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ABSTRACT

The methods and  cquipment deseribed  zre used in
rearing oo sandfiics, mcluding : rearing vessels;
larval faad: contral of malds ) containers for capluring

Since early in this century Phleholowmns sandflies®
have been reared by a number of investigators con-
cerned with these insects as anmoying pests of in re-
lation to sandlv fever, lelshmaniasis or hartonellosis,
A eonsiderable variety of methods and tvpes of
apparatus bave been devised to meet the basic ve-
quirements for sandfy rearing, which ave: {i} pro-
viding the gravid females a moist sucface for ovi-
position, {iiy a moigl envivonment for development
of the eoes and immature stages, (1) suitable food
for the larvae, (iv) containers or cages for the
emergring adults and their subsequent confinement,
feeding and experimental manipulation

Tt is not the purpose of this paper to review
all the warious technigques Lot rather o give an ac-
conmt af those methods which have proved suceessiul
with the various species we have bad oceasion to rear,
The experience of the senior author hegan in North
China in 1924 (Youog and Hertig 1926} in gon-
nection with studies on kala azar, with the rearing
of Phlchofomis chinensis, P. mongolcnsis amdl P
sguamivesiviz, followed by the rearving of . vevafor
in the United States and of P. verrvcorwm, P
waguchii and P. perwensiy in Peru, the last three in
work on bartonellosis (Hertig 19420,

With the initiation in 1930 of the current stwdy of
the leizhmamniasis transmission probleny v Panama, it
was found that our Panamanian species  required
a nwnber of modifications of the methods which
had worked well with several species in three con-
tinents.  The adaptation of the technique to the
pocoliavities of our Jocal species was continued by

1 The wark lhere  voporcted  was S-I:'II'.II.II":HI. i part By oA
vesearch grang (100231 from the Nal: Tnstitnte of Allergy
amd  Tnfectious  DMscases, LT, UL FP.TLLE.  Parbial cost of

quillicatisn of thiz paper was mel by Gorgas Memerial Institute
of Tropical amd Preveotive Medicine, Tne. Aceepled Tor pahlieas
tien July 7, 1961,

# Althosgh wet in accordanee with the recommendgtions  of
the Commiltes e Caminon santes of [nsects of 1his Sodety, this
mame was set solid in shiz paper &t e request of the senior
suthor.
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and maintaining adults; releasing cages ) fecding cages|
aspirator devices for capturing sandfics awd loading feed-
ing cares and other container s,

the junior author when she joined the staff of the
project {6 months in 1957, January 195% to the
present) and assomed general charge of the rearing
peogram. Part I1 of this series ( Johnson and Hertig
19617 covers in detail the development and behavior
in laboratory cultures of oue prineipal man-bitiog
species, together with notes o others of the 24
specics, ont of the 63 species known to occoeur I
Panane, which we have reared. The taxonomy and
distrilantion of Phicbotemus in Panama and  else-
where in the Americas bave been the subjects of a
spries of papers by Faivchild and Mertiy, most of
which have appeared in the Avnals of the Eotomo-
logical Socicty of America, 1947 to 1939, These
papers also  comtain ancidental information  about
dinrnal shelters of the adublte and methods of collect-
ing. It is not the intention, i the present papes,
to go into the field aspects of Phlebefomns It may
be mentioned, however, that sandflics may be col.
fected during the day, with the aid of tobaces smoke
and a fHashlight, in their resting places, such as tree
buttresses, hollow trees, animal burrows, and leaf
litter of the forest floor, low vegetation, rock creviees,
holes in masoney, amd to a very limited extent in
anania, in dwellings: at night, taken divectly on
human or animal baits or at lights. o in draps com-
parable to the well-bnown horse-haited stable trap,
or in wvarious tepes of Hght traps, In comnection with
certain items of equipment described o this veport,
their use in feld collecting as well as in the Inhora-
bors 15 iclicated.

METHONM AND EQUIPMENT USED 1N
rEARING Phlelotonig
Rreeding vessels; lorpal food
The maintenance of the larvae througliost their
relativelv long period of development iz the phase of
the rearing process which bhas usually presented the
reatest difficultiez. Therefore the most important
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itemis are the contaioers auxl the food for the larvae.
The following are some of the combinations of
breeding vessels and food which have been used by
pihers:

Historical —Farthen pot eontainiog plaster block
with ecarth and feces (lxacd, rablat or man) ; also
trav in large cage [ Woakerston ]*}22}; wooden hox
with garvden seal plus lzard and other leees or in-
sect boddies (Whiltingham and Kook 19237 plaster
Tlock with central excavation contamung pieces of
stome and rabbit feces [ Smatl 19257 1 porous earthen
vessel with atable Litter covered by oo
thiek laver of dried nmd, by which an opening gave
access to the material beneath (MceCombie Young ot
al, 19260 5 petri dishowith filter paper, rabhit or zoat
feees, dried amd groand (Christophers et al 19267
porenzs earthen plate o which is transfeered  flter
paper with eggs, rakbic or goat fooes, at tinwes en-
viched witly deted blood {Shortt et al, 19200 plaster
block or plaster-lined vessel, rabbis or goat feces with
dried blood (Smith 1927), The above methods to-
gether with variations used later by several other
workers were reviewed in some detal by Barretto
(19420, He used chiely poroas earthen dishes. The
larval Tood was =0l mixed with material (mosses,
lichens 21 serped fromn danip, zhaded walls or the
hase of tree trunks, or sail rich o vegetable debris,

eartl sl

He also feumd ir desieable e the caze of zome
species to “ripen” the food, a peocess uwsed by
Bonbad  amd Colas-Beleour (19277 and Ashoer

19270, which consisted of holding the moistencd
mixture at 60° to 70° C for 2 nomber of days.

