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INTRODUCTION

This paper continues the reports we have been making on the forest mosguito
fauna associated with the appearance of sylvan vellow fever in Panamas. The
sequence of yellow fever cases recognized in Panama from 1948 to 1952 has been
reviewed by Elton (1952). The present study was undertaken following the
histopathological diagnosis of a fatal case of vellow fever contracted near
Almirante, Panama, in April 1951,

In February 1951 a group of men were engaged by the “Corporaciin de
Ingenieria®™ under contract to the government of Panama fo survey the route
for a projected road from Almirante, a town on the Bahia de Almirante which
opens into the Caribbean Bea some 20 miles southeast of the Costa Riean horder,
to Boquete, a village set in a mountain valley on the southeast side of the Volean
de Chirigui at an elevation of about 4,000 feet. The air line distance between
these two places is only about 40 miles, but, the intervenin g ecountry is composed
of & series of mountain ridges so that the length of the projected road was about
100 miles. The slopes of this portion of the Isthmus of Panama facing the Carib-
bean are covered by tropical rain-forest. While there are scattered groups of
Indians living in the region, the route of the proposed road was uninhabited
virgin forest only occasionally visited by hunters. It is about ten days by foot
from Boguete to Almirante.

On February 7th the engineer in charge of the survey, together with three
other men, set out from Boquete to make a preliminary reconnaissance of the
terrain between Boguele and Almirante. About a week later, while in the vicinity
of & mountain locally known as Cerro Cuna, and at an elevation of about 1 L0
feet, the field party came seross several dead spider monkeys in the forest, Be-
cause of the remoteness of the place where these monkeys were found, and the
delay in receiving the report, no investigation of the possibility that the monkey
mortality was due 1o vellow fever was made.

The actual transit survey was begun from Almirante later in February, and
by the first week in April had progressed 11.6 kilometers into the forest, Here a
clearing was made and a field camp consisting of several palm-thatched “ranchos
was established at an elevation of 625 feet. About thirty men were hased hers
engaged in clearing the path of the transift line and in surveying. Kvery sccond
Friday afterncon the men walked into Almirante to be paid, retfurning to the
field camp on Sunduy afterncon. The second weekend in April, however, the men
remained in town until Monday morning the 9th to receive vaceinations for
typhoid and yellow fever at the Chiriqui Land Company Hospital there, They
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returned on fool 1o the field camp on the alternoon of the same day. That pighl
several of the men complained of o mild malaise —presumably o reaetion 1o 1he
ey phvodd vaceine, By Tuoesday pight, one of the men wos sorionshy 110 and on
Wednesday hoeowas hrowght Do Che hospital at Almivante. The patient developed
symptoms of vellow fever and died the following Sundey, April Tl The elinieal
dingnosis wus confivmed ot aulopsy and by histopathologieal examination of
liver tissue. s the ineubation pevicd of yellow fever inoman is generally aceepted
to e theee 1o s davs the infeetion must have been contracted only very shortly
Bedore vieceination. [, Distay Engler, Medieal Buperintendent of the Almirante
Heospital, b colled dooour atfention two other reeovered coses adimitted aboot
the same thme which might be consuders] sospicious for vellow fever, These
vonld not be confirmed by antibody tests a2 one had a history of having heen
vaerinated five mondhs proevioosby, and the other was vaceinaded aficr s elinieal
epazcile before 1 was realized Bis 1ness niehe have been vellow fever, The o] -
Bility that wellow fever was conteaeted affer vaecination cannoed be exeluded in
light of the subseguent expericnee of Trejos and Roomere (00510 in Costa Tiea.

The circwmstances ouder which vellow fever was conteaeted 1o the Tital ease
bere reporied woere pieal of the ecology of svlvan vellow fever, The patiend
bl been o rochinan with the surves erew, His duties required him to stand still
in the lane freshly cleared throogh the forest . We know that under these condi-
Fions fhe ]'r'."i"ligl'lr'l'l'i!':.'ll'l1 |I‘n.' arhareal r'|]|}.-'r{uiltn-:< altiuek al gr'm|nr| lisved,

On May 14, 18931 we wenl to Almirante to explore the possibility of making a
lomg-torm study of the forest mosquito Tauna o the immediate area where yvellow
ferver had heen contracted. We found that the road swmvey lid Been ahandoned,
bt that the palm-thatched shellers inthe forest clearing at the survey hase camp
woulid be available to us for the establishiment of 4 seni-permanent field camp.
Baste supplies were broaght into the field camp by mule. Arcangements were
maele for the simulaneous collection of e mosguoitoes aitaeking homan subjecrs
et thee gromned aned in the forest cannpy on four days o weels, aud for the weekly
shipment of the mosquilo collections from Almirante 1o the Goreas Mool
Laboratory in Panama City b aiv Four treos were selectod for eolloeting sta-
Lo, Crosshars were patled to the trees and platforns constrocted i the erorehes
i 1he Branches. The trees were all locsled within a ballomile radins of the feld
eanp, The heights of the platforms above the ground were 48 feet, 39 feet, 54
Feet s 306 feet. Do October 1951 the tree with the 48 foot platform wis blown
down in a storm aml another tree substituted. The replacement platform was 52
Feet Bugh. The four stations were located a1 elevations between 00 aml G25 Feet
abwwe sea-lovell Colleetions were made an one doy ol each weelk of each station,
willi one o weting ws both bait and collector on the ground af the Toot of the
bree station, and another on the platform in the canops. This routine was ol
loowed for o twosvear perind Tromn Mayv 1931 throust Apeil 1953, Collertions of
all moscuitoes wnproaching to hite were made betweon 9000 N to 3000 PO
T obtain, also, seme measare of the crepaseilar and nocturmal mosquito popo
lations, colleetions were pude Trom 60000 120, to 1000 AL ane evening each
woel, Bt only during o part of the study. The seneral sspect of the study area
i= shwewn e Flenees [ oand 2.






SOOI TTOES ASSOCTATER WITH SYLYVAN YELLOW IFEVE IX IRAN ALY ||lr-

a2 A gerial view of the unbenken vivgin tropieal rain foresCinlaned Srome Admivad e
Panana, where the study reported bere was carried our. The Balia de Almivance oy e
sertan bt hee olistanee s the river in the Soregronaed o fo the viglo = the Wio Clangainedy, The
forest dree stations: were locarmd on the rielge In the seder of the phosszrapln.

THE FEXVIEGERIEXT

Fodufnll. Divectly hebinel Almivante Ahere vises o cories of romples ridoes
eithmnad g o the ighess poiod by Paoane, che st ol the Volewon de Chivigui
with an elevation of L1410 fect, There 1s 1hus exteeme uplifting of (e air mass
of the motst northeasterly frade winds moving inland fraom the Carvibhenn Ses,
Lo eomseruenee heavy eainfall is expecteneed thougtoont the veanr, Table | gives
eiinlall Bores based on the monthly averages of four stations maintained by 1he
Chiviepuel Lol Company ot Chanmuinola snd vieiniy for the vears T3] to 16953,
the avernges for these three yvears and the averages for o nine-vear pernsd, The
Chengnola rain goges aee abont 15 niles north of the location of dhe free
stations and at o lower elevation, While the day (o day raaofall recorded ot these
winges 1= 1 elonbt dilerent from that which falls at the forest tree staiions, the
anntial distribotion s omoel the some. These data seeve o illustrale the ek of
wny proneinecd wumaml dey seasons On Ahe Pacifie side of Paowma and the
Addantie spcle o thee vrematy of the Caozl Zone el the rezien 1o the sast, where
thes mcuntain ridges gre low, o distinet dey o =eason ocenrs during the ow-san
pertod From Januaey throngl Apeil, The local arographic situation ac Almirane
miowlifes this raindall pactero, TEowill be seon from the chres aoul nrone-vear saon-
nseies that an the averioe i s Sepiember which has the least eainiall, althoush
there s ono really “dey™ month.

