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Cor~ sample.. thrOl.lgh the unconso11dllCed post Plei!ltocene 
sediment in Watling's Blue Hole . a tidallJ-influenced ainkhole 
lake on San Salvador Island, Bahamas . r ~v~al four a~qu~ntial 
oatracod~ fSl.lnal zon~a r~fl~cting changing aalinitJ. From aos t 

olde .. t. th~ P~r1s'OCItherid"a 
setipunctsts zon~, the 
t h" Cyprid~la americsns 

Extan t f. bicel1iforma in Watling' a 811.1e HOle and 
pr~ v ious 1y r eport~d occu rr~n ces sugg est thst the youngest ~on~ 
wS a d~posited at S pr~vaili n g salinitJ in th~ high t~ens to lo~ 
t~entie8. The zone is characterized by the moat 
diverse and fauna relative to othe r zones. 
Prewailing salinities nesr no rmsl marine (s re ate r thsn 25 ppt . ) 
s r e interpr"t"d for this 1nt"rwal. I n co ntr ast . the pitt"d C. 
slllericsns zone is chsracte riz ed by a paucity o f fSl.lns , as well as 
the msrked pittins of the cs rs psce ~hlch ia unique 
to thia zone. The pitted " xhib it .. n 'pproximste 
t o% r eduction in c, r,p sce inte r.,l. The zone 
is interpreted as one of in the lo~ teens. The 
earliest sedimen t s recovered ar~ slao do.inst~d by C. smericana , 
bl.lt withou t th" abo ve-men ti oned pitting. Prev,iling 8s1init1"s 
in the lo~ t~enties s re Inter preted f o r this inte rv s l. 

Intr oduc tion 

Sin ce 1977 several Individuals. inc l uding Patricia 

80~msn . Pete r Cooke, 8ert Co r~ in , Cst hy Hodge" D, niel Sanse r , 

Chuck Lusinbill snd the present wr ite r s, have focu.ed their 

sttention On the depositionsl history o f the ssline lskes of Ssn 

Sslvsdor Island. Host o f the lskes studied t o dst e hsve been 

3 



isolated f r om direct marin e contact, " least since post 

Pleistocene rise in sea l e vel . The la kes cu r r e ntly li e 

app r o x imately at sea level and their salinity is controlled by 

seepag e of sea ~at e r th r ough porous carbona t e bedrock and 

seasonal r a infall and evaporation. 

For wor k ing conditions the Iskes certainly do not have 

the appeal of the open marine shelf sur r ounding San Sal vador, 

.. ith its diverse and abun dant biota . 

the advantage of 

internal drainage "d 

mOre complete 

appar e nt slo .. 

Ho .. e ver, t he lakes do offer 

re cord by virtue of their 

rates of aedimentation . 

During presumed slightly lower stands of sea le ve l the lakes 

appear to have persist e d , b e coming brackish or fresh . On the 

other hand , the depositional record of the open shelf has be e n 

interrupt e d by s t orms, curr e nts and fluc t uating Sea level . 

Field Work and Lab Me thods 

The field work in Watling ' s 

San Salvador) ~as conducted during 

Blue Hole (see index map of 

January 10 and 11 , 1981. 

Subsequen t ly . the blue hole has been revisited several times, 

usually in January , in order to chec k the salinity . 

field work consisted of 4 phases. 

Initial 

Bath y me try and Bed r ock Topogra ph y: The initial phase of 

field .. a r k consiated of an accurate survey o f Watl i ng ' s Blu e 

Hole, i ncluding sounding water depths and probing sediment 

thickness to bedroc k. The blu e hole displays a s e midiurnal tide 

with a 

reveals 

r ange of 

a shallo .. 

approximately 1 m. The bathymetry (Figu r e la) 

platform , broader on the east, e x tending from 
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shoreline to wa t er depths of I to 2~. Be low 2 ~ the botto~ is 

s tee pl y funnel-shaped to a maximu~ depth of 7 m wher e a 

bedrock-lined conduit ,. exposed. P r obing through 

unconsolidated post-Pleistocene sediments reve sled (Figure Ib) a 

funnel-shaped bedrock surface . The ma x imum post Pleistocene 

sediment thickness of 2 to 3 m lies approximately at I t o 2 m 

water depth . 

