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FEEDING HABITS OF FIVE SPECIES OF DEINOCERITES
MOSQUITOES COLLECTED IN PANAMA!

By C, H, Tempelis®* and Pedro Galindo*

Abgract: The hesl-feeding patterns of 5 species of Deine-
eerifey mosquitoes weee studicd in Panama, These included
Deinoeeriles poendes, 13, opiledens, D dpari, D melanoplhptlon, and
£, aaicer, A woral of 31H3 Blood mweals were identifisd by the capil-
lary precipitin methad and the results indicated that 3 of these
species, f) fwender, [ efdbedenis, and D, concer, fod readily on
bacsth pﬂikilﬂli]w[ufc and  homoiothermic andmals, while 72,
mefumepiplion and I dveef prefereed poikilohermic anhnals,

Two viral isolations have been made from faino-
cerites pcude; Dyar & Knab, St Louis encephalitis
{SLE} wirus (Crrayson ol al, 196771 and Venezuelan
equine encephalitis {VEL) wvirus (Scherer, pers.
commun. . These are the first viral solations Trom
this genus of mosquito, and are of particular interest,
as Bates (1949) reported that the genus Deinocerifes
is “sometimes thought to have lost the blood-sucking
habit.” This report provides the first data on the
verichrate  host-feeding  patterns of 5 species af
Dsinacerites that were collected in Panama.

MATERIALS AND METIIONS

Five species of mosquitoes were collected in
Panama from 7 May 1967, through 22 August
1968: D, preudes, D, dyars Dyar, 1. melanophyllum
Dwvar & Knah, D). gancer Theobald, and 1. spitedens
Enub. These species were collected al the following
locations: all of the 0. peendes from Nueva Gorgona,
all but 3 of the £, dyari were from Paitilla, all of
the L. melanspiplivm were from Colon, all of the .

cancer and all but 16 of the D, epitedens were from
Almirante.

Nueva Gorgona is located near the western end
of the Province of Panama and has a population of
about 40 persons, 1L is considered to be an area of
low rainfall, with precipitaton ranging between
102-127 cm {40-530 inches) a year. There is a long,
severe dry season extending from mid-December
to mid-May or carly June. The area is mostly under
cultivation with sorghum  and grazing  pasture,
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with deciduous tropical vegetation in the unculti-
vated arcas, The seashore 35 a sandy beach used
extensively for recreation, Inland from the beach
there are a number of salt or brackish swamps cov-
ered by pure stands of red mangrove (rees or mixed
stands dominated by the “manzaniilo™ tree {Hip-
fomans mancinedla). The collecting site was just back
of the beach on the eastern border of town. T was
a strip of brackish marsh complewely open in places
and partly covered by manzanillo trees. 'The enlice
strip was pocked by numerous crab holes, mainly
inhabited by the species Cardisoma eraisum, Mammal
populations were small except for domesiic animals:
the common opossum  {Didelpdis marsupialis), the
three-toed sloth {Bradypus grisens), and a few species
of rodents and bars, Shore birds, mainly pelicans,
sea gulls, and frigale birds, were often seen, Wading
Lirds such as Green Herons (Butorides oirescens’ and
Yellow-crowned Night Herons { Nycfanassa vivlaces)
were common in the marshes. Black [Coragypr afratus)
and Turkey (Catfartes aura) Vultures, and the Lesser
Black Hawk (futcogailes anthracine | were oflen seen
perching in the trees, Migrant sandpipers were
commaon in the fall and numerous passeriform birds
were also present. The Ground Doves  [Columbi-
galling lalpacatiy and  Anis  (Crefophage  suleirosiris)
were 2 of the most common resident birds, Reprilian
fauna was dominant in the vegetalion just hack of
the beach, The mangrove iguana (Clenosaura similis)
and the common ameciva lizard (dmeisa ameiva)
were among the terrestrial reptiles observed around
the craby holes, Two species of amphibians, the giant
toad (Bufe marinus) and the tree frog (Hyle gabba),
were common along the marging of the marshy
areas.

