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ABSTRACT

Anointensive and prolooged search for the larvae of
Pidebotomos saoud flics o a variety of natural habatats in
Panama rl.*"ullu] iy the collection of 2238 larvae helonging
to at beast 15 of the S0odd species now known fram the
arcm. N n‘ul'nl]n of the species are qm.-: specific in their
Dabitat requirements, some lving on the sarface of @lles

Althomgh  Fhlgbotenes saned flies have received
much  sttention  because of their transmission of
Leishnanta and other disense organisms, surprisingly
little 3z known of their hreeding places. This s true
evern of the species of the Old World {cxcept per-
hapz 2. papafesi (Scop) and P.oargenbipes Ann.
and Bruny, where work with Pifeheformuy has hegn
carried on for many vears,

Perhaps the first Phlebotoimes larvae ever taken
frony natueral habitats and recognized as such were
those found by an assistant of Grassi in o cellar in
Reme i 19080 Several adalts were reared irom
these larvae and deseribed by Grassi (1908) as a
e spegies, L i

Farly investigstions by Marett (1000, 1913, 191575,
Yf-v'qw;ad C1918%,  and  Whittinglam aod  Rook
“1'2"«’.3J Malta, Howlett (19130 and Maegter (1919
in Jﬂtlh. wul King (1913, ]FJI-'l-j in the Sudan,
turned up only a few larvae and pupae from natural
habitats, Many searches by these workers and others
proved fruitless, and the location of breeding places
was oiten mevely assumed becanse of the proximity
of resting adulis.

It owas not until the work of MeCombie-Young
el ol (19200 in India that substancial numbers ot
larvae and pupae were found. These workers weres
the first to apph' the Horation technigque o the search
ior Phickotonnes, and by this proeess. in which a
sarurated .\'Oltltlml of sugnr was used, they recovered
unnwtare stages of £ papadesi from soil samples
taken v the vienily of human or antmal habitations.

Shortt et al. {1930, 1932) also wsed this method
i Dixkhiog the bresding places of Pooargentipes in

1 The wark herp veparted was supported in part by o ressarch
prant feon the National Tnstitete of alles [y iwnd In.‘-:-:llaf.ls Thiz.
eases, MLLEL, LS BILE, Trartial cost of rizhlication  af  this
pater wias met by Gorpas Memorinl  Laboratory.
gublicarion Tanuary 12, 15961,
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forest foor while others burrow an
inch or more beneath the so1l sorface. AMethods ased m-
clude a sugar solution flotation technigue, which 15 de-
seribed. mmel simple searching ol filkely habitats,  The
seanty puhblished information is reviewel

dead leaves on the

Mesame They foumed the Tarvae of this species to be
mumerons inoand around houses in the top 5 oinches
ol soil rich in erganic matter. Smith et al. (1936,
while studying the hreeding places of F. argenfifes.
found the larvae to be most abundant in loose soil
within 20 vards of human or animal dwellings, They
also used the flotacion technigue and recoversd, be-
sides P ogrgentipes, immature stages of P papotasi
(Scom ), . sherttd Adler and Theodor, P, sguami-
Menriy Newstead, and P baeby Ann, which were
then reared to the adult stage.

In other areas, Jerace (19350 oy Traly found larvae
in debris and seil cracks at or near the base of ald
walls, Wanson (1942} in Belgian Congo fomnd puapae
af P, frecfomnensis Sinton, P, sefwetzi Adler, Then-
dor, and Parvet, P, squaoniplenvis, P, frectovnensis
wger Parrot and Schwetz, and P, seensoni Parrot
in #oil near latvines. Néjern (19461 in Spain found
Inrvae in 14 of 130 samples of robbizsh taken alongs
streets in Madricd.

In Tworkwenistan, Peteisheheva and others (1934,
1935, 1049 10400, 1949 investigated many possi-
Ble Talitats and obtained anmature slages from the
following places: land-tortoise nest, mammal bur-
rows, drv exereta of small domesticated animals, dead
leaves and rubbish, gerbil nests, and hicd nests from
holes in dirt banks, =oil samples from these habitats
were processed Ty lotation in a saturated solution of
Nalll, In addition, they obtained many adults by
['I]ﬁl:'l_]'lf_:' CAFLs OVET '[I'_I{‘ COETHITCeS U1 hl.]l."l W5 I|:I{I. tree
hioles and over the ground.

