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A SURVEY OF FOREST MOSQUITOES IN RELATION TO SYLVAN
YELLOW FEVER IN THE PANAMA ISTIIMIAN AREA

HAROLD TRAPIDG, PEDRO GALINDO, axn STANLEY J CARPENTER
trorgue Memorial Laboratory, Porama, £, de P

The results of immunclogical surveys of human populations conducted in
Mexico, Central America and Panama in the late thirties and early forties have
been reported in a series of publications (Sawyer, Bauer and Whitman, 1937:
Clark, 1938; Sawyer, 1942; Bustamante, Kumm and Herrera, 1942: Kumm
and Crawford, 1943}, These authors record that sueh persons as were found to
possess immunity to yellow fever in this region, west of the Canal Zong, were of
age groups born prior to 1925, It was generally accepted that the older age
groups demonstrating some immunity had been exposed to the discase in its
urban form transmitted by Aedes acgypti. From 1905 until late in 1948 locally
contracted yellow fever had not been clinically recognized in Panama, but the
existence of naturally acquired immunity in the younger age groups at several
places in Panama east of the Canal %one was reported by Clark, 1938; Sawyer,
1942; and Kumm and Crawford, 1943, The interpretation of these data was that
the svlvan phase of the disease (jungle vellow fever) had been present, and had
gone unrecognized in the portion of Panama adjacent to South America and
east of the Canal Zone, but that vellow fever was not endamie in Middle Ameriea
west and north of central Panama and the Canal ¥one, The present understand-
ing of yellow fever as primarily a disesse of tree-inhabiting anthropoids and
possibly certain other mammals, with man only ineidentally involved, indicated
the desirability of an adequate survey of the forest canopy mosquite fauna in the
critical Tsthmian area to establish what elements determined the suitability of
the forests of eastern Panama and the presumed unsuitability of the forests of
western Panama for the propagation of sylvan yvellow fever.

The need for such a study was cmphasized by the oceurrence of several fatal
cases of sylvan yellow fever contracted just east of the Canal Zone late in 1948
(Herrera, Elton, and Wicosia, 1949). The writers at first undertook a study of
the composition of the forest mosquito fauna in central Panama and the Canal
Zone in the area where the new human cases had been recognized (Galindo,
Trapido and Carpenter, 1950}, Here we found two of the recomnized vectors of
the discase in Bouth America, Haemagogus spegazeinii faleo and Aedes lewcocelae-
ne, present in some abundance, We also reported on the peneral distribution,
the annual eyele of abundanee, and the vertical stratification in the forest of
these as well as all other mosquitoes attacking man in the forest in this area. Since
this survey had shown the Bouth American vectors to be present, the next year
we extended these studies to western Panama and adjacent Costa Riea to estab-
lish whether or not there was a zoogeozraphic shift in the composition of the
mosquite fauna of the forest canopy in the Isthmian ares, marked by the end of
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the range of the South American vectors of the disease, which might be corre-
lated with the supposed absence of the sylvan form of yvellow fever from western
Panama and Central America. We found at once that the change in the compo-
sition of the [orest canopy mosquito fauna which, on a theoreiical basis we had
expected to demonstrate, was in facl lacking, We briefly reported the presence of
Haemagogus spegozeindd foleo in Puntarenas Provines, Costa Rica, our western-
most eollection station (Galindo, Carpenter and Trapide, 1851 a) but the full
acoount of the findings of this study bave been delayed until now by pressure of
further field work on this general problern and by other activities, Bubsequent to
this study, sylvan yellow fever did in fact appear in western Panama and Costa
Bica {Elton, 1952), and more recently in Nicaragua and Honduras, Observations
on the forest mosguito faunas of these Central American countries will be the
subject of laler papers,