DEFTI! 1E!PERATURE DISSOLVED OXYGEN SALINITY ,.) (oC) (ml/Lj (ppc) 

.3 24.0 16.0 17 .2 

2 25:3 6.0 20.3 

3 25 . 5 5.' 20.3 

4 25 . 0 5.5 21.0 

5 25 . 2 1.6 20.3 

6 25.8 1.5 21.1 

7 25.9 1.7 22 .6 

Table I: Wster chemistry data, Watling ' s Blue Hole, 
January 10, 1981 

Wa ter Chemistr y: In the s e cond phase of the field wor k 

wa t er samples we re collected using a Nsn sen bottl e. Water 

temperature was measu re d imme diately and dissol ved oxygen and 

salin1ty were determined by titrstion On the day o f collec t io~ . 
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Water cheatat r y is re cord ad in Table I. 

At the tiae of lIeaaurelient , aa on aeweral othe r 

occaalons , tile surface water to a depth of I to 2 II was 

noticeably cooler tllan deeper water, with a aha rp theraoclin e 

between. On the o t he r occa.iona, the surface wate r haa been 

war ller , although no te~ pe r aturea we r e lI easured di r ectl, . 

Also, at the tille of measurement the aurface wa te r to a 

depth of I to 2 a ws . l •• a sa line than the water at depth . 

observations have been recorded on aOlle subaequent 

At othe r tilles , parti c ularly whe n the su rfa ce waters a re 

the s alini ty at the surface is greater than that at 

Clearly, the teapersture-salinit , re lationahip reflects 

st ratification . Th. .a~imum salinit, recorded On 

subaequent visits has been 27 ppt. 

Disaolv ed o ~ ygen c onte nt 

relatively high to deptha of 4 II. 

on Janua ry 10, 198 1 wa s 

Below this depth, the o ~ygen 

co ntent was lIuch lower and .the wate r gave o ff hydrogen a u lphide 

gas when pou red t roll t he Nan sen bottle . 

Su r face Sediment and Plant Sampling: Modern aedimenta in 

Watling'a Blue Hole consist of aoft , sticky .ud which supporta a 

restri c t ed bio ta conalating principally of the green algs 

Batophora , a sal t wste r grase, the pelec,poda Anollal oc ardia 

c unel11er1a and Pae ud ocI r ena flo r idana and the gaat r opod 

Batilla r is lIinilia . In the third phase of th e field work se veral 

cona tant yolulle (126 cm 3 ) saeples o f the su r face sedtment were 

collecte d to a depth of I CII . These and seve r a l saaplea of the 

aajor planta were preserved in buffered f or.alin for later 
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of ostracodea living at tiae of collection . 

Subsequent exeaination 

deptha greeter then 4 

values at these depths . 

Core Sampling : 

revealed no 

a , probably 

Th. final 

ostracodea living at vater 

a result of the 10v oxygen 

phase of field vork involved 

the recovery 

Figure I) and 

of three piaton cores (co re locations 1 , 2 and 4 in 

one hand driven core (location 3 in Figure I). 

Co r e 2 vas th e longest, aeaauring just under 2 III, and corea I and 

4 lIIeaaured spproxll11ately I III each. These three cores vere 

extruded and described In the lab and subdivided into 2 ca 

intervala for later processing and exs.tnatlon. Core 3 vas 

extre.ely short and vas not exa.ined further. 

Ostracodes ~ Environmental Indica t ors 

Th e .ajor problelll in using ostracodes as environlllental 

indicstors is the lack of ecological data. Fev studies of iliad ern 

oatracodes record the pre.ence of live ostrscodea or the specific 

conditions in vhich they occur. This is probably a reault of the 

rather rsndo. distribution of living ostracodes in the sedilllent 

and aethods vhlch retrieve 

sanlp lell . 

studies 

Notevorthy 

by KinS 

exceptions to the above criticiees are the 

and Kornicker (1970) and Garbett and 

Maddocka(1979}. 