Inpring the course of studies of breeding places by
Petrisheheva and Lzvamskava (19417 in Sebastopol,
fi foms of so1l were proces ":-I."{l. comprising 963 samples,
af which 2% contaimned a LL‘:-izﬂ of 61 larvae and %1
pupae, Aore than 20 prercent af the larvae and
pupae were taken from foors of houses and animal
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sheleers, 32 percent from sl cracks and burrows of
rodents, and 18 percent from wnder stones at the base
af walls. None swere found in dung heaps, debris
uoler trecs, htter from amimal shelters, nor in rich
soil from gardens,

Nothing wasz koewn of the breeding places of New
World species uneil Ferreira et al. (19380 in Brazil
reported fnding four larvae in material at the base
of a tres. Also in Brazil, Lutz (in Costro 19349
obtained adules 10 cages placed over soil of the forest
Hoor, and Coutinha and Barretto (19417 found onc
larva of P. fisckeri Pindo in s0il taken at the base of
a tree, and from the zame matecial an adult of this
species emerged.

Flscwhere, Pifano (1941 an YVeoezucla  found
about 3 dezen larvae 1o 2 hiole oo wall of & house,
Mertig (19427 in Pern examined material from o
rock wall which was suspected to be a breeding place
because of the presence of white, newly emerged
achalts, Omne pupal case was found,

In meore recent years, Forattind ¢1954) in Brazil
reared 12 adults of P oivfermedins Tatz and Neiva
from scil samples taken from a pigpen, one more of
the zame species from soul at the base of a bush and
ome of Foopessoead Coutivha amd Barretto from soil
at the edze of a stream, both inoa forested aren
Deane and Deane (157, also in DBrazil, obtained
32 specimens from 241 soil samples, most of which
they either processed by flotation in salt selution
o kept in the laboratory for emergence of aduolts,
Three species were ddentified: . cortelezzil Bréthes,
Folangipaipis Lutz and Neiva, and P aszoalde? Mang,
They were taken from the gronmd in o muale shelter,
uneler rocks, o recl erevices, from the floor of caves,
amid in scrapings [rom the tronks of two trees

Despite the great amount of time and careful work
involved, the above investizations in the New Woarld
thus turned up little more than 60 specimens. re-
markably few considering the effort expended and
the abundance of the adults,

The tnvestigntions veported here were hegun in
1937 by the auhor and other members of the staff of
the Corgas Memerial Laboratory and were continued
uitil July 19600 During this period an intensive
search was carried out for the breeding places of
Phlcbotonmis, with espegal iuterest In the six com-
mon man-kiting  species of this avea—P, fragidod
17, and M., P. sanguingring Tooand H., P, gowesi
Mitz., P. panamensis Shan, P plephiletor . and H.,
and P, pesseaiia Barr. Preliminary processing of soil
samplez by Drs. M. Hertig and T, T, Johnson of
the Gorgas Memerial Lahorators, beginning in May
1957, turned up larvae of Phleboiomus for the Rrst
e in Panama. Sinee then 370 s0il samples have
been processed, in addibion to nomcrens direct ex-
aminations in the field, vielding 2238 larvae and
pupae, 600 of which bave heen reared to the adolt
stage and determined.  Samples were taken cach
month of the vear, but mestly during the raimy and
cavly dry seazon. Several localities on hoth sides of
the Lsthius in or near the Canal Zone, from sea
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level o oabout 2000 01 elevation, were vepeatedly
visiterd for oltainimg sol samples and searching lor
immmature stages. The places most intensively nvesti-
gated were: Cerro Galera, on the Pacifie side of the
Canal Zone: Pina Area, on the Atlantic sule near
the month of the Chagres Kiver:; Madden Forest
Treserve, nearly midway across the Isthmps in the
Canzl Zone; and Cerro Campsng, in the Hepuhlic
of Thnama about 30 kilometers west of the Canal
Aomne, meveral other arcas im the Canagl Zone were
visited, particularly alomg  abandoned  army
where the forest 15 relatively wudisturbed,