[11 the above methods eggs were introduced cither
[y transferving flter paper on which eggs had been
latel or by confining the females in fubes, rlass
cvlinders or by other means so that they laid their
errs divectly in the rearing wvessel or on the food
material, During lacval development the proper de-
gree ol moisture and humidity was achicved either
b the direct addition of water, as in the case of
Olter paper in petri dishes, or, with porous vessels,
b zetting them in wager or on cotton  or
saned, After pupation cloetl covers, or lubes, glass
cvlinders and the like were arranged o receive the
emerging adults, or the whele apparatus was placed
within a cage,

Farly i the work in China {Young and Hertig

1
o s

Herric axp JoEssos; Reawrsa or Slilebotowis

T
T
ar

1926 there were adopted as breeding vessels small
unghazed carthen pots, lned with plaster of Paris,
which served not only for the development of the
voung stages bt also for holding live sandflies 1o
the laboralory, securing oviposition  awd  for the
confinement of the emerging adults, These small pots,
macde for household nse amd obtained o the loeal
nerkets, were “hard-fred” so that the degree of
porosity was much less than that of ordinary flower
pots, an advantage for ouwr purpases.  They were
sinall enough (3 to W0 om, o hoth diameter and
depthy so that che interior could be inspected under
the dizsecting microscope. A L permitted the easy
fastening of a cloth cover with string or rabber
bands,  For the intreduction of samdilies into the
pots the silk boltog-cloth covers were provided with
wlass entry luhes, During larval development  the
pots were covered with earthen dishes, replaced after
JEEY =TSR l’."' alllk bolting cloth,  The bolting  <loth
provided ventilation and permitted ready  inspection
of the ainlts. The plaster lining gave a white, porots
surface, easily renewed.  Also it was possible to
judge the degree of moisture by the appearance
of the plaster. Maoisture was supplied by setting the
thick basze in water or on moist cotton, The larval
food consisted of craoshed Teces of the Chinese striped
bamster, which happened o be the most conveniently
available somrce of rodent feces. A thin laver of
fond was sprinkled over the bottom of the pot shorely
hefore hatcling was expected, with wore added from
fire 40 tine ns needed.

Essentially the same method was vsed in the case
al P ovesaior, a reptile-foeding species, collected at
Plummier’s Tsland, Marvland, and reared in Boston
The larval food censisted of dried guinca pig leces

sopked in defibrinated horse or rabbit blood  and
then dried and ground. It was found that the sze
and shape of the small “individual-portion”  size

of the classic Beston bean pot made it ideal as
rearing vessel. They were made unglazed except
for the lip, on special orvder, by the Dorchester Pot-
tery Works, Dorchester, Mass. [During the winter
w1 the very dry air of the heated labovatory, it was
desivable to enclose the pots and modst cottom in 4
more humid atmosphere, either ander o bell jar
o 0 eans with screw bops.

Parars Earthen Pots, Ploster-Lived —These Tictle

Fre 1—Plaster-lined vials, plastic swoppers mudified 1o hold halting cloth covers, far capturing and holding

individual Filebaromes sandflics, seenring oviposicion and rearing small lots, !
sime ready for use: plaster lining partially removed: hole ground i bottem (F-dram size) 3 hottom hole

F-slram

filleal

The four vials shown:

with plagter, Glass tuhes, one eod Gifled with plaster; vsefal for bolding mdividuals of cerlain specivs.
Fio. 2—Feeding cage: Monel metal frame. lined wizh plaster: beiton and cover of bolting cloth, the jamer

with wlass ciry tabe s glass tobe, holting cloth seeeen in one end, for loading cage 5 5 ;
iz 3 —Plaster-lined vial (10-dram size} with plastic stopper modified to malke an asprratmg deviee tor

field collecting. ‘The botlam of the stopper, partially cul away, is coversd with bolting cloth, tied aad ce

weppted

in place: the short cotry tube has a removeble extension; suetion is applicd throogh the removable curved tuhe

Arted toow tubber tube,

Fio. 4—Aspirating device jor loading feedig vages: jar, metal cover with gasher: alass entry tube of feeding

cape inserted in orubber cotry tbe of cover.

TiG. 5—Aspirator top for rearing pot: metal cover fitted with entry and suction tubes: band cut from

ubher mlove holds cover in place with air-tight seal,
Fro, f—Rearing pots, anglazed

carthemware, lined with plaster; moisture maintained by setting on cotton

peuls inn petri dishes: newly established cufture with tarval food sprinkded on hottom and sitles,
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e pots have been the standard  rearing vessels
aeonghout 211 snbsequent work o Pera and Panama.
The differeit batches of pots vary  somewhat but
the outside dimension: ave approximnately 80
ty leight by 23 mm. o dianmeter at the widest pare,
A omm. ot the Iip, 6% mm. ac the constriction helow
the lip, with the fac bottony 63 mm. in dimmeter [ fe
fip, The walls and bottom are 7 to & mm. thick.
The materinl = oquite hard  and  only  moderately
porons, soo that there s little doanger of swedden
chamres o the meisture within the pot. The rela-
tively lavge fat ot provides not only considerable
space For the larvae Inat assures zood contact with
the moist collon on which the pot rests. The plaster
lining iz made by pouring aote the pot, previously
sopked 1 owater and draned, o mixtore of 30 el of
dry commercial plaster of Paris in 25 ml of water,
rotating the pot o coat the walls and chen allowing
the: rest of the plaster to flow o the bottom where it
fornes o Liver aboat & o thick,

Tt shonded he noted that special tvpes of plaster,
e, et wsed Ly dentists, may contain substances
{adeled Jor the purpose of  modifving  the  sefting
chargcteristics’  which are toxic to sandfies.  In
our experience, the plaster of Parcis vsed by bailding
contractors has been satisiactory.

The pors, with muslin covers, are autoclaved (20
winutes at 13 poundsy zhortly belore ase. On dis-
carding an exhansted culture the pots and holting
clth ar wuslin covers ave boiled and the  pots
wiasherd with a brush,  With repeated boiling  and
auteclaiving aiul after several rounds of cultures the
plaster lining becomes stained and the sarface oneven.
The eld plaster when thoroughly wet is chipped and
soraped out and replaced with o fresh lining, The
porosity may o time beeome dangeconsly low, Such
pots zre either discarded or are searked and special
attention given to make sure that e proper moisture
is maintained. either by adding water divectly o
the plaster lining with o pipelte or atomizer or by
having the cotton pads frankly wet. The degree of
measture may e judged by the appenrance of the
plaster ander the dissecting microscope, which noust
be learned by experience. The plaster should appear
slightly "water-soaked"” bt a glistening film is to
b awvoided. The pads on owhich the pots rest are
made by pressing cotton inte petri dishes sooas
neacly o 6l them (g, &), The petri dishes in turn
are ser oo stainless ateel tray with water., which
serves a8 a0 moedat tooprotect agamst otes o angs,
The moisture of the cotton is checleed dasly.

