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to renew theese I ves I.I'lt II the next feed I ng bout . I n fact, the four res I dent 
au I flea i ngos have a I ready d>o.n th i s bahavi or. u., food abI.rdaI oca dole I i NOd, 
they left en �t�a�b�.�.�,�.�~� to find another pond. For this reason, the est<*lllshllent 
of a aul fl .. lngo population wi II depand on the prasaruation of .any di fferent 
sol t ponds rather than Just one large area. 

Sa I t pond SO I I n I ty and spec I es turnovet": 
A gradua I so lin i ty i net 'eQ5Q in Guano' s pond bat.--. Ib,j and June, 1!I88, _ 

pcra II e I ed by changes I n mop I ank too and P I ant spec I es cOllpOS I t I 01'1. Because 
of the Input of sea water at the _t and of Guano's pond, a sol ini"ty gradi.,t 
delle I oped across the pond. Thti _t end, wh I ch I s deepes t, was genera II Y lION! 
sol ina than the wast and, except after hecMJ rain, IIhan the east and _ 
tl!llpOl"QI Ily fresher than the west . Sallnl ty at the west end, about 42ppt, 
varied Ii llia �b�e�~� March and Jo.ne, whi Ie sol ini ty at the east end inet-eased 
gradually tIroughout this period. However, heavy rains during Ib,j slowed this 
trend. 

I n March, Guano' s pond was doll I nated by a th I ck growth of f I I 0IM!fl taus green 
algae (ooainly F¥li=clcnh .. , but also Cladcphcra \) that was both att.achad to 
the substrate and floating In large lOOtS . This algae was seen In SIlO I I 
quant i t i eli dur i ng Ju I Y 1!188, and i t was reported to have b I oo.ed soon af tar 
the flealogos departed in October, 1990, after which dense algal aols soon 
covered _t of the pond (Aa I ph f9..1sher, persona I �~� i cat i 01'1). A rv..IIIber of 
factors PlOOably conlrlbuted to this sudden algal biOOlll, Including clear 
water, high nulr i an t concantrat. iON;, and I oe-so I ina wa ter . The presanc8 0 f 
flQltlngos over the years likely Increased pond nulrlents (throt.ql fl .. logo 
daftlCQtiOl'l and stirring up nulri.,t-lacWl -..d), but their constant wading wade 
the water tlrbld, slowing algal growth as long as they were present . IIlen the 
fleaiogos left, the -..d PI obably sallied out of the water, allowing the than 
benth I c a I goa exposure to SI.I'lII gilt. Add It I ona II y, sea water I nput and IIUch 
rainfall over the winter rasul tad in low pond sol ini ty. IIlen the present 
study began In March 1991, the pond sollnl ty · IIQS 4oppt. By early tIao"i, 
Sal ini ty had ris..-. to 134 ppt, and the green . fi f.-ntous dlgae waS d\ling. 
Rlppla lllarltl«l, a g-ass growing In shallow areas, IIQS _tly dead at this 
tiM. Large patches of bright green water developed in the pond; the calor 
was produced by an abundance of l.I'licel ktlar green algae, possibly OrIIO/ie//a 
"iri.tis (this species is quite sol inity-tolarant but lass so than OrIw/,;,//a 

. :11:1/1110 ) . The _ tern pond edges ..-e a llo I n I ng an oronge-rad ca lor, 
indicating SCM growth of OrIw/;'iI//a ,n;lillQ. Sao I I patches of bright pink 
bac �t�~� I a I co I on les were 9I"OW II'l9 very near shore on dy I ng 110 ts 0 f green a I gae . 
Heavy ra i ns dur i ng May, espec i a II y on the 22nd ( figure 1) decreased pond 
sol ini ty substantially, but by the .i<idle of June, pond sol ini ty was up to 
OSppt. By this tiM, both the pink bacteria and the bright green .... i""llular 
algae had disappeared. The aoJorl ty of the green IIIG1Cr o""1llgae was cotIpletely 
dead, excep t for a few pa tches near the sea water puIIp . tIost 0 f the pond had 
taken 01'1 the orauge I ed calor characteristic of �1�J�u�r�~�/�l�e�/�/�a� :>a/lna growth . 
The gradual substi tution of plants that prefer low sol ini tias by the sol ini ty 
tolerant phytoplankton, �~�l�I�e�/�/�Q� sp. , lIIO\I occur seasonally in �~ �. �I�a�t�l�v�e�l�y� . 
loe-sal ini ty hyparsal i ..... ponds thr'oughout the aul. Rasul ts ·f,..,. both Josiah's 

. Boy Pond and Guano's pond indicate thOt this species �t�~� occurs at about 
100 ppt sal ini ty (fig 2). 

