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OBSERVATIONS ON THE BREEDING OF ANOPHELES ALBIMANUS IN BRACKISH 

WATERS IN EL SALVADOR, CENTRAL AMERICA 

1/ C. W. Miller, S. G. Breeland, J. R. Austin and F. M. Funes A.-

Along Ehe Pacific littoral in the-Republic of El Salvador, numerous 

rivers flow across the coastal plain to empty into small estuaries_ 

During the rainy season~ sufficient water is carried by these ~ivers to 

keep the estuaries open to the ocean. When open, the estuaries are flush_CO 

ed by the tides every twelv~ hours. As the river flow decreases during 

the dry season, many of these estuaries are closed by the formation of 

sand bars created by wave action and form large bodies of imE0unded saline 

water. The continual discharge of river water into these impoundments 

results in a gradual decrease in salinity. Accompanying this is an ex-

pans ion of the water surface into heavily vegetated areas and the sub-

sequent development of larval populations of Anopheles albimanus Wiede-

mann. FollOWing the onset of the rainy season the water level continues 

to rise and the river flow becomes strong enough to cut a channel through 

the sand bar and these areaS open naturally to the ocean once again. 

The suitability of such brackish or saline waters as a breeding 

habitat fpr various anopheline species has been well documented. Both 
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ice, U.S. Department of Health, Education and Welfare, Atlanta,Georgia 
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Darling (1910), and Simmons et al. (1939) reported breeding of !. albi-

manus in Panamanian waters with a salinity value of 80 percent sea water. 

However, Shropshire and Zetek (1927) reported an upper salinity tolerance 

for this species of only" 57 percent sea water, also in Panama. In Puerto 

Rico, lfurlb~~ (1943) encountered field populations breeding in 80 percent 

sea water. 

As part of an investigation on the ecology of !. albimanuB in Central 

America, the breeding pattern of this species in such coastal habitats 

was studied between February 1969 and July, 1970. 

Study Area: Estuary San Diego is located on the Pacific Ocean, 3 kilometers 

east of the port c~ty of La Libertad. The rainy season generally begins in 

early May and the estuary opens to the ocean in June or July. With the ter-

mination of the rains in October, the estuary will close in Ja?uary or Feb-, , 
ruary. 

A total of twenty stations were established in the estuary for larval 

dipping and water sampling. In addition, weekly samples were taken along 

the boundary of the estuary. 'Figure I illustrates the general outline of 

the area and location of the "sampling stations . 

Methods: All stations were sampled On one day during the ·last week of 

each month at a time coinciding with a-high tide. A total of ten dips 

were taken at each station. It was decided to sample at high tide for 

two reasons: (1) to allow for any influence of groundwater seepage or 
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arnli ~Z:») t:r;r: ~l":e2 ttr.ct;::wat:M":-was"alway.~"present at the sampling'locaticns 

wIient t:!ie?, e-st:Itar:y; w8,1ls~.. Occasi6na:kl:li:. it. was necessary to. cmit ,a s taticn 

<l:iIe = t:!ie? di'ffi'cu:ll:¥.: oX: tra:vea'l thi:cugq:,the area. 

, me n'- eili Ii,ciiran:t;:: s.p:eed.i!s~ . and:: thescnlj ancpheline ever enccuntered t 

vma; Pk .. ",llliirranuss allhiougl;i.'o occasionallY':Ctilex sp .. were fcund. 

~:mmp-J:ess wein= coileeted::each,cmcnth in cork stoppered bottles 

filroltr tlie ",more?" lffirea: of:the"wate1!:-at :the time of larval dipping. Analy-

siliffi ~,ffiFI±rricy':o~ttieBe~sampies"wa~made follawing the pracedure of 

ffimjidHamE arnE P"m::s.Drrs.s C19M»)., T1fissteehnique is a titratian pracess 

wfuiiclt nre:a:sm:;ess tli"" amoan.t= of:halidesha16g<?n ions present by precipita-

ttiiam w.:i:t::fr. si:Ther:-rri±:r:at:es, Forl'each::month samples were 'collected from 

tJ:IIe esn,any.-,. as =p-.leewassaisectaken::from-the, ocean. The avera,ge halide , , 
IIailiIgen i:arr, c:oricen:t:r:at::iarr for:- these~ocean - samp les was 33,.9, and this 

value was used to calculate the-percent salinity of all estuary samples. 