Vegetafivee, These rinfall data, together with the temperature data piven
el meet the reauirenents of flwe A0 or “tropical rain-forest elinmte’ as
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TALLE 1
Ituinfall af Chaviguinolo von sicindly

(fn incfies)

Thres year MNine wear
131 1653 195 averape

Junusry e 4, Al 1383 G.7h 4 £
Felanary E 1951 3.70 737 141, 50 A
March. o cown S A4 RS | 1.13 BN l.5]
- {1 ] R .06 3,07 3.4l S0 a0
Maw e 543 4.585 7.0H 5.45 10, 54
June AT T LN ] 3.8 7.0 7. 10008
July . TS s 15,5 525 11,52 1205 11464
Argust P LE 35 262 7. 10Tk oW
Seplember. oo 1.63 A0k | .02 4R 382
{hetaler S e fi. 249 LA %4 .43 5uT
Moo ey g A s ¥ LA 441 14,30 Gl 11,0
I reomybaor R 7.0 12T IR 5 0, G 12,35
Tuotal, . S L7 .50 THOK LIEERE S 05,2 100, 14

defined in the Nappen climatie system? Thus, wherever either cultivation iy
tiian o special soil condition: have not intervened, the region is clothed 100 1 ee
trapieal rain-forest. Such forest 1s charneterized by o dense overgeeen broad-
lesvved eanopy, through which very little sunlight penetrates 1o 1he forest Door.
The growwd, Alerefore, b= sinmularly Free of annoal herlueeons vegetation except
where theve may be s break in the canopy such as that cansed by o lirge fallen
Lree, or along the margins of water courses eulling through the forest,

(fimate and microchimate. The ultimate assessment of the ability of o region
Loy msintain yellow fover transmission depends as muaeh on the acewcade and de-
tatled measurement and evaluation of the microclimate as 11 does on the prosenee
of veetor and host, In faet, the prosence of these alsoowill have been determined
e considerable measure by the elements of the climate. Thus we look appor-
tunity at the Almirante stations to record for a typieal sylvan vellow fover situa-
tion in well-developed tropieal rain-forest the details of the elimate and miero-
climante for the peviod of o yvear

The elimate and microcelimate of an avew of teopieal rain-forest i Colombia i
relation to eaptures of forest mosquitoes have heen studied by Bates {1044 il
FOEST Adlee (TH26) has also given some information on microchimeatie diferences
Between the forest floor and the canopy in terms of tanperature, svaporation and
light for u short perind ot Barro Colorude Tsland in the Canal Fone. A the
Almirante forest stadions we operated o pair of Bemdiz-Fries hygrothermographs
for o Gfteen-month period. One instrument was placed theee feet above the
ground and the ether on g platform 40 feet high in the canopy. As 1 wis neces-
sary to proieet the instrments from the elements in conventional lonversl

A brief expesitiion of the Kippen world elimatie svstem i Fonglishowil] be fond o Tre-
warrha, 1951,
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weather shelters, the readings are Tess extreme than those which wotld be gotten
i the open, Free-lving inseets in the sunlight of the canopy would experience
higher temperatures and lower humidities than those reeorded by the sheltered
hvgrothermograph, Nevertheless the differcnees in temnpersture and liomiditys
conditions near the ground and in the canopy of a tropical rain-forest are ey
illustrated by months for o vear's periosd o Figure 3. The manthly mean figmanes
for temperature and relative humidity ave based on i-hourly readings from
the traeings of (he recording insteaments, The monthly maxim and minims are
averages calenlated Trom the daily maxima and minima,

Sinee we unfortunately did not operate @ rin gange at the forest tree station
where the hyverothermographs were located, we cannol closely relate raanfall to
temperainre and humidity conditions, This can be done ina general way, luow-
ever, by using the rainfall figures from Changuinola.

A el fempernture ogefe, For the annual murch of temperatuees we may rieler
ter the manthly mesns near the gromd, (See Figure 3.3 The lowest mean monthly
gronmd temperature, 71791, was in January; the highest, 76.6°17 was in May.
The extreme dilference during the year was thus bat LY°F, In ferms of the
envircnment exporicneed by the dinrd canopy mositoes 1The maximwm figures
are nore significnnt . The variation durving the year is not, benweyver, very mel
ereater, thongh the readings are, of course, in g higher vinge, The loaesl -
munn figure was that Tor Janary, 75.06°F,, the highest maximum i Septemler,
K1.0°0.: the differenee being 34°F, As the station was at about 97155 the
effeet of latitnde s evident Buat not extreme, The highest temperalures are nol
it Julv or Augnst as might he expected from lalitude effeet alone, sinee the bizh
rainfall i this time of vear exereises a cooling effect.

Comprison af fewmperalivves wear the growsed aned dnthe earopy. The difterenees
i masiminm, mean and minimuom lemperatires near the ground and 1 the
Funopy may also be seen m Figure 8. For the vear, the mgnitude of the diilerenee
in temperatures near the grond and in the cunopy was LGFF. Tor e miaxima,
1.0°F, for the means, and 0.6°F, for the minima, The greater difference m Al
ruse of the maxima is no doubt due Lo 1he greater exposure of the canopy in-
stewment shelter to sunlight during the day. The lesser difference in minimum
fnres 15 die to the faet that ot night, when the minimuan femperature comidi-
tions are experienced, there 1x less temperature gradient hetween The air near
the gromul snd that in the eanopy. From the point of view of the ivrnal moos-
cuitoes of special iderest foous 1l naximum temperature Hgares are the sige
nilicant oues. The 1.67F. dilference reeorded Tor the daily mnaxims under sheltered
conditions would have been much reater had the recoridling instruments been
unshuded: for then the canopy instrument would have heen subject 1o direct
sunlight o pood deal of the fime, while the instrument near the grownd would
have been strick only by oeeasional heams of sunlight penctrating Lo the foresd
flowr,

Anmanl eetofive famidity cpele. Momch-ba-month dilferences i relative hu-
micdity are less pronounced than those shown by the temperature reeord. e
high for the vear, recorded in Deeember, may he velited o the high ruintall o
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either al or near =aturation throughout the vear both o gromd Teve] wnd i
i cunopy,

Comparison of velotive hioiditivs sear e growned and (n the citiegid, The preates
differences in relative humidity readings at ground level and in the ¢ CHRIKIPY dppear
in the averages determined from the daily minima which oeenr duav ing the ey -
light hours when most canopy moesquitocs are active. The avere difference in
the minimna for the year period is 9.3 per eont, The diferenees in the maxima
which neeur at night are very slight, the avernge difference for the vear heing
but 1.2 per eent, It has been surrested that 1o maintain ranopy-ihabiting
divena] Haemagogns mosquitoes in captivity it is desivable 1o keep them at lower
buonidity Jevels 1o those suitable for sneh crepusenlar o nisht-fving mos-
nuitoes as the anophelines, This has not been our exporience with two arboreal
minsiuitocs, Saemagogns egudnas and Sobeffhoy cfiforepteries, which we have os-
tablished in laboratory colonies, The difficulty in the laboratory has been that
of maintaimng =ufficiently high humidity 1o prevent exeessive mortality of
silults. While there 12 2 substantial spread between the canopy ancd gronned
relative humidity readings us shown by the minima in Figure 3. this spreadd
veeies only during the sunlight hours of the day when, it is true, the RO
mosquitoes are setive, But during the night, amd during (he pericels of rain, nist
and heavy overcast which aveount for a good part of the day in 1he tropaeal rain-
torest chmate inowhich these mosquitoes oceur, there s vers ltde dilference
Between the relative humidity af coopy and gromud level, Sven diring hours of
sunshine, unless the cinopy mosquitoes are seeking food or are mating, they
prohably spemd mueh twe ar rest i the hmnid misroclimate assoeiated with
the surfaee of leaves and brancies. The microelimate of these rostinge places s o
least as important as that which is encountersd when they are in flight .