Zoop I ank ton spec I es cOtapOs It I on also f 0 I I owed a success I on wi th I ncreas I ng 
sal ini ty (figt.re 2). Duril'l9 March, pond salinity rose fl"Oll 46 ppt on the 10th 
to �~� ppt on the 2:!th. Throughout this IIOI1th, water boatMn (TN ... "'II4xorIJc13 
�r�~� ti cuI Q to) and c I 011 shr i lIP (Branch i opoda, Conchas traca) Mr" vary abundan t, 
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and f i dd I er crab I arvae and aosqu i to I arvae ANI a I so found (f i gc.re 2) . 
Between 7 April and 11) April, sallnl ty rose froll t.8 ppt to 83 ppt . Copepods, 
bo th hal pac toea i d and CJF.I cpo i d, appear ad in greg t CIbo.nianc:e, a I though ooaw 
boatllen and c I a. shr I lip wre a I so abundant. A fM f I dd I er crab I arvae but no 
IIOSqU i to larvae HNI found in Apr i I . E.al;t end pond sa lin i ty reached a h i~ 
point of 134 ppt In earlll May, but dr-opped after f~ter Input froll rain 
(fig 1 and 2). In the _t end of the pond, ooaw boat-> and cia. 5Irillp 
lIeN! no longer present, but copepods were very abundant" (harpactacolds 
doll i noted over CJF.I cpo i cis ) . Bo th harpac toea i d and CJF.I cpo i d , copepods ooere 
carry I ng eggs. A I so abundant I n the plank ton SQIIp t e ,were t I roy, brown, she II ed 
an i IIC\ 15 tha t IIOVQd I i k8 rot i flll"5 and HNI not i den t i f i ed . Tha5e Dr9CIIl i AS 

Hre abundant I n the west end of the pond through June . A I though the east end 
was beCOII i ng i ncreas i ng I II sa line, the _t end _ s tI I I NICe i v i ng sea water 
Input, and I ts salinl til rellQlned 10. (39 ppt>. Plankton at this ,end Included 
the SQM spec i as as at the _t end in add i t i on to waw boat.--. and c I a. 
shr I lip . Our I ng JI.rIe, pond sa I I n I til at the eas t end re.a I ned neer 9:5 ppt . 
Plankton species co.posi tion, abundance and distl'ibution _ siei lar to that 
dur I ng May . F I dd I er crab I arvae lIeN! found I n the fresher west end. 

The pattern of species Urnover wi th sal ini ty ina ease obserVed for both 
plants and zooplankton in Guano's pond (figure 2) .ay be rep! esentatlve of 
saasona I CJF.I as in sa I t ponds throughout the au I . I n other sa I t ponds 
studied, ~ species present In loe sallnl ty ponds were not present In high 
sal ini ty ponds (figc.re 2), following a pattern siei ler to Guano's pond. 
Sa lin I ty In IIOSt local sa I t ponds eye I es • i th seasona I wet and dry IH!Qther 
patterns, and should be paralleled by a Cl,lCla in species COIIpOSi tion following 
the sUCCHslonal pattern shown In figure 2 . ClaIII 5Irlillps, eosqul to larvae, 
fiddler crab larvae, fi IQMI"Itous green algae, and Auppia grass ...... found when 
pond sallnl ties lIeN! relatively 10411; water boatllen lIeN! abundant In a wide 
range of sal ini lies, but disappeared after sal ini ty reached about 90 ppt or 
1IIOI"e . In SOIDe ponds, copepods were abundant at intenlediate sal ini ties, 
be I.IIIUn about 60 and 130 pp t. Br i ne shr i lip 0CCUI"t"8d on I yin IaONI sa line ponds, 
with, salinities over ,120 ppt. 'At high salinities, oVer about 120 ppt, all 
zoop I ani<. ton i c spec i as eXcept br i ne shr i lip d i saPPaarad . ' ' . 