Almirante 15 located in a wropical rain foresc. A
full deseription of the study area has been given by
Galindo et al. (1966} and Grayson & Galindo {1968).
Several collecting sites were used in this area but all
were located in peridomestic habitats, Mammals,
birds, and reptiles were common at all sites. Domes-
lic animals, including dogs, cats, horses, cattle,
chickens, and ducks, were available to the mos-
quitoes, as their resting holes were within a fow
meters from vards and bueildings that housed these
animals, OF the wild primates, the black howler
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{ AMpuntte willasa) was present in the mangrove trees
at all times. Other wild mammals common in this
area included semispiny rats (Proschisgs semispinosus],
kinkajou [Pefes flazus), sloths, opossums, and several
specics of squirrels and bats. The avifauna was ex-
tremely varied and plentiful, At least 18 orders of
birds were well represented at all times. Reptilian
fauna was also very abundant, predominantly liz-
ards, and included Basilisouy basilisens, C. simulis, A
ameiva, and several species of Anolis. The amphib-
fans included the giant toad and the frog (fana
palmifes).

Colon eollections were made an the southern
boundary of this city along the *Colon Corridor,”
which is a 2-lane highway connecting Colon with the
(Clanal Zone mainland. The collecting sites were 2
narrow strips of lidal marsh, one on each side of the
cortidor, supporting red mangrove wees. The avi-
fauna consisted mainly of shere birds and herons
with occasional passeriform birds. A fairly high
proportion of the reptilian fauna was present ancd
included the common ignana (fewana igeasa) and
mangrove iguanas and ameiva lizards.

The Paitilla collecting site was a very narrow strip
of mixed red and black mangrove trees located at
the mouth of the Manzanillo River, within the City
of Panama, Tt was surrounded on 3 sides by human
habitations, including a boys® school and a drive-in
theater. Fauns was eelatvely low within the siip
of mangrove. A few shore birds and black vultures
roosted in the mangrove trees. Passerilorm birds
were common, There wers few wild mammals,
except for black rats (Ratfes raffus), but domestic
mammals, particularly dogs, scavenged along the
stream. Reptilian fauna was nol p]nn*.iﬁal,_ bt man-
grove ignanas and ameiva lizards were present.

Disinoeerites adults wore obtained by placing a
midge net over the mouth of a crab hole and blow-
ing smake into the hole or by Nooding the hole with
water, thus forcing the mosquitoes to fly into the
net, Mosquitoes were transferred from the midge
nets to plaster-of-Paris-lined 0,18 or 0.24] {6 or 8
ounce] glass jars and brought to the central labora-
tory. T slow down digestion of blood, all jars were
kepl on ice at 4°C until they could be tansported
to the labworatory, where mosquitoes were immedi-
ately sorted according to species and sex. Abdomens
of blooded fernales were removed from the thorax
with sharp micro-scissors, sorted by species nto
golatin capsules, and kept at —20°C in a deep
[eeze until ready to be shipped 1o California, When
a sufficient quantity of capsules was accumulated,
they were packed in dry ice and sent in insulated
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shipping boxes 1o the University of California by
air pxpress.

The 5 species of mosquitoes that were studied took
smaller blood meals than most mosquito species
previously tested, Due to the smaller blood capacity
of these mosquitoes, all blood meals were suspended
in .75 ml phosphate buffered physiologic saline
pH 7.2, rather than the 1.0 ml volume previously
described {Tempelis & Lofy  1963).

Farly in the program it became apparent that
other changes were required in our wsual test system
{Tempelis et al. 1967}, Initial tests were done with
3 antisera: a broadly reacting screening antiserum
for mammals, a broadly reacting screening anti-
serum for birds, and a specific anti-lizard serum.
If 2 blood meal was positive 1o either the mammal
or bird antiserum, it was tested further, using the
hasic sequence of anlisera  previously reported
{(Tempelis et al. 1967}, and additional antiscra were
prepared and added to the tests to identify hlood
from animals found in Central America but not
in Morth America,

Approximately 289 of the mosquite blood meals
failed 1o react with any of the initial antisera, which
had minimum riters of | : 10,000, OF these mos-
quite blood meals, 757 were tested with the boenzl-
dine reagent for the detection of hemoglobin and
2507 failed 1o react. The blood meals that were
positive by the benzidine rest were tested further
with specific ant-mammal sera thal ritered 1
40,000 and 95 of these blood meals were identified.