.”ﬂ.w'.flrli?'."u cr i

Summaries of the divenal aod evening mosouite captures mnde during the 1wo
vears of this study are given in Tables 2 and 3, Table 2 also shows for cach S
the proportion of the eateh Laken in each vearly peringd, corrested Foe the numler
of mun hours of collecting effort, The distribution of the dinrmal eateh between
Hie eanopy wad the growml stations is shown in Table 4, and for the evening cateh
i Table 3, As the evening collections were carried on only onee 1 week diring
13 muonths no breakdown of the cateh o vearly periods is made, In all the
tabinlations e lgures refer o numbers of Temale s nitoes onlv. Males whicl
teidentally approached the human baits were nod included in the worlp of
the data,

foewngogios, Thi: toral nombers of Hovmagogin ey ol B spegezzingi faleo
were approximately the sume, bt the proportions taken duringe eael yearly
period were dilferent. The egein s were taken i approsimately ezl nnmbers
huring eich vearly period while the spegazzin 7 Tabeo were ahout twiee as abundant
e Che Bt o as in the seeond, Haemogogns

ler was soinewhat Toes COTELINIH

thin the other two species of the genus aud the nunhers taken during el of
the twao yearly periods were fairly even, The Bt tiae the numbers of SOOI
Farlew aupprresinad e these of cipiaies we conslder signifieant v velatod to the elinate
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TABLE 2

Hueasennry of ff ol snsgaglo co plyces ol Leee slatdine ere A T rinde fae L o e e peciod

Twn wues

L||Iu|
Sumber of mie hoaes collecling EXI T 1 H6E 5,001 L5253
Tribae Calicin
Il peragog s cquiinns =y gy il aml I, lal 17 S
Frenictgngns Laeiler : 5 N Y ST il
Heemayagus spegoreingi I'rr\lfr " o 704 T li= s
Toal Heresicegogus. o B [ 1,356 3.200 a7 A%
Terfos (Ffuloynl incer m'.:u T S T S : als oS =il 3 1i3
_I.-:r|'.: s Mindngn) dowcelacriains. L iy 134 15 27 I ali
Aeclog [Fivlioge) ferrens ... A I 11 Al 7i gt
Aedes (Ilawardiond guadeiviflate LR 4 % 28 BiA T
Aedios (Homeaed i) seplomsiviafos . 25 7 32 Tii 24
Aeies (Howdaeding) serlineafior. ... 3 74 (KA ] iil
Awertes [Deilerofadvs ] aupesiiiptiafes i 41 i 11 Ll U]
Aedes (efilevabiming Tuliue. oo fal i, | + & 14 sl
pfes Dedderadains) hoatnins v 0 ] L= il Jii
Aedes (frehlevelaine) sesrnias groalp L 255 1,518 1.771 (K] K1
Fapenphiore (Sanbbdnmamin feear oo gao| 2,35 | 2,44 i i
Paoeapkors (Senidhinosanal laledd o 152 T i 14 wi
Praovephara Wraldinmial cingitaie, ; LG 17 b Ah al
MWansonio ( Wansania) fodubifions o 2 0 11 17 W
Miansonie [Massonio) Sllans . . ey & i 3 = 141
Mawneania (hanehotasniny nreibalzegne. .. . 70 | 11 il AT 1
Musigeein (R byneholpenin) nigrivins ” 2 (¥ 2 1 1
Mamsanen Cfhynehofoenin venesuelensis, 15 14 il ot e
(et (0 mereflla ] secinds 5 k| T 12 3
Chles [Caler) spr. | 145 152 K 0y
(Mialer (W elareronion) =, 2 ] i) = Gl
(clew (Mieroe b s, . : } 2 2 0 [l
Tatal Culicing. Ak e R S ¥ [ B 1] 71
Trile Haletbind
Pl edicrp e S rrihopeasogion digiia iy, Lt 4l | 513 A
T eiefprozapi [ temagoefle ] pargnus. i L5 154 (T3 Tl ]
Privhoprosepes (Tsegoeidiay ospid " e [ 172 Al 17
Tedchoprasagan b esichiomn gl ) e prapins L 14 '] Is T Al
Prichaprosopon (Rhvaekomplol leaempis. oo L il 440 Fi Lifh
Teiehoprosopan (Rl foigiad o it Ah 14 30 %3 KT
'|r'|'.!'-':.l'i'4.l_|'j-."-:l.$r,l e I:.":".ri ie.'.l:'.l'-'ll_l.'.' i 1ori JLE I .=|. I 163 = I
Trinkaprosopin S, . R 20 & 28 i Al
W pecsangeiee (W gpeangient obelele . | Al 1 L% 1]
Wogeaaister (O weoneging celacnore pliale oo il 3 a el i
Woeomiiin (W peoeedo) hemeisaguosfo 2 il 2 Toms il
W ygeaieare W o] meelefeolle o0 s il i 1410} 1
W e i (1 yoomgial sipeiiebion . oo 4 K I LI 0
W gpeenrn it D Mooomgia r.l.u:r#.lI'I-’:-e-'.'rrh!.'l'll.':n:* | [ 1 L 0
W gannripien (1 penmesiny seolfinmus o 2 0 2d T i
Wopenmiaia (W el spooo o0 PR A [ 0 | < N Y TR I Y A% i
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TABLE 2 antigied

Sl BR1 0 Maw 1532= Twosvenr DPer ceni
it 1932 April 1955 taal capared
Mumber af man hages callesging Iy | HiE KR |
Wippeapeyedor e i | o ety [ 4 Y 1 R
g dce Ve aidlvamia | i eniwmesinedo 2 1 i kA I
Woipewsinnfoe S8 omal e | jeaevhe a5 1) L 111 b
H pecieprda @ Qendvonegdal spo. 000 L L 1.6 2. M2 R I il 11
Wopenaesda (avisoesda aclavess 0 L. ] 11h 2 R A4
Ledvenfnes aselicpiveg, o 145 Al 17 A it
Loivalus dacfemid 00 L 2 v 14 H Bl
Mol fhics (Sl SRR il 120 321 i A
Sobethes (Sehethes) fursopus o s 141 251 A £
Hafiefes CRelielbholdes? eb) T T 1.750G 1,571 ERHH L 3
Total Hahedhin S soveoes M08 17 AL15 |035, 518 L Al
Trilwe Anaplulin

Mwepdstes Dol aapfelos s apdod el li [ 14 Uy 7l
driepletes Claepfeles) eisend o B i I 11 fi2 a
.l.'ir.'_i'.l.ll.le'llr'o' el opdieles ) Irl.'rq|'|'.".'r:r|r'-.'|'r.' N I 3 | 24 h
Lwepheles N perockyiefuey alliimoanus . il | | 13 11Ky
Aviepdertes (Worterzinl neivas T m S L] s 154 ] 11
Cfeegerade bordhones. 0 L Il 3 22 fik bk
Total Anopheling... . .. . 167 1 1] T a2
Total all spocies i U R 2 B S L R 11 0 B 14 A

SPereentages coreected Tor differenees in numbor of man bones of collecting doring eaeh

e ol

aned Torest Iyvpe inowhich these colleetions were made. Tnoone previous studies
e eenteal Pananog wod the Cweonal Zone (Oalindo e ol 19300 and cheonghon the
lengtie of (e Pacific side of Panamas and adjacent Costa Ries (Trapido of af
P55 e Do fonmed egadnes toche appeosiniely sixoto eaehe ties as abondant
s spegaezindi folee, In Alese previoos sieveys the nambers of spegazzing foleo
were fownd Lo more nearly aporoach the numbers of sgedues inoonly two eireum-
stanecs TnoAhe sievey reported 30 BB one gronp of stations near Buaena Vista
wis operaled enly rom Cerolier o the beginning of January in an atlempd Lo
Peeav Viris ioa Pores] wleee s fatal ST c:-1'j.'t'||r1l.'.' Fevery biaed been contracted.
I this instanmee 1l nam e of r'rl.--:'-!.-'.l.':.w- Gk was Wess than cwiee the moonber of
spegaazing falve. In the stody reported o 1935 only slightly less than hadf s
many spegazzind fefeo s eguses were faken ol the stacions ar Toead, The

