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INTRODUCTION
The problem of how svivan yellow fever
ercesed from eastern Panama through the Canal
Zone grea and inte western Panama and Central
America in the period since 1945 has been a
gubjeot of much interest,  Recent papers which
deal with the matter in part have been thoge of

e ok g s 35 Sy
Trapido, Galindo and Carpenter (1853} and
Trapido and Galindo (1956a). It has been
pointed out that the farest canopy mosguito

faune known to he invelved in the transmission
of svlvan yellow fever becomes depauperate
during the dry season characteristic of the
Pacifie slope, and L‘r.m' the gap in the mouniain
svstern marked by the location of the Panama
Canal is an arca ::uf transition from the wet and
dev decidunus forest conditions of the Pacific
slope ta the wet rain-forest conditions of the
Caribbeun slope of western Panama. But on the
Paeifie @de of castorn Panmma there 8 oalso a
gradual transition from tropical rlw'dumn fores:

in the lowlands and on lower slopes toe climatic
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and wvegelation conditions approaching 1hose of
tropical riin-forest oo the upper slepes (Trapido
and Galinde, 14565, The purpose of Lhe present
cornmmuriealion is o present the results of six
vears of collecting forest canopy mosquitocs ot
Cerre La Victoria, some 15 miles east of the
Panamea Canal, and to demonsteate the magntude
of the vear 1o vear fluctuations in the ]‘.-ugmlfltmnh
of these mosquitoss as this may be related to the
maintenance of the svlvan vellow lever eyele in
Lhe zrea,

The two stations al La Vieworia [rom which
our data are dravn were at elevations of 400 and
1,200 feet, and were this high enough o he in
forest intermedinte in appenrance between decida-
ot forest and rmins-forest, although the dry season
at these localities 1s sulliciently marked o meet
the climalological definition of tropical wel and
dry elimate associated with  deoiduous forest,
This was an arca where svlvan vellow fever
neeurred late in 1948,

The method of making the collections on which
this report is based have been deseribed previousiy
iGalindo, Trapido and Carpenter, 19307, In the
initial studies 1wo crews r:-f collectors were used 1o
iz Lhe feld stations from 500 a.m, 1o 5:530 pan.,
Bt in subscquent }e'-v:'n a single e adle
collections during the hours when experience hixd
shown the diurnal mosquitoes to be most active,
L., the hours between 500 aan, and 3:00 pan.
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So that the population densities from dilfcrent
vears might be wvalidly compared, the data from
the first vear of collecting was reworked to include
onlv the captures made between the hours of
B:00 aom. and 300 pan. For the present study
Lhers are eonswlered only the eollections 1alken
atblacking huwman baits stationed oo platforms in

the forcst canopy, because it i3 in the canopy
that the mosquitocs of nterest 10 us are most
abundant, and also beeruse it s in the canopy

vhat the svivan vellow fever transuission eyvele
s preswmed 1o be carmed on among suscepuible
mamnal hosts by oarboreal mosouitocs. A full
accound of the diurnal forest mosquitoes of
Papami has already been ghven (Trapido, Galindo
el Carpenter, 19537, nned the present paper will
tleal onby with those mosquitoes known or sus-
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same. The average rainfall for these 1wo stations
duting the six vears of the study, together with

the minima and muxima are shown o Table 1,
The “dry season’™ 18 Lthe low sun perod from
Jamuary through Apeil, At El Jefe oaly 7.3

3
o

percent and Balbon Helghts only 6.8 pereent
of the annual precipitation fell during these four
months, FProm the point of view of our interest
in the maintenance of vellow [ever Lransmission
we are particularly interested in the rainfall
variation during the dry season, the period when
arborenl  meosquite populations are monemal
Inspection of the data in Table I shows that the
magnitude of the fluctustions from vear Lo vear
15 very great, I we take [or an example the
wonth of February, we sec that at El Jefe during
the gix vesr peried of the study the rainfall saried

pected ag vectors of sylvan vellow fever, These  from 0061 inches to 15310 inches, amd ot Balboa
are five in namber as follows, Heewmogogns Helghts from only o trace to 2490 inches, 18 may
eguinus Theobald, Haemagegns Iucifer (H., 1), he readily appreciated from these data how
and K., Haemaegogns spegaszinii folco Kumun  wariable are the condivions from vear to vear for
TABLE |
Sumsiaky oF Vaktarioey 0 Rarant Drees e 5ix Yuags 1S Tiuroooer 1954