LESULTS

A tolal of 3185 blood meals from 5 species of
Deinocerites mosquitoes were identified. The results
are summarized in Tanne L Four species fed mostly
on cold-blooded animals, primarily lizards, Two
of the species, D dvari and [} melanopiyllum, fed
almost entirely on lizards, Two species, D). poendes
and D, epitedens, fed on lizards at the rate of 43.9%
and 49.5%, respectively, but alse fed commonly on
marmmals and hieds. The G0k species, I3, conecer,
fed predominantly on warm-blooded animals; the
majority of feedings were on birds, principally mem-
hers of the order Ciconiiformes {34.7%],

No seasonal change in feeding patterns was ob-
served,

Five double feedings were detected: 3 by D
epifedens, 1 by D, puendes, and 1 by 5. dyari.

LTSS IO

Recent studies on the feeding habits of mos-
quitoes have indicated several basic host prelerence
patlerns. Some mosquilo species show a high degree
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BPECIES OF MOSQUITO

Democerites Dieinacerites Lreinoceriies Lhemacerites Lreinacerites
fendes efifecens dyars nelancthisllum cancer
MNow oF MospUITOLS
TESTETD 140 2,716 30 131 il
Mo oF MusgoIToRs
REMITEDR aay L QGG 334 155 381
Heozr PERCENT
Mepmratio
Doz 12 20 (RS (.0 [ENH
Haoraen w0 1 0.5 0. T
Lowrine R L1.0 0.3 0. 4.7
Eloth .G 0.3 0.0 il.2 .0
Man 0.0 .1 (.0 (.0 0.3
Monkey 0.0 0.8 0,00 0.0 0.3
Chpossur: (.0 1.4 0,0 1.5 0,8
Chdaer 0 11,50 0.4 0.0 R
MNegalive 4 0.4 11 1Ak 1.4
Subiotal 1665 1.4 1.8 15.5 4.0
Ares
Chicken .5 1.2 0.0 0.0 4.2
Colurnbiformes 9.8 .8 L& 0.8 1
Passeriformes 0.8 +.4 0,0 0,0 0.5
Ciconiiformes +k 1 2.4 2.2 3.7
Pelecamformes 03 =01 0Lk 00,0 0.0
Anseriforines 0.5 0.7 .0 L0 I.1
Crvailormes (.00 [.2 1160 1141 14.48
{hee ()5 154 (AN (1.0 41,00
Megative 5.4 A0 .G .0 A7
Subtoral 1.7 R 4.0 3.0 G7.5
Repitilis
Lizard 15,9 44,5 434 3.5 7.
Subtotal 5.9 4.5 i3 3.0 7.1
Amprikin
Frog 4.1 4.1 (.01 (.0 0.3
Teaad 1.7 0.4 0.0 0.0 1.1
Subrcatal 58 4.3 0.4 0.0 1.4
Torars 10610 1L 1410 108 L0,

sInclades ¥ feslings on spany vat, £ armadalloy Oopie, 1 ocat, and 1 Tat,
Elrchudes O feechings onocai, 1 opag, and 1 spiny rat.

flncluces 1 feeding on a Faleonifarmes.

dinchades 6 feedings oo Coculiformes and & Charadeiiformes.

of host specificity, eg., Cwlisie {mormaie Williston
leeds predominantly on cattle and  Ciwlex ey
Speiser on passeriform bicds [Tempelis er al, 1967,
Tempelis & Washine 1967); Culex guinguefasciaing
Say frequently feeds on both birds and mammals
(Tempelis et al, in press); and for Cwler larsalis
Coguillet and Cwlex megripaipis Theobald, the pro-
portion of feedings on birds and mammals varies
during the early and late summer period [ Tempelis
el al. 1963, Edman & Taylor [D68]. Specics within
all of the foregoing feeding groups have been shown
to be naturally infected with arboviruses and are
known to be important vectors of disease in some
parts of the world,