Bucna Vista stations, while inoan area of tropical semidecidnois Torest, were

operated only during the Tl peals rain period; the Tweud stations were Just
erver the contmenda] divide on e Uarilsbes lope in an avea with vegelntion
approgehing the tropieal rain-forest twpe. Te seeis clear that populoions of
speguzzindd Tufeo develop bestooy tropieal eaiv-forest or wnder elimatie sonditions
; e i y iy Bl P
approaching those which snpport Torest of 1his tvpes Under these conditions
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Two taxonomic points with regard to the Heesagegis at the Almirante sta-
tions should be noled. . fwctfer 18 replaced in nearby Costa Riea and
in Nicaragua by Haemagogus iridicolor, the females of which are indistinguishahle
from {ueifer. £, dridicofor has also been talen by s along the shores of the Bahia
de Almirante in Panama. Bul a series of males veared [rom egres of females talen
ab the inland forest tree stations were all fwedfer, and all males taken there wers
also fucifer, 20 we belleve we are correct i assuming that the species in that area
15 fueifer. At the time this study was made Haemagogis mesodendatus was known
only from the tvpe deseription bazed on material from San José, Costa Riea
{Komp and Kumm, 1938} and notation of ils presence in El Salvador (Kumm
and Zufligs, 1942). The type deseription did not mention a eritical characler of
the female, namely the presence of & silvery white band of scales at the tip of
the mid and hind femora, which is also a primary field character for identifving
H. eguanus; no other Panamanian Hasmagogues was known to be thus marked
at the time. In a substantial topotype series of wmesodendofis we subsequently
obtained at San José we found the white “knee spots™ to be present in females
as they are in eguinus, We have also been able to determine more recently that
I mesodentofus ranges southeast into Panama in the forests of Bocas del Toro
Provinee between Caldera and Chiriguicito, In unrubbed specimens the females
of mesodeniaius may be veadily separated from eguinus by another charaeter, the
gilvery pray seales of the mid-tarsi, At the time of the Almirante study we did
not suspect the presence of wmesoderndadis 1n Panama and thiswas not o charactor
we checked in routine identification work. But after we became [amiliar with
mesgdentalus we Tound itg distribution to be quite loeal in the southern part of
its range in Costa. Rica and Niecaragua. This is a species whose populations in
our experience reach their full development far to the northwest in Guatemala
and Mexico, Thus il does not follow from the fact that it is present in the area
between Caldera and Chiriguicito that it was also present at the forest stations
near Almirante. On recently checking a representative sample of white kneed
Haemagogus which were saved (rom the Almirante collections we have found
all to be eguinus, While it remains a possibality thatl mesedenfalug as well as
ggutnus was present at the Almirante forest stations we are inelined to think
that we did not overlook it there.

Aedes. Four species of the subgenus Finfeya were talken at the Almirante forest
stations. Most abundant of these was Aedes leveocelaenus elarke. Thiz is a species
of particular interest since it, like H. spegassindi falco, has been proven Lo be a
vector of sylvan vellow fever in Bouth Ameriea (See Whitman, 1931), In previous
surveys in Panama this species had been about as abundant as I spegozzing
faleo, but at Almirante 1t was outnumbered by the latter. Az in the case
of spegazsinid faleo, approximately two-thirds of the specimens were faken in
one year and one-third in the other. But, curicusly, the greater number was
taken in the 1952-533 year pericd while spegazeindd foleo was more abundant in
1951-52. We have no explanation of why this should be so. This shows, however,
that the factors which govern the production of tree-hole-breeding mosqguitoes
are complex. A rainfall pattern which yields a high production of one tree-hole-
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hreeding species in a particular year does not necessarily alfect other frec-hole-
breeding species in the same way. Aedes leucolacniatus, which is very closely
related to lewcocelaenus clarki, was much less abundant than the latter species.
What ecurrently poes under the name Aedes terrens 15 more than one species. The
lowland form does noi attack man readily and was not very common in the
Almirante collections. Although the numbers of Finlaya taken in the evening
collections was insignificant, it was in the evening thal one specimen of Aedes
Murtatilis was taken.

Thres species taken of the Adedes subgenus Howarding wore guodrivitialus,
seplemstriatus and sexlineatus. These also breed in water containers; seplemairiatus
in tree holes and the other two species in bromeliads, They were not abundant
in the colleetions attacking man. Only serfineafus appeared in the evening
collections.

Four ground pool breeders of the subgenus Ochlerelatus were taken: angustivil-
ttus, fulvus, hostolus and the serrafus group. The mosquitoes of the serrafus
group were not identifiable as lo species on the basis of the females taken at-
tacking man, Light traps operated at the Almirante stations during a portion of
this study took males of several species in this group. They will be dealt with in
another paper specifically treating taxonomic and distributional problems. Only
the serratus mroup and cngustiviifalus were common. All four species illustrate
how irregular the hatehes of these mosquitoes may be in nature. The bulk of the
collections appeared in the 1952-53 year period. Only the commoner forms,
angustivitiatus and the serrofus group were taken in the evening colleetions

Psorophora, Peorophora lutzii and ferox were both abundant, with about three
times as many ferox as lulzit being taken. These ground-pool-breeding species
were much more abundant in the second year of the study than they were in
the first, as was the case with the ground-pool-breeding Aedes. Both species are
diurnal as may be seen by eomparison of the numbers caught during the day in
Table 2 with the numbers caught at night given in Table 3. Psorophiora cingulata,
on the other hand, was uncommon in the diurnal eollections but much out-
numhered the other two Psorophora in Uhe evening collections., This species 1s
clearly crepuscular or nocturnal unlike hutzie and Jforex.

Mansonia, The Mansonda mosquitoes which are primarily crepuscular and noe-
turnal, and breed attached to the roots of vegetation in swamps were not very
abundant at the Almirante forest stations which were on elevated slopes. Five
species of two subgenera were taken: fndubitans and gitzllons of the subgenus
Mansonia, and arribalzagee, nigricans and venesuelenaiz of the subgenus Rhym-
chotaenia, M, venezuelensis, in the evening collections, was the commonest species.

{Meler. As the identification of the Cuwfer depends primarily on characters of
the male terminalia few of these were determined to speeies. Only one form was
identified to species in the diurnal colleetions, Culex secundus, In the evening
eollections the three species énflicius, mengles and foendopus were determined.
It was not previously realized that the species mengtes and taenzopus bite man,

Trichoprosopon. Tricheprosopon of four subgenera and seven species were
taken. In order of greatest to least abundance in the diurnal catch the species
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were magrus, levcopus, esping, digifatum, longipes, lompropus and repar. Only
the first four species were moderately abundant. The relatively large numbers of
Trichoprosopen magnus, a species breeding in a Calathea characteristic of swampy
situations, is explained by the presence of & small open spring-fed hog in the
forest near the tree stations. This species is of some interest in the epidemiology
of sylvan yellow fever as it was the commonest arboreal mostuito present during
an epizootic of the disease investigated on the north coast of Honduras in 1954
(Trapido and Galindo, 1953). Trickoprosopen were rare in the evening collections,
only two specimens of magnus and one of feucopus being taken.

Wyeamyia. The identification of female Wyeompyia to species is difficult or
impossible if the seales are rubbed; thus these mosgquitoes were for the most part
determined only to subgenus. Of the few which were identified further, there ap-
peared 11 species of the three subgenera Wyeomyia, Dendromyia and Dastsmyia,
Of interest is the large number of this genus in comparison with the total eateh.
At the Almirante tropical rain-forest stations the Wyeomuia comprised more than
60 per cent of the total eatch, while in the survey made in the deciduous tropical
forest of central Panama (Galindo ef al., 1950) they made up only about three per
cent of the eateh. This may be explained by the fact that most mosquitoes of
this genus breed in water-holding plants, primarily epiphytes, which are more
abundant in the tropical rain-forest than in the tropical deciduous forest, The
Wyeomyia are diurnal mosquitoes, and only insignificant numbers were laken
in the cvening collections.

Limotus. Two species of Limafus were present in the diurnal eollections,
asulleptus and durhemi, with the former far more abundant than the latter.

Suhethes. Sabethes chlovopicrus, the most abundant representative of this
genus at these stations as elsewhere in Panama, was fairly evenly distributed
during the two years of the survey. Much less common were Sabethes eyaneus
and lorsopus. Both these species demonstrated an irregular annual distribution,
about two-thirds of the collections being taken in one year and one-third in the
other. But as in the case of two other tree hole breeding species, A, lewcocelacnus
clarki and I speguzzindd foleo, eyoneus was more abundant in the first vear while
tarsopus was more abundant in the second year. This again illustrates how differ-
ently the same elimate eyele may affect species with apparently similar breeding
habits, The Sabethes ave diurnal species and only insignificant numbers of the
comimon chleroplerus were taken in the evening.