Lavval Food —A  considerable number of  suhb-
stanees a0 various comlinations have been tried as
larval food for cor Panamanian species:  rabhbis,
guinen pig, hamster, and sheep feces, alone or en-
riched by soaking in blood or adding powdered dried
Blood or commercial deied outrient hacteriological
medin, dried veast, decaving leal Litter and the under-
lving soil, green lichens on bark, ant-nest vefuse,
ete. While the larvae of various species developed
well oo the Dlosd-enriched feees, the females thus
reared were reluctant to toke a blood meal. This
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may have Leen cagsed by the mutriment frem the
rich larval dict being carried over o the aduole,
Whatever the canse, the adults seemed to feed more
J'r}:u]i]}' witlhwmat Blooed in the larval food,

IL was lomed i early trials that for some spoecies
iLowas desirable o even critical to have leal litter
present, whether the larvae fed oo it or oot This
wits clemonsteated 1‘:-:.' nne dramatie estance. ‘.\:r.:'.'.'l:.'
harebed  larvae of Poowerdestines were ceawling
awway irom the food (hamster feces plus deied sheep's
Blood ) ael climlang the bace walls of the ot A
snwall pile of well retted detvites Treen wnder the
Iespves around o mango tree was placed on the bot
e, Within 13 minutezs some of the larvae had
turived arouad and within 45 minetes a4 dozen or more
were at the leaf debreis, Thereafrer they ate not the
detritds Tuil the foml previeusly scorned, The 39
original  eggs produced 56 adalts. We have oot
hael ceeasion to vear this specics again nor have we
abserved any sueh striking bebavier on the part of
ather species, However, this demonstration of the
potenginl value of leal litter led 1o s wse as a4
standard ingredient of larval Tood,

At oa time when the regular food consisted of
vablut feces soaked in blood, o mixtare satisfactory
For & menber of species, we were having difficulty n
reaving  othier  specics,  such as panamcnsis anid
trapidai. Tt was Tound that fresh green lichens on
a clup of bark from the ferest were atoractive, es-
pecially e fandirenses. At times  almost all the
larvae 10 a pol were coonceotrated on the lchens,
actively “grazing” On the other band, two ucrow-
inhabiting species showed no mterest in the liehens
W were reluctant o introduce Tresh material, with
mites and other organisms, into the eultures az a
routine, bt this diffculty waz avowled by the de-
velopment of the standard larval food containing
decaying leaves,

We lave finally settled on the following as the
standard Taveal food: (30 Dried rabbit feces, auto-
claved, deied, groumd  and  sifted, remining that
which pazses a sereen with 20 meshes per incl bt
iz held by the 40-mesh sereen: (0} decaving leaves
frowm the forest door, autoclaved, dried, cremdiled b
hand, rubbed throwgh a 13-mesh sereen anto the -
mesh sereen; (i) dried bodies of varions types of
insects, mostly Diptera, Orthoptera, and Lepidopters,
fincly cut up with a knife on a board and similarly
siftend. [t is dmportant to discard the portion passing
the fer screen since the dustlike particles adhere
bo the larvae awd they become exhavsted  teving
to free themselves, The tulk of the food consists
of equal parts by ovolame of the rabbat feees anid
leaves., to ench hali-liter of which is added 20 co
of the inseet bodies. The mixture 35 antoclaved
and stored. Small quantities, sufficient for o day's
needs, are placed m muslin-coverad vials and anto-
claved within a day or =0 before use,

The food iz applicd with o amall spatudla which 15
dippedt I 95% aleahol and buroed off before being
mserked a0 the stock vial, Food s fivst given a day
o bwo befove the eres are due to hatch, sprinkling




Soail relensing cage (20 e ocubed of usbin and nylon wacgmiselte: the Hexible material peren
hamd to aul in procedores within the ca
Fegding sandflics an spiuy rat, Procchimiys; sandfies are releascd within the cage {medium T,
3 em. lomg ) amd the tmemobilized anunal, Belly haics chpped, 5 placed within: this e tero is placed under a
frame coverod with wet toweliog.

Wro, —Sandfics tempararily beld an o pots may feed  diveetly throwgh the bolting cloth covers: wire
rack and rubber bands support twe pots tled againgt the clipped belly

Fie, 10 —Apparatus for holding 12 cage i contact with aoin
011 peHits ol OpRosHE SeL-SeTEwWE,

and sides of & gainea pig,
‘s skin (spiny

cage 15 frec to pivol

T
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a thi layver over the bowom of the pot and, for
ot species, part oway up the walls, so that the
Lavvae will not have to travel much more than their
own length before encountering food, or if they
have a tendency o chimh, food will still be fouwnd
nearky, Fresh food i@ added as needed, A culmre
with numerous older larvas may cequire fresh food
every 2 oor 3 dayz. We have considersd it better to
il fone in successive lavers sprinkled lightly over
tlee eleler material, rather than gI1ve A |zu‘gl: fuantity
all at once. In the caze of certain species which are
fonrd om the surface of dewd leaves in nature, sach
as pammirensis and pessogng, small pieces of leal, cut
albioal 3 nme. square, are sprinkled over the regular
ool to grve aomere nearly aathentic appreximation
of the natural enviramuent,

Medds —Molds bave ween fonued by most investi-
gators 1o be lroublescane at times, This is particu-
larly true in oo hamid, trapical elimate such as that
of Panama. Nevertheless, a techuique  completely
sterile throughout would probably not be desirable

cvent were 1t feazible. Many of the :‘"”Hi are in
themselves  palatable  and  they  and  other  micro-
organisimns probably  form important parts of  the

larval divt, Actually it iz net known whether any of
the raw materials given as food would be sansfactory
without the changes preduced by the growth of
microorganisms, The difficulties which moldz eanse
are of two kinds;

al The voung  larvae may  become  en-
tangled i the myeelin sl never free themselves,
This 12 especially the case with certain rapidly srow-
ing melds whieh produce o network of aceial myeelia,
Usually by the end of the secomd instar the larvae
can cope with this essentially mechanical problem.,
We have seen older larvae “graze™ lroad, clean
arens in oa thick, felthke laver of mold,  Heavy
growths of mold may be removed with a needle which
picks up a ball of mveelia as it sweeps through the
erowth, The aerial noveelin can also he pressed down
ingo @ aat, which presents fewer hazards for larvas,
Ty the droplets of water from an atemizer.

