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Certeain aspects of the biology of sand-flies vrere

investigated., The findings contributed to the successful

establishment of a colony of L. longipalpis.

Other species proved more difficult to rear because
of larvel diapause, unfevourable larvel conditions or the
unwillingness of laboratory-reared females to teke hlood-—
neals,

L. longipalpis females were found to be opportunist

feeders: They took blood-mezls from a wide range of
mammzls and fed equally well throughout the day, over a
.range of temperature (21.5° —~ 30°¢) end humidity (70% -
©100% RH)..

Host breath snd heat, a2lone, could induce T.. longipelrnis

’females to probe an artificizl membrane, after which
physieological seline stimulated gorging. With orfwithout
N ATP, serun albumen was oﬁly as attractive 2s saline. The
conclu51on that blood salts apd/or nechenical bending of
"the lablum normally stlmulates blood gorglnv was support-
ed. oy flrdlng that whether a fluld vas dispatche d to the
crop or mid-gut depended less on 1ts nature than on the
' manrer ot faedlng.

Results for L. 1ong;pwlpls supported the 1dea that the

blood=meal is the source of nutrients for vitellogenesis.
The maximum number of oocytes matured in the first
gonotrophic cycle depended also on female bLody-weight,

sugar-feeding =nd age, but not mating.
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;1
The blood-meal ingredients esuential for egg

maturetion by L. longipalpis were amino gcids. The

nunber of eges matured per female wes prorortional to
the weight of protein in the meal, but varied between
different vertevrate bloods.

Sugar-feeding and mating increased the proportion

of mature eggs laid by L. lorngipalpis femeles. MNore eggs

were laid in dark than in light periods, and resulits
suggested that egg-leying vas govérned by a2 circadian
rhythm.

FPield studies concerning the resting sites, seasonal
prevalence'and biting habits of some sand-fly sveciecs in

Italy and Brazil were also reported end discussed.
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GIEERAT, THIFONUCTECH .,

hTeootorid sonc~Tlies are dipterous insccts of the
svb—~order Hematocera; The imegos are smell (of about 3mm.
length), brown and slender-bodied. Their nearly-erect
wings and the sceles which vover their bodies give them
the appearance of small, hairy moths. Indeed some taxon-—

omists still prefer Lo treat them as a sub-fanily

-

Phlebotominae, of the Psychodidae or moth-flies (

ners.comm,. ) JRodendort (1964) raised them to family rank,
distinguished in pert by their blood-suclking adspidtions
and ﬁhe_relatively dry breeding nlaces of many species.

- The life oi the imago is concerned almost entirsly
vith nating end, for the female, egg laying. Only the
Tenale sucks‘blood, which she uses to develon a béatch of
éggs. Autogeny has been recorded but is thought to be the

exception (Johnson 1961). The eégs are leid on the larval
food -~ orgenic matter found in soil, leef litter and about
animal dwellings. The sculptbturing on the outer chorion of
the egg may be importent for plasiron respirstion (Vard &
Ready 1975).

Tike most dipterous larvae those of *he smnd fly reguire

a high humidity. This they find UluhlP s0ll or rubbish
heaps, and in rock or well crevices where there is conden-—
sation. Consequentiy, in the tropics and other warm main-

land areas where they occur, ssnd-flies asre widely

Qu

istributed, with some specles inhablting arid plains eond

ecuutorLal raln~Forests. There are four larval instars:

=3
juy

e Tirst stege larve is characterized by a single

nd an egg—tooth on the

ja¥}

e
&

bleck, cendal setae ¢
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crovn of its translucent head capsule, which it uses to
break out of the egg. The other stages have two palrs of
caudal setae and larger, darker head capsﬁles. A black,
pigmented 9th tergite distinguishes the last stage larva
from the others. All larvae are legless, but numerous
stiff, pinmate hairs facilitate locomotion.

Before vupating the 4th instar larva stops feeding and
crawls upwards. It attaches itself to the substratum with
a secretion from its enlarged salivary glands. The free,
non-motile pupa is usunally upright. Its cuticle, at first
white, soon turns yellow and then brown. The eyes and wing-
setae of the developing adult blacken shortly befors
emefgence. | |

The Blood-sucking nabit of sand-flies has made them a
rest to man, owing to the irritation of their bites and their
transmission of several diseases, dinciuding bartonellosis
and sand-fly fever (Lewis 1974). Sand-flies are the only
knovn invertebrate vectors of Leishmaniasis,‘a group of
diseases (often zoonoses) caused by species of the protozosn

genus Leishmania.

The morprhology and taxonomy of sand-flies have been
well studied (Fairchild 1955; TLewis 1965, 1974; Theodor
1965; Perfiliev 1968; Abonnenc 1972; . Forattini 1973.),
but despite the medical importance of sand-flies there are
no compendia on their behéviour and physiology. Partly,
this results from the historical priority given to the sfudy
of discases transmitted by mosguitoes and tse-tse flies. The
establishment in temperate countries of large closed colonies

of tropical mosquitoes and tse-tse flies for perasitology
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investigat mo!s was the stinuvlus for detsiled resesrch into
many oesnects of these insects! blolosy. In comparision,

and~Iiles have usuaily been reared only in smell colonies
in their country of crigin., The easce with which ailing
lzborsbory colonies could ve suvpnlemented by field
collections nede the refinement of rearing technigues

mwnecessary. Tnus there has teen e tendency bo study sand-

! al

Tlies only as vecvors of humen disecses., Often, lahoratory
studies have referred only to rearing methods and life-

histories. The vork of Theodor (1934, 1.836), Chaniotis

(1967) eand Gemetchu (1872), vherc the focus of the resesrch

.

v2s on the sand-Tly end not its parasites, have been notable

Uq

he egvablishment at Tmperial College Field 3Station,
Ascot, Imglend in 1972 of a research unit to study

Teighmanie in the sand-fly gave me the OOnOTtUﬂL“W to

undertaske research on closed colonies of sgnd-flies, O=f

necessity, much of ny early work wes concerned with
improving resyi ing techniques, Ieter T was eble to invest-

igete in greeter depth some aspects of the feeding

behaviour and reproductive physiolog 3Y of one species,

Tutzomyia longipalnis (Tubz & Neiva, 1912).
Tor short periods, in 1873 end 1S74, T wes Ffortunate

{9

to vieit two areas of endemic leishmaniesis, in norithern
ITtaly and in the lower Amezon Dawin, 3Brazil, vhere I
became gcqueinted with some aspects of the bhehaviovr of

sand~flies in the field.
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SUCTION ONE: THE STABLISHM:NT OF A CLOSED
LABORATORY COLONY OF SAND-PLIES.

INTRODUCTION.

From some larvae of Phlebotomus mascitti found in his

Rome cellar, Grassi (1907) reared the first sand-flies in
“the laboratory. The rearing techniques employed to meet
the needs of sand-flies in each of their developmental
stages have altered little since thén.

The‘general requirements of many species of sand-flies
and the methods which have been used to provide them have
been reviewed by Barretto (1942), Sherlock & Sherlock (1972)
and Vard (1974). Sand-fly larvae reguire a humid atmosphere,
a damp substrate, a relatively high temperature (220- 30°¢)
and a supply of organic material for food. Drier sites away
from the centre of larval activity must be provided for
pupation; Tfor this the walls of the larval container
usualiy suffice. 'Adults thrive in a similar environment,
and with a supply of sucrose can live for 1 -~ 2 nonths.
Females usvally require a vertebrate blood-meal befofe they
can develop a batch of egzgs. The eggs are laid on a damp
substrate, and will only survive and hatch if they remain
in contact with water.

Rearing methods fall into two categories: natural
éhambers, where all stages of a generation live in a single
container, were favoured by Whittingham & Rook (1923),
Unsworth & Gordon (1946), Najera (1951) and Sherlock &
Sherlock (1959). Ieny workers have preferred to keep larvae

and adults in sepzrate containers (Bayme 1923; Adler &
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Theodor 19273 Hertig & Johnson 1961)., in enteils the
trensfer of eggs to larvel containers, a process thot is

oL

1aborious and often kills meny eges. However, it allovs
the productivity of a colony: to he agsessed, anc |
generations to Le synchronised in order to produce vatches
of Tlies for experimental viork.

Attempts to colonize six species of sand-~fly are

descrived in this thesis. Only one, L. loungipalpis was

selected {by Pr. R. Killick-Kendrick) as a species suited
to mass rearing in the lzboratory. It had Leen bred |
through geveral generstions in laboratories in Brazil
(Sherlock & Sherlock 1959) and Panama (Christensen 1972).
- The population chosen wag knovm not to diapsuse., The

method wsed so successfuvlly to rear L. longipslnis -ras

&
4

emnloved, vith mixed success, for two forest =
L o 2 2

o
i

- - A - . .
Para, Brazil, and for three speclies colliected from

southern Europe.
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IIAMERTATS AND I E0TODS,

L

Collectlon of send-Tlie

L 4

A11 colonies were stbert:=d with eggs leid by wild,

blood-fed females. These viere usvally collected on or

.
i

. - b s b 1 - T - LI \ e —t

nes? animal beit ts. Ioach female was placed in sn ovi-

nosition tube (see helow) and tronsportad in a woim,

noist environment within a ©tox of exsvended polystyrene.
Tempprary mounts of dead Tfemaoles viere mede in gum

ehlorrl to display the cibarizl armeture, pharynx and

spezmiethecae from which they were identified (Tewis 1974).

Resring nethods.

These were daveloped by Dr., R. Xillick-Kendrick, I

A.Jd. Teaney and nmyselfd for the routine meintencnce of T,

lonsinelpis, to which the Tollowing account refers (¥illick-

Kendrick et al. 1973, 1975). The methods emnloved were,
for ﬁhe nost pars, nodificesions of thos ﬁsedwby Adler &
Theodor (1935), Hertig & Johnson (1961), Harwood (1¢65)
and Gemetchuw (1971),

Prom ites initiation the colary was divided. Adult
Temales from the main line were fed on hemsters, while T
naintained a line (4o produce most of the materizl for my
own work) for which the femsles wefe fed on myself.

Stock was reared &t 2500, with the 1A;wu placed in
continuvous dark (except for observation) end the zdults in

a photoperiod of 12 hours (0600 — 18+00 hrs GMT), The

[}

Clrst four generstions were kept in o constent-temperature

(C-7) room. ITater generations were nmaintained in
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photothermo-static (or enviromiental) cabinets.

Tmmature stames. 5 deys alter they had heen laid, egscs

[T g

viere counted ond moved vith a camel-iheir brusi on to snell
pieces of wet filter poper which were shaped to identify
each hatch. Arproximately 100 egss were placed to hoteh in
potvs made Ffrom the pnlastic tubes of WHO insecticide test-
ing kits (Plete 1). When cut in half, egch tube made the
sides of two oven—ended pots with screw cavs, 6 cm. in
length and 4+5 cm. in diameter. The inside of the pots vas
roughened with acetone and lined with plaster of Paris.then
the lining was set, the Lottom of each pot was filled to a
depth of 3.0 cn., vwith plaster. The lids were covered with

fine gauvze. The use of these vots was sugsested by Dr.D.FP.de
() oL D

ck

Hilton.
The plaster substrate on wnich the learvee moved vas
kept demp by stending the pots on filter vaeper wetted with

distilled water. lst stage lerveae survived best when therxe

was a

film of moisture over the plaster surface. I this
film was too deep’(lmm) the larvee became immobile and
sterved., Older larvae'preferred drier conditions. A high
humidity (80-100%RH) and a control of moisture was achieved
by plaoing-the pots in trays of distilled water in a C=T
Toorm or on damp filter papér in snep-top, polyethylene

food conteiners within environmentsl cabinets (Plate 1).

In the eerly generations, lervae were fed on boiled
lettuce (Chaniotis pers.comm.) as well as desiccated liver
§0wder (Gemetchu 1971). Tettuce was not fed to later gener-

di

ations when 1t was

i
)
(@]
H

Lacovered not to ve esgsentia

grovwth and development. Snall amounts of liver powder were.

o]



Plate 1:Rearing pots and container.

Plate 2:0viposition tubes and container.
(Courtesy Dr.R.Killick-Kendrick.)

oo
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added daily to *each pot; Care was taken not to starve the
larvae, especially those of the 4th instar, because of
canmibalism, Overfeeding encouraged the grqwth of fungi
which were controlled by removiﬁg uneaten food and scraping
faeces from the plaster. After tending s pot, instruments
were flamed to avoid transferring harmful fungi. Sone
funzi were eaten by the larvae, but early stages became
trapped, and died, when fungal growth was excessive.

Adult flies. On the day they emerged adult f£lies were

counted and sexed before being released into a gauze-~
covered cage (1l8cm. cube). 60 ~ 100 flies were released
into each cage over a 1 to 3 day period. The ratio of
males to females was adjusted to 12 — 1+0 (the overall
ratio per generation)., Flies were handled by capturing
thém_in clear plastic tubes. They were not aspirated
since this damazged themn.