Sraries | Jano| Prn M Are. ! May | June jl LY | ALG. |5-‘.]-!|"I“. Ocr. | Mowv. | Dare. | YEGR
IEL [ele, Pansma. .o | Dlaxo 979 | 13, '[fl 2,58 | G0 | -iE.[l'E] | JI.].. | 21, |'1 21 1-' | 26,50 [ 24,721 2751 [ 16,77 | 160.21
| Ao, 201 325 ) 102 3.84 | 2051 | I7HE | 15,44 lT DU 1S.22 2] 3G | M550 | 10,850 | 15138
| Mo | ﬂ lvl‘ 1.1l ﬂ "h P20 | 136l | 1471 | 1848 | 13573 ! 1a ’[l' lli.ii-l (KA LT I TP s .8 35

N a]l::c:-t Flet ;f s, Can lll | [
Lone. Max. | 266 240180 | 4801 15006 1326 12,14 [ 549 T LAST [ 1862 | 1340 | BdA.08
[“Av, |0o92| 057 052 212 DEs | 247 TG4 | 660 TE3 1240 ) 1004 | 635 | T3
PMin (QulE T (DU ony 0 822 307 407 200 358 T.O0S8| 6.23( 380 G386

T levation 3,800 feer,  #Elevation 100 feot

et al., dedes fewcorelaensns clarks G, Cloond T wd the production of the tree hole breeding arboreal

Sadedthes chloredierwy (Humbeldly,  The nature of
the evidence implicating these species in vellow
fever transmission has been revicwed recently by
Trapido and Galindo (195640, There s no direct
evidence with regard to Haemagogus fncifer. but
Lhis species 15 included sinee 1l appears increasingly
likely that all Maemagoras are capable of trans-
mitting  the discase under suitable  conditions
iGalindoe, Redaniche and Trapido, 1956,

Ag othe annual sbundance cveles of arboreal
[orest mosguitoes are dependent on rainfall we
will Nirsl present these data,

KAINPALL

The wvatluble ruinfal] docs wee those published
by the Section of Meteorology and Hvdrography
of the Panama Canal Company,  We did not,
unforiunately, operale rain gauges at Lhe sites of
our Torest mosquilo collecling stations, bul 1L s
nuite cortain that the rainfall there was fnler-
mediate in amound between that veported  fore
121 Jefe und Balboa Heights,  The annual raintall
al El Jefe g more than twice that at Balbog
Heights since the former station 13 much highor
than the latter, bt the maonthly distribution owver
the vear at the two stations 1s very muach ihe

mosguito populations,

LONG TERM VARIATIONS [N FOREST
CANOPY MOSOUITO POPULATIONS

The results of the forest cancpy mosquito
collections at Cerro Le Victono are swnmarized
i Table IT and in hgurve 1. These data represent
the average capliure ratcs per len man honrs al
1wao stations, with the exception of 1951 when
el onne of the stations was operated. The
colleciions are unfortunately incomplete for the
first five months of certain of the wvears. In
Table I months during which ne collecting was
dane are indicated by dashes. 11 will be seen in
th table 1,h*i' for January there are thres vears

£ data, for February, March and April four
}{qlr‘: and for Masv lve vears.

O reference Lo figure |t can be seen at onee
that {or each species there appears a characteristic
average annual abundance evele. The configura-
tiom of these abundance cveles in gencral follows
that reported for the first vear of stady at these
stutions (CGalindo, Tropido and Carpenter, 19500,
The populations of Haemagoges equinns are the
maost rapid 0 building ap after the beginning of
the rainy season in Mav.  The peak densities of




14516] Crorlemela el af
Hopmagogws Jucifer, M. spepossgien falce, and
Sabeifies chioroplerns appear somewhat later, in
June and July., The apparent low densities of
Aeder lencoceloenies Hlardd are somewhat decoptive,
gince at Lo Vietoria this species 1s nol as arboreal
as the athers and the data here include only the
tadividuals takeen 1 the cancny,

The principal interest in the data presented

Abundance Cyeles of Arboreal Mosguiloes
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fromn vear to vear, although it would also appesr
that if all these species are capable of transnutting
the disease there are probably high enough
dengities of one or the other species during the
rainy season months to maintain the cycle. N
15 evident that the drv season 18 the eritical time
of vear when the mainlenance of the vellow fever
transmizsion cvele must be precarious.  During

TABLIE I

SEx Year ARUNpascrE Cvenes oF FIve Mosourioes Kxows ok SBUSPECTED As B
Crrmo La VigToria,

SvLvan YRLLow FivER Vicrons
Faxana

(SR s As Mok oF Fach Sracies pue TEx Max T-!tr::x.-; i ':T-::-L[,I-:C'I'[?\'ii v THE ForesT Cawopy.)

