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ABSTRACT

An investigazion of the uatural bosts of Pldebolommg
sandflics was carvied onl as 1 phase of the search for the
reacrvinr ol culaneons leishmaniasis. Varions types of
traps baated with Dve animels were tried, bul direct ool-
lecting  from  caged  animals  gave [ar better  results,
The & s coes represented in the catch of more than 600
female Plilebalonins were all commeon, man-hiting species.
Toe range of hosts was wide and included sloths, opos-

Bome 63 deseribed species of Plifebofowmins sand-
flies are known to ocour in Panama. OF these, 6 or 3
species ay be regarvded as commoaon man biters. Sev-
eral other species that ave relatively rvare in Panaing
also are known to hite man, O species, P drfnidaden-
sig Mewstead, has been found fesiing on the recko,
Thecadaciving rapicondus (Houttuyn), and 2 other
species, Poopesperidiions: Fairchild and 1lertip and
Foolsevesperiilionty Fairchild and Hertiz, are associ-
ated with, and are presnmed to feed on, bats {Me-
Connell and Coreea 1954, That the man-liting spe-
cies of Plilebeiowir will fecd on horses, dogs, and
other largs mammals is well koown, but their food
in ihe ahsence of sneh hosts has Leen o matter of
speculation. The hosts of the other sandflies in Pan
AA araan I.:‘{I'I-!_:l'-\.‘.']I.

At this laboratory, & sengesmarms Furchild and
Hertie and P, gomesd Nitenlesow are routinely reared,
aned have been found to feed readily under laboratory
conditions on the following ;. opossums  (D0delpla,
Colwrgnvs, and Marmesa) ; rodents ([ Precchinsg,
Toaloenas, Senwes, and the puinca pig)  the kinkajon
(Fotesy; and on baby chicks. The four-eyed opos-
aum ([ Fhidander) secms to be more acceptable o P
sanguinaring than to P. gemezic Both species can
sometines be induced to feed on Svrian bamsters, bt
hoth reject white mice { Johnson et al. 1963).

The present study was undertaken in an attempt Lo
fined ont something of the natural feeding habits, the
range of hosts, and the host preferences among ape-
cics of Panama sandfies. Any information with re-
spect to the natural hosts of man-bitmg sandldies s
likkelv to prn:_u-'i_t]{,: suggestive evidence in regard 1o
reservolrs of lman cutancons leishmaniass and other
zeonoses. Some of these studies have been carriod
culb in kpewn sreas of present or recent endemicity
for eutanecus leizshmaniasis,

STULFY AR

CAS
Madden Forest Presevee—Nadden Forvest, a Gov-

5
Bonn

ernment preserve in the Canal Zone, les mos

the Pacific side of the comfinental divide. The re-

2 The work reported here 15 segported inopart |:-;_-' it research
grant €A LO1231) from the National Enstitots of Allerzy and Ti-
{retioes Diseases, MN.LH., U.S RIS, pzblication
Apeil 37, 1963,

Accepled  far

44

soms, kinkajous, and ehickens. Although noe clear-cue
host preterences were demonstrated, the kinkajou ¢ Palos
Mozagd was consistently the most attractive to sandilics
Aostucly of patweal cavities vsed as divroal shelters amd
nf some artificial cavities set out ta test their attractive-
nesi too sandflies, secmed to indicate that sandlics are
attracted 1o cavities only when they can serve 5s feeding
o7 hreeding sites,

gion consists of advanced secondary growth, witl:

amall areas of primacy forest, Tt s traversed by
Madden Highwav, which has considerable velicular
traflic, but there are no halitations and no agriculture
or cutting of the fovest, Apart from picnickers a1 2
points along the highway, the forest is penetrated
anly by oceasional hikers or hunters, and iz not lawwn
ta be endemic for cotancous leishimaniasiz, The prin-
cipal study areas are well off the highway at altitudes
between 350 and 400 fr shove zea level, SandfAies ace
found throughout the vear, although in redoced num-
bers during the dry seasen from Jannary to Moy,
Since Macden Forest iz easily accessible irom the
laboratery, we have used this area for several vears
to pretest field methods before applying them else-
where,