In Panama there is a considerable gradient in rainfall between the Caribbean
and the Pacific drainages, both in terms of the total precipitation, and its dis-
tribulion through the year. The Pacific slope has less rainfall, and a relatively
gevers dry season from Junuary through April. On the Atlantic side of the Isth-
mus the dey season is less marked, and in some places there may be ne month with
less than four inches of rain, In consequence the Caribbean coast of Panama
is lareely o trackless tropical rain forest, uninhabited except by small groups of
Indians, and accessible only by small coastal boats and by dugout cayuecos up
the larger rivers. West of the Canal Zone, the Pacific slope with its lesser rain-
fall and marked dry season is characterized by a lower and more scrubby forest
{“deciducus tropical forest™ of the plant ecologiste) mixed with open grassy
savannahs, Here the principal rural population of Panama lives, and there iz a
road passable at all times of the year from the Canal Zone almost to the Costa
Ttican border. While it would have been desirable to establish our series of stations
for the eapture of canopy mosquitoes in the true rain forest of the Caribbean
slope, the impossibility of arranging for supply and the transportation of the
collections into the laboratory on a routine hasis made it necessary to operate for
the most part in the best forest which could be found on the Pacific side. Apart
from the series of stations localed ab intervals between the Canal Hone and
Puntarenas Provinee in Costa Hiea, we simultaneously set up several stations
to the east, between the Canal Zone and Darien Provinee, adjacent to Colombia,
for comparative purposes. We had learned from our previous experience in
operaling tree stations for a full year in central Panama and the Canal Zone,
that most species of canopy mosquitoes, which are dependent for their larval
development on aceumulations of water in tree holes or epiphyiic plants, were
rare during the dry season months from February through April. As the present
study was intended primarily as a survey, an economy of expenditures was
effected by planning to earry on the collections only during the rainy season
months between June and December, Certain of the stations, either hecause
they were located in places difficult of access or because they failed to produce a
significant eatch, were run for shorter periods, At two places where secondary
rods gave access Lo some elevation (Corro Campang and Chiriqui) the stations
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TABLE 1
Location and collecting periods at forest mosquito catehing stations during 1950

I Nusuber of mae days
| Aleitude e "\'"'ﬂ;b“ callacting

Lacation Province Tnelusive dates

tin feer} stations | ————————
| Ground | Canapy | Total
Fanama | [
El Real.........| Darien 00 3 July to 10 Aug. | 4 | i 0 | 40
Candelaria.. ..., Colon 200 14 Aug. to 22 Aug, 1 il 5 &
Cacique.........| Colon 0019 Oet. to 30 Oet, | 1 10 B 18
La Vietoria . .. .. Panama  [400-1,200 7 Fch. to 28 Thee. | 2 T B8 | 173
Panama Vigjo.. .| Panama 10, 6July to2l Dee.| 1 17 | 17
Arrgijan. ... .. | Papama GO0-500) 5 June to 20 Dee. B 4% 03 | 152
Campanita |

Abajo.........| Panama | 200 & June to 30 Nov.| 2 23 47 mn
Clampanits [

Arriba. ... ... Fanama 600, 28 Aug. to 4 Deco. 2 13 28 11
Campana, 2,000 Panama 2,00 14 June to 6 Dee. 2 il Ly T4
Campana, 2,50 Panama 2,500 & June to 21 Nov.] 4 5 52 | B
La Arens. .. .. .| Veragnas 400) 10 Bapt, to 28 Sept. 2 10 0 | 20
Tugue. .........| Cocle | 10600 12 June ta 14 Dhee, 4 | M2 101 | 203
Bante Fe......, .| Veraguas 2.000) 25 May to 15 Aup. | 3 il 80 | 120
Chorehn. ... .. Chirdqui I 30y L2 June to 11 Dec, 2 23 43 £3
Progreaa.. . ... -+ Chirigui 400 18 June to 14 Dec. - L 42 | G5
Bijao...........| Chiriqui 8,500 13 June Lo 12 Deo. 2 1% 35 &
Pzlo Santo. ... | Chiriegui 4 600 15 June to 1 Dec. 2 15 35 53

Costa Hiea |
Feoquinga. . | i"unt arerla{-l J{H.']I f June to 20 Now, i | &0 87 | 177