rosicls

METITOLE

The scantiness of nformation oo breeding places
af Phlebgdomns 15, noodoalt, Targely due to the Jifi-
culty of 1solating the immature stages from the seil
[Fonr methods have previously been used by other
workers in finding breeding places: (1) careful di-
rect exanunabion of the soil, debris, cte, (2) plac-
g prnergence cges over suspected plots of grommd,
£330 keeping soil samples i the laboratory within cone-
tainers, making  daily  observations  for  cerging
adults, and (47 processing soil by flotation or sereon-
g or both, Al of these methods requice consideralle
tnne aid patience, but 16 was found that o combina-
tiem of flotation using o saturated sugar solution and
washing throngh screens 15 wvery satisfactors Jor
ordinary soil samples, It has advantages over meth-
ods wlhich involve awaiting the emergence of aduelts
either i the Aeld or aleratory, in that all the Torvae
an pupag i a given sample are recovered at onee,
Farthermare, the process itseli does not harm the
larvae ar pupae, which can then be reared to the
adult stage and ddentified,  Direct examination is
satisfactory for dead leaves and other large ohjects,
gt it 1= very tediows and time-consuming if the
sample consists of soil or debriz,

The screening-Hotation method used in this study
15 designed to isolate the larvae with as littde ex-
traneons material as possible,  The samples heing
processod consist of material which falls inte three
cateraries: heavier soil particles which sink andd
olfer oo problem; lve insects and other menthers
af the sl fanna which sink i water but float n a
denser Tignid soch as saturated sugar solution @ lighter
nuterial such as bits of leaf, wood amd bark, which
5 present in considerable quantity and eomplicates
the search for larvae. The treagtment of the screened
fractions with water alone mets rid of this water-
floatable material,

The details of the method in practice are oas fol-
lows: For samples consisting mostly of =01l and
which do not contain many leaves, twigs or other
kirge ohjects, {13 the soil is placed in & pan and
enough saturated sugar sohation added to cover it
tooa cdepth of abeot 2 inches, After considerahle
agitation Ty :-;tirri:l.:,r with a tube through which air
is babbled, the sample s leit fo stand for several
nrinates. (21 The sopar solution with floating ma-
terial is then decanted throngh cdosely woven Nylon
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eloth, from which the collected material is washed
into 1 sevies of three nested brass ganze sicves, 8
inghes in dimoeter, and with 20, 40, and 60 meshes
per incl, With samples comtaining many leaves or
other large floatalile obijects, the preliminary flotation
is omitted and the sample 3 owashed with ranning
water cirectly into the screens. (31 Most of the
larvae are retained by the 40 and G0amesh sereens,
These fractions are washed separately into 500 ml,
eylinders, which are then Olled with water.  After
allowing a few minutes for any larvae to settle, the
witer 15 poured off, thus climinating the bits of wood,
lenves and other water-foatable material. (43 The
cvlinders are then filled with sogar solution and
left for alout 10 minates to allow the iving organisms
to rise 1o the surface amd the bheavier particles to
sinle. ¢33 The sugar solution is decanted from the
cvlinder throngh @ nvlon clofl stramer, which, to-
cether with the collected sugar-flaatable material, is
then tramsferred Lo o petri dish for exanination under
the micrescope. Enough olean sugar solubion is added
to the petri dish w allow the living organisms to
Hoat. The cloth strainer, a fittle larger than the
petri disly, 15 crimped radially with four staples so
that it lies saucerlike in the petri dish. This iz im-
portant for rapid microscopic cxamination, as the
sently sloping cloth prevents excessive acenmulation
arounid the edge of the surface of the liquid,

The entire washing-flotation progess requices at
least lali an hour, ov lenger if much organic ma-
terial s present. Sugar is used instead of salt or
other ehemicals becatse it is not toxic to Pllebotomis
lnrvne, Most of the larvae are collected on the 40-
mesh sieve, the Lrst-instar larvae nsually passing
ot e the Gl-mesh sieve. No real attempt has heen
mide to recover cgms. They veadily pass through the
Gh-miesh sieve and only bwo have been recoversl

TLARVAL FIARITATS
I table 1 are histed the potential breeeding places
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investigated for immatare stages and the nnmber of
larvae or pupae recovered, -

Table 2 lists by zpecies and habitats those mima-
ture forms which were suceessfully reared to the
adult stage and identified. The larval taxooomy haz
not vet reached the stage which would permat divect
identification of the young formes,