Anophelini. There were five species of Anapheles in the collections: apicimacuia,
eisent, punchimacula, albimanus and nedvai, Only the bromeliad breeding neivad
of Lthe subgenus Kerleszia was present in substantial numbers either in the diurnal
or evening collections. It is of interest that so large a number of this species was
laken biting in the daytime colleetions, and also that the bulk of the daytime
captures were made during the first year of the survey. In the traverse survey
made from Caldera to Chiriquiciio in 1955 another Kerlessio was taken, Anopheles
bofiviensis, which was previously known only from South America (see Lane,
1953}, As we kept the Kerfeszio specimens from the Almirante forest stations,
it has been possible to check them to be sure we did not overlook boliviensis,
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Nane were present in the Almirante collections. This serves to confirm our belief
thut the finding of i, mesodentatus on this same traverse survey between Calders,
and Chiriquicito does not necessarily imply that this species was present at the
Almirante forest stations also.

Fairly common in the evening colleetions was Chagasia bathanus, It was rare
in the diurnal eatehes, and may properly be considered crepuseular or norturnal
ag are the other anophelines in gencral,

Vertical stratification

The data from the Almirante stations, located as they were in virgin tropical
rain-forest, are particularly valuable for illustrating how forest type affects
vertical stratification of the mosquito fauna, The summary for the Almirante
stations is given in Table 4, and for comparison there are ineluded in this tahle
the data from the series of stations operated in the tropical deciduous farest of
the Pacific side of Panama during 1950, which were reported in a previous paper
(Trapido et al., 1955). The 1950 survey included one station, Tueué, which was
just across the continental divide in the Caribbesn drainage. But because of
the relatively low elevation of the divide there the tropical rain-forest rainfall
patlern was not as well developed as at the Almirante stations, and the forest
was intermediate between the tropical-rain and tropical deciduous types. All
the other Pacific side stations were located in either tropical deciduous or semi-
deciduous forest. The data from the 1950 collections may thus be validly com-
pared with those from Almirante to demonstrate the difference in the vertical
stratification of the catch in different forest types. In the case of both sets of
figures the percentages shown in Table 4 were obtained by making correction
for the number of hours expended in collecting on the ground and in the canopy.
Per cent captures in the eanopy and on the ground were caleulated only for
those species of which more than 15 specimens were laken. In the ease of the
Almirante collections there were 36 species which met this requirernent, while 31
of the same species appeared in the 1930 survey.

It has been shown by such authors as Bates (1944) and Haddow (1954) that
the vertical stratification of the forest mosquito fauna shifts during different
hours of the day and between wet and dry season. We believe the COMPATISONS
we here make between the stratification at the Almirante stations and those of
the Pacific side of Panama to e valid for the following reasons. At both sets of
stations the collections were made between 9 A M. and 3 P.M. The Pacific side
collections were made from June to December, the rainy season months, while
the Almirante work was carried on throughout a two-year period. But since at
Almirante there is no pronounced dry season, the colleetions were made under
rainfall conditions in general similar to those of the rainy season of the Pacific
slope. The collections were made over such long periods that effects produeced by
minor wiather fluctuations would be smoothed out in the general averages,

The results from the Almirante stations differ in & number of particulars from
those obtained in our first study of the forest mosquito fauna in central Panama
and the Canal Zone done in 1949 (Galindo ef af., 1950). At that time, however,
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we collected at platforms midway up the trees as well as in the canopy and on
the ground. Under these conditions there was diversion of a portion of the cateh,
and the results may not be readily compared with those obtained at the stations
at which anly canopy and ground collections were made. Thus we will not attempt
to make comparisons with these dala.

The generalization which emerges from a study of the data in Table 4 is that
species which are predominantly arboreal in tropical deeiduous forest are more
distinetly so in tropieal rain-forest, while those predominantly taken at ground
level in tropical deciduous forest show this tropism in more extreme fashion
in the rain-forest. That is to say, in general, the stratification of the mosquitoes
between canopy and ground is much mere pronounced in rain-forest than it is in
deciducus  forest.

Arboreal species, OF the 31 species oceurring at both sets of stations, 12 were
taken in the canopy of the tropical deciducus forest more than 60 per cent of the
time. The percentage of these taken in the canopy of the rain-forest was sub-
stantially higher in the caze of ten of these 12 species. The two exeeptions were
Wyeomyia arborea and Sabethes eyanews. In the case of the extremely arboreal
Wyeomyia arborea (we named this species in recognition of this characteristic,
Galindo et al., 1951, 100 per cent were talen in the canopy of the deciduous [orest
so that a greater percentage could not possibly have been gotlen in the canopy
of the rain-forest, The numbers taken at both sets of slations were small, so that
the percentage shown for the rain-forest stations (95.9) represents only a single
specimen taken on the ground. This exception to the general rule given above
iz therefore not significant. Sabethes cyaneus thus remaing as an exception to the
generalization made above, although the pereentage taken in the canopy of the
deciduons forest was only slightly higher (2.9 % ) than in the rain-forest. Striking
increases in the percentages taken in the canopy are shown by the three species of
Huaemagogus, Aedes levcocelaenus clarki and guadrivittatus, Trichoprosopon magnis
and esping, Sabethes torsopus and chloropterus, and Chagasie bathanus, As an
example of an extremely arboresl species we may take H. spegazzing faleo. Of
1,141 speeimens taken, 99.6 per cent were in the canopy at the Almirante rain-
forest stations while but 80.7 per cent of 743 specimens were collected in the
canopy of the deciducus forest. The stratifieation of this species was also more
marked at the Almirante stations than at two localities where it had been studied
in Colombia (Bates, 1944) and Brazil (Causey and Dos Bantos, 19497, The most
extreme increase in preference for the arboreal habitat was shown by H. lueifer
with 67.1 per cent in the canopy of the deciduous forest and 98.7 per cent arboreal
in the rain-forest, an increase of 31.6 per cent.

These data nicely illustrate an important point in the epidemiology of sylvan
yellow fever, In the virgin tropical rain-forest near Almirante the vector species of
Haemagogus and A, lewcocelaenus are so completely arboreal that human beings
could probably pass through this forest in the presence of a raging epizootic
among monkeys in the eanopy, without danger of being infected on the ground.
In tropical deciduous forest the vertical stratification of the mosquitoss is pro-
nouneed bt muich less zo than in the ease of rain-forest. Where the eanopy of the
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rain-lorest 1s broken by clearing, or even the felling of a single large tree, the
microclimate of the canopy 15 brought near the ground and there is resl danger
of being bitten by arboreal mosquitoes. It was a circumstance of this sort which
produced the yellow fever case near Almirante. We routinely make use of this
fact when engaged in rapid surveys of canopy mosquitoes, Where it iz not feazible
to climb tnto the canopy for eollecting we {ell several troes, letting the sunlight
through to the forest floor. Bamples of mosquitoes taken attacking in the fresh
opening in the forest then include the arboreal species. This technique has been
used for some vears by our colleague, Dr. Jorge Bozhell In deciduous forest it 15
often not necessary to disturb the canopy to obiain a sample of ihe essentially
arboreal mosquito fauna at ground level, though an exception to this generaliza-
tion would be such a species as Wyeomyia arberea,

Of the mosquitoes taken in some numbers in the evening colleetions there wore
three predominantly arboreal species, Culex menyies, Anopheles nefvai and
Chagasio bathanus, As the gradients of light, temperature and humidity between
canopy and ground are much less marked during the evening and early night
hours during which these collections were made, there is indication that factors
other than the microclimatic ones discussed earlier in this paper are involved,
Some evidence of height orientation based on factors other than light has pre-
viously heen sugmested by the laboratory experiment of Bates (1947). Another
fuctor which should be considered ag concerned in determining vertical stratifiea-
tion is that of host preference, That iz, a species with a strong preference for
feeding on primate blood would need to seck out the forest canopy to find its
host. The strong arboreal preference of the anophelines, 4. neivad and Ch.
bathanus, may be of significance in & disesse problem other than yellow fever,
.4, the transmission of the monkey malavia parvasite, Plosmodivm brazelionn,
which oeeurs in forest primates in this area as well a5 in South America.

frround level species. Sixteen of the divrnal species in the deciduous forest were
taken more than 60 per cent of the iime on the ground. Thirteen of these were
taken wilth greater relative frequency on the ground than in the canopy under
rain-forest conditions at Almirante. These species were Aedes lerrens, seplem-
strimtug, angustivitfolus and the serralus group, Peorophora ferox and eingulala,
Manszonia venszuelensiz, Trichoprozopon digilaium and longipes, Wyeomyia jocosa,
Limatus asulleplus and durhamd, and Anopheles apicimacula, Exceptions were
Merzonda Htdllans and Trichoprosopon feveopus of which slightly higher propor-
tions were talen on the ground in the deciduous forest. But the numbers of the
former (33) were small in the rain-forest and the numbers of the latter (19} were
amall in the deciduous forest, so that the comparisons probably are not very
significant. Substantial numbers of Peerophora lufzii were taken in both types of
forest, and the failure of this species to demonstrate increased ground-oriented
stratification in the rain-forest is a plain exeeption to the generalization that
stratification iz more extreme in rain-forest, Psorophora cingulate which was
more abundant in the evening than in the daytime collections showed strong
preference for the ground in both elrcumstances,

Tive species were taken at the Almirante rain-forest stations for which com-
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parative stratification fizures from the Pacific slope deciduous forest stations are
not available. These spacies, Adedes hostatus, Mansonio arribalzagae, Trichoprozo-
pon fampropus, Wiyeomyin celoenocephale and seofinomus, wore all preponderately
present in the rround level collections.