In .ost studte. of 1II0dern ostracodes, the environ.entsl 

variables 

depth and 

exhibited 

80st frequently 

salinity. As 

little change 

recorded are vater ceaper.ture , vater 

t.aperature and depth hav. probsbly 

during the deposition of the post 
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Pleistocene sedtillents o f Wstling ' s Blue Hole . ~e have igno red 

t:hese and have concentrated on the interpretati o n of salini t y 

changes that occu r ed throughout the section . 

E~alllination of the co r es in this study reyea l s the 

four ost r ac ode species. 

the litersture snd frolll s series of continuing ecology studies on 

the living ost r acode a o f San Salvador, records aal i nit, data snd , 

where poaaible, sbundance da t a for these four p r in c iple ostrscode 

s pecies . 

Ost r acode Dis tr ibutions and Paleosslinity In t e r pretations 

Se l ec ted inter vals frO Ill cores I, 2 and 4 ~ ere processe d 

and ost r a code abundan ces ~er e det e r . ined by c ounting. Whe re 

sufficiently abundant, a mini~u~ of 300 ostracod e s pe r intarval 

w88 counted. Othe r w1se, sll ost r a co des present .. e r e record e d. 

Vsrying abundances withtn core 2, the longest c ore. revealed four 

zon e s based p r i.ari l , on nst r acode dOlllinance. The t .. o shorter 

co r e ~ , I and 4 . erhlbited only the th r ee uppermost ost r scode 

zOneS snd sre the r efore not considered further. 

Pr e vsiling sal in i ties sre interp r eted p r t.s r ily on the 

dominant os trscode in esch o f the fou r zones. although the 

presence of other, l es8 sbundant species suggest that s a l i nities 

IIIUSt have fluctusted. Whether thia fluct ustion wss seasons 1 o r 

l on ger ter .. is unkno~n. The four oa t r acnde zones in cn r e 2 , snd 

in terpreted prevailing sslinities, 

discussed be l ow . 
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Cye r idels ame r icana Zone 

The initial zone of Watling'a Blue Ho l e ia do.i nated by 
, 

C . a.ericans and aubdo.inated by He.icIpr idels setipuncta t a . 

Alhough both species exhibit a cona iderab le and o verlapping 

aalinity r ange (Table 2) f . Sliericana appear a 1Il0at abundant at 

less than app r oximately 30 ppt . an d li. se t ip unctata at sreate r 

t han 25 ppt . We the r efo re in t erpret the prevsiling sali nit, of 

the £. allle r icana zone as approxi llatel, 25 ppt . 

Pitted C'p r ideis aaericana Zo ne 

This zone ia c haracterized by the near abaence of li. 

setipllnctata .,d codominanc e ,f 

biceiliforma . DolerocI pria inopina ta and a diatinct lve coa r ael, 

pitted var i ant of £ . a mer icana . Thia var ian t ha s not prev iously 

been re por ted and , as it occurs only In the subsu rf sce at 

Wstlin, ' a Blue Kole, there is no direct e cologica l Inforaation. 

Addressing this problea , we compa re d the wall th ic kneaa at a 

consistentl, developed pore canal in the t,pical aaoo th to 

punctuate indivi d ua l s wi th that in the pitted variant o f f . 

asericana. The wall thickneas of the pitted variant ave r aged 10 

percent lesa . We suggest that this va ri ant ilia, ha ve been adapted 

to living at relati ve ly low salinities , perhaps a s lo w as 10 

ppt . , wh"re calciu. csrbonate would have been leae readil, 

avallabl'! . The pitting would have re a l ized an eco noa, of she ll 

aaterial, wher eas the ridge" acting as butt r eaaea bet veen t he 

pita, wou ld have provided st r ensth fo r the shell. 

The sbun da nce of f. bicellifo r lle sussests salinities 
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ranging from 10 to 20 pp t., w ~ich wou l d account fo r the 

dhinislled pre sence o f .!!. . seti p unc t a t a (Tab l e 2) . Consi d e ring 

tile abov e e n v ironmen t al interpretation of th e signific an ce o f the 

pitted c arapace of f" a lle r1cana , we pro pos e pr e vai l ing sa l inities 

f or this zon e in th e lo w to mid tee ns . 