Quebrada Bewdta is a small valley crossed by the
Transisthmian Highway near Buena Vista, on the
Atlantic slope about 16 miles feem Colon. This area,
leavily forested and an intense focus of leishmaniasis
when first visited by staff members of this laboratory
in 1958, has been the scene of extensive wd continm-
ons field stecies sinee that thme, The incidence of
the disease has [ollowed the classic pattern and has
declined with the progressive clearing of the [orest
atud the decreasing proportion of nonimmunes, House
spraying in connection with the malaria eradieation
campaigin alzo has been carried out recently. A
house-to-houze eensus along a forest trail in 1938
wvielded 30 active or very recent coses in the total
population of 124 persons of all ages; in 1964 2 cen-
suz of the 190 persons in the same area revealed only
2 active cases locally contracted, 1 of them several
vears ago, with old, incompletely healed lesions, A
certain patch of forest, in o which regular collections
Iael heen made for several vears, was used as the
arca tor the operations herein reported. Afthough
thiz pateh was gradually reduced to o steip only about
30 vards wide, with an arvea of perhaps 2 or 3 acres
running up the side of 4 ravine from ¢he stream be-
low, the sandfies remained abundant throughout the
period o1 these ohservations. Tlis slope waz later
cleared completely.

Alndvante ~The Gorgas Memorial Laboratory hias
maintained a feld staticn near the railvoad about 2
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miles from Almirante for several vears. This region
iz in the Province of Bocas del Torn, on the Carib-
bean not far from the Costa Hican boveder. There is
no definite dry season at Almirante, and heavy rains
may be expected during any meith of the year. The
region is devoted primarily o the commercial culti-
vation of hananas and cacao, bt numerous small un-
cut  forest oreas remain between  the plantations,
Sandfies are abundant in the forestz thronghoat the
vear, The hospital at Almirante has trested numer-
ous cases of leishmaninsis throngh the vears and foct
af infection still exist in that cistriet. Four of the
laboratory's employees, who had been the only non-
imnmnes when they joined the regular crew, con-
tracted leishmaniasis at the Reld station.

METHODS AND RESULTS

The methods used for catching, transporting, and
handling  sandflies were thosa that have been em-
ploved at thiz laboratory for some time (see Hlerbig
and Johnson 19610, Bait animals vsed for attracting
sandfBics were live trapped in o near the study arcas
with eollapsible wire-mesh bos traps baited with corn,
hananas, and oranges. Details of the construction and
wse of various sandily traps ave considered individo-
ally along with the results obtzined.

Traps for Fhlebotons,

Atrap for Plhlebetomas which could be baited with
live animals aod left in the forest unattended would
lave obvicns advantages for a shady of natural hosts,
Several types of taps were modibed or devised for
Lhis purpose,

Drowble-Fumnel Trap—~A mosquito trap deseribed
by Bellamy and Reeves {1932} consisted of a large
metal can with 2 sereen funnel in 1 encl A modifica-
b of thizs trap was comstructed, consisting of o
stadnless-stee]l oylinder 10 inches v diameter and 36
in, long. Funnels made of fine-meshed brazs screen-
ing, with 3q-in. cenmtral apertures, were fitted into
el el of the exlinder,

When Lhe trap was in use, | or 2 caged bait ani-
mals were inserted and the unit was set ot in the
forest on the ground, or suspended from trees horis
zontally at varieus heights below or within the canopy.
The trap was usually placed in position in the late
afternoon and checked lor sandfics the [ollowing
LLOCIE,

The results of trinls with the double-funmel trap
arve shown in Table 1, These taps were put out an
erivalent of 99 trap nights o 3 different study areas.
A rveptile, 2 genera of birds, and 7 genera of mam-
mals were used as bait, Two & and 41 2 sandilies
were callected, of which 29 2 had taken a blood meal,
The species of Fllebotomus vepresented in the catch
were  pangmensis  Shannon,  Songuinariis, .-'m;:-.-dm:
Tairehild and Hertiz, and & single male sfaon
Tivar, Of the bait animals used, coly the opossams
(I:Ja'd.;'fp.f:r's and Calwremas), the sloths (Hradyfus
and Chefoepus), and the kinkajon (Folos) produced
results,
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It s elear that our medification of the Bellangy-
Heeves trap is nol highly eflective in the prevatling
environmiental coneditions of Panama, There are 2
mherent disadvantages of tlus tvpe of trap for Phle-
bobowrs . the sinall size of the insccts necessitatus a
Ere-meshed sereen which reduces aicflow  throogh
the trap; and changes af temperabare at high onid-
iy bend Lo canse condensation witlan the metal oyvlin-
der, Te s probable that o teap of ths evpe wonld pore-
dhiee more satisfactary vesulis inoa drier region,