11 Certain molds growing on the [food are
pathorenic to the larvae, notably o species of As-
pevgillis which appeared in our cultures for the
first tine about 2 years ago. This meld is dangerous
clhiefly when there 15 beavy growth. Apparently
the larvae ingest spores which germinate in the
mtestine; the resulting myveelia fnvade the muscles
of the thorseic region and kill the larvac, The
persistence of this mold i our edltures necessitated
a careful reexamination amd revisien of the pro-
codures designed to prevent or redoce the intro-
duction of micreorganisms in general.  Along with
the measures outlined below, 1t was found that res-
somable contrel coulid be secured with AMweostatin
(Squibl Nystatin), A suspension in water, 2,500
meifs per oo, 15 sprayved inte the cultures with a
mazal atommizer. I0 the growth is heavy the pot must
e spraved every 2 ar 3 days to prevent infection of
the larvae. Sinece it zeems that large concentrations
of thiz antibiotic may be barmial g the larvae no

VeTY
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e s used than absolutely necessary, Forluisatels
onar strain of this Aspergillios seems net o have de-
veloped resistanes o Mycostatin in the 18 months it
has been used, There is no noticeable effect of this
antibiotic on any other species of mokls growing in
our cultures. We have been able to comfine this
Aspergillie to cultures of certain sanelfly strains which
have been carried on for a number of sgccessive
Inboratory generations and which we o not wish
to lose, .'I'Lliiflt'.]i-l‘.'iug_‘{ the affected caltures would
probably eliminate the whele preblenn It in the
mwantime aicther methad gives promise of achieving
the same result and saving these sorains. Individeal
papae are removed from an infested pot, washed
zeveral times in tap owater amd then placed 0 a
clean, stezile pot,

Ouae cuvrent technique, some features of whieh
along with strict control of all procedures are the
result of the Aspergilns invasion, is designed 1o
limit as [ar as possible the ntrodoction of mold
spores to those which  inevitably  accompany  the
peerent females, either wild ar reaved. and o veduce
the sourees of air-horne contamination in thie Jabwrs-
tary, The sterilization of pots and covers has already
been mentioned : other tvpes of containers amd ac-
cessorics used for collecting and holding sandflies
and at times for rearing, are boiled or otherwise
sterilized | the eotton pads and petri dishes ave boiled
each week and the trays serving as moats are
scrubblied clean, Work surfaces are wiped off daily
and dust o the air-conditioned laboratory is held 1o
a minimun. The food is antoelaved and whatever is
left over alter a day's work = reavtoclaved, Any
imstruments Llouching the inside of a rearing vessel
are sterilized by dipping in aleohol and burning o
off, before tonching the stock of food or any other
vessel. The cloth eages nsed in transferring and feed-
ing zanedflies contan nvlen panels amd cannot he
Boiled and mere washing does not lall fungus spores.
We found thal eross contamination of enltures with
the pathogenic Aspergillng could be reduced by
fumigating the cages. After being used two or three
times the cages are placed M a closed jar with
crystals of paraformaldebyede, left at least 12 hoors
amd then aired for 24 hours. As o result of these
various procedures the levae in omost of our cul-
tures are well cstablished before the molds pose any
real threat,

In the attempt to develop methods of mass culiure
we have bad some suceess in rearing large numbers
of larvae in glass-sided aguaria, The bottom of the
aquarinm was filled te a depth of 25 to 30 mm, with
alternate layers of autoclaved leaf litter and fnelv
sifted seil from the forest, with a laver of leaves on
top, The culture was moistened  and egrs, wisled
into a small beaker of water, were sprinkled over the
leaves. In some cases standard farval food was
aprinklid over the surface from time to tine. Alami-
num foil covered three sides and the tep o zive
subdued illemination and the aguarivm waz el i
a omoat of water. This method pradaced fair omn-
bers of adults of the five species tried, bt the adulis
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were reluctant to feed either faside the aguariam
or when transferved to a releasing cage. This general
method 15 being followed up with trials of other
Lypes: of rearing boxes amd arrangements for [eading
the adults withoat remeving them from the cultures,

of

Maintenance reelizidual adulls; aviposition

Up to and including the early stages of the work
in Fery, the pots were used for securing oviposilion
and holding the adults for experinental or other
purpeses,  There was then devized the glasz wbe
filled at ome end with plaster of Paris { Hertig 19405
which, with eravian species, admivably served a
number of purposes (Ag. 1), These tubes were 30
i, longr with a hore of 2 to 9 mm., with the plaster
plug extending about 15 mm, into the tube and with
cotton at the other end. They were made Ty stand-
ing a buoedle of tubes in freshly mised plaster. The
proper degree of moisture (just short of condensa-
tion onr the glass] wos maintzined by standing the
LI.11’:IE_-1' :i[] |_'_|1Dj:j.|: Porons E'IUT?-L 01 O l]El'Il]FI colbon, ot
whenever necessary, by staling mowater [or a few
moments,  They were pzed redlinely  for collecting
saneilies in the ekl and transporting them te the
laboratory, sul lor helding  dodividuals for owvi-
position or any other purpese. The eggs were usually
laiel om the maist suriace of the plaster and were
transferred by wasling ioto the porous pots. In-
dividuals could he kept alive i these tubes at times
as long as 3 weeks,

On andertaking the rearing of Panamanian samd-
flies it was hoped that we would have the beneht
of the extreme simplicity. cconomy, convenience and
versatility of the plaster-plug fubes. it
was soon found that our local specics ravely sur-
vived 24 hours in these tubes, The precise nature of
the diffienlty was pever determined, The conmagnest
bazard, comndensation on the glass which the
sanddllies would hecome trapped, was aveidded. Modi-
ficanon of the tubes by increasing the dameter or
by coating the walls with plaster or about 15 mim.
above the surface of the plaster base, for better
footing for the sandllies, was equally unsuecessful,
It was therefore necessary to devise other containers.

Phsiter-Lared  Fiole—A zatisfactory solution was
resched by using a rvelatively lavge glass vial and en-
dewing it with some of the characteristics of the
poreus pots, namely, a plaster base with meisture
entering fvom below, considerable space, walls com-
pletely covered with plaster, and ventilation through
a holting-cloth top. Kimble “Opticlear™ vials with
plastic stoppers have been successfully modified for
this purpose {fig, 1), We have used several sizes,
namely, [O-dram, measaring 80 = 29 mm., S-dram,
5% x 27 mm. {no longer manufactured ), and F-dram,
63 x 29 mum. All three bave the same sized opening,
21 i, so that the stoppers are interchangeable, In
all cases the inside s coated with plaster in mnich
the sawwe way as the pots, so that the wallz as high
as the shoulier, 1., all but the ¥ w 8 mm. occupied
by the stopper, ave comgpletely covered with plaster,
with a layer 1o the bottom about 15 mm. thick, A

However,

it
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hole is then growmd e the bottem of the vial 13 o
13 nn, i diameter, wsing aosmall electric grinder
fitkedd with an abrasive cvlinder abous 10 mom.
diameter, Since the grinding of glass should be done
wnder water and te avold  inmnersing the hands
when asing a2 electric appliance, a band of ad-
hesive tape is wrapped avound the base of the
vial with encugh prajecting to hold o pool of water
several millimeters deep. The hole in the glass amd
any excavation in the wnderlviog plaster s later
filled swith plaster to insure good contact with the
cottann or other moist surfzee on owhich the vials
stamel, Im filling the bole @ the bottom of the vial
the plaster should e poared, allowed to harden and
then trimmed with a knile, since any  attempt to
sprewd plaster with a spatula deereases the porosity

