I  r ,24

26.10

20.48

Nov

[)cc

l6 |  6. l t l

I  1.70

* l ixcluding valvcs <3 pg.

rnonth of July. Thc bcginning of thc tnonsoon rains led to

cooling of the ambient lenrperatures and to a paral lel offset in

the Mg/Ca rat io for the rnonth of July. Many of thc anoma-
lously high rat ios relat ive lo thc mcan values lbr cach tentper-

aturc are l}om valvcs wcighing lcss than 3 pg. Thcsc may bc

incornpletely calcif ied and arc not included in the rcgrcssion o1'

Figure 2a as discussed below.

5. DISCI.JSSION

The lelationship between Mg/Ca ratio in ostracode valve and

telnperature has printarily been modeled as a silnple tempera-

ture-dependant part i t ion coel ' f ic icr l t  betweett valve and ambicnt
watcr '  (e.g., De Deckkcr et al. .  1999; Engstrom and Nelson,

199 l ;  Xia et al. ,  1997). Both these data and a number of other

observations suggest that this is not apptopriate. The detemri-

nation of partition coelhcients fbr Mg irlto calcite has proved to

be highly problernatic in natural ly occuning carbonales (Given

and Wilkinson, 1985) and calel l l ly corrtrol led study of inor-
ganic calcites have shown that this system is extremely conl-
plcx. strongly inf luenccd by other ions in solut ion (see sum-

mary in Morse and Bender, 1990). Thus in a biological ly-
nrccl ialed calcitc, caution slrould be trsed in trying to apply a

simplc part i t ion coel:f icient.

Thc strong in l lucncc ol '  l r io logic pl 'occsses is c lcar in thc

Mg/Ca rat io ol ' the in i t ia l  carboni i te which f i rnns on the chi t i -

nous exoskclcton o[ ' thc ostracodc imnrediatc ly af tcr  Inol t ing.

In i t ia l ly ,  the animal courcs very c lose to plecipi tat ing luagnc-

si te,  and as calc iRcat ion oont i t rucs the fLr l ly  calc i f ied valve

beconres calc i tc wi th less t l tan 4 ntoleo/u Mg. Chivas ct  a l .

(1986) r 'cports valucs as high as 400000 and 152000 ppnt Mg

in poor ly calc i f ied valvcs,  reprcscnt ing a Mg/Ca rat io ol '  1.64

and 1.32. ( laclot  et  a l .  (1975) showed sigrr i f icant gradienls

across nrar ine ostr i rcoclc valves wi th the highest [Mg] usual ly at

the intet ior .  Our data also show thc in l lucrrce of  dcgree t l l

calc i f icatron (explcssct l  as pg valve lnass) on thc Mg/Ca rat io

(Fig.  2c).  Al l  the valves analyzed for th is study are the adul t

stage and t 'u l l  s ized for th is populat ion,  but l ight  valves w' i t l t

lowet to la l  Ca havc signi f icant ly highcr Mg/Ca ral ios.  Thc

avcragc lat io lbr  valves lcss than .1p.g is 0.40. nruch higher than

the average value at our wannest tolnperature. we would therc-

fore argue that lhis group trf shells are not fully calcified and

ref lcct  thc high Mg/Cla ral ios o1'  car ly valve calc i f icat ion.

Valvcs betwecn 2 and 3 t r rg (open t l iangles in Fig.  2a) ate

therefore excluded t ior t r  our calculat io l ts.  High rat ios may also

be part ly explainecl  by the rnuch higher uncertaint ics in lorv

mass specirnens.
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' l  

r ianglcs arc poor ly

calc i l lcd \ ' r lvcs ( . :3 pg) and arc not i r rc: luclccl  in thc l incar rcgrcssiorr .  I )ot tcd l inc is ()-5( l i  con{ ic lcucc intcrval  lbr  thc

rcgrcssiorr  l i r rc.  [ )ashcr l  l inc is thc t )5 ' ] ' i '  con{ i t lcrrce' intcrval  l i r r  a s inglc nrcasLrrcmcrr l 's  rc l r t iorrship to lcnlpcralurc.  I } .  Mg/( iu

r l t ioo| . r r .c l |c l l |c i l ic t | r l t l r .csanc| tncasurct l rVatcrtc| l l ] ]c fat t | |

Mgi  (  a rat io l i r r  c i rc l r  r r rorr t l r ly  col lcct ion conrparcd to tcrnpcratrrrc.