A 30¢ (vi/v) sucrose solution vas freely providzd on
cotton wool in 2 dish and was changed thrice weekly. Tor
those generations reared in a C-T room a high humidity
was obtained by covering each cage with a danp cloth.
Those cages kent in environmental cabinets were ssaled in
a clear plastic bag containing a swab of wet cotiton wool.

The flies mated freely in the cages, and pairs could
be seen in copula at any time from 24 hrs after emergehce.
Mating occurrcea vefore, during_or after a female's blood-
meal,

3 - 5 days after emergence female flies were offered
a blood-mezl., Homsters were anaesthetised with sodium

pentobarbitone given intraperitonezlly (044 mg/10 g. body
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wf, increased as tolerance developed), and pinned to a cork
board througsh sticky tape attached to each leg. VWith the
animal on its vack, the abdominal hair was trimmed with
scissors to present a large area of naked skin on which the
female flies could feed.

The line fed on man was offered blood from a
volunteer's hand and wrist inserted into the cage.

Oviposition. Each engorged female was individually

‘collected in a smell glass vial (4 x 2 cm) lined at one
side with a triangle of filter paper, the tip of which
covered the base of the tﬁbé (Flatez); A 309 solution of
sucrose was provided oh swabs of cotton wool placed on the
gauvze covering the mouth of each tube. The humidity was
controlled'by standing the tubes over a tray of water (in
the C~T room generations) or placing them in a“desiccatorn
over water or dilute sulphuric acid solutions {(Solomon
1951.). The filter paper in the tube was wetted with
distilled water epplied (through the gauze top) with a
syringe and hypodermic needle. IEggs were laid on the demp
filter paper, eiter which few femazles survived more than

24 hours.

Experiments to determine optimum rearing conditions.

Investigations into the feeding behaviour, egg

production and oviposition of L. longipalpis produced

findings thaet were used to modify early rearing methods.
IlMost of these investigations are recorded in later sections.
of this thesis, but the improvements in rearing success

cavsed by the modifications which they sugsested are



. 25

detailed in this section. Other experiments are recorded

here in full.

(i) Effect of density on the survival of larvee. In the

5th generation 25 larval pots were set up with a different
number (26 -~ 110) of freshly hatched larvae in each. All
the pots were kept in snap-top polyethylene food boxes
placed in the dark at a constant temperature of 25°¢.
Liver powder, the only food, was placed daily in each pot
so that it was always in excess.

The number of flies that emerged from'each pot was
counted. This figure is proportional to the number of 4th
instar larvae that successfully pupated, since pupal
vmortality was low and more or less constant for each pot
(see below),

(ii) Sucrose and adult longevity. Freshly emerged adult

flies were released from larval pots into three gzuze
cages ( 18 cm cube) so that each contained 20 mgles and 20
ferales. On the floor of cage 1 was placed a petri dish
(9 cm in diameter) containing cotton wool soaked in 309
(w/v) sucrose solution. Similarly, cage 2 was provided
with distilled water. 30% sucrose solution was offered to
cage 3 on g dental wick held in:a tube containing the
solution.

Solutions were renewed daily. Fach cage was placed in
a sealed, clear plastic bag containing a swab of wet cotton
wool. The experiment was carried out in a C-T room at
25°C with a photoperiod of 12 hrs (06°00 — 18+00 GMT).

The number of each sex alive in the cages was
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recorded daily until all were dead,

Monitoring the productivity of the colony of L.longipalpis.

Age specific life-tables were prepared for many of the
first nine generations. Such tables, or budgets, should
record absolute populations at each stage of a generation,
and the action of known mortality factors (Southwood 1966).
In this case, however, the different larval stages were not
treated separately as the overlap between them was so great
that it was impossible to estimate absolute populations.

After generation 9 the rearing techniques were |
modified 1little. MNost changes were made between generations
4 and 5 when the colony was moved from a C-T room to the
more tightly regvlated conditions of envirommental
cabinets. The budgets were used to measure and anaglyse
the changes in productivity that resulted from these
modifications. For this, "Survivdrship" curves were drawn
and. "Apparent" and "Indispensable" mortaiities were
calcvlated (Southwood 1966).

In addition to productivity, the qualitative success
of the rearing methods was measured by determining the mean
welghts of mele and female pupae of early and late
generations. On the day of eye and wing-setae blackening
(which is 3 days before adult emergence, at 25°C) pupae
were taken ot random from pots of equal density and |

welghed on a Beckman microbalance.
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RESULTS.

Collecting and rearing sand-flies.

L, longipzlpis. The colony was established with 1,726

eggs laid by 53 engorged females collected by Dr. R.
Kiliick-Kendrick from one of the Iapinha caves, 60 Xm,

- N.W. of Belo Horizente, linas Gerais, Brazil (TLong. 43°
571, Tat. 19° 03" 8). A caged cockersl was left in the
cave for the two days preceeding the collection.‘

From October 1972 to December 1975 I reared 23
successive generations of this species at Imperial College,
Ascot. Each generation aiter the eigth ,produced, on
average, 6OC adult flies (1+2 males to 1+0 female). Under
the best conditions, at 25°C in environmental cabinets,
the time of develomment from female engorgment to the
first emergence of adults of the next generation was 40
deys. The minimum developmental times of each stage are
shown in Table 1 . Tor the larvae these are very approx-
imate and wers obiained by observing the first appearance
of each stage.

P. perfiliewi. (For this species and those that follow,

details of the number of flies reared through successive
generatlions are given in Table? , and details of develop-
mental times in Table 1 ). |

During the summer of 1973, engorged females were
captured from cattle or human baits in a cow~shed at
Vedriano, a hanlet in the foothills of the Apeninnes near

Bologna, Emilis-Romagna, Italy. The survival of the



DEVELOPMENT TIME (DAYS) : TOTAL

PRE~OVIPOSITION : DEVELOPMENT TIME
SPECIES CONDITIONS ~ PHRIOD EGG LARVAR PUPA - EGG - ADULT (DAYS)
L.longipalpis 25°C.,95%RH. 5 -9 5-9 12 - 24 7 - 10 ok - 43
L.longipalpis 28°C.,95%RH. 3 - 6 & - 7 9-16 6 -9 | 19 - 32
P.ariasi | - 25%C.,959nH, 8 - 11 9 - 11 25 - 28 8 - 10 52 - 49
P.perniciosus 25°C.,95%RIL 5 -7 6 -11 17 - 18 9 - 10 32 - 39
P.perfiliewi 25%C., 9541, 2 -7 8 ~10 16 - 27(168)% 9 - 27 | 33 ~ 64(205)*
L.flaviscutellata 25°C.,95%RI. 3 -5 6 - 10 18 _ o8 5 - 8 29 - 46
‘Ps.davisi 25°C.,95¢RH. 3 -7 7 =112 19 - 30 7-9 33 - 51

( )* = Ca.l6 weeks at 10%, as diapausing 4th.,instar larvae.
Table 1. Range of minimum develofment times for six laboratory-reared sand-fly species.

8¢



WILD-CAUGHT FLIES

LABORATORY GENERATION

No. No. OF

No. OF FEMALES TOTAL No. OF No. OF No. OF No. OF No. OF FEMALES

FFMALES LAYING EGGS  LARVAE PUPAL MALES  FEMALES FEMALES LAYING
SPECIES CAPTURED EGGS LAID FEEDING EGGS
P.ariasi 42 9 77 47 5 2 2 0 -
P.perniciosus 1 1 50 50 ol 1k 8 4 2
, second laboratory gencration 61 46 38 20 18 16 2
, third laboratory generation 32 2 2 1 0 - -
P.perfiliewi 77 25 650 (179)* 37 4 2 0 -
Ps.davisi 40 21 510 300 10 5 3 0 -
L.flaviscutellata 16 5 170 112 12 4 6 0 -

( }* = minimum number,
Table 2. Number of sand-flies of¥species other than L.longipalpis reared through successive generations.rv

O
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e . 17 S Kal
any ecss. lost of

Pl

je7]

engorged females vwas poor, and few 12l
he espes were Tertile and larvae were succesafully brousht
to the 4th stazpe. By Ko?ember 18975 there were only a few
puﬁae; the majority ox 1arvae nad died or entered a stete
of dormency.

The larvee had been resred at 25°C in constent dark.

Tn Wovember they were divided; some lesrval pobs were nlaced

(%

2

% 2590 in - photoperiod of 16 hrs and others in a daxl

)
0
Y

chamber at 10°C. After 6 - 14 weeks small numbers of

e - k) O . . o
chilled larvaee were brought to 25 C in & vholtopeyiod of
16 hres. Mr. A.J. Lesney carried out much of this later

WOTk.,

=

Tost of the larvae Ffrom both treatments died. Only

e

J3Y]

few puveted, None of the females that emerged took a

blood-meal or laid eggs.,

P, eriosi and P. perniciosus. These species were captured

in the southern Cévemnes (ne=zr Roovedur-le-Bas, ITensuedoc),
Frence, by Dr. R, Killick-¥endrick and I'r. A.J. Leaney in
the summer of 1975.

42 engorged female P. ariasi were captured from the.
nose of a dog. Few eggs were laid; however, 61% of these

hatched., The larvee did not fere well, and only Tew 4th

L

instsrs pupnated. The femeles that emerged refused on
seversl occasions to take blood from humen snd hamster
baits offered at different timeg of the day. Wo eszgs were

leid.

One engorsed female P. permiciosus was cantured after

it had bitten o sleepin: men in enisolated farm-house.

N

50 eggs viere laid end all hatched. From these lavvae 3
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generations of flies viere reared at Ascot. The colony
faltered when many of the second generation females died
during the digestion of their blood-meals.

| Both of these species were reared at 26°C in a photo-
pefiod of 16 hrs light (05+30 — 21+30 hrs GET) - the
sumnmer conditions of the region in which they were

capitured.

Psyvchodopygus davisi and L, flaviscutellata. These species

were captured from human and rodent baits respectively, in
Mocambo Forest, Belém, Paré, Brezil. They had bsen bred in
small numbers in the Wellcome laboratories in Belem by Dr.
R.D. Viard, but the colonies had never survived for more
than 2 generations (VWard 1974).

During a visit to Belem in 1974 I attempted to rear
these species using the methods that had proved so usgfal

for I.. longipalpnis. Small numbers of both species were

taken through one complete generation, but females reared

in the laboratory refusedc to take a blood-meal,

hxperiments to determine owlimum resrins conditions

for L. longipalpis.

(i) Effect of density on the survival of larvae. The

percentage of 1lst inster larvae successfully reared to
pupation was found to be independent of density in the
renge of 26 to 110 larvee per vot (Fig 1 ).

(ii) Sucrose znd adult longevity. liale and female flies

lived longer when 30¢ (v/v) sucrose solution was offered

in place of water (Fiz » ). This differcnce was more
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Fig, 1. Effect of density on the survival of the larvae of L.longipalpis.
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2. Sucroge-feeding and the longevity of L.longipalpis adults.
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marked when the sucrose solufion was presented on a cotton
wool pad rather than on a dental wick. The former method
was therefore used for rearing.

The median survival tine was 6, 10 and 11 days for
flies offéred water, 30% sucrose solution on a dental wick,
or 3095 sucrose solution on a cotton wool pad, resnectively.
(These times viere considerably longer in environmental

cabinets; sugar-fed flies lived as long as six weeks).

Monitoring the w»nroductivity of the colony of L. longipvalpis.

Iife~tables for generaztion 2/3 and generation 10/11
were prepared (Table 3 ). Using this data, curves were
dravm in order to compare visually the productivity of each
generation (Fig 3 ).

The "Apparent™ mortality affecting each developmental
stage is compared for the two geherations in Fig. 4 .

The net reproductive rate of a population (RO) is
given by Nt/ vhere ¥t is the number of individuals in
a population at the end of a generation and N, the number
at the beginning of that generction (Southwood 1966).

For genersztion é/3 Ry = 206/220 = 0-94; and for
generation lO/llkRO = 1,187/220 = 5-39,

The nmean weights of male and female pupae in -
generations 1, ¢ and 17*are shown, with confidence limits,
in Mg 5 . The mean weights of both sexes in generations
S and 17 are signifidﬁntly higher than those For generaiion
1 (p = 0.001 for t test). There is no significant difference

between the values for .enerations 9 and 17. The data from
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Life tables for laboratory reared L. longipalpis'

fed hamster blood.

a, Life table for
Mean number of

Mean number of

b. Life table for
Mean nuomber of

Mean number of

generation 2/3, L. longipalpis.

epgs matured per female

eggs laid

93
38

generation 1Q/11, L. longipalpis.

eggs matured per female

egps laid

93
68

Absolute dataj Proportions are given because some flies

were taken for experiments, and others not sampled at

every stage.



Table3a.