The plastic stopper is used o omake & frame for
Lieleling the bolting cloth cover (fgz, 17, The stopper
15 hollow, foroung a little cap covered by
movable plastie disk, The bottom of this cup is then
cut out and the edges smoothed with emery cloth
With the hellow plastic ovlinder thus formed o poeee
af sk baleing clath, 40 wna, in duaneter, 18 |‘.-1'{=.\‘:-<.'l2|
into the winl, The bolting cloth i effect forms
the bottom of the stapper, with an area for ventila-
tion 18 to 19 pune in disaoeter, through which it is
possible to inspect the interior with a low.power
lens or with the dissecting microscope. In preparing
a barch of vials the hoelting cloth disks are wet before
pressing them ot the vials ) after drving they retain
their shape.

lefividual fed or gravid females are kept in these
SR OM-vials” o damgp cotton in petri dishes or, with
large lots, set diveetly on very porous carthen dishes
which are in lurn 2ot ina teay of water which serves
also as a moat fo protect agaivst mites and ants
A DLoited raisin 1s placed on the helting cloth of ach
vind, In view of the demonsorated, bue physiologically
imexplained, mportance of beiled raising in the ex-
perimental transmission of Indian kala azar (Smith
et al. 19413 all our adult sandfics have constant ac-
cess Lo botled raisins as a convenient souree of hoth
flurd and nourishment, phis whatever benefits may
accrue in relation to leishmaniasis. We bave de-
termined  that the rajsing definitely inerease the
longevity of our sandflies. The wials are inspected
daily for the presence of egyrs, most of which are on
the botrom. A flashlight held against the vial gives
sulficient light for this purpose through the thin
plaster lining,  After oviposition the females are
identificd and the epps are washed into the porous
pots. If the errs ave oot readily dislodged, which
tends to be the case with certain species, they may
he gently touched with the end of the fine pipette
used i the washing process. Eggs of the same
species may be pooled up ot 200 or 300 cggs per pol.

Kearing e Vinle~—The plaster-lined vials serve a
number of other functions.  Individnals zmall
lots af ainlte of either sex may be mainlained in
thewt for various experimental purposes. They may
also he used for rearing small numbers, such as the
progeny of a single female, When no adultz are
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present the bolting eloth s replaced by muslin

Dring ecological studies carricd out by Mr. Wil-
ferd ) Hanson as o member of onr group, 1937 to
1960, he recovered irom natural breeding places n
large number of larvae, of which seversl lumdred
were veared o the adult stage (Hlanson 1961 see
alsa Part 11, table 1, Johnson and Hertig 19617,
These larvae, unharewd by 1he sureen-washing sl
stigar Aotation techoigque, were reaved in KA -vials
with the standard larval food,

Field Captire with Fials—One of the most in-
poctant ases to whiel we have pot these vials s
the divect caprure of fed feomales in the fBeld, either
with horse or human lait. Small carrving  cases
Calmmizun laneh boxes, periorazed for ventilation
are loaded in the Inhoratory with 23 1o 30 vials, sach
complete with bolting cloth stopper. The vinls are
meistened in the Held, The fed females are casily
cunght by placing the epen vial over them as they
rest on the horse, persen or some neavhy object,
O Wieing disturbed they fly into the vial and sizally
stay within so that the stopper is casily replaced.
[I the return to the aboratory involves a prelonged
peviod in the heat of the following day, the vials rest
o aowire Tack with plastic bags of jce beneath, The
sandilies sre then mamtained in the labaratory in
their original vials, thus avoiding the labor and
trauma to the sandilies dovolved o sorting and
translercing the catel.

Adfter use the vials and bolting cloth are bl
while the plastic stoppers. which will not stand
bailing, are dropped into 15300 “Rocen]™ disinfectant,
rinsed and then put into 70 percent aleohol. The
vinls are cooled gradually, and alwavs under water,
Iy allewing a amall stream from 1he tap o flow into
the hot water. Cooling in air increases greatly the
danger of eracking. A certain amonnt of eracking
ooenuTs inoany case, radiating from the hole in the
Bottonn, the result of stresses set up in arinding.
Cracked vials may be bound swith adbesive tape amd
often survive repeated use and boiling.

O bBrat vials wers of the [edram size bur it
was soon found that the swaller S-deast vials (Gg.
U1 owers equally satisfactory or even beller for most
purpeses, particularly when cxamination was to be
made with the dissecting oicroscope. With the ois-
cotntzintaice of their manufactare, however, we have
been foreed o use the Fadeam vials as the smallest
size with sloppers which it our gencral stock.

Aspiviaior Figl—The large 10-demm vial, however,
witl the versatile plastic stopper transformed to make
an aspirating device, is extremely useinl in the rapid
“bulk” collection of sandflies in the field and in
sonte laboratery transfer procedures (Hz 3%, We
are indebted to eur colleague, Do G B Fairchild,
o the basic design of this apparatus. With a corlk
herer o hole s made it both the bottom and the
vemovable tap of the stoppor o receive 2 short
tength (45 to 30 mm, ) of L-inch methaceylake tab-
g, which serves as the enlry tuhe: another hole is
tade anly in the top to receive the 3-inch plastic tp
of the soetion tuhe. These holes are made shghtly
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smaller than the respective tbes, so that the latter
are Armly held by the elastic material of the stopper.
Leaving support for the hole already made, as much
of the rest of the hottom as possible is cut away.
Bolting cloth, previously shaped to fit the stapper by
being pressed wet into the vial and allowed o dry,
ig placed over the cut-out hottom, fastened with z
clove hiteh of steul thread, and coated with plastic
cement wherever ‘it s in cobtact with the Plastic
stopper. When the cement has hacdened 1he entry-
tabe hole is cut throogl the holting cloth witls g
cork horer, the cover is slipped back into its clrcular
groave, the entry tube inserted 1o project equally
above and below, and eemented in place. An 20
length of 34-inch plastic tube serve: as 2 removable
extension when slipped over the -inch entry tube.