5 10 " t5 
10 15

mlcrograms 20 25 30 35
r  ( 'c)

whclc thc rangc ol- Mq/Cli l  rat ios cover urorc than 3 oldcrs ol
nragnitudo. ln this stucly thc Mg/Ca rat io ol- thc walcr rarrgccl
l ionr 0.30 to 0.4(r and calcitc tangccl l iorn 0.01 to 0.038 l irr  wcl l
ct lci f ict l  valvcs. l-hc rarrgc of Mg/( lu rat ios mclsurecl l i rr  this
study is thc san.rc as thc rangc rcported by othcrs who analyzcd
ostracodqs that grcw in watcrs rvit l r  rnuch highcl Mg/Ca rat ios.
ln l i rct.  thc tal io ol '0.01 to 0.04 is the typical rangc rcportcd lbr
ostracoclos whethcr they glcw in di lutc watcrs with low Mg/Ca
(< | as in this study) or in sal inc watcrs with Mg/(ia as high as
305 (Clr ivas et  a l . ,  1986; De Dcckker ct  a l . ,  1999).  FIcncc
Mg/Ca rat io of watef cannot be a thctor in clcternrinrrrg the
Mg/C)a rat io ol 'ost l 'acode valvcs. [n our data a 50(% charigc in
thc Mg/Ca rat io o1'the watcr had no st l-cct on valvc chcrnistry.
A mtrl t iplc rcgrcssion rnodcl of thc valve chenrislrv indicatcd
that the only signif icanl l i rctor was tcmperrture 1p : 97.(r;  p <

0.0001),  water chcrnistry was not a s igni f icant var iablc (F =

0.1558; p :  0.6939).
' fhc tenrperatulc-Mg/Ca rat io lclal ionship rcsu)t ing lrorn

closc nronitoring ol-the C. vidtra populat ion at [ : l  Ycso lal<c is:

Urrusual ly c lcvatcd IMg] i r r  thc ear l icst  calc i tc suggcsls that

rnetabol ic f lu ids play a lo lc iu thc fo l rnat i t ru o1'r ,a lvc and that

t l rcsc l lu ic ls sccr)r  to bc cnl ichccl  ru Mg. ' lhe role ol ' rnetabol ic

l lu ids ivas disputod by' l 'u lpcn urrd Angcl  (197 1),  n,ho showcd

l l lat ,  in l let(r()c:r7;r l , i .  thc Ca in the valvc is dcr ived f i l rn thc

anrbicnt  rvaters.  ' l 'hoir  stLrdy.  horvevcr.  only c lcr t ronstratod that

sonrc ol  thc ( la hld to bc t lcr ivocl  fhnr ambicnt watcrs,  not  that

thc solc sourcc was anrbicnl  water;  molabol ic sources ol-Cla,

part icular ly lbod. may havc playccl  a rolc in thc calc i f ical ion o1'

thc valr .cs.  Thcy notc( l  that  [ : -assbirrdcr ( ]912) was ablc ' to

cul t r - r rc l i r l ly-calc i f icd C\7rrhlopsi .s t , i thta ( thcr subject  o l '  our

study) in ( la l icc watcrs.  ln t l r is  casc rnctabol ic Ca urust  havc

bccrr  thc sourcc ol- thc calc i tc in thc valves.  Othcr cruslaceans

havc thc abiJ i ty to v i r tual ly decalc i ly  th i : i r  valvcs and store ( ln

in gaslrol i ths and elevir tcd blood C'u corrcent lat ions i rnmedi-

ately bcl i r re nrol t ing (Mann and Pieplow, l93t i ) .  In at  least  one

clustilccirn spccics. P xtcont ha r t r.; t'lra /tll, tenrpcraturc str<lngly

al ' fccts t l ic  Mg conccrr t ra l ion in body l lu ic ls of  th is crayf ish (Dc

Lcgarra ct  a l . .  1985).  Wc speculatc that  a s intr lar  p l 'occss t ) tay

occur in ostracocles lcading to valve enr iched in Mg at  h igher

ter lpcraturcs.