Cuboidal Nylen Trap—Another type of sandily
trap was tested at Quebrada Bomita and Madden
[Forest, A cnboidal nylon tentlike strocture, 440424
in, ¥ 36 i high, with the bottom of the cube open,
wils sispenided over bt aninads, leaving o Tew inches
between the sides of the trap and the groumd,  Dar-
retta and Continhe (19400 reported the successhil
nse of such o trap in Brasl,

[n theory, sandflics atteacted to the bait animals
would enter umder the sides of the trap, After feed-
ing thew wonulid be sheggish and wouald tend fo remain
in the trap where they could be collected later, In
practice, however, the coboidal frap produeed poor
results, A fow sandfiics were caught, bot those spe-
cies prevalent in the study arcas scemed litgle in-
clined to enter the trap or to stay inside after feed-
ing, When simultaneons direct collecting was osed
as a control, many more sandilics were attracted to
the contrels than te the same species of animals in
the trap.

Oded Paper Traps—Eheets of paper smearcd with
caztor oil were successiully wsed by Kirk and Lewis
{19207 for crapping sandilies fo the Sudan, The papers
were suapended in eleft sticks at the mouth of animal
burreavz, The captured inseets were harvested by cot-
ting the paper into strips and agitating them in aleo
hol, Cuate {(1964% reported recent successful use of
oiled paper and metal plates in the Sudan

An adaptation of this methad was found vseful by
Ilertig (19497 in sandfly stucies i Greece. He made
a frame of thin strips of wood with their far sides
nailed together to form o 12-in. SOLATE. T_\']‘.ll:'n-.'l'ilm'-
size paper was tecked to the frame 2o as o lie io s
midplane, which pernntted lrames to be prepaved in
the laboratory and stacked lor tranzpore without the
oiled  papers” coming i contact with one another.
Numbered frames were seb ol o bing in position,
left over night, and picked op the iollowing morning.
Sandfiies could Lo mdividually picked off ; and the
frames wich the same paper, wiped clean with xvlene
i necessary, could e used repeatedly,  Caster ol
geems to be neither attractive nor vepellent to most
insects. It will hold only the smaller insects and thos
15 favorably selective in sandfly shalies. The ailed-
paper technique takes advantage of the common Phile-
batonrus Qight hahit of alighting on almost any ob-
ject in s path.

A few trials of these frames Lad been made in
Manana by one of us (ML) The frames ware sns-
pended  beneath  an aluminum reof as  protection
against rain, There was, nevertheless, considerable
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Table 1~Trials of double-funnel trap for the collection of Fhledetoms, September 1962-Tanuary 19635,

Height (1t}

above Mo, of
Bait animals Locality® gronmil tiights Fihlehotomues canght
Reptiles
Hoo congtrigtor 1. ML 1] 4 None
(boa conslrictor) an 25 11 ™ o
Birds )
Barypithengus smarfid (Spix) On 1 2 None
{rafous moetmol)
Gl domesticus L. {chicken) R J-140 ¥ Moo
Mammals
Didelghis wuresiopindis T M 1 i1 P opoamensts, 3 fed 2
{comman opassiim ) A 13 4 l
QH 2-4 K
Flilander opoisum (1.0 MIF [ 3
{lour-eyed opossum ) [}EL 2 3
Caderroanys deebiones Waterhouse A an 3
{wonlly opossum) )L 23 3 F. trapidol, 1 fed 2 undeter-
mined, 2%
Brindypus grisens Wagler OBR 1 8 P osangwinarins, 119 (7 fed);
[throe-tocd sioth]) P otrapidos, 49 (2 1cd), 18
Choloepis hoffwmanig Pelers e 10-20 G P oganguingrivg, 195 andeter-
[(twa-taed slath) muned, 2§
Seierus granatensis Flumhalde MFE 2 2 Mone
[red squirrel)
Patas favus {f"_ithreb-cr} A 25.30 { Potrgbadod, 16 fed 9 P shon-
wond, 18
(kinlmioe) (I 10-20 i3 FPotrapided, 19
Totals a9

419 (29 fed), 22

A = Almiraite; MT = Madden Forest; Q8 = Quebrada Benita.

sp]ashing from surrouncing vegetation, and even in
the absence of rain the sandfly catch was slight and
no further trials were made at that time.