Buittresses—2Most of the soil samples, each con-
sisting of about [ pint to I quart of soil, were taken
fromn sheltered aress between tree buttresses, which
are outgrowths at the bases of several species of
tropical trees, These buattresses may be snall and
meoisprenos or 5o large that the space between
them equals that of a small rosm. They aften form
narvow, deep crevices, o provide aowide vaciely of
other situations, in most cases giviog 2 certain
amoune of protection from sunlight, main, amd wind
Associated with buttresses are commanities of ani-
malz similar to those found in hollw trees and cocl
crevices, Certain species of snails, spiders, scorpions
and other arachnoids, crickets, moths, crane Bies, wos-
quitoes, as well as Pllebotenivg are typical inhala-
tants, at least during the day, The intensive collect-
ing of adult zand Aies by Dirs, Faicchild and Hertig
since 1943 has shown butbresses to be the richest in
specics of Phlebotowins of all habitats investigated,
At lenst 47 species have been taken there, but the
bulk of the speciens were FPo frinidadensis Newst,
and £ adeplileior Tooand He, with smaller nuubers
of £ shawnont Dyar. The soil between buttresses
piten contains considerable organie matter, such as
dead leaves, insect {ragments, and liznrd Teces, and
would seem to e oan ddeal babitat for the immature
stages of Flilebotomas, Therefere, particular  at-
tention was devabed o this habitat in the search for
hrecding places,

A total of 2,123 larvae ad pupae, representing at
least 11 species, was recovered from this halitac
Most were in the top 2 inches of soil with a few as
deep as 4 mmches, On two oceasions, soil samples

Tahle 1 —lmmature stames of Phlebolonne recovered from potential breeding places,
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Talble 2—Immature stages of Phlebetomng from natural breeding places, reared to the adull stage and identified ;

lfated by species and habitat.

Sl between

Soil irom

Soil at base Dhead leaves,

i s Sotl under
SARCICS Buttresses baarTonw s roas al tree forest floor
1 1
POt ensig - — — T b
e F RN = - = — 4
frapidel 1 I - - 10
viephetor - - — —- 2
Cetni pose —_ 1 — — —
dvaboncing 23 — 1 —
galind ot 11 s - 3 1
hamatis 457 5 ) —_ —
Jeord patinig I — - - -
apaliest 24 — — — —
Fuebiginlg i —_— - —
LEFFIIIE 33 1 — — -
frividnd casis 13 —_ — — —_—
prsperiiionis 1 - — — -
Species “MT i6 — -
Totals 358 b [ 3 23

a N w J‘Jlfﬂ-'ml'm'llll.f ansons Faivchild ;||-||.‘. Hertig, (See Ann. Ent,
from the top inch of soil wielded more than 200
larvae.

The results show licde correlation between  the
numbers of larvae and adults of any given species
found 10 battresses. Only 13 P, irinddadensis larvas
have been recovered there, whereas adulis of that
species sometimes ocour in buttresses by the hundreds.
[t muay be that this species burrows to greater depths
thar thiose sampled, az it shows a bureowing terudeney
m laboratory cultures, However, hali of the larvae
recovered were i the top inch of smlb. The toature
stages of P shewsond, another comwmoon buttress ine-
halitant in the adult stage, have not heen recovered;
it shows a surface-Teeding tendency in laboratory
cultures, P hematns Fooand H, of which only five
adults were taken in years of collecting, overwheln-
ingly dominated the larval population of this habitat,
CH the 332 buttress lacvae reared and identified, 427
(76,2 pereent) were lamalies. In certain areaz dur-
ing the rainy season larvae of this species were pres-
ent in more than hali of the samples token, This
species shows burrowing  halits in laboratory cul-
ture, but it also was loand chiefly in the top 2-inch
layer. Of the conmon man-hiting species, only one
larva of F. teapedar has been taken from this babitac.
Twa others, appavently either P frapidal or P wle-
Fhiletor, dud not sorvive to vield adults, Both of the
latter pwo species are surface-feeders in lahoratory
cultnres.