Tadifferent species. Only a single species, Adedes lewecofoendatus, appears to be
relatively evenly distributed between the canopy and the ground level, though
slightly fuvoring the ground. The proportions taken af canopy and ground level
in both tvpes of forest were almost exactly the same, As this species is vervelosely
related to A, lewcocelaenus cfarkd it is of interest to note how differently it strati-
fies in the forest.

Specica showing tnconststent behavior, Two species demonstrate “switches™ in
their relative sbundance in the canopy and near the ground in the two types of
forest, Aedes sexfineatus, and Anopheles neivad, Both appesrved predominantly
in the canopy at the rain-forest stations and predominantly at ground level in
the deciduous forest. The number of A, sevfineatus was small (16) in ihe deciduous
forest and the ground preference shown in this habitat is probably not significant,
The samples of A. neivad in both types of forest were large enough to have pro-
duced a consistent pattern, We have no ready explanation of why this spocics
showed preference for the ground level in the deciduous forest and the canopy
in the rain-forest, Tts arboreal predominance in the davtime while marked was
much execeded by that shown in the evening colleetions in which 100 per cont
of 120 specimens were taleen i the canopy.

Trigects other thow mosguitoes, Other biling inseets taken in forest eanopy have
been Phiebatomus sandflies and Tabanids., Our colleague, D, Graham Fairchild,
has discussed the vertical stratification of the Tabanidae (Faivchild, 19533); and
Fairchild and Hertig (1952) have noted the arboresl tendency of Phichotomus
trapidod which was taken in numbers in the evening collections at Almirante.

AUMMARY

The elear cut nature of the vertleal stratification of the mosquite fauna of
the tropical rain-forest is well illustrated if we eliminate the one “indifferent”
species and the two species which “switehed” their distribution in the two forest
tvpes, and then enumerate the remaining 33 species in ten per cent groups. In
the case of the 12 canopy mosguitoes nine species were D0 per cent or more, and
three from 80 to 90 per cent in the canopy, OF the remaining 21 species 17 were
90 per cent or more &t ground level, three from 80 to 90 per cent at ground level,
and only one in the 60 to 70 per cent bracket.

Praly activily cycle
The daily activity evele as we deal with it here coneerns only activity as
measured by mosguitoes approaching g bait o bite, Thiz subject deserves careful
study not only for ilsell but also for its iImportanee in any basic understanding
of the dizease transmizsion eyeles in which these mosguitoss may be involved,
In the present fluid state of our knowledge of the dynamies of daily mosquito
aclivity cveles any serious attemnpt to analvze the mass of data aceumulated at
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Almirante on a eausal basis would require a lengthy and involved presentation.
The difficuliies inherent in the various methods of colleeting the data and analyz-
ing them, as well as those of interpreting the results, have recently been pointed
ot by Maddow (1954). As our purpose in this paper is to give the overall picture
of the activity of the mozguite fauna of a rain-forest vellow lever area, we will
eonfine ourselves to a general summary of the Gndings on the daily periodicity
or “hiting eyvela”

Haddow {19547 has warned of the pitfalls in drawing conclusions with regard
to biting cyveles bused on anyihing less than 24-hour catches, While his point is
well taken, we are confident that such species us the Haemagogus, the Aedes of
the subgenus Finlaya, the Tricheprosopon and Sabethes are distinetly diurnal.
The several individuals of these species taken in the evening collections were
taken before the hour of nightfall. This does not hold, of eourse, for such spocies
a5 Prorophora cingulata and Anopheles nefvad which were present in substantial
numbers during the evening and carly night as well as during the day. The diurnal
eollections wore confined to the hours 9 A M. to 3 P.M., as this period could be
handled by a single erew of men, and sinec it was our empirical impression that
these hours were the ones of greatest activity of the diurnal forest mosquitocs
letiown or suspected to transmit vellow fever. The evening collections were made
only incidentally, and at times irregularly, and they are therefore not suited {o
analysis of periodicity,

TFor the interpretation of daily hiting eyeles Haddow (1954) considers the geo-
metric mean @ hettor measure of eendral tendeney than plain averages (arithmetie
means), particularly when dealing with data drawn from a small series of days.
This iz because the results are “apt to be unduly influenced by extreme values,
due to individual catches” (Haddow, 1954, p. 219). In the case of our data,
however, we believe the averages to be meaningful sinee we are dealing with a
very long series of days, and since large hourly peaks were not frequent. This
may be illustrated by the example of Haemogogus equinus, The activity cyole
shown for this species in Table 5 is based on 1,944 hours of collecting during 258
days, when the maximum number taken during any one hour was only eight
Hp{.‘-(,‘-i[l]i.‘!]]ﬂ.

The hourly distribution of the 19 species of which more than 100 specimens
were taken during the two-year period of the survey are shown in Table 5. In
arriving at these fipures we eliminated from consideration any days on which no
specimens of a partieular species were taken, and for the remaining days deter-
mined the number of specimens present per ten man-hours of collecting. Hours
during which for some reagon, such as heavy rain, the rollectors were not at their
stations, were also eliminated in arriving at the cateh per ten man-hours. For
ready comparison of the hourly oeeurrence of the different species, the attack
rates por ten man-hours were converted into percentages of the eatch made
during each of the six one-hour periods between @ AM. and 3 P.M. To give
some idea of the relative relishility of the results the size of the sample 1= shown
for each species. Where 90 per cent or more of the catch of a particular species
was taken al either canopy or ground level the averages were derived [rom the
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TABLLE &
Comparizen af the hourly atlack rotes of foresi mosgitioes given of the pereentages of the tolal
number atlocking befiveen 8 A M. and 3 PO,

s s O P oo [t
Haemagogus equetnus. ... ..., [11.715.717.318.4 16.1!20.!}| Canopy 1,126
Huewagogus lueifer. ... .oo0o0.oe. ..., 14,014,017 .318.3 16,4 2000 Canopy 270
Huemagogus spegozzinet foleo. . 12,516,217 .0 18.816.5158.3 Canopy 1,136
Aedes leweocelamius elorbd .. J14.618.317.815.514 018,09 Canopy &10
Aedes levcolaenfatus................ .[22.721 614.815.011 413 6 Can. & Gr. 07
Aedes sexlineatss . ... ... [27.416.417.817.3 8.212.8| Clanopy 129
Aedes angustivittatus . log 113,414 112.4 1-1_1_1?_n| Ground 444
Aedes serratus group..... ... 21.614.316.518.712.716.2| Ground 1,735
Prorophora ferox. ..o ....;11.413.&515.9;15.1520.021.0} Can. & Gr. | 2,451
Poorophara hutadio oo 11.0132.822.010.816.317 06| Can. & Gr. 917
Trichoprosopon digitatum. ..., co.-13.010.815.720.023.117.3 Ground 145
Trichoprosonem Mmagrus . .. .. ... ..., _'ID.D;l'.'-'.ﬁllﬂ.El;lal.:}lE.E 16.6 Can. & Gr. B
Prichoprosoper expind, .. ... .......|35.317.413.7 12.6) 6.3)14.7) Can. & Gr. 172
Trichoprosopon leweopus, . 20,017 618.014.414.815.2 Ground 458
Limatus asulloptus.................[10.222.021.018 514 813.7 Ground 478
Sebelthes cyaneus. ... .....ooo..i.. 01181588 22.616.015.819.8 Can. & Gr. az1
Babelhes torsopus JI12.810.815.7/15.712 8262 Canopy 230
Babethes chloroplerus. ... 14.9]16.117.616.715.818.9 Canopy | 3,545
Anopheles mefvai. ... [23.5)15.7]14,718.1) 9.318.8 Can. & Gr. | 154

t TMonrly atiack rutes have been ealenlated anly for those species of which more than 100
specimens were taken during the two yenr period of the atudy.

catehes in that one situation. Where the vertical stratification was loss extreme,
t.€., species with less than 90 per cent of their numbers at either canopy or ground,
the data from the two environments were combined. Which set. of data was used
for each species is indieated in the tahle.