GENERATION 2/3

ABSOLUTE
DATA

No. of females

in feeding cages

No. of females
taking blood

No, of females
maturing eggs

No, of females
laying eggs

No. of eggs
hatching

No. of pupae

No, of adults

336

128/336

93/110

58/106

1,150

2, 204

200
1,150

667/700

DATA CORRECTED -

FOR 220 ADULTS
Or 100 FEMALES

FROM CORRICTED
DATA - No. OF
POTENTIAL ADULTS

- FROM CORRECTLD
DATA - INDISPENSABLE

MORTALITY (%)

100

32

18

3;534

2,976

684

206

3.6

O.I*

7ok

0.1

FROM CORRECTED
DATA - APPARENT
MORTALITY (%)

15.8

77.0

48,1

39.2

4.6

9¢



Table3b.

GENERATION 10/11

DATA CORRECTED

No. of females
in fceding cages

No. of females
taking blood

No. of females
maturing eggs

No. of females
laying eggs

No. of eggs
hatching

No. of pupae

No, of adults

FROM CORRECTED

FROM CORRLCTED

ABSOLUTE FOR 220 ADULTS DATA - No. OF DATA - INDISPENSABLE
DATA OR 100 FEMALES POTENTIAL ADULTS MORTALITY (%)
146 100 9,300
3.0
118/146 81 7,533
0.3
45/46 79 7,347
13.8
59/86 52 3,536
8.3
1,543/ 2,140
2,549 8.9
597 1,263
1,000 0.8
555,/590 1,187

FROM CORRECTED
DATA - APPARENT
MORTALITY (%)

19.0

2.5

51.9

41,0

6.0



No. OF POTENTIAL ADULTS AT EACH LIFE STAGE

38

9000} ' GENERATION 2/3, R,=0-94

0

UNFED ENGORGED GRAVID EGGS  LARVAE  PUPAE  ADULTS
FEMALES, FEMALES, FEMALES

10,000

GENERATION 10/11, R,=5-39

7,000,
6,000,

UNFED ENGORGED GRAVID  EGGS LARVAE PUPAE ABULTS
FEMALES, FEMALES, FEMALES

Fig. 3. Survivorship curves for two laboratory generations of

L.longipalpis. Gen, 1011 in improved conditions with environment

cabinets,
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which these valuves were calculated are given in Appendix A .

DISCUSSTON AND CONCLUSIONS.

The net reproductive rate (RO) vias only about l-o for

the generations (1 — 4) of L. longipalpis reared in the

C-T room but rose to more than 5.0 for the later
generations kept in environmental cabinets. The increase
in production resulted mainly from improved adult survival
and egg production (see Section 4); the survival of pre-
imagines was little changed (Fig4—).

The percenfage of individuals lost to a generation
through female flies refusing to feed or not digesting a
blood-meal was significantly reduced in later generations
(Table= 3 ). Temales reared in the C~T room were fed at
widely Varying times after their emergence, but in later
generations each feeding cage éontained only the flies
emerging on 1 - 3 consecutive days so that a2ll could be
fed at the optimal age of 4 — 6 days (see Section 2). The
higher and more constant humidity obtained by keepiﬁg the
feeding cages in sealed polythene bags (rather than under
damp cloths) undoubtedly increased the numbers of femzles
surviving to the time when a blood-mezl was offered. That
a larger proportion of females took a blood—meal and
succeeded in digesting it in later generations is, perhaps
in part, due to the selection for females favouring the
(human and hamster) hosts offered. In the Lapinha caves

L. longipalpis does occasionally feed on man but its

natural host is thought to be the rodent Cercomys cunic— -

vlaris (A.R. Falgﬁo DPErs. Comm. ).
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Thez proportion of matured eggs that were successfully

laid by a female was noticeably higher in later generations
(FMig 4 ). The temperaturs of the C-T room fluctuated so
much that the water épplied daily to the filter papers
lining the oviposition tubes formed droplets of conden-
sation that trapped engorged/gravid flies., BSuch losses
were reduced in later generations by : (1) plzcing the
tubes over a dilute solution of sulphuric acid (S.G. l'l)
in a sesled desiccator to obtain a constant relative
humidity of 95% (Solomon 1951); (2) maintaining a more
constant temperatufe (within environmental cabinets); and
(3) not watering the filter paper until the fourth day
after the blood-meal. The latter step may have induced
flies to take more sugar, which is beneficizl fo egg~laying
(Section 4).

Up to 40% of the eggs laid by females kept in the
improved conditions failed to hatch, compared with 48%
in the C-T room (Fig 4 ). Infertility was not a major
problem, however, for most of the eggs that failed té
hatch vere from otherwise fertile egg-lays. Infertile
egg—-lays were easily recognised, not only because all the
esgs failed to hatch but also from the small number of ezss
in each batch (Section 4). Iuch of the egg mortality was
undoubtedly the result of damage in handling.

Thé survival of larvee and pupae from>generation 5
onwards was not noticeably improved by the more careful
control of temperature znd humidity (Fig 4 ). However,
the mean weight of male and fenmale pupae did increase (Tig

5 ). The larvee were fed only liver povder (Gemetchu 1971)
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after the first generation. This is probably a more
concentrated and complete food than that available to
larvae in natural populations. Thus the increaée in weight
of laboratory pupae is not surprising. Schmidt (1964)
similarly found that laboratory-reared P. pepatasii and P.

orientalis were heavier than wild specimens,

The methods used at Aécot to rear I, longipalpis

have been reasonably successful. This is more the result
of paying close attentibn to detail than of innovation; .

the basic requirements of L. longivalpis and many other

sand~flies are very similar and were known before (Sherlock
& Sherlock 1959;1972; Safyanova 1964). It ié, however,

the first time that a New World sand-fly species has been
reared for more than 10 gehefations in a closed colony
outside its country of origin. |

The aim was not just to breed L. loungipalpis but to

produce a flourishing colony.thatvwould provide a surplus
of robust flies for experimental work. This was achieved.
There was no fall in pupal weights in later generations,
which is often the first sign that a colony is ailing
through inbreeding. Further, the productivity of the
colony compared favourably vith that for a colony of P.

argentipes bred by Shortt et al. (1926), and one of P.

papatasii bred by Unsworth & Gordonb(1946), but was only

half that of a colony of P. papatasii reared by Schmidt

(1964) who obtained a net reproductive rate (Ro) of 10.
In one respect, the rearing method used for L.

lonzipalpis was unsatisfactory. About 507 of the eggs
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matured by a female were not laid (Fig4 ). This is the

most importent mortality factor acting in each generation
(Teble: 3 ). 'Moreover;‘nearly all the females died

within a few hours of laying eggs. High losses at this

stage of the life cycle have also been reported by Chaniotis
(1967) end ward (1974).

- The author's attempts to réar other species of sand-
flies have been less successful and illustrate some of the
principel difficulties that have challenged other workers.

Ilany speciés of Holarctic sand-flies enter a period
of dormancy in the winter when it is difficult to keep
them 2live in the laboratory (Theodor 1934; Harwood 1965;
Chaniotis 1967). In the present study meny larvee of P.

perfiliewi were lost in this way. Surprisingly, the effect

that photoperiod might have on sand-fly dormency has not

been investigated. The failure in the present study to

i &V

rear the early larval instérs of P, perfiliewvi in a long
"summer" photoperiod was probably a mistake.

Another difficvlty in rearing sand-flies is to find
the correct conditions for larval development. The
moisture reguirement depends on the species and can only
be judged by experience (Theodor 1936; Unsworth & Gordon
1946). Failure to provide the correct larval environment
'(including moisture) probably sccounted for the author's
inebility to rear P. ariasi, Ps. davisi and L. flaviscut-
eilata. All are exophilic or "forest" species (Rioux
et.al. 1967; verd 1974), and their larvae live in leaf-

litter or other damp organic matter. It would heve been
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hetter, perhaps, to reer these larvee in a humus/foeces

o

nedium (Hertis & Johnson 1961; Safyanova 1964) rather

‘ol

then the nore artificial plaster pots Tavoured by the

peri-domestic species, T, longipalpis and P. perniciosus,

successfully recred in this study.

A problen that has been frequently encountered when
trying to rear South American sand-flies is the reluctonce
of females reared in the leboratory to take a hlood-neal
(Hertig & Johmson 1961; Werd 1974), The small colonies

off T, flaviscutelleata and P, ariagl failed, in part, Lor

e e e

this reason. The feeding veheviour of these species might

— et

be more complex than that of T, longipalnis and might

reguire the perticipetion of the males, or exomple,

eninal-baited treps (Shew & Tainson 19683 Verd 1974).

'In a smell colony, the chances of bringing together
sufficient individuals for such perforrances mué% he slight.
Feéding through membranes 1s unlikely to provide the
solution to this problem, and force feeding (Hertis &
Yc.Connell 1963; Alekseev 1969) is probably foo laborious
for mess rearing. Progress is unlikely until more is

knovm of the factors which stimulste sand-flies to seck

2 host snd teke blood.

& different problem was encountered when rearing P.

perniciosus. A small colony: was started with eggs from

D]

~

just one female, At first thie flourished out was lost in

ct

the third generation. It 1is lilkely that this resulied

Trom the expression of lethal homozygotles.
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BSECTION 70«

Ol Min PREDIIG HARTTS OF T, lonsinalpis AUD

OMHER PHIEDOTOLTDS.

JUTRODUCTION.,

The Teeding habits of biting flies have been reviewed
by Dovmes (1958),_and in general his findings are applic—
able to Fhlebotorids. In the laboratory, both sexes of
send~flies vsually feed on sugar; this is inbihed as 2
free liquid and used to sustain life and sctivity (Rarretto
1942; Chaniotis 1967; Gemetchu 1972). The importence of
sugar~Teeding to wild sand-flies is not knovm, a2lthoush
the crons of =ome species have been found o contain plant

sugars (Tewis & Domoney 1966).

Only the Temale sand~fly sucks blood, vhich is vsually
taken to provide mzterial for maturetion of the Qﬁcytes
(Unsworth & Gordon 19463 Dolmetova & Demina 1971).
Consequently, the piercing mouthparts (or fascicle) are
much reduced in the mele (Adler & Theodor 19263 Davis 1567).
In both sexes the liquid, whether sugar or .blood, is taken
in through a tube formed primarily of the apnosed, elongate
(dorszl) lebrum and (ventral) hypopharynx (Adler & Theodor
1926). In a recent review, Lewis (1975) has descriked the
action of the fascicle: The mandibles cut the host's sking
and the mexillae, wvhich ere thin and distally barbed (Plate

3 ), engese the sides of the wound to steady the fly and to

hold the wound open Tor the sucking tube to enter. Anti-
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Plate %3: L.longipalpis. Tip of

female maxilla. (x 5,000)
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coasulent from the salivery gloncs (Adler & Theodor 1926)
)

ig punped into the wound via a conal ingilde the hyvophar-

ynx, vidich from its structure in I, lorginelpis (Plete 4 )

the piercing of the skin,., The morpholosy

(g3

have heen well studied (Adlex

18263 Christophers et a8l.1926; 1 Perfil® ev 1968; Lewis

d.
-
Co

Shortt & Swaminath (1928) obscrved the way P.

fennles fed on g mouse. The Tascicle
eroush to break the smaller blood vesszels in the dermis
and to Fform a bhlood vpool from which the £ly Ted. Jool=
feading seems to be typical of sand-flies (Christensen &
Herrer 1972),&5 the rigid labrum would suggest.. ATver .

lon~iwalpis has fed on man, haemorrhagic pools dot the

mm in dizmeter and do

0!
b
i}
lJ
]
»
-3
=
®
W
D
)
H
0]
n
1
o

not clot Ffor some hours becauvuse of the injected anticozg-—-

plee)

vwlant.,
Some sand-fly species have definite host preferences,

e

Thus most species of Sergentonyis feed preferentially on

birds or cold-blooded wvertebrates (Tiewis 1974)., Tor oth
species, the preferences meay change with geographical
location, e.g. P, babu feeds on geckoes in India but is
anthropophilic in Meuritius (Adler & Theodor 1957). Some-
times local host preferences refer to imnate differences
between races of 2 sand-~fly species. Tor exanple, races

of P. arcentines from India, where the species tronsmlts

Kale-Azar, bite mony enimels incluvding men (llovd et al.
2 {2 z/ Prucihadrl-Sany

yinere this species is not a2 Xala-Azar vector, rafuses to
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Plate 4: L.longinalpis. Tip of female hypopharynx.

Above: ventral view. (x2,500)

Below: dorsal view. (x7,500)
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feed in the laoboratory on men (R, ¥illicl=Fendrick DTS,
comm, ). Often, however, locel host prefe evences are only
a reflection of host availability (Vard 1974), and these
may chnmﬁe from one time of the year to asnother (“esh
et al. 1971, 1972).

Hebitat selection, too, affects host aveilsbility, and,
therefore, can falsgely suggzest that some hosts are innately
preferred. Thus L. gomezi rarely bltes men 2t ground-level

in the forests of Panama, but in the cenopy 1t is the

WL

dominant anthrovnophilic sand-fly (Chaniobis et 2l. 19713,

\

In comparision, L. Llaviscutellata rarely sesrches for
hosts in the canopy and therefore its natural preference
is- for rodents and other ground-living nemmals (Shaw

et 2l. 1872); but when arboresl mammals were caged at
ground-level they were bitten avidly by this species (Vard
1974).