HPECTS |“| EAR _T1\ Frn. |\[.m Arw,| Mayv | JuNe [1[‘. JLL% =1 l . | \m‘ JJ]L
Hlasmaporns sguinus. g (b0 | 0.0 (2.0 151 | 41.5 | 183 ii ﬁ' 3 & .. 4 4 I .4
1950 (U4 | D000 (o4 ] 148 [ 2.5 0.2 46 17 4 0 & 1) 1%

1931 | — —— | — | G & | Q0 L 0l 1w

1959 | — | - — | 732 | 42,0 | 322 H.F| 8D LA 4 .7

a3 |30 4.9 (0.0 (1.1 350 ) 163|147 DA 122141 0 B 1.5

Mad | 00 0.0 [ &8 | D0 5% 2%5) 153151 | .4 14 25 1.4

Av, | 11| L2200 302 ‘”5 G131 8.1 57 HET 4.4 2.6

Heeamagngis .".'|r.'_r'.i:r.. 1049 —— | | 00 0| i0E 2[:' G 357 180 107 7.0 | 2.4 a_'
[ 1930 | 08 [0 1| 00 4.4 B 1ER oA H - d.a | 00 2.0

Wil | — | — | — | - 2.7 A Z G 1.0 & o aa

1932 | = — | — | |2 2a) | B Y] OBT| BB B4

1958 | 18|02 (00 (03] 0.7 | 100|163 01 [ 53] 210 1536 13

Wad [ 1.7 a0 [ 00|00 17 8 144 | 263 | I8 ] 4 4 TR 3.4

| A T4 (0206301 121 15 6| 1.8 .4 al | T4 1.7 oG

Huewagapns s pesassinid falco . 1919 | — [ 0.0 | 0.0 VI R VR I 1.1 | 2.4 834 | 47|02 39
lgs0 | oo oo |ooloo| o7l 33| 58| 18| 13| 5| 11| 06

|31 o = el B 1 4 1.7 a.n L.4 0 [ 0.0

|9a2 @ — | — 38 [ 2.1 [ (1.4 [ 0.5 [

(953 Q. [ 00| b 00 14 (K 34 1.4k 1.3 4.3 o0 1 5

S 75T I I A 0 T J.0 | LT | 3.8 .G 1.5 1.4 04

Avo ol oo loo laa| 17 50 53 1.8 22| L0 25| 12

Aedes levcocalnenis r"f rki . | Th4h oo | o | (1.0 o2l 24 a2 L2 2:2 L.t ELT
| 1050 | k| 0.0 Q.0 | .9 [N 04 (1N (5 1.3 14 L2 (AN ]

1051 - — | —— 0n.a N4 [ & Do I.a T L.k

14152 - . -~ 1.4 4.8 4 0 [ 0.9 (7 & (1]

053 | oo 00 [ a4 | 0 0.4 [ ik 2.6 | | hh 4.1 i |

1054 | oo o0 | ad oo O 2.5 e o I B 1.3 P Y| 0.6

Av, Do o0lan|on| o] 16| 2.8 | 2l 2| E| =) A

‘:..'l|'14 Tl rn'.."rJr. ferns 104 | — (00 (0.4 )1 4 6.3 | u|a@sl 20122 61118 3.4
10| 1.2 | a0 1.5115 320 F.F | M4 | 104 45 2.0 1.2 1.8

LHs] e 5.0 L3 13 274 4 2.3 1.1

[REE | _— T2 I R Y T O I O R O LY R (1) S o=

1063 ' 2.0 |55 |03 =B D1 228 163 | 100 a7 4| 1 =

| 191 0.2 | 00| 0 [I' 02 I 5.4 15| 291 1.1 4.1 | 1.2 4.4 (I

Av !.:-:||r | | oe 09| 57| 150|255 182 HFi .3..-a| 14| 28
concerns the vear to vear variations in the  the four dry season months (Junuary through
densities of the monthly captures, Numerical  April) Haemagogus spegaszinii folee and  Aedes
values arve shawn in Table TI, but the magnitude  fewcoceluenus charki  were  compleiely lacking,

of the variations may best be appreciated by
reference to figure 1 in which the monthly
i and maema (as owell as the means) are
graphically portraved. It may readily be appre-
ciated from a review of these data that vellow
fever transmission potential must vary greatly