Results: Ibe estuary clased ta-the:acean-January 14, 1969. The presence 

ocff ~ae; ~ dat:e£:ten:: th:e~ following;manth at 'twa separate statians 

(!:able 1.). In Mar,ch, all_ stations_were_positive far larvae. The de-

crease iIT sS'Iini:ty irr Apri l' and: May- was, accompanied by an abservable 

~e: i:rr tfre=. numb"ex:- o£: larvaeepresent; although a fe~v stati ens were 

faurrd.- to. be. nega t i vee. 

Tlie; esntaJ=y:'- was" ovened-o toc the, ocean ,artificially 'on June 13, 1969. 



11'fre auJ:itor!Ss ctiiE nnt~wi:tness3thiasop¢ng,: but local residents indicated 

SDIllE< tlY-P.E of: tractorl:"was sused;". Tlle.:d~· following the opening, no larvae 

qm"lm lie< filtoItEaE:: any::s£aai:cin7 .. Tlli:s:iwa8!=attributed' to the flushing .action 

crm,s-e<f Oy'- d±:aiiringcwaEe£;-. f6U<iwed'oby::.tidal exchang~. As long as the 

eeh'arY.'-r.emainerlCopen~.nocla£Val:pavcrlarions were observed. 

Tnree~n~'-remainea=opeR~to:the~ocean until February 18, 1970, at 

mtiirlh t:iine;o i:t~ wass seaiitiac.by:.-the.efd!:ma:c:ton of the sand bar. Salinity 

"",Ji"'85 fur::-watet samp"ies5colle.cted:duting that interim closely paral-

~ t"I:iose: rEpnrtedcf6r""the~month:~0f-:Juhe, 1969 (table 1, Figure 2). 

TIiee fi±:s'l:~ larvaeeweEeEdeloeGte:<i=±n:the area during the last week of 

Manili"" 1"90-70:,. ap:p:rnx:imaEelii:--ffue'~weel<s:oafter the estuary closed. The 

._CS'"~"O. s53-"jhjt¥.:.--of=tbe~aEea2a12.:th±s...=time was 61 percent sea water, how-

eyer at: orreo of:th"e, positi:"ile~colle.Gti:cin·-stations, ~umber 31 sal:i,nity was 
; 

necuLd~~at: 7D:pE£cent:sea~waEeE~. Tnis·was· the highest sa~inity value 

at which th& species~was,ever found. The following month the average 

salinit~ of. the. water: had. decreased to 43 percent and there was an in-

craaS~ in- the~number of_positiye stati9~s. Again, larvae were collected 

at station 3, where a salinity value of 68 percent sea water was recorded. 

~reeding continued to increase each month thereafter as the salinity 

<fuc:J::e:as.e~ UflUsuaJ.lY- heaVY-'rams ~fe:1Lduring' the first part of June and 

at the time of sampling the estuary was fast approaching the fresh water 

sot:at:E, wi.th·.im:-. aYerag~:salinity of.2 .percent sea water. The day after 
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s;amp;11fug;,. t::lie= estum=y: ~ s:ppn:taneeasi}r::to<>thesocearr-and once again, 

1iregiinmfrrg; tln= ~. fir1~1hw.fug;;; tK-ee. op~milggaR<ksRbseq~ent.ly:, no larvae could 

he ffaund: at any' stRtj"orr.. Tl.'ire rBg!dar:- Ju.tl.y;sRrvey:.'slIawed an average salinity 