Totals. . ..... s e R eSS s | B 0150 | GBIT 15482

were arranged to give a cross section of the forest fauna at different altitudes
above sea level. The locations of the stations, their elevations, and the periods
during which mosquitoes were collected at them are given in Table 1. In our
previous study (Galindo, Trapide and Carpenter, 1950) collections had been
made simultaneously of mosquitoes attacking human subjects on the forest
floor, at & platform midway up a tree, and at a platform in the tree CRTIRY.
Since the middle platform did not produce speeies lacking in either the ground
or canopy collections, the stations in the present survey were established with
only one platform, in the eanopy. In the 1949 study we had also operaied each
station for one half hour each hour from 8:00 AM. to 5:30 P.M. To operate on
this basis two erews of men had been necessary for each station, one for the
morning and one for the afternoon. As the mid-day hours were generally the most
productive of canopy mosquitoes, in the present study only one erew of men
was used for each station, collecting continuously during the six hours from 9:00
AM. to 3:00 P2

In general, cach tree station was run one day each week for several months,
but at certain of the localities such as Candelaria and Cacique which were
difficult of access, and where it was only possible to send in a erew for a short
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Tra. 1. Map of Panama showing locations of mozquito collecting stations

period, collections were made every day during a short period. In Table 1 are
also given the number of man days of collecting, on the ground and in the
canopy, at all stations, The geographie locations of the stations are shown in the
map (Fig. 13. The method of making the collections hag been deseribed in a
previous paper {Galindo, Trapido and Carpenter, 1950).

DISTRIBUTION OF SPFECIES

In Table 2 are listed the 72 species of mosquitoes identified, arranged aceording
to stations at which they were taken. In all, 72,211 mosquitoes were captured
during 8,015 hours of collecting. Of these 31,530 were taken in 4,555 hours of
collecting in the canopy and 40,681 in 3,460 hours on the ground.

The commonest and most widespread Haesmagogus specles was equinus which
was taken at all stations, and made up more than half of all the individusls of
this genns taken (6,488 equinus out of 11,848 Haemagogus). Only two apeclinens
were taken in 80 hours of collecting at Panama Viejo, but this station was lo-
eated in a coastal mangrove swamp and was intended only to establish densities
of H. chaleospilans. The other stations at which very low numbers of this species
appeared were at considerable elevation, Palo Santo being at 4,600 feet and
Bijao at 3,500 feet. In the elovation cross seetion talken at Cerro Campana the
highest density was found at the 2,000 foot level, with a fall off in numbers at
2,800 feet. From these data it is apparent that the species is common from near
sea-level to 2,000 or 2,500 feet, becoming searcer above this elevation, and quite
rare above 4,000 feet. Haemagogus lucifer was also widespread in distribution
from near the Colombian border to Costa Rica, but the total number taken
was only about half that of H. equinus. At the Chiriqui stations and at Santa Fe
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in Vernguas Provinee the species was very mueh less eommon than H. equinus,
and at the most elevated station, Palo Santo, none were taken., Haemagogus
fridicolor, which replaces lucifer to the west in Costa Rica, was rare and in all
only seven specimens were collected, all at Bijao in Chiriqui Provinee. Hasmago-
gus spegazszindt faleo was of special interest since 1% s a proven veetor of sylvan
yellow fever in Colombia. The species was the least common of the widely dis-
tributed Hoemagogus, comprising only 6.3 per cent of all the specimens of this
gomus taken. The only places at which substantial numbers were taken were
La Victoria, where it had been found in our previons study, and Tucue in
Cocle Provinee, Ie abundanee at Tucue might be explained by the fact that this
was the only station in western Panama across the continental divide on the
Caribbean slope, where the rainfall is higher, and true tropical rain forest belter
developed. Though none were taken at I8 Real, the station closest to Colombia,
where the species 15 common, this may be explained by the fact that our station
had to be located in second growlh, as primary forest was too diffieult to reach
here. None were found at the 2,800 foot station at Cerro Campana, or the 4,600
foot slation al Palo Sando, but thers were a few at 3,500 feet at Bijao. It is also
remarkable that at Santa Fe, where I, equinus was 80 common, an indieation
of the suitability of the area for tree hole Haemagogus breeding, none were taken.
The small number of spegazzine Jolee teken at Esquinas, Costa Rica (only five
in 1,054 hours of collecting) has been interpreted by us (Galindo, Carpenter and
Trapido, 1951a) as possibly due to the unsuitability of local conditions, since
other Heemagogus also were not particularly common at this locality. The
Fsquinas area has a high and continuous rainfall which may not permit the
intermittent drying and Oooding of tree holes essential to hatehing of Haema-
JrHUS SEEE.