The aspirator tube consists of a convenient length
(about 70 enu) of robber twbine Aeted with x4 100-
mi length of 3-inch methacevlate tubing with z
vight-angle bend and beveled (or casy insertion intn
the appropriate hole in the top of the stopper. The
short plastic tbe can be smoothly bent e inserting
each end in rubber tabing and suspending it in
loiling water by the two rabber tubes held together.
The auly foree necessary is supplied by the clastieity
of the rubber: the ends of the plastic are protected
against deformation, Suction can be applicd directly
by month or by asing  rubber suction-pressure bull,
The latter is desirable particularly in dealing with
large mmnbers of saudflics in the Tabornory, to avoid
inhaling scales. dust, ete. [0 the feld each collector
is provided with a namber of aspirator vials plus
asuction tabe and & extension entiy fube, The vials
are moistencd in the field before veze. Tt s well to
put no mose than 15 sandflics in one vial if they
arve to be kept alive, The suction should e as gentle
as possible since fed or gravid females are easily
injured by oo brusque an entry into e vigd and
furthermore, there is inevitally some irmmna from
the agitation of the entire cateh with each fresh
entry,

Feeding adulis

Virtally all species of Pllebatonns in nature suek
Blood only between dusk and dawn, although o
dense foresl: some species oveasionally feed also dur-
ing the day. In the laboratory, however, the day
time deeding helavior wvaries greatly as  hetween
different species. In the enrly work on kala azar
in Iadia, orgentipes in o releasing cage would feed
o the zmm of & patient only ac night, although day-
time feeding was later induced if the sandflies were
kept in darvkness. In onr own experience certain
species, g, ofiinensts and wmowgelensis in China,
verpicarane in Perw, vesy rarely bite during the
day either in nature or when liberated in a cage
T The sevies of sires of methaerylate tubing  commercialls
bley with outside dinmeters differing by 34 inch, lave walls
b shick and il accurately over the next smaller  fize—
SO0E 0 vilrie s Izheratery applications. 10 ean fe
o hack =aw and the ends wthed and heveled with an
¥ _Hat Rle, a1 for the £ 1 with 2 coundersink.
Tethacryiate Inibng is nob wep Feaer d in acientife sl

ply eabilsmues: aurs was obbiiced vutal-X Caipazation.
Lennd Mills, Penusylvania,
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with air aninal nor do they atlack the band of the
operalor within the cage. Nevertheless, the same
sangilies a0 few moments later when confined close
te animal or human skin in ono=mall feeding cage
may Teed at once.

In Panama the half-dozen principal forest species
which attack mun, hovses, and other mammals, rarely
bite in the davtime in nmature and wsually do not be-
come gofive unnl aiter o brief twilight. However,
in the laboratory two of these species, Soigeiierg
andl gemesi, mav feed ceadily oo full daylight df
liberated iy a cage with an tomobilized ammal (g,
1. They may also atack the operator’s hand with
such promjness amd eagerpess, even though the
hand 12 in the cage for only o few moments at a
vme and iz uzaallv in omotion, that it is negessary
at times to wear o rubber glove as protection,  The
ather specics at best feed reluctantly and crratically.
Night trials with some vielded oo better  results
Althouwgh there are unresalvid difficultics i the
fecding of these species, for the present at least
all pur laboratory procedures ave caveied out dhering
Hlues afay.

Wie lave as yet made no attemipl to determine
the erilieal combination of Tactors which lead sand-
Mliez 1o leave their zhelters and seek n blood mesl,
but it is obvious that this activity is usually proe-
ceded by o decresse in both Light and temperatore
and o corresponding rise in humidity, In early frials
we found that feeding resulis were dmproved Dy
transferring the operation o another air-conditioned
room with g shightly lower lemperatnre. We then
adopted fhe routine of manipalating the ar-condition-
o i the sandfly eooin o that the mght temperatare,
287 b 20° O was somewhat higher than during
the day, 207 o 27% O thus reversing the conditions
frommed an matnre. Az wall be seen i the Tollowing
deseriptions of leeding operations, whenever there
15 prolenged exposure in on cloth eage, high hu-
miclity, neceszary for sheer swrvival, iz maintained
in semi-carkness,

Feleasing Coges—Deginning with the work in
China the veleasing cages have a0 all cases been
made of cloth, with at least two panels of some sort
of netting, with no internal seanms to obstroct visi-
hilitv, sl suspended by the corpers inoa Srame
The Arst models were made f'.:n;.h'f‘.l_}' of sk 1:-|:]I;ir:|:,;
clotly, except for the onshn sleeve, and mensared
about 200 x 20 x 30 e, Later a cubdcal cage with
net anternal dimenzionz of 20 ene onr o zide, was
founed mere suitable for routine releasing and sorting
az well ns for certain feeding operations. Later it
was  found desivable to have only two pancls of
kolting cleth (top and fromt) with the other pancls
of muslin giving a white, opague background, A
apitable grade of bolting cloth has aboue 200 meshes
per lincar centimeter,  In Panama the 20-cm. cabe
with the same arvangement of netbing and muaslin
panels s our standard veleasing cage (Og. 7). In
our current models, ag oaozubstitate for the wll bole-
ing cloth, we have wsed nylon “marquisette,” o fabric
with the same weave az boliing cloth, 1e. the warp
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threads are double and pass on cither side of the
wedt thrends with o twist between each fwo, resulting
in firmly locked syuare or rectangular meshes, O
nvlon has about 10 % 22 awmeshes per linear cenli-
meter. The fner nvlon theeads allerd  somewhat
Tetter visibiliby thai the bolting clotl.

The eloth cages bave vavious advantages over
those with metal screen or other rigid  material,
quiite apart from their extreme lightness and porea-
Fality. The haned outziade the eage enters actively into
many operatiens, The finger tip on the outside of
the cage aids in the caprure of & sandily when a
vial or tube iz placed over it (Ag 7). Containers
may he Armly held by the free hand while corks
sooppers and covers are removed or replaced b the
hand in the cage,

MAfrer comsiderahle experience with different seaim-
stresses and taflors, we have fomed i desicable
propare the fabrie ourselves. [tois wisluesd to pre-
shrink it and vemove siing, amd then with drawing
Traaured Tosepuee  ench sen, fold and ewl s
carefully marked; after cutting the [olds ave pressed
with an iron. The mushin sleeve, 22 w 30 oo, long,
15 set into an opening 11 to 13 e square, the siee
dependhing on the objects, such as animal ecages,
which are o he inserted. The G-mm, seams are
double sewed with o all eot edges “huried™ within
them and project flangelile at all edges of the calwe,
excepl that ne semm is pecessary between the pwe
petting panetz which are made of one piece. Fven
thougly it is poessible to form the four muoslin panels
as one plece it = owell to have the extra strength
of the seams. The cage is suspemxled 11 oats [rame
by two 20-cm, strands of tape sewed to each corner.
With all seams on the oneside there are no hiding
Maces for sandflics except in the sleeve and relatively
fowe seem to enter the slesve. A rabber hand holds
the sleeve snayr, ot wot oo bght, arcund the aro
After withdrawing the arm the sleeve iz brushed
dowverward so that the sueface presented w the inside
of the cage i3 a3 nearly vertical as- possible,

The cubieal frame is made of ¥-inch (32 mm.)
brazs rod, 25 eon on a side, Le, 3 em. greater in
each dimension than the suspended cage. To omake
the entive apparatus conveniently portalde, the four
verticnl rods fit casily ot not toe loosely into 15-
i, lengths of bross tubing welded to the corners of
the top and bottom parts of the frame, The tenzion
of cage amd tapes holds the frame together. The
four loose vods ave easily removed with the cage
still tied to the corners of top and bottom: the whole
apparatuz ean be eollapsed for transportation ol
guickly set wp again,  {Like the cages themselves,
the frames have passed through several developmental
stages, At one time the removable verfical rods and
the eorresponding tubes were serewed tosether with
righe- and left-hand threads, The current arrange-
ment is shapler and st as effective.)

