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OBSERVATIONS ON THE BREEDING OF ANOPHEIES ALBIMANUS IN BRACKISH

WATERS IN EI SALVADOR, CENTRAL AMERICA

1/

C. W. Miller, S. G. Breeland, J. R. Austin and F. M. Funes A.=
Along the Pacific littoral in the Republic of El Salvador, numerous
rivers flow across the coastal plain to empty into smalil estuafies.

During the rainy season, sufficient water is carried by these rivers to

keep the estuaries open to the ocean. When open, the estuaries are flush-~

ed bé the tides every. twelve hours. As the river flow decreases during
the dry season, many of these estuaries are Flosed by the formation of
sand bars created by wave action and form large bodies of impounded saline
water. The continual discharge of river water into these impoundments
results in a gradual decrease in salinity. Accompanying this is an ex-

pansion of the water surface into heavily vepetated 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 for various anopheline species has been well documented. Both

é/ Research Biologist, Entomologist, Entomologist and Assistant Chemist
regpectively, Central America Malaria Research Station, San Salvador,
El Salvador, Malaria Eradication Program, Center for Disezse Control,
Health Services and Mental Health Administration, Public Health Serv-
ice, U.S. Department of Health, Education and Welfare, Atlanta,Georgia
30333. This Program is supportéd by the Agency for International
Development, U.S5. Department of State. -
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Darling (1910}, and Simmons et al. (1939) reported breeding of A. albi-
manus in Panamanian waters with a salinity value of 80 percent sea water.
waever, Shropshiré and Zetek (1927) reported an upper salinity tolerance

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

Rico, Hurlbut (1943) enc0unteréé field populations breeding in 80 perceﬂt

sea water.

As part of an investigation on the ecology of A. albimanus 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 city of La Libertad. The ralny 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 January or Feb-
s
ruary. u -

A total of twenty stations were established in the estuary for larval
dipping and water sampling. 1In addition, weekly samples were taken aloug

the boundary of the estuary. TFigure 1 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: fl) to allow for any influence of groundwater seepage or
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movement: of tiies oceamn waterroverrthezsand sbar when the estuary was closed,
amt (Z)) toc errsures thatcwaterrwassalWaysszpresent at the s.ampling' locations
whem tifes esstuary; wass openn . QBcasidnakly- it was necessary to omit a station

dues tor tite: diFFHculty: of travedithrough-the area.

-

. Tes prectomiirants speedess , andZ thezonly anopheline ever encountered,

was __ZA_a_ gliiimarmuss adthoughhoccasionatli~Cdlex sp. were found.

-

L
. Water samples: weres collectedieachmmonth in cork stoppered bottles .

—

foronr tite: sunface: leved. ofZthecwaterrattthe time of larval dipping. Analy-

she for salinity: of” these: samplasswassmade following the procedure of

SnriickTand and Parsens: (1960) .. Thisztechnique is a titration process

. whdich measuress the amount- ofhaiidézhaldgen ions present by precipita-

triiom witdh. silvea~ mitrates. Fbrreach-month samples were collected from

thee estuany,. a: samples wass alsoectakennfrom-the ocean. The average halide
. }l -

halogen fom cormcentration forrthese-ocean- samples was 33.9, and this

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

Results: The estuary closed to- the-ocean-January 14, 1969. The presence

aff Tarvae was: deteeted: the! fpllowing:month at two separate stations

(table 1). In March, all. stations.were.positive for larvae. The de-
. H

crease im salinity in April and-May was-accompanied by an observable

fncrease: fur thie: numberr of! larvaespresent; although a few statims were

.

found-to be negative.

The: estuary. wass openede to.thesocean artificially -on June 13, 1969.
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THez an_tiin:nssdiﬂ: not-witnesssthidcopering,: but local residents indicated
smes Uy pes off t:;:‘a;ctorrwa's susedl. ThHe:=day following the opening, no larvae
ool Bes £ound: atT anyrseakidny . THisswas::attributed to the flushing.actiom
uxnseﬁiByvdizihing;wazer;-deIGWQéibﬁ;tfdal exchange. As loné as the
estuaTy” ‘i'aéra-:{nedé open;.noclarvat populatioas were cbserved .