Periodiclity of activity also has a marked effect on

I

havlts; most species only bite at night,

St

sand~fly feeding
but meny heve a TFavoured time (¥illiams 19663 Chaniotis
et al. 197la Viard 1974). Along with species - specific
responses to small changes in the environment (Vard 1974),
periodicity probably accounts for the difficulty in feed-

03

ing some sand-flies in the laboraiory.

In comparison . L. longinaleis exnibits a great
plasticity in its feeding habivs which accounts, in part,
for the ease with which it can be reared in the laborstory

and for its wide geogrephical ronge - from Fexico to

southern Brazil (Tewis 1971). Flies used in the preseunt
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investigation ceme from o forest cave near Zelo Forizonte
in southern Zrezil, and (courtesy of Dr. R.D. Vard) from
domestic habitats in the dry north-~eastern state of Ceara,
Brazil, In natvre, the cricetid rodent, Cercomys

Cunicularis, is believed to be the principal host for the

Belo Horizonte flies, but the latiter will lesve the cave
to bite men even during the day (Killicli~Kendrick et al.

- N . 7z N , .y s
1975). T. Joncinalpis from CearZ have been captured biting

man, dogs, chickens, bulls, horses (Chagas et al. 1932)

and the fox, Iycalopex vetulus (Deane 1956); in the labor—~

atory they have been fed on man, ovossum, sloth, hamster
ond sviny ret (Verd 1974).

In view of the fact that L. loangipalpis is an opport-—

unistic feeder and the large amount of lnowle dre that has
accumﬁlated on the géneral stinmuli that attract biting
insects to their hosts (Clements 196%; Hocking 1571;
Gillies 1972) it wes considered unprofitable to exconine
the host—-seecking behaviour of this svecices in depthe
However, some observations are offered; ard these are
comvered with field end laboretory notes that were'made
on'other»species.

The principal aim of the present investigations was

to establish methods by which L lorgivelvis covld be fed

blood end btlood-like solutions experimentally. A natursl

outcome of these studies was the identificotion of bHlood-
feeding stinvli, which »romsted a preliminary investigetion

of the sensilila on the foscicle,

At firet, the pivette technigue of Fertis & Hertip



(1927) .wies used to try to axtificislly feed T.. longd

This method hes nroved useful in infectin:

Leishmenia cultures (Wepier 1930; Alekseeov 1968). Indeed,

-

b
»ﬂértig & T'e.Cormell (1963), who redescribed the techricue,
FTound it the oxnly practical way of artifici:lly'feedinﬁ
Penenenien ssnd-Fflies: 70% of most species took larger
than "half feeds" from the pipette-Teecder, whereas only
one out of 15C fed when offered blood/culturss throush =

Cu

variety of rmemtranes. In comparison, the author has

Courl

been able to feed L., lonsinalpis ornly on sucrose using the

pinette-techricue, but has successfully emplored a menhrane-—

for send-flies. Adler and associotes successfully fed P
papatesii on szrvn and Llood fluides through arimal mermbrrnes
(4d1ler & Theodor 1927; Adler & Rer 1941). In an atbtenct

o improve trne ecding rerformence of wild—coucht Amazon—
ien sand-flies, “ard (1974) offered warmed blood across a
number of animel membranes, but in four triols only 10
females fed. 2, Hilliclk-Iendrick (rers 9copn ) has offered

hemgter pleszs To L. Jonzipalpis turoush 2 hamster—skin

.-l

‘membrane end Touwnd that they accepted it., Fecently, Ms.l

.
dJennin~s of tro ‘nimal Virus Reseorch Irotlwvtﬁ hogs been

]

using the technicue routinely to infeet L. lonsinalpis

with viruses,
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LHATERTATS ATD METHODS.

4 - 6 day o0ld, lzboratory-reared females of L.

lon~ipalplis were used for =211 experiments. These were

from the colony originally collected in Relo FHorigzonte
(Section 1), vnless stated otherwise in the text.

The methods of providing cagedfemales of L.longinsinis

with bYlood-mezls have besn describved in Section 1.

Individval blood-feeds from enimals.

Pomele send-flies were weished on a Beckman micro-—
balance before and shorvly after a blood-meal in order to
determine the weight of blood ingested. A »rocedure wes
developed empirically to ensure thet the maximum number
of Temales fed.

10 = 15 Temeles were individuelly ceptured in smell
glass tubes (2 cm dismeter) with geuze caps. Cerbon
dioxide ges was blovm into each tube until the Temale
collapsed, when she was tipped onto the scale-pan of the
nicrobalance and thence into a clean tube. It took 30
minutes to narcotize and weigh 15 flies, dvring which tine

they were 2t 60% RH and 18° - 20°C. At the end of this

3

period the tubes were pleced in an incubator at 100% RH

T

|-t

end 25°C. 10 minutes lster individual femsles were talen
from the incubetor in the order they had besn weighed and
offered a blood-meal in shaded light. PFew fed in bright
light.

The blood-meal was offered by inverting the opened
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tube onto the bure skin of thz forearm or, for animals
other than men, the shaved'belly skin, The tube was
lightly tavped to encourase a fenmele to descend to the
skin, but more vigorous knocking was avoided for it led
to zzitated flisht and 2 complete disinterest in feeding
Those females that had not stort:d to feed within 5
minutes were counted as non-feeders.

Individually~tubed females that had not been narcot-—
ised (end given =z short recovery period) rérely ook & hlood-
mezl, Ior this reason; the above procedure vas used as a

basis for fecding femeles of L. lon~ivnalnis on hamsters

infected with Leishmenis svp (Hillick-Kendrick et 21. 1976).

Ilembrane feeds.

The above method was modified to feed L. longipslnis

on solutions in a memirene~feeder. It wos Tound emviric-—
ally that more females fed if they were placed in small
groups in geuzme~topred pill boxes (6 cm diameter) rather
than in individusl tubes. B
Preliminary observetions with densities of 1 to 10
showed that as many as 7 females could engorge on human
blood in the 15 minute feeding period allowed to each
batch, but groups of oniy 2 - 5 were used to ensure that
there was ample opportunity for all to feed. Iach groun
contzined femmles of siniler body weight, i.e. + 0-005 mg.
A 15 minute feeding period was chosen as the meximum
possible without simmificant weight changes occurring

.

through diurcsis (see Scetion 3).
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The feedins vnit used was desisned by Mellor (1971) for

infecting Cuiicoides with Onchocerca. It consisted of

an outer glass cylinder, of 1+5 cm internal diameter,
over the bottom of which a stretched membrane was
attached. TUsing a pastour pipette the test solution wWas
introduced until it covered the membrene., A hollow gless
"finger" was inserted into the outer coller so that its
tip (7 mm diemeter) rested on and slightly stretched the
membrane. An immersion thermostat with pump1 circulated
water throush the "finger" to warm the test solutions;
the temperature could be controlied to z 1°C.

The feeding unit veas clamped so that the membrane
slightly dented the teut nylon geuze covering the pill hox.
The flies were activated by gently breathing into the box;:
withoul this few of the females would move from the sides
of the box vhere they rested. TIn an attempt to stendard-
ize this stimuvlus each box was gilven only 3 gentle bresths.

All membrene Teeds were carried out in dim light with
an ambient tenrerature and huﬁidity of 23°C and 709 RH
respectively. For all but one of the experiments reported
in this section the temperature of the test solution was

37-5°¢,

Preparation of membranes. Two types of membrane were used:
. . - . N ' .

Chick skin 2ndé narafilm 'I'T were chosen as the natural

and artiriciel nenbranes that had given the best resultis

1. "Thermorix II"™ by 3. Zraun, Felsungen, /. ermeny.

2. Mmericen Can Co., Menosha, %isconsin, U.S.A,



vith other blood-sucking lematocera, e.g. Rutledge et ol.
1964) end Fellor (1¢71).
eshly killed dr deep~frozen dey-old chicks were

Uluo]ed and their skins removed. A prelimia-ry invest—
igatior vhowvd thet even waen the sub-cuianeous falt had
been pecled off, a large amoumt of meterizl leached into
the test solﬁtion during the feeding period. Therefore,
each gskin wes socaked for a toteal of one hour in three
changes of distilled waler end one of 0-85% {physiological)
galine. The leachings from these "leached chick membranes"
ght (Section 3), Chick skins were alweys attache

i
to the feeding uvnit so that the epidermis was presented

the flieg; if fitted the other way the skin scon dried,
Parafilm "' wes stretehed to 2% x its normol size
to Tform thin, vniformly tronslucent membrenes. Care was

4

taken not to touch the varts of These that were to be uséd
for fecding exveriments, so thalt no olfactory stimilents
became associated with them, Paredilm menbrsnes becane d
ancd brittle if left on the feeding uvnit for mowre then 3
hours, whereas chick membrenes retained their character
even when left over-night.

Test solubions. 0-85¢% scline (s Cl) was used as o diluent.

Human blood: Transfused whole humen btlood weas obtained Tronm

= ~

e local hospitel on the day of its expiry, and kept at %0
for no more then a week. Citrate Thosvhate dextrose (CPH)
wes the anticoagulent; 100 ml of blood contained 2-63g

oF¥ aﬂlum citrate (BP), 327 mg of citric scid (BP) and

251 ny of sodium acid phosphete (3P
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Hamster blood: Heart blood wes obtained by cardiac
puncture and heparin used as énticoagu;ant (300 USP
units per 5 ml). The whole blood and fractions from it
vvere used to feed flies on the day the blood was dravm.
Red cell suspensions: ‘/hole blood was centrifuged for
20 minutes at about 2,500 RFM in a graduated tuvbe. The
volunes of red cells and plasme were noted, and the plasma
removed with a pasteur pipette. The cells were resusp-
ended in about four times thelr volume of saline and
.centrifuged asibefbre. This washin;; process was repeated
twice more; between each washing the supermatant fluid
and the buffy coat (of white cells) were diséarded. The
cells from seversl centrifuge fubes viere pooled in a
minimum of saline and centrifuged at'3500 RPIT for 30
minutes in a graduated tube to determine thelir exact
volume, They were then resuspended in saline to form a
45¢t (v/v) suspension. This was the mean red cell concen-—
tration in the human bHlood used.
Red cell exiract: The method of “hitman (1948) was
followed. A freshly prerared 45% (v/v) suspensioﬁ of
red cells was transferred to a stoppered, wide-mouthed
flask so thet the suspension was approximetely 1 inch
deep. This was placed in s deep~freeze until the suspen-
sion was frozen, and thexn thawed in warm water. The
suspension was again frozen and thawed before being centr—
ifuged for 30 minutes a2t 3500 RPIL to remove the wuelkei
angd strome.. In adaition, the supernatant was passed

through a 1+2W millipore filter to remove large cell
: i
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fregnents.

R N

Plesno:  This was obtoined while vprepering red cell

blood ws hezted at 60°- ©0°C for 30 minutes, The

small volune of whey wasn decented, and the con yodent

freeze~dricd for 24 hours before beins ground to o fine

powder vAth o »pestle 2nd wortar. 0-.08 gm of dried snd

powaered protein was susnended in sa2line so thet it wes

at helf plosme cdncentr'blo“, but only one-tenth Fformed
o o

a stable susrension, i.e. & firal concentration one-

twentieth thet in plesma.  Solutions of ~omino acide:

Tee ot 21.(1958) defined the diet of emino scids thoi are
esgsential Tor o high level of egs rroduction in ife.
aerypti. Thic diet, called here "Lea 1", was fed to T.

lon~ipairis. Tt3 exect @ndino acid composition ney 1L0O0C ml

of distilled vroter vimg: T arginine mono EClYO-BSg, N
cystine 0«15z, T glutemic é id 1-00g, L histidine morno
ECL C+15g, 2L isoleuvcine 0+50g, I leucine Q- 75u, I. 1ysine
méno BEL G755, DL methionine 0°+15g, DL phenylalenine
1-20g, DL threoxnine 04305, T tryptophan 0.30g, DL veline

1-C0ge A1l endro ecids were sirme srode chemicals.1 To

this weas edded 55 of glucose, 57 of fructoss and 0-1g of
a selt wintore. (Vemmelion ringer's wes used:— 0499 WaGl.,

0-024¢% Cegl,, 00429 ECL)., Tn wrrcetice, the chewmicals
(

were discolved i 10 »1 of the 19 mermelion rincerts ond

[e]

1. digme (Tondon) (rerdesl Co., T4d., Ingsland.
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then dilute sodivm hydro:ide
solution

and
thet final

o
H
®

70 ml of distilled v Ler,
tilled w added =o
ich differed only

called

t is

7.2 - 7‘5-
ion was prepared vhic

he. & ph
solu:
as 1

L

U

coencentration of suzar. 'Lea 2",
only O O9p of glucose and 0+005z of

This is their concentration in humen

Sisme
the manufact

‘ructose per 100 nml.
blood (Spector 1956)

These were prex grade
and. desiccated to

ared from

olutions:

Other
cheﬁicals, refriserated
ers instructidns.

eals taken fron cotton—wool nads.
T suverose and water for 2 dayo
diameter) contoin-

dish (Scm
solution vas place

a

Flies viere deprived of
A petri

1
x
(G

......

before an experinent.

ingz 2 cotton~wool »rd soaked in te

¢ base of the nylon-gavze fecding ca~e (13 cn cube)
The cage was

e

vere introduced.
_uted incubatox
the flies

ety

Oj’,‘. lJ.L i
the flies

i

into which

unélsturbed for 2 hours in en illumi
4t the end of this yeriod all
prorortion feeding end the locatio

259¢ and 705 RH.

were dissected and the
of their meals noted.
Solutions not naturally coloured were mixed with
',51. This contaoin glycerin,
xide as well as

-

cochinesal red food—colouring
nd notvassium hydr
. (lirnufacturers notes

isopropyl alcuohol @
7120 cochiineal in squeous solut

stvate concentrat

did not
Tordor.,

1 . m_r.,.Vﬂe""" T!Udo ’



Its concentrotion in the test solution wes 1 (v/v).
This colourinzs was vsed to focilitate the iderntific-—
ation of the mesls in trhe flies, TIbts colour is not

believed +to have ocffected the results: Thus,"colourlosa®

sucroze is often tslken by T, lomgiovslnis fron vhite
cotiton—wool, the bul ing crop belns visibhle throurh the
plevrs of the zhdonen. A.J.Tecney (pers.comm.) has shovm

thet Te lon~inelwis does not discriminate betwesn sucrose

coloured red (cocrineal) end plue {(‘rypmn Blue). Similerly,
L. Trenidoi does net discriminote between red and green
colovred sucrose (Cheniotis 1974). Pinally, 1 cochinen

red in 10% sucroge woo nelther on atirectant ror 2 renellent

when offered to T. lonmivelois across chiclken~skin (Tables).