Animel barrgwes —The 27 samples from animal
btreows were taken from 1 to 3 feet inside the en-
tranee: 20 larvae representing at least four species
were recovered, Ume larva of Po trapidel, the only
man-hiling specics taken, was recovered from lonse
soil and leaf frapments seraped from the foor of a
Trrow. Again, £, bomafus was the dominant species,
and of the species of which adults regulacly inhabit
Lurraws one larva of P, cemposi Rodre. was foond.
It should he noted that the immature stages of P
trivaannins 19, and 11, which as adults often occnr
i burrows in great numbers, have never heen re-
covered,

Spo, America 3d0Er: 244, 1961, )

Halloze trees —Detrities ot the bottom of hollow
trees bave vielded but two Torvae even though adules
(oesperiilionis rroup) are almost nvariably  rest-
g ansile. The larvae did not suevive to the acdolt
stage and lave not heen ddengified, The inner sae-
faces of hollew trees have alsa been investignted,
with negative results,

Rock crevices—While collecting adult Phlehetomis
(tom spaces between large rocks, the auwthor spotied
one pupal ease atached to the wvnderside of one of
the rocks, abowut a foot from the opening. No oher
pupae nor larvae have zinee heen fowed i this babi-
tat, despite much searching. As the pupal case was
nol much above the ground suriace. probably the
larva mervely climbed ap Teem the sol o puapate.

Forest foor; dead leaves —Tn reaving Pllelotonis
i the laboratory, Dr, P T Jolmson noted  that
while somwe species burresed o flhe food material,
athers alwavs remained on fop. 5he theretore thonght
it likely that these latter species would be dound
ur matare onoosome surface, such s oon decaving
leaves and htter on the groumd,  This altimately
proved to be true for the several species concerned,
Through the cooperation of Major E. AL Altman,
MSC UL 5 Arnpy, an ares within Fort Kobbe Mili-
tary Eeservation was made available to ws, where
lavge numbers of P panewensis had often appenred
moa horsebaited mosquite trap daring the raony
sepsoi. Several larvas of Poopononcnsis were obi-
tained from a sample of leaves, debriz and soil Trom
a shaded ares near the trap. This was followed up
2 dovs later by the direct examination m the held
of meist decaving leaves, which wielded 20 larvae.
Additional larvae were lound in the same area on
a number of other occasions Later, a fow larvae
ael pupae of Poopesseaona {closely  related to J
prnaiensis) owere also found  on desaving leaves
i two zeparate areas it the Madden Forest Preserve,
where adults o that fif’:ll.‘.f.'il:"F were very  abundant,
The larvae of both species were always on maist,
decaving aveas of the npper and lower surfaces of
e 1L'.‘!1.':'.~C, Tt 11 o the lower suriances, then -:Jrﬂ}'




1961]

when the leaves were lving looselv.  Becanse of the
very long cawdal bristles, which in these species are
held approximately perpendicnlar to the body, these
larvae are unlikely o occur bhetween tightly packed
Invers of leaves.

Potrapidod aodd P. wleplalelor are also surface-
feeders in the laboratory, but many searches for lar-
vae on the [orest foor in aress where the adults were
abtndant  yielded peone il recently  {April-July
19000, when particolar attention was given o well-
decaved leaves and lead fragments actuzlly on the
sonl surtace, In this shore period a total of 38 larvae
anel puapae were reeovered from 16 out of 26 samples
of this material n three different areaz. The pume
Lers in the positive samples ranged from one o six,
most of them apparently either T fraprdor o P
wephideter, though not sl were reared for adentafi-
cation, All of the positive samples were within 3
ton L0 feet from the trank of a large tree where many
adults of these two species were resting.  Samples
taken at the hase of such trees have never vielded
Tavvae of either species.

Inoall, 76 larvae and pupee were recoversd from
dead lenves on the dorest floor, 30 by the flotation
methad and 37 by cdirect exanuoation of leaves o
the field. Those which were reared to the adult stage
comprised  five species, frapided, vleplilelor, poina-
mensis, pessoana, aul golinds:,