In the present study, similar wooden frames with
oiled paper were tested in Madden Forest wmd ot
Cuebrada Benita, Tn the attempt to determine the
Hight pattern of sandfies, particularly when approzeh-
g a bait amimal such as a horse, the frames were
bhung singly or in groups at various distancesz, with
disappainting results,

A trap baited with small animals and surrownded
by oiled-paper frames was devised which it was
hoped wonld catch zandilies that might be attracted.
The caged ammals were placed inside a larger, open-
ended, cagelike deviee made of wire fencing, 12X 12
i, # 24 in Jong, and provided with a sheet-alominum
roof with saitable overhang to protect against rain
Six oiled-paper frames were hung arcund the sides
and open ends, with 2 move on top wder the alum:-
nwm rool. Sandflies would bave access 1o the animal
threugh the bottom and arcund the edges of the
frames.

Although a few sandfies were caught in this series
of tests, the results were meonsistent ancd inconciu-
sive. [t appears that castor oil, which had been effec-
tive in drier areas such az Greece, s not suitable for
use in the hwmnid forests of Panama. When exposzed
to high humidity the oil tends 1o run off, leaving the
pers with insuflicient adhesiveneszs. Castor oil with
vartous additives, such as petrolatum, alze was Lried,
but the results were only slightly improved. In com-
parizon with the above, direct collecling gave such

superior resultz that the caled-paper methoed was
abateloned.

Divect Collecting.

Peconse of the very limited results oldained in ac-
tempting o trap sandfiies by the methods deseribed,
divect collecting from caged bait animals was initiated
at Quebrada Bonita in Febenary 1963 The study
aren was suitable for thiz method, since the forest
was linited and the collectors conld wait in the apen
away Trom the bait aninals to minimize the effect of
humian allfactiveness to the sandflies. Trials were
macle oo 17 nights during the dry senson of 1963,
Two or morve genera of bait animals were taken to
the area before sunset, The animals in their coges
were sel up 1 2 or move groups on pole racks aloot
4 ft above ground (Figs, 1, 23, The racks were
placed abont 30§t apart, in & line at right angles to
the prevailing winds, Sandflies had access to the ani-

mals through the bottoms of the cagpes as owell as
from all other directions, After the animals were in

position, the collectors retired to an adjocent cleared
aren. some 30-100 yards away, Deginning at 1900
lir, all bait animals were checked at half-hourly inter-
vils, and sandflies found on the animals were collectad
in suction wvials. The time spent near the animals
amounted fo gbout 5 min every hali honr, Collecting
was usually continued until 2200 hr, or ontil 3 soc-
cessive nspections failed to reveal any sandflics, On
each collecting might at least 2 genera of ammals
were used, to offer the sandflies a choice and therehy
test the relative attractiveness of the varions hosts,
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Tahle Z—Total nwebers of Phickolomes caught on
cach bait species by direct collection an 17 nights ar Que-
brada Bonita, Felroary to May 1963 Numbers of fe-
males that bad fed are piven e parentheses.

T Suncflies caught
Mnimals —————

Dt | Wlales Females
200 17l 5 el phis 14 Bl (33)
4 Folex 33 93 QE)
£ Mar. G Phdander 13 e B
2 FPolos 1 26:°(03)
& Mar. 1 Chioleepas 2 [
2 Pafos 1 AR Y
1l Mar. I Chiclen L3 & 03
4 fidpdphis 1 R A1 )
£ 2 Uhaloefus 2 i
13 Mar. 1 Chicken 14 AT R 4
2 Headypus 40 14 {3
E Didelpliis 3ol E)
1 Polas 1 ¢ 1}
I# Mar, 2 THdelphis i
) 4 Philgador il
25 Mar, I Chicken 4 1 1)
4 Didelphis Pl FRR
2 Potos ] o0 B
27 Mar. I Chicleen |12 S0
2 Dadelplas 11 e R S
4 Philunder Bl 15 L0
3 Apr. 2 Indeiphis R g |
10 Apr, 2 Paros 30 m
24 Apr. 2 Dhdelphis 1 I 0w
6 May & Ihdelphis 2 40
8 AMay 3 Thidelphis I 5
13 May 4 Poltos 4 18 {4}
15 May 4 Folas 1 22 o 3}
20 May 6 Didelphis ]
22 Maw o fhdel piiis 0
Totals ik GnE (173)