The fly was nevcotised and tinned onto & drop of
saline o2 @ microscope slide, & small surgicel scalpel end
fine entonolosical vins {mounted orn mateh sticks) were used

- - .1

oy the

'
ol

Tor the dissection. Tor this the fly wes pinne

b}

lower thorax end Shallow cuts node in the abdonen (s 6 ).
This helved to release from the cuticle trechese and
conmective tissuve whi
runture the gut eand overiles when they were renoved., Next,
the heed was removed by sently puiling it from the secured

-

thorax. Any Tood in the phorymx or oesophagus couvld be
seen ~efore the sut brolke just anterior o its junction
with the cron. WMnolly, the cron, reraining rut end

Ll AN

overics wvere dran beckwords by troctior while o needle
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Pig, 6. Schematic sagittal section of L.longipalpis female to show location of alimentary tract.

(”Preliminary cuts for dissection to remove gut.)
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on the thorax held the ras

Prenaretion of foscicle for steregscrii elect

Wevly—enersed, unfed flies were k

of industricsl ether so “ret the mouthr

‘-l
o
Q

olecoholic Bouin's (2 days) and dehydrad

o

o

~

in the venour

—!. - -
erss coned (CL7,

is pers.com.). The hezsds were severed

-

ea

*

17

obsolute

glcohol (3 - 7 days). Stylets were mounted individually

a1 +

or attached

to the hesd, each being stueclk to

the viewing

riziforn (or "stub") with = hish—conductivity adhesive

(Durofiz). Lfter nounting, the n aterie

,~

over silica sel for 24 hours and then

>

—ar
I8y

fa

D

ajr-~driead

"soutter—-coated!

with gold-nalladiuvm. & Cembridse Stereosc

cen

2A eleoctron

miciroscone wos uscd (o exomine end nhotogropn the materie

'_I
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RESUTLS.

Qize oF Fferels rnd aize of blood~neal.

Rodr size sisnificontly oflects the size of mecol
ingested by sone mesgultoss (Berlow 1955; Bar-Zesv 1957).

Therefore, it is o Factor thet must be congsicered when

descirmin~ feeding exverinents.

el - _E )

On four occasions the effect of femele size (vredir

on the weizht of human blood ingested by T, lon-ivaelnis

wes investisated; Only once wos there a significant

positive association het.esn the two (P57 3 ApoendizB ).
Pron these results it was concluded that for

prectical puriroses Plood—necl size was indenendent of

body wéight vithin the range 0+28 —- 0«40 ng. Only feneles

vhose weishts were within this rence vere used Tor fezding

Shig ICRARNERIISRVES I



WEIGHT OF MEAL IMBIBED (mg.)

050 - 0

- 0-30.]
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® Sugar- fed; regression line drawn
0-55.
O Sugar- deprived
0-45

0-40

0-35.]

0'251’
7 /A

015 020 0-25 030 0-35 0-40
WEIGHT OF FEMALE AT BLOOD-MEAL (mg)

Fige 7. The effect of female bhody-weight on the weight of blood

imbibed from man by females of L.longipalpis.
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Free feeding of ¥emples of T, lonsinelnis in cases.

During the course of nornel rooring, the mejority of
3 ~ 10 d=r old females accented a blood-meal Ffrom an
eneegsthetized homster or the arm of = man., The raén
pronorivion feeding on either hogt during the 2% generations
of the study wss 8050 (304 — 100%). Pooxr feeds were irregs—~

iltiong

(\J

ular and unexplalrea. Unfevourable physical cond
yere not resnponsible - 100? feeds occurred just as freguen—
tly over a range of temperature(?l'Bo - 30°C), humidity

70¢0 — 100%% RH) and at differvent times of the day. Feeding
v (]

b nt lizght.

ny

wags wnaffected Bkl

o
The meen weight of hlood imbibed from hamster =nd man
was C+46x 0.04mz (90 observations) and 0+414 0.05mg (S0
observations) respectively.
Under normel rearing conditions only sgze hed any
constant effect on feeding, which was poor (<ZSQ%) for

-

groups of Freshly-energed and old (> 16 days) fenales.

Individuel feedins of Females of T, longinalois after
narcobisation. /

After nercotisation rerely more than 3095 o“(kemales
|
took:a blood-meal in bright sht, but the Tigux q was 90%
(60% — 100%%) for both human and hamster hosts leoc in
sheded light. Again, feeding was e@ually good, and occas—
ionally inexpl c2bly poor, over the range or stated physical
conditions., lating, sugar-fesding and nature of host hed

no noticeable effect on the mesl weisht, c.g. data for the

fourth leboratory penerations—



Yost lien. 'an., Lian, Tanster,
Condition  Susar-fed/ Suger-fed/ Vo suger/ Surar-fed/
of fenale., mnzaied. unmated. mated. mated,
Iiean weisht 0473 Q.42 0-42 041

of mesl({ng

o5

95% +0-07 £0+05 £0+05 +0+04
confidence

neal

Renze of  (0.26.0.55)(0+32-0+51)(0+32-0+52)(0+34-0+51)
weilght. '

Mo. of 30 18 16 30

vecond feeds. I have been unable to encourage engorged L.

longipaelois (either individuslly in tubes or in groups in
cages) to take a second blood-meal, although A.J. Leancy

(pers.commn.) reports that this is sometimes possible.

V]

with a few exceptions, females of L. longipalvis only
survived after‘the first gonotrophic cycle if tnej viere
prevented from laying their eggs by denyiang them a damp
6viposition surface. In one experiment, six days alter
the first human blood-meal 13 out of 18 females were still
alive, 5 of these took a second human blood-meal the size
0.18 ~ 0+30mg) was unrelated Lo the size of the

of which

ch (
first (0+18 ~ 072 ng).

L. longivelpis females from Ceara (Courtesy of Dr. R.D.
Ward). The percentage of femeles and the mean weight of

the meals imbibed was recorded for different hosts (Tebled).
| From each batch of flies, a small sample (5 - 8) was fed

on mwern as a control.



HOST

Spiny Rat,
Proechimys sp.

Man

Capuchin monkey,
Cebus apella

Opossum,
Didelphis marsupialis

Three-toed sloth,
Bradypus tridactylus

Table 4.

MEAN WEIGHT 95% CONFIDENCE  RANGE. OF

No. OF FEMALES OF MEAL LIMITS FOR MEAL WEIGITS

OFFERED MEAL % FEEDING (mg.) MBAN WEIGHT {me.) :

29 76% 0.45 +0,08 (0.36 - 0.58)

33 954 0.47 40,06 (0,31 - 0.72) .
25 9% 0.53 +0.10 (0.32 - 0.63)

28 93%  0.55 +0.05 (0.45 - 0.65)

16 62% 0,49 +0.20 (030 - 0.70)

The feeding response, after narcotisation, of females of L.longipalpis

(Ceard strain) to different hosts.

L9
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The sypiny ret end the three-—toed sloth voth haove

coarse, sHifT hair, vhich even efter it had rteen trimmed
ad

vies off—=putting to some females, 'his, together with the

1 skin of the sloth, explains the relatively low

e
D
H
o
o
=
ot
&

i3
o
o
1.
il
("’.)

rieies feeding on these two hosts. For

the feneles that fad thore was no significent differenc

98]

hetween the mearn ezl weight teken from easch host,.

Tecding hereviour and spzed of blood-sucking

LJ.

During routine culture the folloving picture emexrged,

60 or more Temeles of T, lorngivalnis wouvld take o blood-

nezl from en arm inserted in & cage Tor just 20 minutas.
Both neles and Females were activated by the breath of
the donor, but it vwas not until 2 - 5 minutes alter the

placed in the care that the first female

~

bit. Doth femeles znd males congregeted on the side of
the cage neerest the hunan host, from where they honred
ocnto the zrm., Ialez would dash from one femele to
another, Facing then and wing "Tluttering'" until adcehted
Cn landing ox the skin a female usuvally mede an explor-
avory welr, dezeribning ever-decreasing circles atout the

e

she Tinally probed. Nost found a “suitoble"

S
O
z...h
=
ct
=
[©]
=
]
2

snot witiin o minute 2nd then engorged in 2 - 6 nminuten

out 2 Lfew proued several times and toolt vn to 15 minvtes

) 1

T Ay - - T A heommster a2 T S e
hen en erasstkhetised homster wes the oelt the

!.J
OJ

S e e R v P I ST e 2. <.
e time vios whe seme, bul e Tenoles tool

P

the balt., Only noout 30 fod in one houvr,.
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There was often a close aggregation on the hare skin of
the henster nose,

Yost femeles offered a.meal individuelly in tubes
usvelly settled to feed within 1 - 2 minutes. Although
some descended imme tely to the skin, nost displayed
an initiel bout of activity which was followed by =

calner exploration of *the tube.

liembrane Teeds.

The percentage of females of L. lOn"lpulDWS that

accepted from the membrane feeder meals of various
protein snd sucrose solutions, and the mesn weight of each
solution ingested, are recordsd in Teble 5.

The feeding behaviour was similer to that of females

offered vert eL ete nosts in cages., Activation by humen

0

reath brovﬁnt them to the gauze tor of the »ill-box,

o

Apain some femeles went straizht to the membrene, but
most welked in ever-decreasing circles, often "shying"
awvay tvwo or three times, before finzlly approaching.it.
I'or most solutions, females were satiated within 5 — 10
minvutes, but 30% sucrose was unusval in that all the
fenales remainedvfeeding for 20 -~ 30 minutes.

The destination in the fly of protein and suvcrose

neels ingested throush membrenes are set out in Tables 6

& 7 respectivelyy,

Miscelleneous results: On four occasions the feeding unit

vas pleced inside a feading cege (18 cm cube) contoining

50 = 50 Tie lon~ipalpis femsles. 'Mhese were then
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Table 5.

The feeding resbonse of females of L.longipalpis

to solutions offered in the membrane feeder,

* For all flies, including interrupted feeders.
y Only those females not interrupted.

NR Not recorded.,



*G eTqRl

TEST SOLUTION
(VoL./voL.
0.85% SALINE)

MEMBRANE

HUMAN

Whole blood
Whole blood
Plasma

50% plasma

45% red cell
suspension

" 45% red cell

extract

10% (w/v)
haemoglobin

HAMSTER
Whole blobd
Plasma

5% red cell
suspension

45% red cell
extract

Leached chick
skin (LCS)

Parafilm
1CS
ICS
1CS

LCS

1CS

ICS

LCS

1CS

LECS

NUMBER MEAN WT.
OFFERED % * 9 % NUMBER y OF MEAL
FERD *  PROBING FEEDING SATIATED (mg.) vy
ol NR 58 14 0.38
ol 54 21 5 0.42
16 NR 75 12 0.27
19 NR 58 8 0.37
38 NR 58 20 0.40
34 NR 53 18 0.23
33 NR 39 13 0.19
20 NR 65 10 0.36
57 NR 5k 30 0.32
35 NR 51 18 0,41
52 NR 40 21 0.27

95% CONFIDENCE

RANGE OF
LIMITS FOR MEAL WEI
MEAN WEIGHT y (mg.)