Feeding Adulls in Releasing Cages—For the pur-
pose ol Tesding sandiflies hiberated with an imnio-
mheed animal, two larger sizes of cage are in use
They are dezsigned w accommodate an animal such

aned
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as aspiny rat, Preechimys (g, 8}, or a guinea pig.
These cages are Jonger and broader but only slightly
bizher than che small releasing  cames, The ma-
terials and general method of construction are the
same. The inside dimensions are 30 x 25 cm. with
A height of 215 an, (fig. 8) and 40 x 35 = 21 om.
The sleeve is inserted at one end with an opening
of 14 L eme In the larger cage three of the long
panels. top, (oot and back, are of nylon marguisctie
while in the smaller one only the top and frong are
of netting (with the sleeve at the vighty, (In mak-
@ eage with the latter arrangement the needs of
a lefe-landed  operalen should  be conzidesed: the
small eubical eages with two netting panels and
the larger one with three are sgitable for either
[zl )

The franwes for the larger eages, made of the same
brass vod with four of the vods removable, have all
dimensions 5 on, greater than thase of the carre.
sponding cage. To support the weight of the animal
if the cage t2 to he moved, o broad sheet of 2lominem
bent at the ends rests on the bottom end rods of the
Framie, For the purpose of maintining a high degree
of hnidity during leeding operations, and also to
provide semi-darkness, a large frame capable of
acconnodating any of 1he cages with their [rames,
1odraped with wet toweling. The frime measures
30 x 51 x 32 em. The cloth, blue Turkish toweling,
irocut aml sewed to form a boxlike hood ever the
frame, with one end hanging free. The top panel
i supported by a rack made of coarse metal screen-
ing restitg on the top of the frame.

In pracuice the animal is ded with wide gouze
bandage. belly oppermost, on & bareow beard (fig.
dr The belly hairs are removed with electric animal
clippers, The animal is placed in the cage and the
sanedilies lberated drom the breeding pots. The
amimal is free o move itz head and legs bat the
cages are of such size that the cloth s varely en-
gagredl by othe simsl’s elaws, After aboul an hour
the aninul is removed and the fed and unfed sand-
flies are transferved to separate clean, sterile pots,
moistened and ftted with an aspirating deviee de-
sevthed Delow (g 35, About 20 fed females may
be put o one pot, accompanied By oan egual num-
ber of nwles, since copalation may oot take place unil
after the Dlood meal, Depending on the numbers
imvelved and the requirements for future operations,
the unfed females and the rest of the males are cither
discarded or aspirated into ofher pots, with as 1Ay
as 100 sanddflies. females and/or males, 1o a pot.
The aspivator tops must now be removed and re-
placel with bolting cloth witheat liberating sand-
fMies iw the process, The sandlies arve immobilized by
chilling the pots in a refrigerator at 4.3° O, for about
2t minutes. The exchange of covers (= made, o raisin
15 placed on the bolting cloth, a meslin cover seeured
over all amd the pots placed on cotton pads s in
the rottine handling of the coltures.

Azpirator Top for Pois—The aspivator sops are
made from the metal Lids of glass jars, of soch a
size that they jusl I over the top of the pots (g
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53 (Lids of f-ounce coffee jars happen to be about
right.) Twa hales arve drilled somewhat smaller than
the rubber tubing, abeut 10 mm. outside diameter,
wlich will be squeezed into them w form the entry
amd suction tubes and which project about 25 1w,
ad 50w, respectively on the outside and alone 5
mit. anside, The inner el of the suction Lube is
covered with bolting eloth ;) the entry tube is lelt open.
The Tid is held in place by a cylindrical band 30 mm.
wide cut from the wrist of a rabber zlove, which also
makes an air-vight seal between lid awd por. When
ready for use an &-cm. glass extension 15 inseried in
the entry tube, amd the same a_spi:'aling tulae with
suction-pressure bull, previowsly desceibed, 15 Atted
ite the ather rubher tube.

Feeding  Throngh Belting  Cleth Pot Covers.—
Females held in pots after having failed to feed when
liberated may he ded directly through the bolting
cloth covers. The arm of a volunteer (choozing one
for whotmn the reaction to the bites is not severe)
merely rests on oone or twe pols dor abous 13
minmtes, For feading on s goinea pig, which is the
mare usual practice, the animal is tied oo ks back
with magee strips and the hair clipped from the
helly and both sides {Gg. 99 A wire rack. with
rubber Lamds, supporiz a pot on either side of the
immaolalized animal in such a way that the weight
of the tlted pots holds the bolting cloth in comact
with the skin.