Thirteen species of dedes of three subgenera were identified in the caollections,
The subgenus Finlaya was represented by the three species lewcocelaenus clarks,
leventaeniofus and ferrens. Aedes levcocelaenus elorkd was found at stations from
near the Colombian border into Costa Riea. More than half the specimens taken,
515 out of 975, were from the station at Tueue, across the divide on the Clanbbean
elope, which was also the station at which the bulk of the western Panama speci-
mens of H. spegazzing faleo were taken. In Chiriqui this mosquito was taken in
only very small numbers, but there were a few (five) found at the highest station
at Palo Banto. At Cerro Campana they were commonest at 600 to 2,000 feet, and
only a few were taken at 2,800 fect. As was the ease in our previous study at
Cerro La Victoria the total number of leucoceloenus elarfd (973) approximated
that of H. spegazzingi felee (T50) and was much less than that of the other twao
Hoemogogus, equines with 0,488 and lucifer with 3,308, Aedes levcocelnenus and
H. spegazzintt are proven vectors of sylvan vellow fever in South America, It is
difficult to imagine their being able to maintain the disease on the Pacific slope of
western Panama, should it be true that they are also the only veetors in Panama.
The relatively high densities of these two species taken at the Tueue station
might indicate that the dizsesse could only pass through western Panama on the
Caribbean side. The review by Elton (1952} of the location and sequence of
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recent yellow fever cases in Panama and Costa Rica would confirm this view
that the virus passed through western Panama on the Caribbean slope, and was
not maintained in Panama on the Pacific slope west of the Canal Zone.

Agdes leueotnenintus also appears to be distribuled throughout the length of
Punarng, and into Costa Riea although none were taken at the essternmost
station at El Heal, and only one was caplured in 1,054 hours of oollecting at
Esquinas, Costa Rica. The total number taken was about half that of leuco-
celaneus clarki, The species was most common at Tucue and at the 2,000 foot
level at Cerro Campana, Thirty-two specimens were taken at the high station
at Cerro Campana and three at 4,600 feet at Palo Santo in Chirqui. Aedes
terrens, which had been the least common Finlaye in our previous study in
central Panama, was found to be rare in eastern and central Panama, but west of
Cerro Campana it was, in general, the commonest represantative of this sub-
genus, The numbers taken in western Panama were sufficient o make this the
most abundant Finlaya taken. Unlike the other Finlaya, terrens was most abun-
dant ai higher elevations. At both Cerro Campana and in Chiriqui Provines, the
greatest numbers were taken al the most clevated stations, More than a third
{382 out of 1,535} of the derrens taken were from the 4,600 foot station at Palo
Santa,

Four species of the aedine subgenus Howerding were taken. Only a single
specimen of alloteenon was identified, and the numbers of seplemstriatus and
sexlinentus were also insignificant. Aedes guadrivitiatus was not talen east of the
Canal Zone, but appeared throughout western Panama. Like A. forrens it was
most abundant at some elevation, the great bullke of the speeimens being talken
at the 2,000 foot level at Cerro Campans and at 4,600 feet at Palo Santo in
Chiriqui. It was not taken at the low elevation station at Esquinas in Costa Riea.