Fir ta l ly ,  we note that  Mgi( 'a ral i r rs greater than 0.05 are

cxtrcrrely rarc in the valvcs o1' I i r l ly ' -calc i f icd adul t  ostracodcs

0l  rny species.  Yc1 thcsc aninr l r ls  thr ive in nrosl  uatural  walers.
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Mg/Ca is the rnolar rat io in lhc valvc carbonate. The vartance
of thesc dala is large, as indicated by the 95%, confidcncc
interval tbr single measursmcnts (dashed l ines in Fig. 2a),
which shows thal most individual measurel.r ' rerl ts coulcl be as-

sociated with any tenrperature f i 'om l0 to J5oC. However, i l 'we
rcgrcss the mcan values of lbl ly calcif ied adults of each
monthly col lect ion the Rr is 0.c)6 (Fig ld) and the 959{,
confidence intcrval lbr the regrcssion is relat ively small  (dotted

l incs in Fig. 2a). Note that analyt ical en or contr ibutes tc)
significant error in the eslirnatcd temperature. The error bars in
Figurc 2c, which reptcserrt thc maxintunr rat io change result ing
l ionr thc : l  2rr unccrtaint ies in [Ca] and fMgl, yicld thc
lol lowing unccrtainl ics on calcLtlalcd tcnrpcrature: at .19.g +

4.3oC, at 6p.g+ 2.6t"r ' . ,  and at lOp.g -r 2.0oC. Nonethelcss. a
comparison of rneasurecl vs. nlean calculatcd telnpel 'aturc
shows a relat ively low level  of 'noisc (Fig.  3) .

l f ' thc variat ion in valvc Mg/Ca rat io is nrodelcd as a tcnr-
pcralurc-depcndanl ptrrt i t ion coclf icicnt (Kp). a l iueirr tegres-
sion of al l  wel l  calcif ied shel ls (>3 g.g) shows a sl ightly lower'
Rr (0.53), suggcsting that thc variance is approxirnately thc
samc around thesc regrcssions and lhat l inear regt 'csstons arc
eqr"ral ly approprialc. Howcvcr. rnean monthly Kp vs. tcnrpcra-
lurc has a signif icantly lowcr Rr (0.7t)) in ctrrnparison to mean
Mg/Ca vs. lcnlpcrature (Fig. 4). Avcragc shel l  Mg/Ca is t l tcrs-
lorc highly corrclatcd with tcnlperature attcl  this rclal ionship is
clegratled whcrr watcr chcmistry is rncorporatccl as a pf lr ' t i l ion
cocl l icicnt (thc rat io of Mg/Ca".,, , . . /Mg/Ca"",, , . .) .  Notc that
whcn fal l  and spring tcrnpcraturcs arc thc saure thc vtr lvo
Mg/C)a tat ios ars very similar (Fig. 2b), but because thc Mg/Ca
ral io of ' thc walcr chtrngcd latc in thc ycar'(Table 2) calculatet l
piu' t i t ion cool ' l lc ionts would bc notably cl i f ' lbrenl.  "fhis rcin-
ftrrccs our argunren( that tcmpcrature and nrctabol ic proccsses
plny the major role in thc contlol ol 'valvo Mg/(la rat io and thal
arnbicnt f lui i l  chenristry is not signi l icant in this study. I t  is
clcar hcrwevcr that morc wolk on C. viduo nccds to be douc
ovcr a widcr range ol 'water Mg/Cla ral ios. We argue t lrat this
thcnnonrclt :r  can bc appliecl i rr  sirni lar wittcrs i tud that i t  rnlry bc
applicablc to a broad rangc ofwatcr chenrislr ics, although the
laltcr has not yct bcen vcri f iccl.

Measured T ( 'C)

I i ig. 3. Mcasurcd tcmpcrarturc vs. tcnrpcraturc calculatcd frottt lncatt

Mgr'Ca ratios fbr cach month. Diagonal l irrc rs whcrc T-",-,,,." =

Tralcularcd'

Ostracodc Mg/Ca ratios :rncl tcrr)pcril lurc 2 505

A. o1s
0 125

0.'t

:lo o o75

0.05

0.025

0
20 25

r ("c)

B. o.12

0.1

o_ 0.08
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R'= 0.79
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l i ig.4.  A, ' fcnlpcraturc vs.  l (p l i r r  wcl l  calc i f ic t l  s l rc l ls  ( t r iarrglcs arc
poor ly calc i f icd v i r lvcs urrd not inclLrdccl  i r r  l incar rcgrcssion).  I ] .  Tcnt-
pcraturc vs.  rnonl l r ly  a lcragc Kp.