On the basis of food abundance alone, relatively fresher hypersaline ponds 
should be preferred by flaeingos . These ponds generally contoin greater prey 
species diversi ty and abundance, whi Ie in very sal ine ponds, species diversi ty 
i s low and zoop I ani<. ton popu I a t i ons are very ephetoera I . However, factors 0 ther 
than food abundance (such as retllOteness) are a I so i IIIpor tan t to f I alii i ngos 
colonias, and flQlOingos would probably not visit highly disturbed ponds no 
ilia tter who t the plank ton dens i ty , 
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Characteristic salinities of salt oonds: 
The d I SCI.ISS I on abcMl shoMd the 11IpOrt.anc. of IIOtr sa lin i ty to 

zoop I ank ton spec I es CQIIPOS I t I on and aIx.rIcIc:1nce. A I t/"oouti1 ral nfo II I. the _t 
IMadlatal1,l obvious factor affecting pond sallnl tI,I, the ~t of ...ot.. 
I f"4lUt I nto a pond IICI\I be aqua I 11,1 or lION IlIpOrtont In detr.1 n I ng Iorq-'-
~ sal inl tI,I. Of the ponds studiad, those that ___ .. II Iso I a tad froe 
the sea, tIM; rece I y I rig I Itt I e sea water I f"4lUt either OYer I and or ur dIf ~"OIIId, 
___ gel. 13 I I Y frestt. . than those 8 i th lION freql.*lt sea IIOtr i f"4lUt .. 
HoeIeYer, 4Ihen a pond reeelyes so .uCh sea water on a .regular basis that It Is 
affectrY4ily flushed; the sal ts in the pond water bra not" giYan ti.. to 
coucelltrate ~ eYOpOI"CIt I on, and sallnl ty re.Jlns 108 . Ponds that ere 
.. II isolatad froe sea watr If"4lUt, such as LH BaI,I Pond, recaiYa their IOOtr 
froll ral n, and they dr1J up COIIp I ete I y dur-I rig the dr1J ~. A certa I n ·~t 
of sa It, preHnt I n the pond bad, d I sso I \HIS I nto the fresh IIOtr. as the pond 
fills dlrlng ralnl,l periods. These sol ts orlglnata froll Infraqulllt occasions, 
such as __ stara, .twn the AO washIIs I nto the pond, ond u-...,. era 
r8CIJC lad dur-I ng . the. pond'. HOSOnO I f I II I ng' and dr1J I ng. I n ponds tha t haY8 
SOM regu I or CICOHS to AO 110 tr, but era no t f I.ushed, ..,.ar- '1'OU'\d so II n I ty I. 
gar. alll,l hl~ . 11oder1318 If"4lUt of sea IIOtr only Incr_ salinity bI,I adding 
lION sa I ts to the pond ah I ch era than conc8I.tratad t.hroc.qI 8YOpOI"O t ion. 
Sa I I n I 11,1 I n these ponds dea 'eOSe5 froll ral n and pr obab 11,1 a I so .nen h8aYy 
s tara flush the ponds • i th sea .a tar . I10st I CII"9'I ponds I n the au I; inc I ucI I rig 

Be IlIOnt Ponds, Sprat Po I nt Pond, and the ponds on AnI!gada, ere of th I s sort. 
Ponds such as .los i ah 's BaI,I Pond and the southam pond on Hoock.r I s I and era 
I ntrMd I a ta be'-l haY I rig near I y no sea IIOter I f"4lUt and IIOde! a18 I f"4lUt, and 
thaI,I pr obab I Y CI,IC la ba tM8n 10. and h I ~ sa Ii n i tI,I depat ding on ~t of 
rainfall . 

Ponds tha t haY8 p4II Il0l •• t d i rae t I ntat char IgII • I th the sao, such as . the 
northern pond on Necker Island, have loti sallnl tl85. Sea water exchauge 81 th 
pond .otr I. so fr8Cll*lt I n such ponds that or". h,Ilrsa I 1M COIIC*. trat I on of 
salts 81thln the pond .atr I. soon .Ixad 8.lth fralhar AO .ot... 1Jnd8r- . thesa . 
concIl lions, ·ralnfall . · hcis ' II ttla aff.et 00' pond ·sallnlty . Por:ds that haYa '. 
constant 10. yol~ sea .ater If"4lUt Into a localized area of. the pond .ay not 
ba COIIp I. ta 11,1 fI ushIId. Ins taod, 10. YO I ~ sea wa ter i f"4lUt causes a sa I I n I ty 
!rCId I ant acros. the pond. ANIas near the sea .ater I f"4lUt I"eIIO I n 10. In 
sal ini ty, .ttl I. ""- for froe the Input ba ..... very sail.... Biros Creek Pond 
and Duana'. Pond, both of ahlch haYe sea .atr prlllp8d Into thea, ora 8XOIIpies 
of such a ponds . PraY i ous to 11orch, 8han the YO I ~ of sao IIOter pi.-ped in 
_ qui te high (about 23 II ters/.lnute), Duana's pond was probably closer to a 
COIIp I e te I Y flushed panel. 