Seane sttempt was always made to balance the atteact-
ant mass by using lavger mambers of small animals
(g, 6 opozsums, Phdander, to 2 kinkajous, Potes),

The results of the direct-collecting method  are
shown in Table 2, A toral of 603 9 Phiebofomis,
representing 8 species, was obtained ; about 170 of
these had scoured a Bloed meal befove capture and
mask of the others were acempting to fesd when
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cauglid, The species represented by the fed females
are shown in Table 3. Tt ean be seen that the pre-
dominant species were P songuingrivg and P, gomes:,
which are the domioaol man-liting species in the
area, FLobrapidos, o oylephiletor Fairchild and Her-
fig, andd P oshanwend arve all common man biters in
Panama, but they are not mmoerous at Duebrada
Homita during the dey season, A single female 2.
avallesd Ortiz was canght while taking a hlood meal
from 4 kinkajou. This species is not abundant in
Papana, bul has heen taken Biting man

These collections demonstrate chat the host range
of the man-biting sandflies at OQuebrada Bonita is
wide, A bird {domestic chicken), 2 genera of eden-
tatez, 2 genera of mwarsupials, and a earmivore {kin-
kajou) all atteacted sandfics under field conditions,
The kinkajou, however, seemed to be the most attrac-
tive of the animals ased, Table 2 shows that on most
of the nights that kinkajons were used, more sand-
e were canght from them than from che other hait
amdmals (e, & Mareh, 70 % from Pores and only
1 % from the twe-teed sloth, Chalocprs). The con-
tracictory indication of 13 March (only I £ on
kinkajou vs, $6 ¥ on 3 other genera} may he eox
plaimed Ly the fact that the kinkajou was not healthy
and remaimed  asleep, curled up with fect hidden,
thromgrhout the evening.

[Taring the course of the collecting, it was noticed
that sandilies on the mammals nearly alwavs attempted
to teed on the feet or on the tail. It iz therefore neces-
aary i tests of this sort o leave the bottom of the
cage unehstructed, with Tree access for sandflies from
all directions. Mo sandilies were seen feeding on the
aose o snowl of the manmals, even in the case of
the contoton apozsuin, DHdelgphie, which bas bave arens
on the sooul. The sandilies collected from the chicken
were feeding oo areas of bare skin on the neck, head,
anl vmder the wings,

It can Le noted slse from Table 2 that on zome
nights few or no samndflies were encoanterad. Thiz
phenomencn seems to be primarily omatter of che
well-known sensitivity of Phlebafosiug to uniavarahle
weather,  Maximom  foeeding 5 o be exp-:cted an

Table 3 —TTost distribution of sandfly females caught on bait animals by direct collection on 17 nights at Chucbrada
_E:So:'n!t:l.. Febroary 20 te May 22, 1963, Numbers of females that had fed are given in parentheses.

Bait species aml number of mighbts usal

(ol Clologpus Bradypus Dhdelphis Philauder Folos
Pldelratonmng species damesiions Toffmaml  griscns mavanpialis  opossiem fovns Tatals
4 2 1 12 3 3 kil
SRR oS 1% 14 3 {23 3000 108 (200 L0 iy 204 {14} 347 (40
gomest 13id) 0 9{3) 63 [20) 1) 91 {19y 177 {32
sangranarins -+ gomes® — - — (13 - — {209} — {62
trapidoi W4y 1(0y 20 9 (6) 0 38 (6) 60 (16
shainont 100 0 0 101} 10 {0 (¥ 12 (1)
aledlziletar 0 0 i 141} il i 14{1)
sewillarins Tairchild and Hertig 1 I 0 100} 0 1 {0y 2 {0
Panameniiy i i 0 1] 100} 4 {00 5000
o gt 0 0 1 ] i 1{1) 1{1)
Tonpls 43 (13 4 {2) 4 (3> 183 {87 &0 339 (60 G0E (1730