In apply ing this thclmorrctsr  to natural  r iystcnrs wc wnuld

suggcst thc lo l lowing proccdut 'c.  Only adul t  valvcs shoul t l  bc

includcd in thc study. Wc havc not testcd the chcnr istry ol '

. juvcni le C. v i thru.  Valvcs sht iu ld bo weighccl  to scrccn out

incornpletc ly calc i l icd valvcs bccausc thcsc usual ly havc at t t r t r '

a lously high Mg/Ca rat ios (as c l iscusscd abovc).  Thcro is alscr

corrs idcrablc var iabi l i ty  in cach nronth's col lcct ion.  Civcn thal

these aninrals calc i ly  t l tc i r  valvcs i r . t  a mat ler  o l -  hours (Turpcn

and Angcl l ,  l97l) .  part  o{ ' th is nray bc at l r ibutatr le to diurnal

var iat ion in water tcrnperature.  Another untested causc ol 'var i -

abi l i ty  in th is study may bc secondary enctuslat ions ol 'calc i tc

on thc valve.  This cau bc vcly harcl  1o sse, cspccial ly i l - i t  occurs

in the enclosccl  vcst ibule ol ' thc valvc.  Final ly.  thcrc is s igni l - -

ioant noisc inhcrcnt in thc nrcasurcnrcnl  of  s lemental  r i t ios rn

such srnal l  arnounts o[ 'carborrate (Fig.  2c).  Therclbrc contbin-

ing a nunrbcr ol 'valves intc l  a s ingle Incasufculor l t  wi l l  bct tcr

documcnt lhc nrcan, r 'educe analyt ical  crror.  atrd in a study ol '

corc r) f  other anoicr) t  r ratertal .  rnay al iow 1hc rcnroval  of

s igni f icant seasonal  or  c l iurnal  var iabi l i ty  t l 'orn ovcral l  t t 'ends in

avcrage tenrperatul'es through tirne. l-hc aclvantage of combinrrrg

many valvcs irrto a single analysis of MglCa is thal thc erlors

associated with the nrcasurcrnent should be reduced. 'Ihc disitcl-

vantagc is the inabi l i ty  to cxarninc the var iance ofcach sanrple set .

Some cul tur ing studies o{ 'ost tacodes havc reported i i  s t ro l lg

al l 'ect  of  the water Mg/Ca rat io on vulve rat ios ( l lngstronr and

Nelson. |  99 I  ;  De Deckkel  et  a l . ,  I  999).  I t  rnay be that sevetely

l imi tcd food intal<e and removal  sf  a l l  non-aqueous sout 'ccs of

Mg from lhe cnvironnrcnl  creatcd a strol lg rcsponse in the vr lve
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l r ig.  5.  Tcntpct l tLrc MgiCla rat io rc lat ior ts l t ips f i r r  (1.  r ' i / r r r  ancl  1- .
. i l r rTr l l r r l  (str l id syrnbols) .  1 ' l rc Mgl( i i r  rat io ol  thc walcr  in wl l ich caclr  set
grcw is also shou,n (open synrbols) .

chcrnistry.  I t  is  not  c lcar how thcsc aninrals lcspond whcn givcn

acccss to both sol id arrd acluct lus : ;ourccs ol 'Mg and Ca. Do

Deckkcl  ct  r r l .  (1999) suggcstct l  that  thc valvc may rcspond t t r

r .v i r tc l  chcrr ist ly in di l ' lcrcnt  wuys in r l r f ' lcrcnt  rcgions ol '  t l tc

MgiCia spcctr-unr.  At  low Mgi( 'a rat ios thc valvcs cur ich Mg

o\ cr  that  prct l ic tcd bv a s inrplc Kp. at  h igh rat ios Mg is

cxclur lcr l .  htr t  in a rniddlo rangc. 1.rc lha1:rs I  l t l  20 thc Mg./Cia ol '
(hc valvc lo l lou's a srnrplc Kp. Al though this ma),  bc val i r l  i r r

s()nrc cascs.  t l rcrc arc s l i l l  rnarrv ( l r . losl i ( )ns alrotr t  thc rcsponsc ol '

thcsc orgtrnisrr . rs in rraturr l  sct t inrrs.  and i t  is  c lu i tc l tossrLr lc that

th is strggcslcd patterrr  c locs not pcl ta in to al l  taxa ol 'ostracodc.
I3iology nray also pluy a rolc i r r  thc t l i l lc ' l 'cnt  l 'csponscs ol '