Tﬁee-&'sinar;r_:remaiﬁed:'opea:ta cthezocean until February 18, 1970, at
witich time: it: wass sealéd<by~the sfdrmation of the sand bar. Salinity

valuess forwaters samplégscolléetedzduring that interim closely paral-

Telledd those: reportedc forrthe smonthk-of ~June, 1969 (table 1, Figure 2).

The: first- larvaesweeesdetected-Jin-the area during the last week of
Marctt,. 1970, . approximatelyvfive sweeks :after the estuary closed. The
_awexrape: saliirity-oflthezareazat:this stime was 61 percent sea water, how-
evex: att omes off the: positivescolléetian-stations, number 3,salinity was
nﬁnnrdéd:at:TUZparcént:seaawatezr. This was' the highest salinity valﬁe
at- which the species:zwas:ever found. The following month.the average
gzlinity of the water:had.decreased to 43 percent and there was an in-

crease: in the: number of. positiyve stations. Again, larvae were collected

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

Breeding continued to increase each month thereafter as the salinity
derreansed. Uhusoally heavy-rains :fell during the first part of June and
at the time of sampling the estuary was fast approaching the fresh water

state;, with- an: average-salinity of .2 percent sea water. The day after
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sampliing, tile estuary: opemed® spontaneewsiy-tocthesocear-and once again,

begiimoirg: thee day- foldbwings thes opernibgcandd sabsaquently,no larvae could

be fonmt at any stariom.. THes: regulars Jidg-sarvey:showed an average salinity

of 64 percent seax water..

x

Fhghwe: 2 sumtarizess thes conditibnroftheeestuasyand average salinity

walues im reldtion to desredopments ofZ LlarvalIpopulations.during the entire .-

study” partod.. As HTustrated’. thessalinityvofithe:zwater was low during
the months of Joly,,. Augusd: and? Séprembersy . 19695 . Thisszis indicative of

thee eovy: redns whiich: 1! dirdihg- thatoperiddd Idrgeneral, the incoming

tide foaced tie fresin water- back: intoothesvegetakivezareas with the result-

&t formatfon: off & mixdngs zomes betweenzthesfresh-and.-salt water, the fresh

- —water offterm overyiding: thes splt- watex-at-thisszonesz . THis is reflected in

the samples takew ar this: time: and® explains:the:léawer-salinity values re-

Fl

corded for tiis periad..

Discussion: It can be noted that at station 3, the saliuitj} was 81 per=-
cent sea water in February, 1970 affer-the-area closed to the ocean. The
following month, this at‘at‘iorr‘wass positive with-third.and fourth instar
larvas at & salinity off 700 pe}:ceni:: sea:water: The:general trend was for
the salinity of the water to decrease once the estuary closed to the
“ocearr. It cam therefore: be surmised: thatsthe salinity at the onset of
Iarval developmerrt was: somewhat: higher-than-thatzatwhich the larvae were

found, falling between the values of 81 and‘70 percent sea water. This
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pgi:amssour:resgﬁ.tssiﬁ:c losezageement: with:-.the findings of two authors

amti ibditaress aacuppeessakinity taleérance: for A. albimanus breeding in.

titiss estraryr ofZ approxidately 75 pexrcent sea water.

Statdidnss located-atsthe stemminiak ends- of the estuary often had sal.lini.ty.

7

Rl

AL

vadliess approximating  ffesh *wates where the:estuary was open to the ocean.

Thiss wonldZ saggesttazhahitat ‘s fable for-breeding, whereas in actuality P

thiese: fiinddingss servesto-deémonstrate sthet.action of the ineoming tide in

hHodditgs ands férciﬁggthé)effe&lzrwataa:s:bédc.- Visits to these stations at

periodss of lowxtideszreveakéd careas:ccompletely free of standing water.