*la the eollcetion smade the Arst night (Feb, 200 from Dadeighis and Pofes the sandfics were kept separate 22 te boots and the sacal
fod Tomales from each were counted, But when subsequently identified 1o spesics the [omales were not resarded me fed or Lided,
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arm nights of high relative buaidity with ne wined

or rain. A light shower does not necessarily termi-
nate sandlly mevement, but it 15 nsaally impossible 1o
attract them during o moderate or heavy rain,. Read-
ings with a hand-held anemometer st Ouebrada Bo-
nita indicate that a breese of as moch a5 8210 mph
inhibits sandfy activity, Biagl and Biagi (1933} re-
ported that 3 species of FPhicbolowms in southern
Mexico suspend feeding when the relative Tamidity
reaches 905, Although bumidity was net measured
during the present study, 1t seems clear that feeding
activity at Ouebrada Bonita comtinues at hamidities
Tetween 90% and 100% as loog as the temperature
does not drop below about 25°C,

Zandilies have usually been regarded as crepuscular
or posterepuscular in babite. The latter term best
describes the sandflies at Quebrada Bonita, The graph
(Mg, 33 is based on the average namber of females
of all species collected on kinkajons at each hali-hour
period. MNightz with litle or oo sandfly activity are
omitted from the ealoulations, Tt can e seen that
the sandflies begin to feed at 1900 hr (e, omedi-
ately after dark), and that feeding increases rapidly
tor the firzsl hall-hour, Thereafter the increase is
more gradoal wnti] peak activity is renched ot 2030
hee Alter that time, the drop in numbers 15 pro-
nounced, and by 2200 he there are selfom any sand-
fies o be seen,

Obgervations by various members of the laboratory
staff hove shown that Panaoms sandfies also have a
predawn period of activity, but data on this behavior
woere not obtained during the present studs,

The decrease in number of sandfics caught by
direct collecting during April and May is the result

AYERASE NUMSAER OF FEMALLS

1 1 [l 1
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Fio, 3—Teeding  activity of FPhiebolommns  samlfies
hased on direct collections from caged ldnkajous, Fofar
famueg, ot Qucbrada Bonita, February to May 1903, Aover-
age number of lemale sandilies caught during Dried visits
every half hour on 7 mghts,
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of 2 interrelated factors. As the dey season pro-
gresses, there is a gradual decline in the averall sand.
fly population. Also, toward the end of the drv sea-
som residents of the area do o considerable amownt
of burming of brush and catover lanud, =0 the whole
coumtryside becomes hazy with smoke, The smoke
may kill some sandlies bat in any case it seems
inhibit their activiey,

Nutwral and Artificial Cazities.—A dozen or so spe-
cies of Panama sandflies can often be found in the
daytione in natural eavities such ns hollow trecs,
spaces between tree butlresses, holes under rocles, and
amimal burrows, Most of the sandfiies found in such
situations are species that do not bite man, bur /.
sephiletor, a man biter, 15 sometimes found in rock
crevices and buttrezzes, From lmited current infor-
wation (see Hanson 19610, the daytime shelters of
the commoner man Mbers are probablv the leaves
scattered over the forest Hoor, in close asseciation
with their hreeding places in the rotting leaves and
surface debris,

Starting in September 1962 and continuing through
July 1963, studies were made of cavity-inbabiting
sandflies in Madden Forest, A rectangular study plot,
0073 yards, was ladd out and all nataral and aeeifi-
cial cavities were mapped, The 26 numbered cavities
incladed 10 buttresses, 1 artificial and 2 natural bur-
rows, and various items, probably of military origin
and long abandoned, such as: concrete drain tle, 8
in. and 24 inches in diameter: hollow Luilding tile,
singly, in a small pile or part of o ruined wall; 2
hellow conerete structures, 5 or 6 1t long. Some of
these objects, alveady well “seasoned,” were relo-
cated or arranged so as to provide hiding places
which might e attractive to sandfies, If successinl,
they might furnish information net only on sandfly
ecology, bat could provide convenient sources af wild
sandflies, fed or unied, and serve as sites for various
experimental procedires, Al these various cavities
were exanined -.-.-eekh.- from November 1962 throngh
March 1963, and occasionally thereafter until July
1963 Periodic sample collections of sandlies were
brought to the laboratary for determination.