+0.06 (0.18 -
+0.14 (0.31 -
+0,04 (0,11 -
+0.07 (0.26 -
+0.16 (0.09 -
+0,07 (0.09 -
+0.06 (0,02 -
+0.05 (0.13 -
+0.04 (0.17 -
+0.07 (0,16 -
+0.02 (0.18 -

GITS
Y

0.46)
0.60)

0.62)
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TEST SOLUTION
(wr./VOL.

0.85% SALINE) MEMBRANT

5% denatured 1CS
human plasma

+ 0.005M ATP, LCS

10% bovine LCS
serum albumen

(BsA)

10% BSA Parafilm
10% BSA + Parafilm
0.005M ATP.

10% BSA, Parafilm
fatty-acid free

10% BSA, Lcs
fatty-acid free

5% BSA Ics

20% BSA LCS

NUMBER
OFFERED
FEED *

1

37
20
20
37

Lo

MEAN WT.
% x4 ¥ NUMDER y OF MEAL
PROBING FEEDING SATIATED (me.) v
NR 45 5 0.28
NR 56 13 0.2
33 33 13 0.38
63 57 19 0,20
32 16 6 0.24
50 25 4 0.16
65 60 12 0.36
70 70 o 0.30
69 6 22 0.25

095% CONFIDENCE
LIMITS FOR
MEAN WEBIGHT v

+0.08
_-_o-_0.0()

_t0.0B

+0.07

+0,22

+0.08
+0.05

+0.05

RANGE OF

MEAL WEIGIITS

(mg.)

(0.01 -
(0.05 -
(0,02 -
(0,04 -
(0.0% -

(0.03 -

Y

- 0.36)

0.38)

0.56)

0.46)
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TEST SOLUTION
(WT./VOL.

0.85% SALINE  MEMBRANE
"Lea 1 Parafilm
"Lea 1" 1Cs
"Lea 2". ICS

0.85% saline
0.85% saline
0.85%$a1ine
10% sucrose
10% sucrose +
cochineal red

10% sucrose

30% sucrose

Chick skin
~ not leached

1cs

Parafilm
LCS
1Cs
Parafilm

LCS

NUMBER MEAN WT. -
OFFERED % x % % NUMBER y OF MEAL
FEED * PROBING FEEDING SATIATED (mg.) y
15 46 13 2 0.15
23 48 43 10 0.07

28 39 11 3 0.05

20 55 50 8 0,42

21 62 62 10 0.36

45 49 L 18 0.21

25 52 52 12 0.15

45 76 76 25 0.14

49 35 25 12 0.12

20 70 70 14 0.04

95% CONFIDENCE
LIMITS FOR
MEAN WEIGHT vy

and 0.16 mg,
+0.02
+0.03
+0.06
+0.04
+0.06

iOl 03

RANGE OF
MEAL WEIGHTS
(mg.) v

(0.04 ~ 0.15)
(0.04 ~ 0.06)
(0.08 - 0.53)
(0,18 - 0.53)
(0,06 - 0.43)
(0.08 - 0.,22)
(0.03 0.23)
(0,03 ~ 0.19)
(0,02 ~ 0.07)

¢L
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Table 6.

Destination of protein meals imbibed through leached

chick skins by females of L.longipalpis. Meals coloured with

1% (v/v) cochineal red.

MEAL No. OF DESTINATION OF MEAL:

W./VOL. 0.85% SALINE FEMALES CROP MID-GUT
20% Bovine serum 5 - +
albumen
5 - -
5 - o
10% Bovine serum 5 - +
albumen
5 - ++
5 - ++
5% Bovine serum 5 - _ o+
albumen
5 - R
2 - ++

0.85% Saline ) 10 - e

Key for this and tables 7 and 8:
~ empty of meal
(+) trace of meal
+ <0,05mg, of meal ) estimated when split

g hetween mid-gut

++ 20,05mg.of meal and crop.



Table 7.

Destination of sucrose solutions imbibed through

membranes by females of L.longipalpis. Meals coloured with

1% (v/v) cochineal red.

MEAL No. OF DESTINATION OF MEAL:
W,/VOL. 0.85% SALINE  MEMBRANE FEMALES CROP MID-GUT
10% Sucrose Leached S 11 ALl - ++

chick-gkin

10% Sucrose Leached 10 - ++
chick-skin

(+) ++
+ ++
(+) +4
- ++
- ++
- +4
- ++
- ++
- ++

10% Sucrose ~ Parafilm 8 + +
+ +
+ +
- 4
- ++
- ++
- ++



Table 7, continued.

MEAL

76

No. OF DESTINATION OF MBEAL:
W./VOL. 0.85% SALINE  MEMBRANE FEMALES CROP MID-GUT
30% Sucrose : Leached 14 + (+)
chick-skin : Cardia only
- (+)
Cardia only
- +
+ —
- +
- +
- +
. (+)
Cardia only
o+ +
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Table 8.

Destination of solutions imbibed from cotton wool

- by females of L.longipalpis. Solutions coloured with 1%

(y/v) cochineal red. No meals were larger than 0.15mg.

MEAL TIME DISSECTED | LOCATION OF MEAL:

W./V. 0.85% (HR.) AFTER PROPORTION

SALINE FEEDING PERIOD FEEDING CROP CARDIA MID-GUT

30% Sucrose 0 - 0,2 10/18 + - -
+ (+) -
++ (+) -
+ (+) -
++ (+) -
+4 (+) -
+ (+) -
+ (+) -
++ (+) -
+ (+) -

0 - 0.2 11/20 + (+) -

+4 (+) -
4 (+) -
+ (+) -
+ (+) -
+ (+) -
+ (+) -
+ (+) -
++ (+) -
+ (+) -
+ (+) -

6.0 - 6.2 9/22  All 4+ + +
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Table 8, continued.

MEAL TIME DISSECTED LOCATION OF MEAL:
v./V. 0.85% (HR.) AFTER PIIOPORTION |
SALINE FEEDING PERIOD FEEDING CROP CARDIA MID-GUT
10% Sucrose 0 — 0.2 11/20 + (+) -
+ (+) -
+ (+) -
+ (+) -
+ (+) -
o+ + +
+ + +
+ (+) -
+ (+) -
+ + +
+ (+) -
0.5 = 0.7 10/18  All + + +
Human plasma 0 - 0,2 0/@0 - - -
2/20 Both - - +

0/10 - - -
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activated with humen breath: none ever fed, but several
probed the rubber tubing carrying wern water to the unit.

On one occesion & group oi L. longipalpis females

wes offered lizmard blood nich could not be waxmed above
SOOC for fear of demaging the varcsites it contained, “1th
the tlood warmed to 28° % lOC, 26 out of 34 took a blood-

mezl, ”

Yeals taken by T, lOP”lﬂ“l”lu from cotiton-~vwool nads.

The percentege of females imbibing different solutions

from cotton-wool pads and the destination in the fly of

each solution, is set out in Tablet ,

-

3
8]

ddition, coloured sucrose was found in the crops,
but not the mid-—guts, of 6 cut of 7 meles dissected shortly

after e 4wo hour period in which a cotton-wool pad sozked

in coloured, 305 (w/v) sucrose hzd been left in their cege.

Senasilla on the FTascicle of T, lornsinalpis.

- e

Sensilla were only Tound on ths l:

{'J

brum, For each of
males aﬁd % iemzles the length ond width of the labrum

(2s seen under the light microscope) were mensured in situ

end after disascction. The length recorded wes the distance

o

from the tip of the lobrum to its articulation with the

UJ

1vpeuk; the mean length wes 0.32mm for females and O-«28mm

for males., The meximum width was 0-04mmn for esach.

Prom these neasvrencentis and the struciures seen under
1 gtereoscon ¢ nicr i 3 mi-diacgrammatic
the stereoscorn electron microscope, a seni-diagr g

1¢LD tration of th: ”“t*z side of the mnale and Temale

lebrun vas direry Lo show the numher and location of ol

Cumae



0 . 0-05mm.

DISTAL SENSILLA, 5-6

PLATE BEARING
DISTAL SENSILLA

ANTERO -
LATERAL HAIRS |
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RUDIMENTARY
DISTAL PLATE?

DISTAL

(CONTACT CHEMO-) — (MECHANQ
— SENSILLA, 2 RsEE(x:\fsPITL'L\ch
' 3prs.
\ . v
| ———ROUGHENED WA
AREA’ | \__ (mecHano-
— RECEPTIVE)
SENSILLUM
FOOD CANAL
| - (mEcHANO-
. _ RECEPTIVE)
g SENSILLUM
(mEecHANO- o (MECHANO-
~ RECEPTIVE) \ RECEPTIVE)
er SENSILLA, 2 o SENSILLA, 2
( .._.._.(MECHANO)
I —RECEPTIVE
| ' | SENSILLA, 2
FEMALE | MALE

Lge 8, Ventral view, labrum of L,longipalpis.

Les}
bl




81

Plate 5: L.longipalpis. Ventral tip of labrum,
of female.

Above: distal plate and "teeth". (x3,7200)
Below: distal "teeth". (x7,500)
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Plate 6: L.longipalpis. Labral food canal and
sensilla, of female.

Above: proximal trichoid sensilla. (x8,500)

Below: distal trichoid sensillum. (x10,000)



Plate 7: L.longipalpis. Labral food canal and sensilla;
of male.

Above: proximal group of trichoid sensilla.
(x2r600 )

Below: enlarged view of a single tiichoid
sensillum.’ (11,000 )
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the sensilla seen (¥ig8 ). The exect nature of these
sensilla will not be knovm until their internal structure
has been revealed by transmission electron microscope
studies and (if this is possibvle) their electrophysiol-
ogical response to different stiiuli recorded. . They have
been provisionally identified by comparing their external
structure with that of the sensilla of other Diptera.
PLATES 5 - 7 show the structures seen with the SEIl.

-

- Qbservations on the feeding habits of other sand-flv
species.

4 - 6 days sfter their emergence only 4 out of 17

laboratory reared females of P. verniciosus took a blood-—

meal fromaan enaesthetised hamster when this was offered
between 10.00 hr end 12.00 hr GIT (16 hour photoneriod,
0430 = 20430 GIT). The remsinder refused to feed ot the
same time on the following day, but that evening 2ll 12
remaining flies fed when the same hemster was offered

in the dark hetween 21.45 hr and 23.30 hr GIT,

12 femnles of Sergentomyia bedfordl reared from esss

o,

N

obtained from Etlonia, were narcotised aﬁd individuslly
offered & humen blood-nmeal dvuring the "day", All sebtled
on the skin znd probed witrin five minutes. However,
although many probed seversl times and svent as long a5
twenty ninvtes "up~ended", with thelr probosces fully
inserted into the flesh, none succeeded in obteining a
blood-meal. |

Penales of Ps. devisi were captured at night as they

w2

-

probed on humen teits in Iocgmbo forest nesr Pelém, Brazil.
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On tvio occasions groups of 30 were teken in a dark humid
box to a nearby leboratory where within 1 - 2 hours of
capture they were narcotised and offered a human blood-
meal. Only 15% and 3% (respectively) fed, although the
physicel conditions in the laboratory were similar in
every resvect to those in the forest. On two other occasions,
625 and 645 of similarly capitured and nercoiised females of
Ps., devisi accepted human blood-meals when these viere

offered in the forest one hour after capiture.

In the summer of 1973 in the foot-hills of the

Apennines in Imilia-Romegna, Italy, females of P,perfiliewi
only started to bite after dark (Section5 ). This species
fed on g wide range of hosts, including man and rodents,
but on windy oxr cold nights (<14°C) few femeles were
captured awey from humen dwellings. The same species wes
common in cow sheds: Those feeding on cows were often
aggregated on fleshy parts of the body, and on the spine,
out of rangé of the tail. Iarge numbers of meles of P.

perfilievi were found a2longside the females in the cowsheds

and were also cavght in oiled "sticky traps" (Killick-Fendrick

et al. 1975 end Section 5); this suggests thrt nating swarms

0

of meles sre common in this species =nd play an important

i

vert in feeding behaviour.
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DISCUSSION.

On the feeding habits of I. longipalrvis and other sand-flies:

The catholic feeding habits of wild L., longipelpis have heen

described already. The results of the present investigations
show that in the laboratory, too, femeles of this species will
feed on a variety of hosls in a wide range of physical
conditions. Ward (1974) reached a similar conclusion.
Mo:eover, it was shovm that once a female had probed, one
vlood was as attractive as enother. The natvre of the hosis
hair and skin aifected the ease‘with'which a Tfemele could
probe; this and host availability sre orobably the principal
factofs controlling the host preferences shovm by L.

longinelpise.