Thies constamts fluctuationninwater devels during these periods is consgider-

,.,,..,
LY

S

ext! ags tHesprimaryvfdetarrin:preverting: breeding and larval development.

T Mémy-stationsswirich were spositiive-onemonth would be negative the next.

~~monti.. THis:wassattribuated:to -a xising. water level resulting in an_ inunda-

tdinr. of: the- protectiveiweed ‘covermormally associated with larval popula-

ST

tions. In addition, the absence of -such weed cover made the area more

subrject” to wave action and ‘hence:produce

AN

d- unstable e

o

nvironment. As vegeta-

tive: growth- continued; .the-area would once. again develop into an.acceptable

habitat.

This: study illustrates.the .ability of A. albimanus to propagate in waters

of high saline content :provided ‘that the waters are not in a state of constant

-

+

Fluctuation:. Careful consideration-should. be given to such areas as they i
3

Become. stzbilized:-and ‘methods sof ‘reducing the breeding potential utilized

wirere: possibie. .
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Tablé 1. Relation of salinity, expressed as percent sea water, to breeding of Anopheles
albimanus in Estuary San Diego, %1 Salvador, Central Americai , '

1969 1970
tﬁ?iﬂﬂ—/ Febf Mar . Apr. May June Jan. Fab. . Mar. Apr. May Junge July
) . 40(+) 34 27(+) 81 90 50 59 49 4 2(+) © 82
a = 43(+) 37 29(+) 83 88 69 58 o B4() 40 &(T) 80
3 = 51(+) 39(+) 34 (+) 73 87 81 704+) pE(tY  5H() ith 8¢
& - BL(+) . 36(1) 47 (+) 34 = = . .74 21 (+) f0 - 40
5 - 47 (+) 38(+)  31(+) 38 o - 3 56 (+) 43 ¢+ = 36
f : 80(+) 36(+) 29(+) 56 B4 53 87t} ‘87 41 ¢+ 1363 51
7 3/ 48 (+) 35(+) 27 85 8 87 58 48 39(+ 2t 84
;) mﬂ 40(+) - 35(+) 37(+) B4 84 55 38 49 38(t) 3¢t 99
- 9 40(+) 34 () 27 8k 81 33 28 z %%‘r% 3Lt 87
o ©4T7(+) - - - - = ‘= = . 11£T 3 g7 -
1 ‘t5iﬂ . 30(+) 27(+) 20(+) 4 4} 4} 3}1{H) 35 BN . N I
32 - 48 (+) 39(+) 20(+) 1 99 9 78 = . 5.1(1“3 S 3
3 65 4B (+)- 3%0 - 3 18 i 74 g a3 (t - 12
4 - 4B {+) 3°(T) a 38 92 ﬁg 1188 24(1) : g
5 - 43 (+) 78 >~ 9% 87 8 - 39 <
6 1 26 ) 1) 1 R VYOS eIt M3 3
70 4 36(+) 3 194 £9 S S : sy 32 7
; 53 GLGH 32 27(h) 79 I (I 45 3 2
g 53 . 52(+) 33(H) . 340 - 97 . 85 . SO B gt
20 . - " 23(H) 23(+) 88 78 13 5 220 chics “EJ{ Ra
Avg. 49 43 33 28 62 84 §2 61 43 41 2 94

1 - Salinity was determined following the method of Strickland and Parsons (1960). Percent salinity was calculated
using 33.9, the average salinity value for sea water collected from the ocean in the area of the estuary during

the course of this study. 1In 1969, the estuary closed January 14 and opened June 13. In 1970, the area closed
Februacy 18 and opened again July 1. . g .

2 - See Figure 1.

3 -« (+) following salinity value indicates the presence of larvae.

ﬂ,f
b

>
\5 -:-:l-l 2
SR
v
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FIGURE 1. Diagram o Esters 84H Diegs 4t Location of Statiohs Used in
\Watsr Sampling and Laral Dipping.
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A
Figure 2 Topographj.cal cOdstian of Esterc San I!iego
and related Salinity Vaiues in Relation to
Larval Populationsg
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