· 

, , 
JfiIgjll!e Z' ~ tfu= cmid:i.:t;ii>n.,of=theeesEuat;y:'and .average salinity 

'" .wmJltte.$ i:n: """'ati-orr. t:oJ d:i!YclDpptent: o:f:::lanraEp!,p>llit.ians .. during the entire 
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sb:D:f:t pactod: .. ArE :tIli.tstr:aa:erl:',. the2sailinity-.'oEthe=water was low during 

ttI'ne rmmtli-s; o:E .ru:I.y;;,. A'ugp= amE S.ep;tembe~:; .1969.~.- Tlli:s.=is indicative of 
"'-. L= ..• ' 
:": tile fu=""Y: rafrra; wIH:'c:fr. fi=lll dUriirg:: th'at:P!!ld6d-=- lii:-g~e-ral, the incoming 

. , .. 
~ 

imt. fa1:nr.ttjian: o:E IE nri:x.:ing;: ~0IIe2! b'e1:weea:>the"fresh::and,:salt water, the fresh 

-"""=-- <rEt::err. (merniH1il-g;: t:l:iESEB:li:=-watea:::at:thI.s.szana~. TIlis is reflected in 
jl 
~~ 
, . the ."'amp Ies- t:akerr_ at t::!ii:$ tiine= and: exp:iains, the,16we"E :-salinity. values re-
fj 
" Iii " 
m ." 
" Discussion: It. can be notad that at station 3, the salinity was 81 per-

~ _ . .0:: 

~ 
cent sea water' in February, 1970 afterthe--·area closed to the ocean. The 

~ ,:;1 

~ 
fallowing month, thTIr s.t:ariDrrwas;positive with·third.and fourth instar 
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the salinity of the 'water to decrease once the estuary closed to the 
t· 
'. .. OCEan. rt: carr tIT~orE be surmised: that: the salinity at the onset of 

" i?; 

~ 
Jica:va:I creveIupmerrt: was; somewhat: higl:rer:than:.that:at.:tmich the larvae were 

1 

il 
~ 

found, Ea:LLing between the values of 81 and'70 percent sea water. This 
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WBre"S5=res","-t5"i":::clQse;ta~t:::wlot:l).:.the findings of two authors 

amti tird:li:a£essaa::ullP"E::Salin±C.",,:.ta:l:e:l;:aru:e: for !!" albimanus breeding in. 

S3::ai:tiDhss)ocaJied::aE,::the",te:arr±ria-.J.:ends:..of the estuary often l:\ad s';linity' 

TIiti;s woulil::.sagggsE:: a2hah.i:Eata ~Sll;j -ernT-e' <for :breeding, whereas in actua Ii ty 

~ flirding§=ser:ve"to:ilemons=t<!:ithE:,action of the incoming tide in 

Il:txli:l:l.n&; amI:: forc<i.ilggtheefres!r.;wareJE:back:.· Visits to these stations at 

peri.Ddss of: low...: l ides.srffilea1e.d .:ar=sc£comp:le.tely free of standing water . 

. TIie ClDttS3:=: fluctuaeiQu::in;.wareJE :le.Ve-1s~'liuring these periods is consider-

erliass th'e2pr:i.mary::faetar:::in;p=rera:i:rrg:;!>reeding and larval development. 

. -- Ma.ij:"·s3:a1:J.imsswti'ichc.we"e-q>os:it:i.v.e:;one::·month would be "egative the next. 

--!JIOIrt:ti-.. Tliis,was,attriboted:to'a ir±s:ing .. water level resulting in an inunda-

t:dDrr. of the~ prDtective~weed :co:lleE:nonmd:Ly' associated with larval popula- ~ 
i: '.' 

t±ons. In addition, the absence of -such weed cover made the area more 

AU t· 
sulrject~ to wave action and:hence:-:pr:oducecb unstable env~ronment. As vegeta- r 
t:i..Vfr gJC.owth-. cont: inued;. . the.~al!ea ",0u:Id. .once. again deve lop into an. accep tab Ie 

habi.tat. . 