Of the subgenus Ochlerofatus six representatives were taken, and there were
probably present in the ecollections two other species, Aedes oligopistus and
tormenfer which were lumped with serrafus in the routine identification work.
The numbers of Aedes hostafus were insignificant, but serratus was common and
widespread, although exhibiting a gap in the Cerro Campana area. The species
was commonest atb low elevations, with only seven specimens being taken at the
4,600 foot station at Palo Banto. The location of the stations for this study in
forest usually remote from the sea did not faver the collection of the cosstal
tidal marsh breeder, Aedes taendorhynchus, and relatively few BDECITIGNS Were
taken, Aedes angustivitiolus was taken primarilv at low elevations. Aedes Fulpus
was abundant only at the El Real station near sea-level in easternmost Panama,
while scapulnris was uncommon, the bulk (85 out of 95) of the specimens being
from Santa Fe in Veraguas Provinee.

Representatives of the three subgenera of the menus Psorophora were taken.
Psovophore (Psorophora) eflipes and lineata were represented by only Lwo and
nine specimens respectively. Psorophora (Janthinosoma) feror was one of the
commonest species of all, and was found throughout the length of the country.
Relatively few, in terms of the total number taken, were at high elevations.
Psorophora (Janthinosoma) hdzii was also generally distributed, but much less
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abundant. The third Janthinesoma, champerico, was taken only at the station
at Tucue, although in the previous study a few were found at La Vietoria.
Peorophora (Grabhemie) emgulote was found in small numbers. All were at low
clevations except o single specimen taken at the highest station at Palo Santo.

Three species of the genus Mansonda, Le., Klllans, indubitans, and venesuslensis
were tuken. The species tifillans and dndubitans were not separated in the routine
identification work and they are recorded together in the table,

The genus Culer was represented by the subgenera Cwlex, Melaneconion,
Carrollio, Microculer and Tsostomyda, but only insignificant numbers were taken
approaching man during the day in the forest. By contrast very great numbers of
& large diversity of species may be taken at light traps operated at night, and
several species may be taken biting man at night in the forest.

Only a single specimen of Grthopodomyin fascipes was collected.

The genus Trickeprosopon was repregented in the colleetions by nine species of
five subgenera. The most common species was T. (Clerogoeldia) magnaus of which
8,257 specimens were taken, The great bulle of these were from Coele, Veragnas
and Chiriqui Provinees in western Panama and Puntarenas Provinee in Costa
Riea, In this western area it was most abundant at the low elevation stations
near extensive stands of Colathea in which it breeds, Next in abundanee was 7'
{(Rhancomyia) longipes, of which 2,060 specimens were taken. This specics was
widespread, having been taken at 16 of the 18 stations. As was the case with 7',
magnus, it was most abundant at the stations in western Panama and adjacent
Costa Rica, at low elevations. Trichoprosepon carqueirai, lampropus and leuwcopus,
thres other specics of the subgenus (Rhuncomyin), were rare. Small numbers of
T, (Trichoprosepen) digitaium were found distributed from Candelaria in eastern
Panama, west into Costa Rics. The subgenus Shannontona was represented by
bwo species, schedocyeliue and Juviatilis, both of which were rare, Trichoprosopon
(fsogoeldia) eaping was talken in only small numbers st four of the 18 localities,
but was present af the easternmost at Bl Real and the westernmost in Costa
Tiiea.

The genus Wyeomyie made up almost a third (22,355) of all the mosquitoes
tuken. The identification of females of this genus, particularly when specimens
have the seales rubbed, is difficult or impossible, so that the great bulk of the
material was determined only to subgenus. The relatively small number on which
species identifications were made, does not permit generalization about their
distribution. On the subgenus Wycomyia six species were identified as follows:
ehebela, arthrostigma, celaenocephala, flovestan, mitehellii, and scofinomus. Seven
species of the subgenus Dendromyin were determined : chaleocephaln, circumeincia,
clasolewca, jocesa, melanocephala, aporonoma, and prelepidis. In the course of the
sludy a representative of the Bonth American subgenus Davismyia was found and
deseribed as a new species, erborea (Galindo, Carpenter and Trapido, 19517,

The genus Limatus was ropresented by the two species assuleptuz and dur-
hamed, of which only small numbers were taken,