PhyI:lcal factors qffectlna bioloaical !l!'9!!ortiYi t.y in 191 t ponds: 
In _t aquatic IICOSI,ISt_, nutrients are 11.1 ted and toos pier", an 

IlIpOrtant part In detr.lning biological productlylty. BIIcao_ ~IIM 
ponds era such harsh anY I rot_ its, f.. 0f'9CI'\1- can I I YII ttor., and nutr lents 
era often not afficlentll,l UMd (Copeland, lQ117) . 1~la18 UN of nutrients 
and organ I c coapound. I n an IICOSIJSt.. suggests that the I f"4lU t of excess 
~trlents lIQUid not lio::r _ productiYI 11,1 . He ...... , GoodIIln at 01. (1084) 
fOl.nd that fertilizing ~llni ponds llQUici '1 ncr __ algal !r08th, toos 
prov i ding lION food for br I... shr hop. HI,IpIIrsa I i nil ponds testad In th Is_ tudI,I 
had n I trata and phosphata COl iCentrat I ons up to ·thrM t 1_ (for nitrates) and 
.ix 11_ (for phosphates) greater than sea IIOtr (tabla 1) . In an affort to 
det_IM 8hIIther rain NIlQff froll land carries nutrients Into ponds, an 
ana I .... I. of sci I chMl_tr.,. and rain IIOtar _ parf~. Iio cor-relotion _ 
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f CUld between pond ..... tr i ent cOllcelltrot I on and ..... tr I ent I eve lsi n SIrf'OUnd i ng 
soi I (table 1>. Hutri~ts In IIUd froe the bottOil of Guma's pond .re 
extreeely high. Hattral so i l conta ining !lOde! ate nl trote and high phosphate 
COIK:elltrotions was soaked in rain .ater for one hour (it was periodical/II 
shaken to encourage solution) . After the soli _ fll tered out, ..... trlent 
levels in the soi l-exposed rain .ater Mre zero . !.hen this experl~t was 
perforlled on Guano's salt pond 1IUd, however, ..... trlent levels in the rain .ater 
beC<llae IIer\I hilta (~ter than that 01 the sal t pond's .ater) . !later sa.ples 
taken fro. Oi.Iana's pond a1ter heavy rain on 2211ay hod YerY low ..... trlent 
concentrations (table 1> . These re"sul ts ind i cate that IDOst ponds do not 
receive ..... trients fro. rain fVlOff . AI ternatlvely, ..... trient levels in sal t 
ponds .au rise throI.ql cOIK:ehtration 01 sea .ater . As sea IIOter, lIhich has 
low ..... trientlevels, enters a pond and cOllcehtrates by evaporation, ..... trient 
levels wi thin the pond should i ncrease . a." using sal ini til as a indication 01 
'evaporat i on and COllcehtrat i on of sea .ater in sa I t ponds, the I cleo that pond 
..... tr i ent I eve lsi na ease throt.ql the evaporat i on 01 sea lOOter can be ana I \jsed . 
As .sal in l ty i na eased in Guano's pond, ..... tri~ts ina«l5ed, and, In the 
various ponds studied, higher salini ty ponds hod higher ni trate and phOsphate 
cOIK:ehtrations (figure 3). This suggests that the cOIK:e"tration of sea IIOter 
throI.ql evaporation provides high ..... trients in pond IIOter . However, i 1 the 
SOtrCe 01 pond ..... trients Is Internal ( i .e . fro. b iological cycles), low 
sal ini ties aay IleN!ly represent a di lution 01 pond .ater rather than an 
ind i cation of little COIK:etotration of sea .atet' . This is especially 
prob I elIOt i ca I 10r coepcr i sons between ponds III i th d i 11 erent I eve I s a 1 sea .ater 
input, but the pattern held within Guano's pond in .tlich sea IIOter Input .os 
constant and regulated . 
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FIGURE 3: Plot or pond nutrients (phosphates and nilrates) versus salinity. showing a linear 
increase or both nutrients with increasing salinity. 