d i l lurent oslracoclc taxi t  to waluf  chcnt ist f ) ' ,  Onc stLrdy ol ' thc

l icshr.vatcr  g i tstropod A, leI t tnr tpsi . :  ( l {oscnthir l  and Katz,  I989)
showcrl  that  thc t r .vo spccics stut l ic- t l  corr t ro l  thc MgiC'a lat io ol '

thcir  bodv I)rLids int lcPcrrdcnt ol-u,atcf  chcnr istry.  ln contrast .  Sr
and Ba conccntrat ions wcl 'c u() t  nrctaboJical ly cont lo l lcd and

l i r l lowcd sinrplc partr t ion cocl l ic icrr ts.  Mirrry taxr ol '  nrol luscs

sccnr to bc atr lc to corr t ro l  f ( 'a l  lnd [Mg] iu thcir  l rocly l lutc ls
(Wi lbLrr  and Sl lcLrddirr .  |  9 l l3 ) .

Hinl l ly  wc comparc thc tcmpori t turc Mg/Oa rat io rc lat ion-

shilr ol-('. r'ltlrrrr ll 'our a natural sctting tr) thlt ol'2. .;tuplini I'ron't
ru cLr l turcd erowth cxpcr i rnenl  ( [ )a l lc ios- l rcst .  1996) (F' ig.  5) .
' l ' l rc  MgiCa lcrnpcrature rc lat ionship l l 'ont  thc L.  s/upl i r r i

expcnr]- ]gnl  ls :

r(:
( i \4gl(  u)  1 0.00i5

ii. iiii b g s* 
-

tv l tctc MgiCl i r  is  t l tc  ntolar ral io in thc r ,a lvc carbotratc.  Thc

rcgrcssions hirvc s l ight ly di f  le rent s lopcs.  ' l 'hc )at ter  cxper imcnt

rrscci  u,aters wi th Mgi( la rat ios o1'(r  to 8.  Notc that  the part i t ion

cocl l ic ients calculalecl  l i r r  anv onc tentperaturc r .vould di l l 'cr  f i r r
l l tc  t rvcl  spccics by a lactol  o l ' ( r0 or '70,  This agir in suggcsts that
[cnrpcraturo is thc pr imary contfol l ing factor on valvc chernis-

l fy and that large var iat ions in thc Mgr 'Ca rat io of  walcr  do not
play a s igni f icant role i l l  the Mgi( 'u l 'at io ol  the valve in thesc

spccies.  Wc would prcdict  f i 'orn thcse data that  1. .  s l r iTr i l l l  wi th
rat ios o1-gfcatol  than 0.03 wi l l  not  bc lbuncl  in bodies ol-walcr
al  nt l rnral  sLr l lacc tcurpcl 'aturcs ( . . .40"C) uud that rat ios lo!vcl '

than 0.01 or grcater than 0.04 woulc l  uot  occur iu thc valvcs o1'

C. v idua. I l -  populat ions o[-  t l icsc s1-rccics are locatcd wrth

avcrage ral i t rs bevond thc abovc I i rn i ts,  i t  would poinl  to greatcr

in l l r rcncc ol-  the watcr chcmistry than wc have proposccl  helc.

6.  CONC]I ,T]SIONS

l.  ' l 'empcraturc is thc dorninant conlrol  on the Mg/( ' l  rat io o1'

( '. t, iclua valve and the ratitr can be usctl as a proxy ol'

tcnlperaturc in watcrs ol-  low Mg/C'a rat io (0.3 to 0.5).  - fhc

rclat ionship o{ ' [ ic1n. I  uray bc appl icablc to t r  broaclor rangc

of 'water chcrnistr ics.  but  that  l ras nol  bccu lestccl .

2.  [xtrcme ci lut ion is nccdcd in thc appl icat ion ol-  par l i t i t r r r

cocl l ic icnts l i r r  Mg rn bionr inclal ized calcr te.  This is part ic-

tu lar ly thc case whcn rsportcd paf l i t ion cosl l lc icnts [ i ) r

Mg/C-a langc ovct  a lntosl  2 orclcrs ol 'n lagni tudc.

3.  Much morc work is rrccclcd ou thc Mg/Ca rat ios of  ostracodc

populal iorrs in rrat t r r i r l  sct l i rgs.

,1.t.tot:iuIe crl ltoi ' . K. Kyscr
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