Subethes (Sabethes) cyaneus and larsopus were found to be widely distributed in
maodest numbers throughout the length of the Republic and into Costa Rica, with
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tarsopus being about twice as abundant as cyaneus. PBoth species were present at
the highest station at Palo Santo. Sabethes (Sabethinus) wndosus, WAS VeTy rare,
with only four specimens taken. Sabethes (Sabethoides) chloropterus was the
most common sabethine found in our previous study in central Panama. In the
present study it was also common (3,211 gpecimens) but was outnumbered by
one other sabethine, Trichaproson magnus (8,257 spevimens). The only station
at which chloropteris was not taken was Panama Viejo, which was located by a
coastal mangrove swamp in which it would not be expected. The species was
more common at stations below 2,000 feet than those higher.

The anophelines were not of special interest in this study of diurnal forest
mosquitoes but ten species were taken of the genus Anopheles and one Chagasia.
The species collected were the following: of the subgenus Anopheles, the species
apictmacula, eisent and punclimacnda; of the subgenus Stethomyia, the species
kompi; of Nygsorkynchus, the species albimanius, oswaldot, strodet and friannulelus;
of Keriessin, the species nevai; and of Lophopodemyin the species squamit e,
Most common were apicimacula and eisent, followed in numbers by neive and
albimoriic.,

VERTICAL STRATIFICATION

It is now well known that forest mosquitoes show a marked stratification in
their vertical distribution. This stratification is most marked in the true tropical
rain forest where the tree canopy is dense and the forest floor is decply shaded and
protected from the effects of wind on temperature and humidity. In the more
apen deciduous tropical forest, characteristic of arveas with lower rainfall and a
severe dry season, the difference between the microclimate of the canopy and
the forest floor is less marked. This results in a less distinet stratification of the
mosquito fauna, as well. In the present study the stations at which collections
were made were by necessity located in the deciduous tropical forest of the
Pacific slope, with the exception of that at Tucue which was just across the con-
tinental divide in the higher rainfall Atlantic drainage. Thus the data in Table 3
and Figure 2 showing the proportion of each species taken on the ground and in
the canopy indicate a less well marked stratifieation than might be found in
true tropical rain forest,

Only species of which 15 or more specimens were taken are included in the
table and chart. The percentages of each species taken on the ground and in the
canopy are corrected for the numbers of man hours during which the collections
were made, and only the numbers of man heours of collecting at the stations at
which the species were actually taken were used in the calenlations. An pXAming-
tion of the histogram in Figure 2 will show that most of the species of mosquitocs
may readily be classified as attacking primarily either at ground level or in the
canopy with relatively few being indiscriminate in this regard. More than half the
species (25 out of 47) had 20 per cent or less of their numbers faken in the canopy
while an additional eight species had 21 to 40 per cent attacking in the canopy.
The number of arboreal species is smaller, with only six species being 81 to 100
per cent in the canopy and six falling between 61 and &0 per cent. Only two
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THE VYEBEATICAL DISTRIBUTION OF DIURNAL FOREST MOSQUITOES

SPECIES TER CENT CAPTURED IN THE CANCEY
a F 30 [ [ an
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Feer 2

species appear intermediate with 40 to G per eent arboreal. Three speeies, of
which relatively few specimens were taken, were confined completely 1o the
gromul level, while one species, the reeently deseribel Wiyeompin arborea, was
taken only in the ranopy.

As i our previons study we Feswnd that of the Hacmagegus, the APIECLEE STOIE
sinit faleo was the most arboreal, with 8007 per cent being talen e thie canopy,
Haemagogus argyremeris, of which very few were taken except i the low, drw,
apen forest at Campanita Abajo, was the ounly Haemagogus which was nol
arhoreal, with 90,3 per cent being tuken on the ground.