Mo mosguito group or species studied 1o date has
shown the range of host feeding found wicth £
paeudes, D, epitedens, and 1, cancer, as these mosguiiocs

fed on members of all 4 classes of land vertebraces.
The significance of this feeding versatility has been
enhanced by recent reports of Weslern  equine
(WEE} and Eastern equine encephalitis (EEE) virus
isolations from frogs, snakes, and turtles [Burton et
al. 1966, Gebhardt et al. 19640, In additon, seeum
nmll.:'alizlng antibodics to WEE virus have hbeen
reported in frogs and snakes [Spalatin et al. 1964,
Burton et al. 1966). Thomas and co-workers (1958)
sugpested that repriles may play a part in the over-
winlering and mainlenance of WEE virus in nature.
These investigators were able, under laboratory
conditions, to infect garter snakes with WEE virus,
and 1o subsequently infect O farsalic by feeding
them on the snakes. The mosquitoes in turn trans-
mitted the virus to susceptible chicks (Thomas &
Eklund 1960, 1962), Similar cxperiments were
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successfully carried out by Gebhardl and co-workers
1960, 196G).

Although some investigators have reported thal
varinus maosguilo species leed on amphibians and
reptiles (Crans & Rockel 1968, Henderson & Senior
1961, Delboliart 1967), no mosquito in nature has
bieen shown Lo have commaonly the versatility to
feed an and  warmn-blooded
animals. Versatility of host feedings would be a

both  cold-blooded
necessary  crilerion, i arboviruses swch as WK
virus were (o be transmitied lrom a possible over-
wintering reptilian host to birds, the amplifying
host, and finally o man and domestie animals,
the epidemic hosts, For example, i the western
United Stares, O darsalis 15 the principal vector of
WEE wvirus, Although this mosquite demonsirated
Exlensive !'L‘.L‘.Elirlg \-'Cl'.szlll]il}-' Letween birds and mam-
mals, few wild mosquitces were found that had fed
on cold-blooded  animals (lempelis et oal. 19630,
In fact, no western mosquito that was natorally
engoreed has been reported (o have fed wich stgnili-
cant frequency on bath poikilothermic and homoi-
othermic animals,  From the preesently  available
data, it would appear that more than | mosgquilo
must be shown to be involved in the basic trans-
mission cyele of WEE wirns belore snalies o fross
can be considered as imporiant overwiniering hosts
for WEE virus,

To date, SLE and ¥ EE wviruses have been izolated
fromn 0. paewdes ((Grayson et al. 1967, and Scherer,
pers, commun ], This mosgqoito has proven 1o be
an efficient vector of VEE virus in the laboratory
(Grayson & Galindo, uapubl. resalts). The signifi-
cance ol these lindings in the overall epademiology
of SLE and VEE viruses in Panama has vet to be
determined.

It is of interest (thal at the beginning of this study,
it was assumed thar £ camesr was not present in
Fanama. Females of D canesr cannot be differen-
fermale 0 melansplpllion, During the
course of this study, additional examinstions of
males were made and 0 was found that D cencer
was the species collected al Almarante; while a
Colon, the species D, melansffplivs was collected,
Our data confirm  the taxenomic separation ol

tated [rom

these 2 species in that I cancer Ted mostly on home-
othermic animals, and I, medancghpllim on poikilo-
thermic animals,

This report demonstrates that at least 3 New
Warld mosquite species feed readily on both poiki-
lothermic and homolothermic animals. IF poikilo-
thermic animals are shown 1o be imporiant over-
wintering hosts for arboviruses, a mosquito vector
that would transfer infecrion hetween major classes

T, 0. 2

ol hosts musc demonsorate a feeding versatility such
as thal shown by D peswdes, Do gpifedsus, and 0,
ey,

REFEREMNUES

Bates, M. 194 Food habits of the adult, g0 80, Jr The
Matural [listory of Mosquitoes, New York, the Mac.
Millan Company.

Burton, A. M., J. McLinteck & J. G. Rempel. 10606
Westorn |_'|;g'|_'|ir|_|_' r']jt_'{~|:-|:;|:1||':i,s virng i Saskaichewan
garler snakes and leaparel frogs. Sefence 154 1029-31,

Crans, W. J. & E. (G, Rockel, 1968, The mosquitors at-
iracted o turtles. Afesqaiso News P8: 3532-37,

DeFoliart, G R. 1967, Aedes canadensis [Thoobald) Teeding
on Blanding’s twrtle, [ Med, Ewd. 42 31,

Edman, J. I & D. J. Taylor. 908, Clex sigrifeaiiis:
Seasonal shilt i the ivdemammal feeding ratio in a
mcsgquite vector of human encephalitiz, Soeace 1613
G763,

Galindo, I, 8, Srihongse, E. de Rodaniche & M. A, Gray-
gwom, 1960, An ecological survey e arhoviruses in
Almnivante, Panama, 19530-1962, Amer. [, Trepo Med,
g 15: GR5-4040.