Swall Feeding Coges—In feeding small numbers
of sandflies some mvestigators have sinply put them
mte test tbes and held the open end in comtact
with the sking Throughent all our werk we have
used small feeding cages in which the sandfiies.
always within about 15 o, of the skin, can feed
thromgh bolting (fig. 2%, These cages arve the lineal
descendants of Waolbacl's lovse-feeding cage (Wal-
ach et al. 19223, In the early work in China the
senior anthor wsed cages which had heen presented
to bon by Dr. Wolbach.,  Thev were made Trom
tinned metal ofntment boxes with the top and hottom
cut ol and replaced by bolting cloth, To adape these
cages to flying nsccts the only modifcation necessary
wias to inserl a glass entry tube in the holting cloth
cover,  Later, to avoid corrosion, the  sheet-metsl
stocke was of Monel metal. The metal parts were
made I commeraial shops, the shaping being done
not by stamping but by @ process known as spinning,
in which o revelving sheet of metal is gradually
pressed over a fornl The current models are 40
i in dhinmeter by 14 i an depth, with openings
i both top o bottom 29 mm. in diameter,  Around
the lower part of the bottom iz a projecting “head,”
over wlhich the bolting clath is fastened, made cither
b zoldering in place a circle of wire ar by having
such projection "spun™ during manafacture.  The
nareow rim of the bottom is pressed outward so that
the bolting cloth can be dreawn ot over ks ner
cdge,  (Otherwise sandlies would wedge themselves
into looze places between metal and cloth.) The
metal cover s made just large enongh to slip snuely
over the holting cloth cover as the latter 1= pressed
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into place. Wet bolting cloth is pressed over the
hoteonn with a loose wire ring, bonnd over the
prejecring Bead with a clove hiteh of stout thread
and allowed to dev, Io iz then trimmed and hound
with a parrew strip of adbesive tape. The bolting
clol cover 15 shaped by being pressed on when wet
and allowed to dre, To Ox the entry tobe (22w,
Tomg, of glass or plastic) in the bolting cloth cover,
six star-shaperl ents are made, the tibe s inserted 1o
neefect about & mo into the cage, the six points are
bouned o the tobe with thread and then sosted with
plastic coment, The ioner metal surface of the cage
is conted with plaster of Paris to provide hoth mois-
tre and proper footing for the sandilies. With the
cover pressed on, a strip of adhesive tape around the
cage Talds v sadely in place, ¢ seems that the vola-
il suhatanee whicl gives fresh adbesive tape its
characteristic odor s toxic to sandfies, but the tape
is sale 1o use after exposure in the air for several
A stock of suel “seasoned” strips s waintained
an glass plates or other exposed surfaces.

Sandflics are transierred to the feeding  cages
by methods deseribed below, The cages, usually with
no more thae 13 sandilies, arve routinely held in con-
taer with the skin of the host animal with UL
strips or b & deviee deseribed below. Those sand-
Hies which are ready to ke a blood meal will nsually
have completed feeding within 15 or 20 minutes, The
capes ave opened oo releasing eage and the speei-
miens transferred o appropriale vinls or pots,

When feeding sandflies oo human leishioanial
lestons it is necessary to mask the Tesion with alumi-
wann foil, so that the sandlies have aceess only to the
parrow border of durated, unuleerated skin sar-
rounding the central uleeration, this being the ares
where the parasites arve concentrated.

Loading Fecding Cages—The few
loaded by means of o transfer tabe or an aspirating
device, The tuhe (fg. 2; made by a glass-
blower of fwa sizes of tubing, is 9 en. long. the
middle 3 oo with a bore of aboot 4 mune, the 2 em.
ar either el of a oseowewhat Jarger siee, about 0
tinan, which ean slip easily over the entry tube of
the cage. A balting cloth sereen 12 ftted in one end,
The saclilies are canght one at a time by qmeting
lue 1:119]1 end over them as they rest on the sides of
tHie releasing cage. Chice 1nside the tube the Buger is
Lield owver the open end and the fiy makes ks way
nr 15 shaken into the narcow portion, whoere its move-
ment s restricted, since it connet v, and where it
maw he Inspected with s bandlens, Meanwhile the
feccling cage. set 1 noslot cut ¢ prasteboard bo,
i= held firmly with the entry tule horvizontal. The
cotton stopper s removed from the Lalter. When the
sanelfly s seen Lo he at o safe distance [rom the open
emil, the transfer wbe is shifeed quickly from- the
finrer tip 1o the entry tube and the sandfy Blawn
sently into the cage with a rubber bulb, (The fiest
model of the transfer tube, devized in China, had
a syringelike plunmer which “nudged” the sandlly and
cansecd it to run into the cage)

Aspivator for Feeding Cages—The aspirating de-

s,

s

ny cages are

Friviester

ini

Hewrio axn Jomszes s Rrarixe oF Pllebotons

il

viee for losding fecding cages is made out of a glass
jar with sevew top of metal and an air-lght gabl{m
ifig, 43, We have used the ,t'\nl:L'!'lD:lL available jar
whicl will easily receive the feeding cage. [t
measures 68 wm, i diameter by 98 mm. in height,
the inside dinmeter of the wouth being 47 monn e
hotes, about 9@ pun, in dianveter are drilled in the
metal cover, one locaresd 50 as o correspond with the
somewhat eccentrically placed entry tube of the cage.
Short lengths of rbber tohang, outside diameter 12
ik, are squeczed into the holes so as to project 3
i, owtside and 10 to 12 mn. ingide, The inner seg-
ment i the rubber enlry tube iz wrapped with wire
Lo ansure a fivn grip on the fecding cage’s glass en-
trv tuhe as the latter is pushed inta place with the
fingers. o use, the feeding cape 1-11'.{{~. by its eniry
the inside the jar. Oueside, the vabber entry tuhe
is provided with a plastic #-cm. extension while the
other mabber tuhe reccives the suction tube pre-
viomsly deseribed, which is used interchangeably for
Al s aspivator devices. Afller the sandilics have
e aspivated inte the feeding cage, the latler is
removed by grosping the entry tube with rubber-
tipped, curved  haemostatie forceps and pulling it
[rpe.

Holder for Freeding Cage—For feeding sandilies
ot Chinese striped hamsters, an apparadils was con-
strteted which the feeding cage was held by the
sharp peints of fwo screws set opposite one ancther
in o metal ring, which o turn was fixed o a shalt
free to move vertienlly n oo tubmlar metal sleeve { g,
107, The latter was held an adjustable arm
clamped to the side of the screen rack on which
the amimal waz tied, This arrangement permithed the
cage, Testing on the animal’s belly, to pivot on the
two pointe and move verticatly with the respiratory
movements. The weight of the cage plas the wmovable
metal parts was coumterbalanced by rubber hands so
that the pressure was just enough to inlain con-
tart of cage with skin. A metal guard prevented the
hamster's reaching the cage with its teeth. This ap-
paratis is quite useful in the case of small animals
which ean he satizfactorily imnolilized. We have
nsed the original Chinese model with guinen pigs and
spiny Tats, These animals can easily bear the weight
o the apparatus. Tnstend of heing clamped fo a
fixed object it foerely rests om the table, prevented
from tipping over by oometal bar, such as a Taree file,
inserted in the elamp (Ag 1070,

Artificial Feeding—For the purpese of infecting
sanedfies with Lefshmmma they were fed artibeially a
misturs of eulture and defibrinated blood. The use
of memhranes gave onby ndifferent resulls, while the
pipette methad of Hertig and Hertig (1927) was very
coceessitl in an extended series of such feedings.
These techniques and the related cxperimental work,
in which a Targe proportion of the sandfies hecame
infectod, will be Lhe subject of a separate report
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