Seld cracki—Duaring the dey season, from alout
Janmuary to May, the top few inches of the soil he-
come hard and devoand apparently unsoitable as a
larval habitar, ezpecially on the Pacific zide of
Panama. However, soil ecracks are also present at
that time, wmul the more moist subsurizee soil thus
has divect access 1o the air above, which would per-
mil adults to emerge from moist soil as owell as o
oviposat there, King (19140 recoverad larvac in the
Swan Teomy sl eracks which are apparently the
anly breeding places 1 certain rewrions there,  At-
Lempls were made to Dod amadure stares associated
with sail eracks dnring the ey season of 1959
Calaveh) at Cerrn Galera, & forested aren where
botly soil eracks and adult Phlebolomes, particularly
T .ﬁ‘rluﬂg‘.l.'n'r'urrr.".'r.'.'J woeres abwnedant. The cracks boree
were W oto 1inch wide and at least 8 inches deep.
The hard elay soil had o thin covering of dry leaves,
under which adualts of &, songeinoring and P gomest
were found resting during the day, As clumps of the
sl alomg the cracks were roken away amd care-
Fally examined, one pupal case of anoanknown spe-
ches was fomd about 2 inches down from the edge
of one of the cracks, approximately where the soi
was noticeably more meist. The specimen s un-
usual in that the caudal bristles of the larval exuvia
are relatively shore and slightly spatulate, a condi-
tion pot present in any of the known reared species,
To date. no mere zpecimens have been token in this
hanhitat deapite much search,

Oither habitars which wielded larvae or papae were
soil wnder veots, soil around the bascs of trees and
an ant nest refuse pile near o buttressed tree,
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Asoalready noted, Deane and Deasne (1957) in
Brazil obtained larvae of two specics from serapings
af tree trunks, Considernble time has boen spent ex-
amining this possible habitat, particularly where .
yiephiileior wus abzerved resting in large mombers.
However, no pnmature stages were found.,

While domestic or semicdomestic specics oceur in
the Eastern Hemisphere and South America, none
af the species in Panama ean be so regarded, Al-
though sand flies will often enter houses or Ay onder
stileedd shacks 1o bite at oight, they do pot remain and
are seldom encountered in houses during the dav,
even in forested arveas where they are abundanc. This
may be Decanse bts anoor near forests arve too well
ventilated, usually with many openings in the walls
amd wder the eaves, and arve thuz unsuitable as day-
time rosting places. For this reason houses as well
as animal sheds were largely onexplored as possible
breciding laces,

Althonugh wach s still o be learned, the general
pretnre of sand fv breeding places in Panana has be-
g to take form, Fouar of the six man-biting species
(8 drapided, Poopamnamensis, 0 wleplaletor and P
fesseanad were found breeding on decaving leaves
on the =oil zuriace m well-shaded arcas, with no
evidence of preference for any partientar spot. When-
ever larvae were found. many adults of the same
species were also observed nearby, cither poder dead
leaves, on tree trunks, or on the underside of green
legves of low plants. If more samples were exanined,
prabably other less common species would also e
foundd there, The immature stages of the other two
man-bationg species, P songeinariis ad F geiesi,
have not been recovered, but it is very likely that
these species also oviposic on the forest floor,

o the caze of a few species, poarticulardy .
freematus, Poopeallest Ortiz, and Pooserranns 2 and
AL oa preference 12 shown for the sheltered areas
between buttresses and at cimes in large burrows,
while the adultz of these species seldom use these
habitats as daytime resting places, These species, at
least, thus apparently seek out such sheltered, dark
places in which to oviposit, rather than at random
pver the forest Hoor.
remarks should be macde regnrding  food
habits of Mhlebolonms larvae as observed in natural
habatatzs, The top laver of soil of the forest floor, and
capecially between hullresses, contains feces of wvari-
oms animals, such as lizards, which might well be an
important supply of food for Phichotoms Tarvae, al-
though none were actually seen feeding on such ma-
terial. Fragments of bodies of wvarious arthropods
are also numerons on the ground and on dead leaves,
and often make up 2 considerable proportion of the
material taken from hullresses.  These fragments
prabably have acenmualated from the predatory activi-
ties of ants, spiders, bats, ete, inhabiting these places.
On oone occasion larvae and pupoe of & serrains
woere fomnd oo a dead caterpillar tuken from a dark,
recessed aren between buttresses, As all species being
reared in the laboratory here readily feed on frag-

A few
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ments of dead insects, very possibly such matecial is
quite generally utilized as food o natural habisas,

farrot (1932 has found dead leave: 1o be sulfi-
cient for the development of F. papatos! 10 Algeria,
amd this appears o be true also Tor P opanomeisis
and £, pessorin here. Az discussed above, larvae of
four species bave been found on dead leaves and i
gome cases were actially seen feeding on them o on
the miere-organsms growing on them.
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