Examination of the results summarized in Table 5 first reveals that the varia-
tions by hours in the capture rates for most species are not of very preat magni-
tude. As the ecollections were distributed ameng six one-hour periods, the pro-
portion taken in any one-hour period, if the mosquitoes were uniformly active
between 9 AM. and 3 P.M., would be one-sixth of 100 per eent or 16.7 per eent.
In the case of only one species, Trichoprosopon esping, was this theoretical average
more than doubled; while but two species, T\ espiné and 4. neivai had hour
periods during which less than half the theoretical average was taken. While the
differences in magnitude are slight, three patterns of activity may be detected.

1. Species with the least activity during the first howr (910 AM o and the most
activily during the last hour (2-3 P.M ),

Six species met these conditions as Follows: Huoemagogus equinus and fucefer,
Aedes lewcocelaenus clarki, Psorophora ferox, Sabethes tarsopus, and chisropterus,
H. speguzzindi falce also follows this pattern although the 12-1 P.M. collection
was slightly higher (0.5 per cent) than the 2-3 P.M. collection, All of these spocies
alzo showed a slight decline in the 1-2 P.M. collection with the exeeption of
£, Jerox. The ealeulations for all these species except P, ferox are based on the



MOBQUITOES ASSOCTIATED WITH SYLVAN YELLOW FEVER IN PANAMA 135

canopy collections only, as they were species of which more than 90 per cent
were taken in the canopy.

2. Species with the mosl ackivily during the first howr (9-10 AM ).

This eategory included eight species asfollows: dedes lewcolaeniatus, sexlineafus,
angustivitiatus and the serralusgroup, THckoprosopon maghus, espini and leucopus,
and Anepheles neivat, All but the following three showed some decline during
the 1-2 P.M. period as in the case of the first group: A. angustivittatus, T. magnus
and leucopus, With the exception of A. sexlineatus, a canopy species, the data
used were either from the ground collections or combined ground and canopy
eollections. A, neivad, not exclusively a diurnal species, was most abundant in
the hours closest to darkness, 9-10 A M. and 2-3 P.M., though it also had &
secondary peak near midday, noon o 1 PM.

3. Species most active nf an infermediote howr,

The remaining four species had their preatest aclivity at some intermediate
hour. The peak hour for Lématus esullepins was 10-11 ADM., for Psorophora lufzs
and Sabefhies cyanens 11-12 A M., and for Trichoprosopon digitatum 1-2 P.M.
With the exception of T. digitatum the least active hour for these species was the
first hour of eollecting, 9-10 A, M., as in the first group. The data for these species
were drawn from ecither the ground or the ground and canopy collections
combined,

Whether the slight differences which appear in the daily activity cyeles are
significant, we think must remain in doubt. Comparable data taken in other
partsz of Panama reveal somewhat different cyeles, though this may be due to
differences in forest type and weather. Further analyses of these data by other
means may be made al a later date, For the present, one can only generalize that
a substantial portion of the biting by the diurnsl mosquitoes in the Almirante
rain-forest ocenrred during each of the hours between @ AAL and 3 P.M.

Reqularity of atiock rotes

The effectivensss of a mosquito species a8 a vector of yellow fever isa funetion
of the extrinsic incubation period of the virus at the temperatures to which the
moscuito is subjected in nature, and also the relation of this incubation period
to the natural life span of the moesquito. But also of importanee is the regularity
of eontact made by the species with susceptible hosts over long periods of time, A
species which multiplies virus slowly, but which is long-lived and consistently
and [requently Lites susceptible hosts throughout the year may be of as much
importance in maintaining the transmission cyvele as a species which mutiplies
virus more rapidly and with greater regularity but which is in less frequent con-
tact with susceptible hosts during some part of the year. The annual abundance
eyveles presented in the next seetion throw light on this point, butl it is also of
interest to examine eertain relationships expressed in Table 6. We have selected
for illustration in this table the data obtained for the three species of Hoemaogogies,
Aedes levcocelaenws clarld and Sabethes chlpropterus, because of their known or
suspected roles In the transmission of sylvan yellow fever, and for Psorophora
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TARLE G

Varfous measures of biting aclivity

Haems | Aodex

aem | . ngaews | Jew- | Subether | Psora-

"f‘ff}‘f GEARRT | BPepET- cocetaes|  chlorap- | plars
k5 fd trectfer | =imid R lerus Jerox
S Soles | elarki

CanopyrCanopy | Canogpay {._nl:-]r:. Crl.r.-{}]:q,r Graand

Total no, of mosquitoes Laken ceeeveo.o| 10260 970)1,136)  B10{ 3,545 | 2,135

No. per 10 man-hres, of collu:ctmg el 5.8 500 5.8 4.2 1852 i
Proporticn of each canopy sp. mkcn [% ....... 13 13 15 11 47 .
Total no. of days of eolleeting, ., ... .. .| 338 338 438 438 528 342
Total no. of hrs, of eollecting. . ciseevocon L9941 0440 1 D44 1 044 T 044 | 1,857
Max. no. of mosquitoes per 1 ]1r pa:ru}rl ..l 3 4 12 fi 21 it
,Eex;fﬂ4§! %| 2 |%| Nos. | %| Mes |%

Eegularity of attack | [

Days during which mosguitoes were taken | | 25876 242 72 326/67 254 60 54060 13339

Hrs. during which mosquitoes were talen . .. G85.235 60221 501 J0(568/2011,345 66 42722
Crrouping of mosquitoes attacking |

Mosquitoes taken per hr,

1 43430 388,40 355,31 307,49 50114 173 §
2 260 26 262 27 236,21 20826 70620 120 6
3 17415 132 14 144 15 11114 ;.,1[;.'15 120/ 6
4 104 9 92/ 9104] 9 44| 5 45213 116| 5
5 THi & 50 5 80 T 20| 2 mnn 110 5
f~10 | 54 5 46 518316 30/ 4 71820 45821

50

aver 10 | oo oo 33 oo 223'131[?38

Jerox to illustrate certain differences in activity pattern. X, spegazzinit faleo
and A. leucocelaenus clarks are well established vectors (Whitman, 19510, It has
also recently been established in the laboratory (Galindo ef af,, 1957) that Middle
Armerican H. eguinus and 8. chloropterus are capable of transmitting vellow fever,
and virus has been recovered from these species in nature (Johnson and Farns-
worth, 1956). As it appears increasingly likely that all Haemagogus are capable
of transmission, we include also I lucifer,

We zee in Table 6 (lines | to 3) the relative abundance of these species. 5.
chloropterus was approximately three to four times as abundant as the other
four canopy species. It is of interest to compare the densities of the populations
of two of these species with those reported from sylvan yellow fever areas in
Colombin (Bates, 1944 and 1945) and Brazil (Causey and Dos Santos, 10493,
{Bates’ Haemagogus capricorndl Is now known as spegazsingg and his Sabethoides
fmperfectus i3 the same as our chlorepterus.) The average density over a year
period found by Bates (1943) for spegazzinid was 58.8 per ten man hours, for
chloropterus, 7.8 per ten man hours. Comparison of these figurcs with those in
Table 6 (line 2) reveals that the relative densities of these two mosquitocs is
reversed, spegazeinii being more abundant in Colombia and ehloroplerus more
abundant at Almirante. The density of spegazzind? in Colombia was about ten
times that at Almirante and three and s half times that of all three species of
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Haemagogus combined at Almirante, Bates (1944) records abiacl rates for
spegazzinis in the eanopy as high as 140 per man hour while Causey and Dos
Santos (1949) took as many as 30 spegazzingt per man hour. At Almirante the
greatest number of spegazzingi taken in any one hour was 12 (Table i, line G),
and this number was attained during only one hour of the 1,044 hours during
which colleetions were made in the canopy. The maximum hour cateh for the
other two Ifacmagogus at Almirante was cight for eguinus and nine for Tucifer.
Of all the Haemagogus taken at Almirante only 34 were golien at rates in excess
of ten per man hour {Table 6, line 15).