Hemic yp rid e is se t lpunc ta ta Zone 

Thia zone ia dist i ngu ish e d b y the d Ollina nc e o f .!!.. 

aettpunc t ata 

e speci a ll y. 

a nd t h e 

Althoug h 

reduced abundanc e o f f . 

mino r consituent s , 

b ic e llifo r ma 

Lo ~ oco n cha 

purisubrhomboidea i , r es tr ic ted t h i s z on e and Xes t ol eberi s 

Sl' . , p r obably a ne w ta xon, is almost so res tri ct e d , 

H. setipu ncta t a attai ns its g reat e st abun danc e abo ve 2S 

PI't., a t salinit i es unfavorabl e fo r f , bic e ll if o r ms . Al t hou g h L. 

purisub r homboid ea ex hibits a n obs erve d salinit y r an g e of 10-SO 

ppt. , a n a l yst.! of ab u nda nce data in r ing an d Kornic ke r (1 970) 

s ugg e sts that is most common a e 20-35 p pt . Th e g e nua 

Xe stol eb e ri s is ususl l , marine , but som e a pecies can tol erat e 

brack ish water . Th e r e fo r e , we sug g e st p r e v a il ing sali niti e s fo r 

t h i s zon e in e xcess of 25 ppt ., poss i b l y s r o un d 35 ppt . 

Perissocy t he r idea bic e lltfo r ma Zone 

The younge st zon e in Watli n g ' a Blu e Hol e i s domin ated b y 

f , bicellifo r ma , wi t h £ , ame r ican a a nd.!!.. s e tipunct a t a 8S th e 

p r inc i pl e subd ominan t s . Based on t h e re l at i ve abun dan c e of t h e s e 

sp e c ie s we i n terpret th e p reva i ling s a linity a s being In the h 1gh 

teens , much as i t is p re se ntly . 
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Oi,eu" i on 

TtH! interpreted 

,re probably ac cu r ate 

pre'l'.lli na aalini t y yaluea of Pia uTe 2 

to .. it hin a fe v part. pe r thouaand. The 

y,rying aa l inity fro . ~on e to ~on e ho .. eye r , appe. r . to be an 

accu rat e reflection 

Hole • Al th oug h lit 

by Sanger 

(1983 ) 

obaerved 

Luginbill 

of the trend through time in Watlin a ' a Blue 

higher aalinitles, si.ilsr trenda haye been 

and Ta eter 

in Rackley 

(1982) in Little La ke and by 

Hil l Pond. To dat e the 

conte. po r aneity of the fluetu.t1on. i n the ae lake. hat not been 

eatabl1ahe d. 

Sueh ai.ilar tr enda 1n .. 1de ly ae p.r. t ed lakea o f Sa n 

Sal yad o r auggest 8 r ea i o na l co ntr ol . Cr otty ( 1982) proposed 

prisa r 11y a s ea leval co ntrol, whe re by sliaht ly hi t her .ea le vel 

atan da .. oul d coinc i de .. ith hilh e r aalinity (el . t ha Hemic rprideis 

.at ipun cta ta Zone) snd al ilhtly lover sail le val .tands vould 

COl ne1d. e 

Zone) . 

ch.na es , 

.. i th lovflr aa linitJ (el . t he Pitted C'p r idet. a.ericana 

The flu ctu. tion s •• y also be in rea po n •• t o cU.at i c 

vhe r e •• line in t e r'l' a l s repre.ent .ore a rid 

conditiona , and l eaa .al ina inter.al . repre sen t pe ri od. of hi aher 

p r e c i pit. tion . It i s alao quite possible that afla le ¥fll a nd 

cUme.t ic cha nge a ha ve been coo rd i nated and tOle the r have 

con trolled t he trend a obaer¥e d in the leke sequan ce.. . Con t in uing 

re •• a r e h I , di re c t e d .t ,n," e r1 na t hese que. ti on • . 
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