Huemagagus equeinus and M, fecifer were prosent,
although at very low densities, during saeh of these
months in one vear or another, but not during
all four months in any one vear, The only
species which appeared during every month in
ary one vear wis Sabelhes chloroplerus.
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The three species of Maemopopus and Aedes
lewcocelaenns clavki are aedine mosquitoss with
perers which resist desiceation, and their survival
i:ll1'illk-. the dry season in this stale poses 10
‘-.-]..-L(.,Id' problem. But as the present under-

gtanding is that there 18 no trangovarian passage
of vellow fever virug (Whitman, 1051) the meins
by which the virus is maintained throogh dry
season 16 @ very live issne.

Sabethes cliloroplerus also uuilizes rot holes in
treee for breeding, 1}L1L lhc coes do nod resist
degiceation,  For survival through the dey season
this species must either find breeding places
clze be so long lved as 1o persist as acults from
ane rainy season to the next, We have proviously
shown that this species docs possess a mechanism
for breeding through the deyv osesson (Calindo,
Carpenter and  Trapida, 19513, That the
species lave s pges preferentially in tres hales
which have a1 small aperture opening inlo ol
hales with a large waler holding capacity. Such
water containers are protected from the deswent-
ing winds of dry geason and are able Lo retain
water through this unfavoerable time of vear.
This finding has been confirmed o Lhe laboratory
I twa of the authors (PG, and HL T wha have
sucocecded LCIII.J]]IKU'I” the specics. Even under
caged  condlitions it has  been found  that
chforaplerns will only lay eggs in numbers 1 water
comtainers which are closed at top and bave a
small aperture on the side {7.e., covered bamboo
sections with a hole one inch in diameter in the
gided,  The eolony experience has alse been that
Sabetbes chiprepieras is longer lived L'.".uu the

LT

1,

specics of Hagmagoges which have been studied

1

il beth
it ioned

Thus it
the dry

in the lahorator.
means of surviving
ahove, are utilized,
While it iz true that the five mosquitoes dealt
with here are predeminantly arboresl. the forest
at Cerro La Vietoria has & more opea aspeet than
is seen in lrue tropical rain-forest, and the vertical
stratilication of these species 15 net so morked as
i forest of the latter type.  The dry season is the
period of maximum leaf Toss at Cerro La Vietoria,
At this time of vear the difference between the
microclimate in the canopy and &t ground level
ig least pronounced, and there is some tendeney
for the arboreal species 1o appear less well
stralified in the forest.  This phenomenon had
been moted by Bates (L) for Heemogogns in
Colombin,  Ar Cerro La Vicdoria oo found this
tor be partieularly true of Sebhelfes chlerafierus tn
some vears. [ was most clearly shown in L4
at o time when enllectinns were made at platforms
midivay ap the trees as well as on Lhe gronnd aod
in the canopy.  The decline in the catch in the
canapy and the inerease in the cateh at ground

Appears L
SCA80N

lewel and at the middle platform during dry
sepson mav be oseen i the following tabulation

i which the propoertions of the c.".."n:rfr;‘u'-:':--m-' in
catch at the three levels are shown as percontages.

Cweles of Arboreal Mosquitoes 4T
Midadle Canopy
Ciroumid Platform Platfrorm
230 Bl 164,
BOL i 46

DISCUSAION AND SUNMARY

The data bhere summanzed demonstrale thet in
an aren of Panama through which svlvan vellow
[over passed, where the wvegotation cover 1§
transitional belween wropieal  deciduous  forest
and tropical rain-forest, there are substantial
vear to vear fluctuations o rainfall and corre-
spondingly great Queluations i Lhe densicies of
Lhe arboreal mosouitoes koown o suspected 160 be
vellow fover wectors.  During the div scason
characteristios of this forest tvpe the arboreal
IHI:-HIZ]I.H.L-!] foune becomes rare,  Bul 1t 18 shown

that there 18 coough vanation in mosguito
populations so that Ju "1::g the four month dee
goason ab lespst seme of the vector specics are
present. during each month in some vears.  The

tendency toward & lesser vertical slratification of
the arhoreal mosquito faung in dey scason means
that these maosquitnes actually not guile so

are

gcarce as the tabulations of the canopy caich
simnmiarized might mdeate, 08 the mosquitaes

Lnown or suspected as vectors of svlvan
fover, Sabethes chiloroplerus was '
taken i
year.

villow
the one Spees
the canapy during all monihs inany one
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