. This, s.tudy' illustrat.es _the .alrlli.t.y. of,!!. albimanus to propagate in waters 

" 
of high' saline' content :provided· 'tlrat· 'tire waters are not in a s tate of cons~ant 

~:. 

f:1hc:t;ua:tion-.. Careful :colIsidEil=atti:arr-shoU'ld. be given to such areas as they 

lie:!::omeo s!:-abilized::and:met=hods:oof: :redu:cing the breeding potential utilized 

wher:eo pDssible •. 

http:Carefullconsideinaton.-shou:1d.be
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Table 1. Relation of salinity, expressed aa percent sea water, to breeQing of Anopheles 

albimanus in Estuary San Diego, Ei Salvador, Central America!/, ' 

~ 
___ • It' .. '" ., ="_ .1_' ""'~ -" , !:~I =Oil:::: '" ..., ~ ! 

1969 mo .; , 

~ilHcm.a1 
-,.-~-.. - -~, - .---- . -.. _._, ..... ,_. , .=¥+.=- • __ • ,_. t 

r"p, MElr. Apr. May June -1"illl· V"p, . MilT, 1\)111, Mil)' JYIW Jyly , 
~ .. - , - -.. - - .. 

1- = 40(+) 34 27 (+) 8l !jf) ~P ~!j It!! Itl'l Ht) §~ 
~ = 43(+) 37 29 (+) III §a pI;) ~a M(t) 4P It(t) ·§rJ 

~'~ 1 = 5.H+) 3!l(+) 34(+) n §7 §~ JP(t) !i§ (t) liHt) ~m 119. if ~ 
~, .-

It ~ liH+) 3q(+) 47(+) 14 •. = . ·71t ;JHt}' liP = Itp 
lj . - 47(+) 3fH+) .31(+) 3a "- = 1t3 ljfi(t) 4Ht~ .. gfi 
Ii = liP(+) 38(t) 29(+) !iii §4 §~ fiHt} '!i 1 ItHt Htl §l 
'9 !i~ I It~(+) 3!iW 27 ~!j ijfi fir lj§ itA ~ij€t Ht §It 
~ li~(t~l !tA(+) 31j (tl 37 (t) ~It !lit li1j lj§ !til ~§(t~ 1r ~8 
!l - 40(+) 34(t) 27 ~Ii ~t li1 Jj§ : ~!l (t~ ~ t §1 

lP l\~ 47(+) Hft ~H §1 
H It~(t) 30(+), 2Ht) 20(t) lilt ftt Itt ljHt~ i~(t~ i§ t1 l-m 

:~ f'" 1-4 4~(+} 3Q(t>. 20(t} l- ~~ §~ 1fi ~Ht~ 
, - ~ .J1 

ift ft~ 
, 

~ R~ 4~(+)' 3~(t) '5 tRR ftli 14 It~~t - , 
, , 

!+ - It? (+ l 30(t) ~ ~R ~4 R~ ~Rft ~4 t~ -

II ~ 
. , 

44 (+) .1~ '" ~~ ft~ R i*m n 22(+) 1-Ht) l1(t>' ?~ ~~ ~ ~~ft>' Hn ~mt~ 
HI 

z . 36(+~ '3Ft) 19(t) ~~ n 7,4 i4ft 
~ ~~ 41(+) 34~t) 27(t> 7~ ~~ Eli ~~ t 

a1(+~ 53 52(+) 3~(+) . 34 (+) ~5 
I, I d .' 

4ft 
" . ' . , . 23 (+) , . 

~6 ~~ ft~ jot+ 20 23(t) ~~ . 78 \~ ~g 
" 

" . /1' 'Ii, \(1 I 

Avg. 49 43 3~ 28 62 ~4 69 61 43 41 ~ 64 . " , I " , . I , 

1 - Salinity was determined fol101ving the method of Strickland and Parsons (1960). Percent salinity was calculated I 

using 33,9, the average salinity value for sea water collected from the ocean in the area of the estuary during 
, 
t the cnurse of this study. In 1969, the estuary closed January 14 and opened' June 13. In 1970, the area closed 

l'ebruacy, 18 and opened aga in Ju ly 1. , 
'. 

I 2 - See P1guru 1, ~ ... , 
3 - (+) following salinity value indicates the presence of larvae. 

..... ,. 
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Figure 2 Topograph~cal Coddltiol1 'of Est~ro S .. n Uiego 
and related SaU.'nity Values itt Reiation to 

Larval populations 
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