L. longipelpis is disinclined to feed again uvntil it has

(o3
5]
ck
Q,
'
Q
H

matured a eggs, vnlike P, papatesii (Adler & Theodor
19353 Schmidt & Schmidt 1965) and P. lonsines (Gemetelw

1972) which can take more then one blood-meal during a gono-
tropnic cycle. The laboratory conditions did not meet its
oviposition réquirenents, which ere more exascting than those
for feeding (Section 4), and therefore females could only

be kept ealive after the first gonotrophic cycle by prevent—
ing them from laying their eggs. Under these conditions about
40% zceept a second blood-meal (Killick-Kendrick ct 21.1976).
This finding is of epidemiological significance for it

a naturgl limitation to the trensmission of

CL
2!

suggest

‘Teishmonia by L. longipalpis.

The observ~110ﬂs on. the feeding habits of other speciesg
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eflect some of the moinits made in the introduction asnd shovr

thet Ti. longipalvis is by no means typicel, Thus, althouvgh

P, pverfiliewi, too, fed on 2 wide range of hosts, feeding

was linited by photoperiod, climate and host behaviour.

By

Yoreover, there was a suggestion thet the presence of mating

swarns of males was en essentiel part of the feading behsviour,

as hes been provosed for P. grgentines (Shortt et 21.1926).

P, verfiliewi only bit at nighty but it fed as recdily

in e lighted cow—shed as it did in the na In

ot
&
R
2y}
!,_.I

o
;_J
(@]
(@]
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-

comparision, P. perniciosus also usually bites at night,

but is not "attracted" to lizght-traps or to lighted dwell-
ings (Rioux et 2l.1969), This species was reluctant o bite
duriﬁg the day in the laboratorys; it would be interesting
to kmow if the success of the night feeds resulted from =

true periodicity and/or the dark.

Iike other species of the genus, Sergentomyia bedfordi

usvally bites cold~blooded vertebrates, and at least in
Ethiopia does not attack man (Ashford 1974). “hen laboratory—
reared femeles were artificially brought into contact with

the gkin of man, however, all probed; but they were uvnable

to take blood, possibly beczuse their probosces were too
short. This illustretes that the immediate stimuli emanat-
ing from potential hosts sre not necessarily responsible Ffor
hosf preferences. Indeed, Tor meny haematophasous insects
the hebits and ecology of insect and host are equally inport-—

ant, or more so (Hocking 1971; Gillies 1972).

Tard (1974) described -the difficulties o

Hy

indvuecing -

some laboratory~resred Amazonian send-flies to feed. This
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ic differences in foed-

e

prohably relates to fine exnd swneclf

=
I.J.

ing behaviour which encble o diversity of sand~fly smecie

he sensitive nature of

3

to co~exist in the imezon forests.
the Teeding behoviour of one oi these swecies, Ps, davigi,

ves noted by the author.

0

Yogt seeking behaviovr of T, longipslpnis: Humsn hreath vas

sufficient to activaﬁe females of T, lensivelvis who then

exnlored their containers. Tn a nill—hox this brorﬂht them

O

into contact with the membrane feeding vnit, but in o ceg

RO S

e
h

the initial activation was fellowed by movem=nt towards the

csource of host breath. For rosquitoes, carbon dioxide in

the breath is »robably the mein ectivator, but heatd, moisture,

host odour and verious visuvel Factors all contribute +to
zctivation as well as to orientotion end alighting (review

Clements 1963; revieﬁ Tewis 1972). It is probable that these
stimull are aiso involved in host~seeklﬂg by sond-fliecs, Tox
sensille have been. found on their antennse and velps thet
are structurally analogous to those of mosquitoss which are
involved in host-sesking (C.7. Tewis pers.comm. ).

The streﬁgth a8 well as the nature of the 'odour' plune
determine its vower to attract (Gillies 1972 Thus groups

-

of caged L., longivelpis took longer to feed on en anacsthet-

ized hamster than they did on the arm of & men from whom

stronge

ol
3

+

ylune enanated. Tne imvortance of the 'odour!

plume in st locetion ves shown again when females feiled

ol
. .3_,

to locoie the feeder unit placed in & cage.

It is speculeted that narcot sation was a necessary

vreliminery to feeding ?erv es in tubesg beceouse. it uu?;eude
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the normal demends for orlentation and alishting stimvli,
Thus fomeles who viere not narcotised vsunlly flew frontic—
2lly about the tube and rarely settled on the skin even if
they touched it. Subjectively, it seemed thot the tube wes

not large enovgh to enchle them to perform tﬂelr usuel

searching beheviour.

tAlighting! and probing: Some of the fermsles fed in ca
alighted on the host, but in all three containers most walked
onto the target. Healt (end host breath) were suificient to
stimolate »nrobing. Thus Temales were scen wrobing on warn

rubber tubing, and many Ted throush parefilm membrenes whose

only atirasction was their vermth. Females of L. longinalvig

only proved on the skin or target membrane, but Fosber et sl.
(1972) found thet ?. longipes probed s eXter alighting on
clothing. This suggests that probing mey sometimes Follow

9,

nas been located.

- Heat may not be the only stimulus For L. lonsipclonis 4o

probe., Thus females successiully fTed throuch & chick-ski
when this was warmed to 280C, only 59C zbove the ambient
temperature. in olfactory stimulus for probing is suggested.

Unfortunately, the response of L. longinslpis to artificizl

membranes at ambient temperatures was not tested., Sirilarly,

Schmidt (1964) found that P. orientalis successtully Ffed

through aninal membranes on blood at amblent temperaturcs,

o)

Mood recosmition and feeding by T, longlvalpis females:

ROt Sl Ve

Preliminary observations showed that vhen grouvns of 4 -~ 6



dey old Temelcs viere exncsed to humnn blood over = chiclk-

] 3

skin, the »rowortion that fed wes very neerly ecval to the
nrovortion that »nrobed. Hovever, this nronortion veried
4

from 305 to 825% devending on the bhatch of 7lics used. Tike-~

< el

1en various solubions were offerecd throush chick-skins

3
L

wise, W
the nercentege of flies thet fed was more-—or~less equel to
the perceﬂtage that probed, and varied Trom 329 to 764
(Teble 5 ). Therefore, "¢ feeding"” cennot be used to comrsre

o

the 'ecceptability' ol

o Ay e

differens test solutions. Tor this,
the mean weight of the freely-ingesied meals will be used.
Dethier (1962) found $het Tor the hlowfly, 0-6% end
1-2¢% solutions of WaCl were recognised as ‘'salt and water!
and ‘'salit' resvectively, aend thet they were accepted. A

3% solution however wes rejected as 'salt', Hosoi (1.959)

concluded thet 0-85¢% saline was a low—order stimulant for

D

Culex piviens. Me seme can he inferrved from th-“results
of Salama (1966) who found that L.2SH Tall had to be added
to 0.11] sucrose hefore 50% of Ae, aeévoti Temeles viould
reject the mixture. |

L7

By analogy, the ingestion of 0-85

Rt

o}

aline through a

o represent the

=

e
ck

0

varafilm membrane is taken by the asut

nernbrene-feeding response of L.longivelnis to a low-order

vhegostimulent. The meen weight of saline so ingestied (Ca.
0°+2 ng) wes eguivalent to a "half-feed" from a natvral host,
but saline taken through chick-siin wes significently more
attractive. This suggests that there is something about

Tem

chick-skin which stimllefes gorging.

Certeinly, L. longiwvalnis fed throush chick-slin more

P
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avidly then throuvsh veraefilm: /ith one ezcewtlion, the
nrovortion of Tfenales feading throush chick-skin was

roushly eocunl to thet probing

-

ity vihiereas the ratio of
those feeding To trose nrobing paralilm wes extrenely

veriegble (13: 46 to 44: 49). It is possible that the

vhysico~chenical nature of the chick-skin but not of the
parafiln yprovided stim:li which cncovvaged the females to
renain in the feeding position. Alternatively, the physical

y

nzture of the narnfilm nay have nrevented moeny of the sand-
flies from Teeding. Thus, sand-Tlies heve a preference for

Teeding Trom vpools of blood in the skin reather then direct—

1y from capilleries (Lewis 1975). ls did not form in the
thin, one~layer parafilm, and Teading through this membrane

mist have been similer to plercing a cepillery. Irom the

- T

observad behaviour of T. loncipalpis feeding throuvgsh paralilm

both explenations ere eguslly likely: IMeny females prohed

several times before setiling to Teed, znd others that did

not Teed returned rereatedly to probe befors they lost
interest,

-

A second alterrative to explein the more avid feeding,
end the larger mesls teken, through chick-skin, is that
phago —stimulants leached from the skin into the test solutbion.
Thet this hanpened is suggested by the fact thet saline
mneals were larger still when a chick-skin wes not leached
prior ﬁo U.S€.

Viith the difficulty of comparing feeds from the two
menbrenes in mind, the reletive attractiveness of the various
solutions will be discussed. Tox feeds throush »awvefilm, a

1050 solution of bovine serum zslbumen (BSA) in saline was
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only as attractive as the saline itself, whereas whole blood
was significently more attractive then either. These
results indicate thot there is a rvhagostinulent in the red
cell freection of bhlood. Support for this contention comes
from the tendency For neals containing red cells to be
slightly larger than those of plasma. A significent
difference hetween the twd is perheps masked because plasma
meals contsined the contents of some lysed red cells and

the leaching from chick-skin,

Bishop & Gilchrist (1946), Greenberg (1°51) and Dey
(1954) all noted that for mosquitoes the phegostimulants
in blood were contained in the red cells. The blood
stimulent for C, piniens wes isolated from ox red cells
by Hosoi (195%), who identified it as adenylic acid, lle
showea Tthet the phospvhate selts of acenylic scid were also
phagostimulents. These included ATP, which is & phego-
stimulent for Ae. aegypti (Galun et _gl. 1963). There is
fPurther circumstentisl evidence for the role of ATT, Thus,
heemolysed bvlood or heemoglobin ere ingested by mosguitoes
to 2 lesser degree than intact erythrocytes (Bishop &
Gilchrist 1%46; Day 1954; Hosoi 195%). This could be the
result of the rapid degredetion ol ATP that is Imovm to
occur in lysed rad cells (Hosoi 195%).

Similerly forr L. lonsinglpis, resls of ervythrocyte

extracts and haeroglobvin suspensions were noticaably

Ve,

smeller than those coniaining whole red cells. Howesver,
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the addition off O- 005’1 o7 the sodium zalt of ATP to 1C%
.pdm did not meke this solution more attricilve when
offered throwsh perafilm., Similarly, 0-005i of the sodiumn
salt of ATP addad te o suspension of denctured humen plasna

hess resulits indicate that ATP is not a

high-order phogostimulent for L. longivelvis,but there

remains the possibility that it is a low-order one.

Of =211 the solutions offered to Ii. longivelpis through

(ﬂ

membranes only those of amino zcids (a2t blood pH of 7:2 -

-

7+5) were repellent. Vhen the amino acid solution contain-—
X
ed only 0°+1$% of sugars, 28 of the 39 females probing

rejected it. A1l probing flies fed when 5% glucose and
X f ]

el

‘roctose were added, but the meesl size was still small.

»
7

5% .

~0
[

I+ moy have been the neutralizing alH and/or the amino
acids themselves that repelled the flies.

a4

As well es glucose snd fructose, fatdy acids may be

lov~—order phagostimulants for 0. loaginalpis — for 10%
BSA was less attractive when it did not contain then.

It is generslly believed thet mosquitoss detexmine
whether-to‘dispaﬁdh food to the crop or the mid-gsutb By
recognising its chemical nature (Clements 1563; review,
Tewis 1972); and by analogy this has been assumed for
Sirmlids and Phlebotomids (ILewis & Domoney 1966). TIn
"mosquitoes, blood and like substences are sent to the nmid-

gut and sugery fluids are stored in the crop (Clements

1. Ovtimal concentration for Ae,aegsypli (Rutledge et2l.1964).
2. It is believed to e "essentially free" of ATP,but Sigme

Chenicals (Tondon) are coniirming with their hend office
(TS0,
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196%). “he discriminating sensilla are located in the
ciberivm (Golun 2% 8l 19633 Selame 1966), and there scons
to b an intapration ol sansory input in the central
nervous systen, for vien mixtures of blood end sugers
are ingested they are sent fo the nid-gut, crop oxr hoth
o their relative concentrations (Day 1S54;
Hosoi 195%). Recently, oeﬂ31lla suv~rv10'(_lv similar
to those of rmoscuitoes have been identified in the cibaria
‘of send—-flies (D.J.Tewis pers.comm.). It seens, there-
fore, that o consideration of food destin:~tion should be

a means of identifying phegostimulants for L. longipslinls.