Although 14 species of Philebotomas were recorded
trom the study plot, onlv P, wesperéifionis and F.
trivmtdadensis were found to be abundant, P feoepes
Ferbifionis may cceasionally be present in small nom-
bers along with P owespertilionis, ut since only the
males of these 2 species can be separated, the females
were all recorded as P ooesperfilionis. Many P ves-
pertilionds were encountered inoa shallew hollow in
a bg tree {Fiews spo) and in g road culvert, Both of
these sites were inhabited also by bats, Numbers of
P trinidadensis were regularly eollected from a large
halloww tree and in the larger uttress eavities.

The hallow i the fig tree was studied with special
urterest, since hoth the bats and the sandflics could he
obzerved in sitn with the aid of & fashlight. Although
sandfies were not actnally seen feeding on the bats,
fed females were often seen on the walls of the hol-
low within g few inches of the bats, The colony con
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sisted of & or 8 large, frugivorous bars, They were
first observed on 5 Septewaler 1962 and were seen
regularly throngh 9 Tuly 1963, On 24 July 1963 there
were neither bats nor sandfies at the site,

The sandfly population in the Fiews tree varled
from 50 to more than 200 individuals, and they could
be found there at any time doring daylicht hours.
Adter dark, when the bats had gone out, fow if any
sandllies could be found in the cavity. Since most of
the female sandflies collected from the site were re
cently fed £, wesperiiionis, it seemis likely that this
species was feeding on the bats in the davtime. It is
also prebable that the sandlies leave the hollow al
night o seek sites for oviposition, This hvpothesis
is supported by the fact that Hanson C1EG10 found
few sandily larvac in hollow trees, presumably be-
cange of the bigh concentration of bat feces. One of
the large conerete structures here mentioned, partinlly
flled with leaves and detritus, sitaated about 10 yards
from the Fieus tree, also yielded munbers of P zws-
pertilionis during both daylight and nighttime collect-
itg.

Armadillo and rodent burrows on the study plot
vielded sanddlics in numbers of from 10 to 50 ar more
only while the burrows were ocenpied, After the
mammalian inhabitants had abandoned the hurrows,
few sandllies conld be found in them, P, rmoides
Fairchild and Hertig and P nordestinus Mangabeira
were species found in natural aninial burrews,

[ addition to the artificial eavities just mentioned,
a woaden structure was made with the idea of simo-
Liting some features of a hollow tree. Unpainted
TR dE-in, panels of plywood formed the sides of an
A-shaped strocture with 2 24-in, base. Front and
Dack woere provided with panels extending to within
& in, of the bottom, which was left open. A small
hinged door in the frong panel permitted inspection
of the interior. This "A-frome™ wasz ser bebween
buttresses of a tree,

Sandfies were rarely found in any of the artificial
cavities. Oeecasional sandfics were caught o these
r-i'lx.‘r;_. Bl such accurrences must be resasded as acei-
dental. I ome instance o sandfly, frightened from
the ferest floor by the approach of the ohserver, was
zectn o fly into one of the lirge concrete pipes, where
it was collected.

The wooden A-frame proved to be unattractive ta
all animals while it was new, After about 3 weeks of
aging, 1t began to take on a tvpleal hollow-tree in-
vertebrate fauns, Crickets, spiders, and tipulids were
vegnlarly seen in it, but only an oceasional Phlebets-
FAMN WIS ri:ll.]T]l'\.I.
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Bait animals were left in the A-frame at various
Limes, but few sandflies were caught as a resalt. None
were founed in the structure after it had been baited
with & 5-11 boa constricter for 1 week, Trials with
the common opossum for 2 vights also proved nega-
tive, On the other hand, 11 sandflics were seen in
the A-frame after a silky anteater, Cuelopes didacty-
fus (L3, had been leit there overnight. It was s
sible to capture only 3 of the sandfies: they 1urnad
out Lo be P frisidadensiz, 3 of which had  fed,
Whether they fed on the bait animal is anknown,
Silley anteaters are diffienlt to obtain and 1o weintain
in captivity, and anfortunately it was not possille to
v a second trial with these animals.

Fram the observations made so far, it appears that
artificial cavities are unattractive to the sandflies in
Madden Forest,  These negative resultz combined
with observations on nabural cavities seem to indicate
that sandflies are allzacted to cavities only when they
can serve as feeding or breeding sites,
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