~tion of sa ~ t pond habrtats : 
Sal t ponds i n the BVI are, 10r the IIOst part, h i ghly product i ve and could" 

provide r i ch food sources for flcaingos . SolIe sal t ponds are sti II lie I I 
preserved and und I sturbed and shou I d prov I de ideal f I OlD i ngo hob I tat . I f these 
ponds, in particular, ONI protected froe any disturbance or developooent of the 
surrounding land, a successful . reintroduction of flOlDingos is I ikely . III th 
enough hobi tat, flOIII i ngos wi II reproduce, and in a n<.aber of \j8OI'S, BVI ponds 

9 3 

• 

73. 

[ 

[ 

[ 

[ 

[ 

[ 

I 
[ 

[ 

[ 

[ 

r 



j 

-1 
J 
] 

] 

] 

-
] 

] 

] 

] 

] 

] 

] 

] 

J 

cou I d be ~ed .1 th large flocks of these IIIOgn I f I cent birds. The success of 
the f I (III I ngo re I ntroduct I on pro j 8C t dapeuds on the nuMler of hac I tIY,j f I QII I ngos 
that are brough t (they are lION! I I ke I \I to breed I n I arge flocks) , ond the 
ab i Ii t.y 0 f BV I ponds to suppor t thaID . The ponds 0 f Anegada, be I ng both 
productive ond very Isolated, provide the IIOSt Ideal flOlllngo hob I tat . 
Hoooavar, any f I QII I ngo cD I any as tab I I shad there IOOU I d _t I I ke I y need to fead 
fl'Oll ponds on surrounding Islands even befOf'e their p<lp'Jlatlon gets large. 
Thus, there Is;, pri..".i Iy, a need to astabl ish ~t protection of 
Anegada ponds, and... secondarily,. eff"orls shoUld focus on protecting a nuIIIber 
of" otNr sti II well-Pres&rved ponds . Ponds s;uch as BelllOnt Pond <TOf'tola) ond 
Sprat Point Pond (Beef IsICl'ld), being IK!II-preserved and isolated, -av provide 
Important food rasourcas for f I OlD I ngo popu I a t I on. and daserva pro tact Ion. 
AI though other ponds, such as Josiah's Bay Pond are highly productive, IIIany 

ere likely too disturbed to attract fltlllingos, but MOSUrQS to exclude huIIOtI 
traffic ond livestock fl"Otl areas around these ponds could turn thetll Into 
sui table flcalngo hob I tat . . I1ot:t sal t ponds; in the BVI provide feeding and 
breeding grounds for native IICIdlng birds such as black-necked stll ts, BahaIta 
pintai' l ducI<J;;, ond thlck-bi lied pl~ . Tt-..as, lagal protection of salt ponds 
IH)Uld . benefl t IIOtl\I IIQterf~l, and, further 1fIOI"E!, it IIOUld assure the 
preservation of the uniqua sail pond ecosyslera in the BVI . 

GEI£RAl. COIiCWS IONS: 
1. Gradual increases In pond sal ini ties are paralleled by a succession of 

ltis sal Ini ly-tolaranl to lION! sal inl ly-toleranl organiSllS. Species 
coeposl tlon In BVI salt ponds probably cycles .i th changes In sal Inl ty, which, 
In turn, Is effected by seasonal .... t ond dry periods . 

2 . Low 5allnl ty ponds support a greater dlversi ty of zooplankton than do 
exlr_1 y hypersa I I ne ponds . 

3 . BVI sal t ponds have relatively high nutrient concentrations, ond the 
SOU"C8 of thesa r¥Jlrlants IlO\l be exlarnal . Runoff from heavy rains does not 
IncreaH pond r¥Jlrlent5, but c~tratlon of nutrients froll . sea .oter input 
.to ponds IIiCIY result In hlq,' nutrient . 1_ls i:haroclaristic of local · sail 
ponds. 

4 . For a parlicular pond, average yearly pond sal ini ty IlO\l be delerroined 
lION! by the QIIIOUIlt of sea alater input than by the amount of rainwater Input 
that a pond .. xper I """"" . 

~. The ponds on Anegada, being both reroote and biologically productive, 
shoo I d prov i de the bes l f I OlD i ngo hob i ta tin the BU I . Hotrr"ver, r"s i den l 
f I 0111 ngos wou I d probab I Y have to trove I regu I ar I y to ne I ghbor I ng i s I ands to 
feed . 

111 . §ij I t Jj9t'lil§ i Ii Ui~ IlV I cou I d prov i de i dea i hob i to 1. f Of' the once-t"lQ T. i ve 
Car i bbean f I ora I ngos , bu l I ong tar. succus 0 f a f I ora I ngo ra I n lroduc ti on 
project depends on legal protection of salt ponds. 
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