Of all the species of Aedes the most arboreal was guadriviitatis, with 743 per
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vent taken i the canopy, while the other two representatives of 1he stibgenus
Howardina, septemstriafus and seclimeeadiog, were faken primarily on the weoml .
The three species of the subgenus Findagn were Tound to be vertically stratilied
e the same order as in our previous sty with éereens heing primarily terrestrial,
fencacelaenus clwrly the most arbores] and leweofoeniatis intermedinte, The
Oehlerataivs species all were most abundant on the Eronnd,

The Psorsphora and Mansonio also were taken in wreatest nambers oo the
gronnd,

The most arboreal of the Teichoprosspon was the Specics wagios with T30
per cent taken in the eanopy followed by esping with G001 per coent in the tres
tops. The remaining species taken, digifatum, fhiviotidis, longipes and fenienpns
were most abundant on the gronmd,

Ouly & very small number of the very numerons Waenmyio were identified o
speeies, The species arborea, discovered and deseribed in the eourse of thi= study
(Calindo, Carpenter and Trapido, 1951 1 was the oue species taken in the study
entirely in the cunopy, Predominantly arboreal also was the specis artfrastipm
with BL.7 in the canopy. The remaining species had more than 500 per cont of
their numbers laken on the ground, but the perceniages given i the table and
chart would be subject to revision if leerger numbers had been identified to species.

The: two species of the genus Limafis were most sbundant on he gronnd,

The ligures for the Sabethes are somewhat at variance with {hose obtained in
e previous study. T he present sty egonews and farsopus were caually
abundant in the canopy (874 per cent | with ehloropierus somewlhat less so (75,9
per centl. In onr earlier siudy the positions of eianeus and chloraptorus were
reversed with efdsropteris appearing to he more arboren) than £,

Az the present collections were made during (he daylight hours the number
ol anophelines taken was not lrge. Al the species of the wonns Awopheles wern
cither completely or primarily taken on the weonnd with the exception of the
epiphyiic plant bresding representative of the subgenus Kerfeszin, neivai, of
which 4003 por rent were i the canopy. As was [omel inooue previous giindy,
Chagasia bathanus was taken most often in {he eanop, with but 112 por cent of
the cateh on the pround.

DIRCUSELON AN CONCLUSIONS

It s evident from the preceding roview of forest mcscuiteo collections made
throughout the length of Panama and into Costa Rica, tlat there is no consistens,
shift in the composition of this fauna which might be nsed in explanation of the
failure of sylvan yellow fever 1o appear west of the Canal Zone prior to 1050,
The known veetor species in South Ameriea, Haemagogus speguzzing Tales and
Awedes leneoeelnenus elarkd were found in western Pana ma sl Closta Rien, The
nther species of Haemagogus, the Aetes of the subgenus Finfaga, and the Sabethes
which might be considered suspect as veclors on epidemiological grounds, all
contine their rnges throngh the Isthmian region, with the exeeption of Hoema-
gogns licifer which is replaced in westernmost Panama and Costa Rica L #.
tridicator. The significant positive finding for the ares under sty 15 that the
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mosquitoes which are the kuown South American vectors of yellow fever and
their cenlogien] associates were only abindant atb the Atlaniie dralnase station
ab Tuene, where the forest is most representative of the true tropical rain [orest
tvpe of the Amazon and Orinoco basin in which sylvan vellow fever permanently
persisls, Helated to this faet §s the ciceamstianee that the proven vellow fever
Falalitics west of 1he Canal Zowe in Panama during 1950 and 1951 (Elton, 18052}
were contracted in this Atlantie slope rain forest, while yellow fever failed Lo
appeir in he western provinees of the Pacifie side. The eritieal factor waontld thus
appear to be uol geographical but ecologleal.

T oy intraduetion we mentioned the rinfall differential berween the Atlantic
anil the Pacfic slopes of the Tsthimus, and the conscquent difference in forest
type i Lhe twe drainages. We might add that g a vesull of the gap i the moun-
tain svstem in the Canal Zone area, the northeasterly trpile winds here spill
arross the Tsthmus 1o the Paeilic side, so that just cast of the Canal Zone 1 ihe
La Vietoria area amd just west of the Zone at Arraijan, the forest while not so
well developed as the Atlantic side rain forest, is at least intermediate between
rain Forest and deciduous forest. When we veview the data presented here we
find that the known Sonth Ameciean vertors and their eeologieal associntes were
mast abundant in the best developed rain forest, st Tueue, secondary in numbers
in the transitiona] forest at such places as La Vietoria and Arradjan, and sparse,
rare, or wholly absent i deciduous or serub forest at sueh places as Cannpanita
Abajo and Arviha which are in the v shadow of Cerro Campana.