The different balance between the numbers of Haemagogus and Sabethes in
Colombia and Panama suggests that there may be a difference in the relative
role of the two kinds of mosquitoes in the transmission of sylvan vellow fever
in the two areas. It is of interest therefore to examine further certain numerieal
relationships between the populations of Sobethes chloropterus and the
Hacmagoegus speeies at Almirante, As is pointed out above, the regularity of
biting, day by day, may be of as much importance for discase transmission as
the actual numbers present. In Table 6 we have also shown the proportions of
the total days and hours of eollecting during which the various species attacked,

We see that in terms of days (Table 6, lines 4 and 7} all the canopy species
were present at least two-thirds of the time; spegazzin? fales was least frequent
(67 per cent of the days) and chloropferus most frequent (96 per cent of the
days). The demonstration of the ability of chlerepterus to transmit vellow lever,
together with the above evidence of the regularity with which it attacks in the
canopy, cannot bul impress one with the possibility that this speeies may play
a role in the maintenance of yellow fever in arboreal primates.

The relative lack of regularity in the appearance of spegazzingd faleo is also
shown by comparison of the data for this species with that for guinie and
leucocelaenus clarki (Tahle 6, lines 1 and 7). Lewcocelaenus elarks (810 specimens)
was substantially less abundant than spegazzing faieo (1,136 speciinens), but
appeared on a slightly greater number of days: elarki—231 days; falco—226
days. The numbers of spegazzingi faleo (1,136} and equinis (1,126) were almost
the same; but the former was taken attacking during fewer days: faleo— 226
days; equinus—258 days. As the spegazsing faleo were taken during lewer days,
it follows that it attacked in larger numbers on the days when it was present,
This may be confirmed by examining the figures for the distribution of the
catehes by attack rate per hour shown in Table 6, lines 9 to 15, Thus, if regularity
of attack is significant in assessing the transmission role, as it would seem to be,
then spegazzingi falco would appear to be of lesser impartance than the other
species, other factors such as life span, rate of virus multiplieation, efe., being
eoual,

A further measure of the regularity of attack is that gotten hy determining
the proportion of the total number of collecting hours during which each of the
species was taken (Table 6, lines 5 and 8). In these terms the difference hetween
chigropierus and the other species is proportionately more pronounced. The
proportion of the hours during which chioropterus attacked (69 per cent) was
about twice that of the other canopy species (20 to 35 per cent !,
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Finally, if we examine the data showing the numbers of each species attacking
at various rates per hour of colleetion (Tuble 6, lines 10 o 16) we find another
charaecteristic of chlorepterus. That iz aside from the fact that cfforopterus was
more regularly present, as shown above, it was more often present in groups
rather than singly as were the other species. In Table 6, lines 10, 11 and 12,
we see that for the three species of Haemagogus and leveocelaenus efarki the num-
bors taken at the rate of two or three per hour were less than the numbers taken
al the rate of one per hour. But chloreplerus altacked more frequently at rates
of two or three per hour than at rates of one per hour. Many more were also
taken at rates in excess of five per hour. Thus we see that the greater abundance
of chloropterus 1s expressed both in greater regularity of attack and also greater
numnbers attacking per hour, It might be thought that this relationship must be
expected in the case of a species so much more abundant than the others. But
it iz possible for u species to be abundant and et not express this abundance
both in terms of regularity of appearance and large grouping of individuals,

We inelude data for Pearopliora feroz in Table 6 to illustrate this point. This
species was about two-thirds as common as chloropterus but the maximum
catel in a single hour period was more than three times that of chloreplerus
{Table 6, line G). The clustering of the cateh is also shown by the fact that 50
per cent of those Ltaken were in groups in excess of ten per man-hour while only
six per eent of the chlerepterus were taken in such aggregations (Table 6, line 15).
The lack of regularity of attack by £, ferox, on the other hand, is brought out by
the fact that it was taken on only 29 per cent of the days and 22 per eent of the
hours of collecting; ehdoropterus being present on 96 per cent of the days and 69
per cent of the hours (Table 6, lines 7 and 8). Although two to two-and-a-half
times as abundant as the species of Hoemagogus and Aedes lencocelaenus, ferox
waz taken on substantially fewer davs and hours than these species (Table 6,
hnes 7 and &),

Annual abundonce eyele

An important reason for making the eolleetions ot the Almirante stations over
a two-year period was that of obtaining a picture of the long-term sbundance
evele of the forest mosquiloes in a typical tropical rain-forest which supported
the vellow fever transmission eyele. We were interested not only in the relative
abundance of the various species rom year to year, but also how they might
vary from month to month within the period of a year, The gross differences in
the numbers of the various species talien during each vear period have been shown
in Table 2. But for the 19 species of which more than 10 individuals were
collected we have caleulated the eatch per ten man-hours for cach month during
the two year period. The results are summarized in Table 7. To portray the
fluctuations graphically and to facilitate comparisons of species illustrating par-
ticular points, the monthly ten man-hour capture rates were converted to per-
ventages of each year’s eatch taken each month, The annual sbundance eycles
determined in this way for six selected species are shown in the accompanying
vircle graphs,
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Fros, 4, §, and 6, Annual abundance eveles of three species of Hoeriagogue during a two
year period in the tropieal rain-forest nese Almirsnte, Panama,
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The irregularity of the details of the annual distribution is apparent on study
of Table 7 and the accompanying graphs. In the casze of only one species, dedes
serlfineatus, was the month of maximum abundance the same (July) during both
yoars, Six other species had their month of maximum abundance one month
apart: Hoemagogus fucifer and spegazeindi foleo, Aedes leucoceloenus clarky,
Paorophara ferex, Sabethes eparens and Anopheles nelvat. The mosguitoes demon-
strating the greatest variation in the annual abundance eyele were the ground-
pool breeding species of Aedes and the Peorophora. This is graphieally illustrated
for one of these species, P, ferox, in Figure 8, In such species there are a number
of months in which there 15 no cateh at all and there are peaks of abundance
when more than 30 per cent of the year’s eatch is taken in a single month.

The three species of Haemagoegus (Figures 4, 5 and ) have pronounced peaks,
but these are much less extreme than those of the ground-pool breeding specics.
The largest peaks for any particular month reach only 20 per cent of the year’s
catch, and there are no months during which these species are wholly absent.
The cyele is even more uniform in the case of leuwcocelosnus clarki (Figure 7)
with no peak exceeding 15 per cent. Most uniform in distribution throughout the
two-year period was chloropterus (Figure 9). A substantial portion of the catch
was taken during all months, There was no month in which less than five per
cent or more than 15 per cent of the annual caleh appeared.

The relative uniformity of the month-by-month eateh of the tree-hole-breeding
arboreal mosquitoes in this tropieal rain-forest must be an important factor in
maintaining the chain of yellow fever transmission. In forests which experience
a pronounced dry season, as do those of the Pacific versant of Panama, the annual
abundanee eyeles are very different. The contrasting of the eyeles in the two
types of forest has been made the subject of a separate paper (Trapidoe and
Galindo, 1957h).

SUMMARY

An analysiz has been made of the composition of the sylvan mosquito fauna
of a well developed virgin tropieal rain-forest in which yellow fever appeared in
1951. The results are based on two wvears of collecting mosquitoes attacking
human baits on the ground and in the forest canopy, during the daylight and
evening hours, The circumstances under which vellow fever oceurred are given,
and the elimate and microclimate of the rain-forest summarized. It is shown that
in true rein-forest the vertical stratification of the sylvan mosquito fauna is much
more pronounced than in open deciduous forest. The daily activity cycles of 19
species are illustrated, and an analysis made of the regularity of attack in the
case of five species known or suspeeted as sylvan yellow fever vectors. In addition
the annual abundance eveles of 19 species are given,
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