Gebhardr, L. P. & Do W. I 1960, Owverwintering of
western eguine encephalitis wiras, Pres, Soe, Fep, Hiol
Med, 104: 6595-98,

Gehharde, L, P, G, ], Stanton, T, W, Hill & G, O, Collett.
19654, Natural ceerwintering hosis of the wirus of
wislorn eopuime encephalitis. Newe Frg. j Med, 271
172-746,

CGebhardt, L. P, G. J. Stanton & 5. de St. jeor. [904,
Transmission of WEE vieus o snakes by infected
Culer tavsalis mosguitnes. Prese. Ssc. Expo Bl M,
123: 233-35.

Gravson, M. A. & P. Galindo. 1268, Epidaniclogic siucd-
s of Voenesaelan cguine encephalits vicos in Almi-
riante, Paoamm, dmer, F Bpedenial, B88: A0-05.

Grayson, M, A, 5. Srihongse & P, Galindoe. 1967, Isala-
tigm of 5t Lowis encephalitie vivus from Deineerites
foeades In Panama. Mesguite News 272 201,

Henderson, B. E. & L. Secnior. 9], Attack
Culex farsefze on reptiles, amphibiaos, and small mam-
mials, Morguils Newe 21: 20-32%

Spalatin, [, R, Connell, A, N. Burton & B. J. Gollop.
964, Western aquine encephalitis in Saskatchewan
repriles and amphibians, 1961-1963. Can, J. Comge
Med, Fer, 5of. 281 13142,

Tempelis, C. H, I, B, Francy, . O, Haves & M. F. Lofv.
1967,  Variatons in feeding patierns of seven culicine
masguilaes an vertebrate hedls in Weld and Larimer
Cruntics, Calovado, dwer. J0 T, Med (g, 16: 11]-
14,

Tempelis, C. H., R. 0. Hayes, A, D). Hess & W, O, Reeves,
1970, The Bload-feeding halit of foer species of mos-
gquittes found in Hawaii, Awmee, [ Trop, Aded. Mo,
[In pross)

Tempelis, O, H. & M. F. Lofy. 1963, A maodificd precipitin
methad  for identification of mosquite  blowd-neals,
Amer. J. Trop, Med. Fye. 12: 82531,

Tempelis, C. H, W, C. Reeves, R, E. Bellamy & M. F.
Lofy. 19653, A thres-year study of the feeding habits
af Calex taviafin in Kern County, California, dmer. J
Trap. Med Fwr. 141 170-7T.

Tempelis, €. H. & R, K., Washino, 1967, Host-feading
ke afl Cpler fariefis in the ﬂ.".(‘l"ﬂl'l'll".nb.’l 1!{".‘-'I.!]l.'!':|-'.|
California, with notes on other apecies. f. AMad fnn

rate of



1970 Tempelis & Galindo:

4r G15-14.

Thomas, L. A, & . M, Ellund, [950. {}Um'wlelctirlg of
weslern equine encephalomyelits virus in experimoen-
tally infected garter snakes and ransmision o mos.
quitoes, Prec, Sec. S Mol A, 105 52255,

Lo, Owerwintering of western equine cneephalomyelitis

Predngcerides Teeding habits in Panama 174

virug in o garter snekes experimentally infecred by Ciler
teriafis, Prog, e o, Bisd, Med, 100: 431-24,
TthTI.'E.S, L. A, C, M, Eklund & W, A. Rush. 115E, Susr;n:_']}-
tibility of garter snakes { Thameeghis spp.) o western
erquine encephalomyelitis viros, Pree, See. Frpo Biof,

Aed. 99 ¢ GOE-TO0,



	p1.jpg
	p2.jpg
	p3.jpg
	p4.jpg
	p5.jpg