This leaves us still with the question of why, if the immunity surveys comndueted
i Paname, Central Ameriea and Mexico (eited abovel are taken al lace valie,
svlvan vellow fever was confined in the past decades to the area of Panauma cast
of the Canal Zone, contiguous with South America. The dala presented here for
the Pacifie slope of western Panama are ample Lo show the merdenes of o
veetors 10 be too Tow to be considered capable of maintaining viras. But what of
the Adlantie slope forest and the faet that svlvan vellow fever did finally pass
ihrongh this area in the period 1949 10 19312 The explanation would be this The
wap in the mountain system in the Canal Zone area, as mentioned above, resalts
i a spilling of moisture onto the Pacifie slope which would otherwise fall TR A
Atlantie deainage. This = ioadequate i amount and annual distribution to
produce true rin forest on the Paetfie slope. but also deprives the Atlantic side
of the moisture neeessary 1o maindain this eeologien] situation. The conditions for
the veetor species, Haemagogus spegazzindi falen and Aedes levepeeloemnies clarkd,
are in eonseguenee only marginal o the aren. The ability of the virns Lo cross
this margingl zene would thus depend on the eoineidence of the approach of e
ivus from the east with o vear of particularly Tavorable rainfall condizions whieh
wonld resull in an optimum produetion of the veetor species at the erilieal time.
This interpretation would gain substanee if it could be demonstrated that there
are long term as well as nual eveles of abundanee of these mosguitoes. That
such long term eveles, which are well known among anophelines, also neeur an
forest dwelling, 1ree hole breeding mosquitoes sueh as Hacmagoges and Aedes
[Pty has heen suggested by Cagsex and Dos Santos 1697 i Mraxl
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Subsequent to the studies reported here, the observations at the Lo Vielora
stations were continmed, so that we now have data on the abundanee eyele of
these mosguitoes over a period of vears, These data will be the subject of o
sepatale paper, but i omay be sail now that they do support the hypothesis
advaneed here.

SUNMAMANLY

Clalleetions of Torest mosguiioes: Lotaling 72200 individuals were made an the
grownd and in the canopy during the rainy season of 1950 at 18 localities through-
ot the length of Paman and tnlo Costa Wiea, inseeking an explanation for the
fatlure of svlvan vellow fover to appear west of the Canal ¥one prior to that
rime,

It was found that the known Souih Aneriean vectors of the disease, [aema-
gages spegezzindd falea sl Aedes fevcocelaenus eloels ocearred spartngly west into
Crostn, Ties, but the only station ol which they werr present in substontial
reeibers was one loeatod e the well developed tropaeal ran forest of the Atlantie
slore,

The vertical steatifieation of the mosguitoes fabon i the forea iz snmmarized
o ench spocies of which more than 15 individuals were taken, These data are
af irportanee in gssessing the possilhile role ol ench species 0 terms of 65 contact
with bl arboreal mammals which ave the mtermediate hosis of the sl
[ewver virus,

Irois suggested that physiogranboe amd meteorclogie conditions o oeentreal
Pamsina amd the Canal Zone areas produee a Torest cover which s intermediale
redween trapical vain forest wvorable Tor the production of substantial nwmbers
e tres hole brewling veetor mosouitoes, and tropieal deciduous Torest inowhich
conditions ave less fovorable, T s further sugeested thar sinee conditions are
marginal in this critical aven, 10 wonld take o particulacy favorahle winfall
patiern to prodoce the mosouito population necessary booearey e vicus aeross
into the Atlantie side o forest of woestern Panamg oz happened in 1040 and
RISTIR
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