T. longialpls females feedins from cotton-wool

dispatched sucrose solutions to the crop and nlessme to the

-

mid-gut. 51/98 volunterily evted sucrose but only 2/50

5
©

C

Q

took vlasma. This is the rosult exvected when nosguitoes

feed from c¢rovlets: Only thelr tasel end labellar chemosensi-

1le uvsvally core into contbrct viath free liquids (Clements
1963), and as these respond to sugor,weter and seline bub
not "blood” (Gven 19633 Salemna 1966), the latter is rerely
imbited, e.g. Hosodl (1554)7

Turing the course of many disnections of tlood—fed

L. longdpelelig din the Ascot laboratory, blood hags only

rerely beon found in the cron, -nd then only in small

4

guentities (N, Killick~rendrick & A.J. TLeaney 1C1rs.COml.;

_<'\

ne author, Section 3). The gons wes concludad Tor P.

et oSt Tar A T 7 - AReE T ’ . e gy g e "
renetesii by Adler & Mheodor (1926). in early renowt by

Vinterson (1422) thet wlood cen e seen in the crop of P.
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panatasii for atoult 48 hours after s meal hes not heen

substantiated. Therefore it can be assumed that blood is
normally dispatehed to the mid-gul in send-flies as it is
in mosquitoes. This must be treated as a generalization Lo
which there will be exceptions, e.g. Genetchu (1974) stated
that ".... some blood has heen covsaerved to enter the crop
in at least some P. longipes",

Fowever, the results of feeding artificial diets to

L. longipelrpis throuszh membranes indicate thet there are

differences as well as similearities between the feeding
mechanisms of sand-flies and mosquitoes. Plasna and 10%

BoA were as attractive as whole bplood to L. longipalvis

Teeding through chick-skins. In contrast, Ae. aegvplbi has
been found to refuse or only reluctantly take plasma =nd
serum when these were offered through animal membranes

(Bishop & Gilchrist 19463 Greenberg 1951; Day 1954) : The

6

same species only fed voluntaerily on 10% bovine Serum
offered through en snimal membrane vwhen ATP wes added
(Rutledge et _al. 1964), Similerly, Hosoi (1959) could only
feed C. pipiens oz plaSma by Toreibly placing its fascicle

in the medium; <then the bulk of the plasma went to the crop.

Tn comparision, 42/42 L. longipelpis ingested BSA (5% —~ 209

into the mid-gut as if it were blood. Also, Adler & Theodor
(1927) found no Cifficulty in infecting the mid~-guts of P.

pelbasii with Leishmenie by feeding femeles serous fluids

i

through a rebbit skin,
Seline was ingested in substential amounts (halif-feeds)

by 20/22 L. longinalpis probing parafilm membranes. Visual
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which had Ted through chick—sliin

5 ok
sent to the mid-gut alone.
C. piniens whose fascicles v

selinz accevnted a meal, and

in comgari

-
a4

insnection of these flies and the disseciion of 10 others

showed that saline ves

sion, only 119 of

rere foreibly held in 0-85¢

saline was

as well an the mid-gut (Hosoi 1959%).

found in the cror

Tikewise, sucrose solutbtions were ingested through

R

membranes by L. longipalpis, and these went predominantly

to ‘the mid-gut. Only one of 156 Ae. aegynti te

( D
d"

(dby

Rishor & Gilchrist (1946) gorged on glucose through

membranes, anrd althousgh almo
J L

2+5% glucose when their fasci

st 10C% of C. pipiens imbibed

cles wrere

introduced to it

the meals were mostly dispatched to the crop (Hosoi 185%).

These results cqn be explained on a chemical besis by

3 4
assuming that 0-85% saline and blood

"Hlood" gtimulants for L. lo

o
)

nedioelpis

selts »re stronger

~then they are for

moscuitoes. Plesma proteins snd BSA would then be ingested

because they do not inhibit

ingested with them, Similarly, the ingestion of 10% sucros

predoninantly into the mid-gut cen be

of competition between the *

sugar" and

Dissection of L. lonzivelpis

on 10% sucrose solutions showed that =

ed snazll anounts of sucrose
was nore noticable when the

rether +then chick-skin., In

response to the salts

exnlained in terns

L

"olood" responsas.

thet had fed through membranses

ome of them dismatch-

to the crop, and that this ftrend

the latter

of the "blood" response (stimvlated by

meal was taken through parafiln

case, the dominance

the saline) over the

"sugar" one would hove been reinforced by the leachings



from the chick-skin which are "plood" stirmilants (see chove)
Only small meals of 305! suerose were ingested throu-h
“]Ck—"]‘ ~but az 2ll the Temolog thet probed remained
feeding Tor 20 -« 30 minutes it seens ualikely that this
solution was rejected. Unlike any other solution, 305
sucrose went entirely or predominently to the cron in

sonie Tliecs (4 of the 14 dissecte wnich indicates that
3

}_J

is difficult to wnelicve that it was recognised as anything
else. However, © out of 14 femolos dissected had dispatch—
ed 1t solely to the mid-gut.

This finding sugsests an alternotive exvlanation to

L)L)

the differences in feeding behaviour hetween nmosoultoes and
153 =L

gend-~flies, namely that in sax flle% "bloodY feeding
mlgn be gitimvlated mechanicslly by nrobing., 4 possidtle

-

mechanism is sugsested by an observetion of Herbtis &

LicConnell (196%). They noted that o sond-f1lv whose foocicle

e

vas olaced in a fine capillary tvbe and then covered with

e
i

blocd fluid would only feed if the labium was bent haclk;

-

fluid was then ingested into the mid-gut. The asuther hes

found that 10% sucrose Ffed in this menner is dispstched to

QJ

the mid-gut. The inference is that the hending of +the
lzbivm stimilates gorging, possibly via a chordotonal orzan.
It is generally agreed thet ih mosguitoes it isg the
natvre of the food and not the metheod of feeding which
detefmines whether the mesl goes into the mid-gut or crov

(Bishop & Gilchrist 19465 Trembley 1952; Day 1954; Hosol
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1059), Thig ney be true Tor L. Sonsinelynig, with lnorgrnlc

[

selto bheins the nojoxr chemicol

&}

+timadlents For “"nlood®

for trisoering

inpegition,. lHowever, & riTs
blood~feeding should not ve dismissed unflil the immexvation
ond sensilile of the sond—Ffly labiunm hove bheen investinsated.
RBoth mechanisms vreclude the need for ATP as o high-order
stimvlent, which is unusuel amongst Hlood-sucking ingects,.

A auoted, ATP has been showm

to induce gorging in meny haemstbophagous specles, including

Rhodniug, Tahenidae oand Glossine (cited in Tewis 1972).

Sensilla on the fascicle of female T, longineinis: Sensilla

were only szen on the labfum, The Temales exeminaed had 5

or 6 large "teeth" or blunt spires get in a plat

P

distel tin of the lebrum, These werce nolt present in the
males vhich sucgests thet they are involved wiin lood~
feeding, Adler & Theodorw (1¢26) celled thom Eeefh and

considered the lahrum end hyvovheorynx of P. »napatasii To

be piercing stylets.- After examining the lobra of many
New Vorld send—flies Lewis (1975) agreed with Christophers
et 21, (1926) thet the aplcel spines were too soft emd

plunt to he used in venetrstion end were probably sensorys;
" " al i o w2

he postulated that they heve a toctile end nechonicel

funetion, RDllD“ the fescicle to locate a crevice in the

host's skin, and guoted a yersoncl communicetion from B.
Jobling vhich said thet the apical spines are innerveted.
However, the robust plate in wnich these "distal sensillaol

a7

are cet in L.
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nsed to exert

=
[©]
&
~{
3
o

longinalnis stronpgly suscests that they

sz

a2 force on wthe host's skin, perheps not o
merely to stretch the skin o Ffacilitete the entry ol the
other stylets. The distel plate was not seen by Lewis

(1975) on the labra of I, fleviscutellats that he exemined

by SEM.
Tron a draviing by lewis (]075) the tip of the labrum

of T, Fflaviscutellate differs from that of .. longipalcis

in being considerably longer and heering two vairs of
subgpical sensilla. These and other sensilla in the labral
food—cansl (number and location unspecified) are aprerently

similar {o the proximel trichoid PnSlle in T, lonoinelnis.

AT are very like some of the sengills in the buccal

o
Ir

cavity of Glossina which are ‘pelieved to be Flow monitors
(Rice et 2l. 1973)
The uneven surface of the peir of seusilla et the

distal end of the laobral food cenal of L, longivalnis

femneles suggests that they may be contact chenoreceptors oxl
the basiconic tyve described by Dethier (1963). It is inl
the region of these sensilla that the salivary duct enters
the food cenal from.thevhypopharynx Cﬂaﬁea ), and 1t may
be that they monitor the fluid nature of the blood and thus
ensure that the optimal emount of énﬁiooagulant is
released.

I'ost femsle mosquitoes have 2 pairs of apical, thiclk—
welled chemorecepbtors which are believed to teste blood

(Szlams 19665 Tee 1974). Turiher studies may reveal that

the dis bal ngeeth®.. of L. longinalpnis are chemoreccuntors
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Plate 8: L.longipalpis, female.

Distal opening of salivary duct

in hypopharynx. (x200)
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but thic doece not seen Likely in view of the legss

discriminating nenbrene-feeding behaviour of this species.
A vair of carmeoniform sensillae are pregent on the lobrun

., -'41

in most rosquitoes, and rmoy nonitor the hending of the

labrum during_feedlnr (T.ee 1974). Unlike the mosquito,

the sand=Tly does not uwsually fesd from capillaries;
therefore it is not surprising that L. longivelnis does not
a
ave cgmmeniforn sensilla on the labrum.

The significance of svgar-feeding in sand-flies: The males

and Ffemales of most send-~fly species probably feed on plant
sugars (Lewis & Domoney 1966), Sugar meals are taken by

03

most blood-sucking insects largely to susghein life and
i { L7

activity, not for growth (Hocking 1953:; Dowmes 1958)., Thet

this is true for sand-flies has been shovm by Tinding

2 that
nore Ffemales of L. longinalpis successfully digest a blood-

neal, maeture eggs (Section 3) and lay eggs (Section 4) when

oy

ot
joni
\‘L)
]
i
[%]
g
D
by
[¢¥)
je

305 sucrose rather then water. lloreover,

longevity has been lmproved by feeding sugar to T,

longipelvis (Section 1), znd other snecies (Derretto 19 423

Gemetchu 19723 Cheniotis 1974).

It is generélly asrumed that heemetophagous inssets
store sugars in the crop (70“d65 1958; Clements 1963).

To date, only the crop contents of wild-caught send-flies
heave been tested, and sometimes found positive, for sugars
(TLewis & Domoney 1966; Tewis 1971). In the lahoratory, Tie

trepidoi accepted a wide range of naﬁhrally occurring

sugars from uloplets axid dispatched them 21l to the croo.
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Similarly, sucrose was ingested Lrom cotton-wool directly

into the crop by L. longinalpis females, and only later

did it eppeer in the mid-gute.

However, it has not been proved that sand-flies
nzturally obtain sugars as frée solutions., JIndeed, some
species have been seen feeding on leaves (Idnter & VWijers

1963: Ashford 1974). The results of feeding L. Llongipelpnis

females on sucrose ﬁﬁrough nmembrenes indicates that if
sugars gre obtained by plercing plant vessels most of the
meal vwill go to the mid—-gut and not the crop. This finding
is relevant not only to the physiology of the fly but also
to the epidemiology of leishmeniasis. Thus, 1f suger goes
into the crop it is a possible energy store and perhaps an
osmotic regulator (Lewis 1971), but ingested directly into
the mid-—gut it loses this function, end might imvair the
development of ILeishmenia by introducihg becteria (Ldler &
Theodor 1957; Tewis & Domoney 1966).

The males of P. papatesii (M.lMeriani, cited in Dowmes
1958), P. 1ongines(Gemetohu 1.972) end some Luﬁzomvia‘species
" (Cheniotis 1967, 1975) are mown to take sugars in the
1aboratory; Sugar (30% sucrose) was aiso ingested (into the

crop) by males of L. longivalpis, but there is no definite

proof thet svugar~feeding occurs in nature. However, the
presence of z large number of provbable flow monitors (4rich-

0id sensille) on the labrum of the male of L. longipzlpis,

suggests that some fluids are taken by wild flies.
Ashford (1974) reported that females and, more often,

males of P. longipes and P, orientslis commonly probe, and

apparently feed, on plents in Ethiopia. PFrom the structure



of the male sand-fly's mouthparts it is difficult to

sLen

ot
<
)
2
2
]
l_.!
9]
[ER
3

belicve thet they can pe usea to pierc

o

b

order to obtoin sap. Mirstly, the rzle fascicle laclis

mendibles, which are the cutting s y]et this is defin-
tely so for T. longiprlnis, and for P. orientalis (Davis

1867). Second, the tin of the nale labrum (ot lezst in T.

lonminelpis) has not teeth or spines but o fringe of hairs

(Plate © ). In foct, the descripiion thot Ashford (1974)
gives of lesf~probing is reminiscent or the oehav1oar of

el

male and fTemele L. longioelpis xhen they feed from droplets

of sugar or water,

L. loncsipalpis readily ingested 30% sucrose, and .

trapidoi did net discriminate between 10% and saturated
Tructose (Choniotis 1974)., As pointed out by Cheniovis

(1e74), the acceptance of highly concentreted suvgar solul-

icns by send-flics suggests thet they feed in nature on

nectar and other sweet ligquids. lleny insects vielt flowers,

end Hocking (1953) hos wstimated thot sucars constitute
(by weisnt) vn to 765 of insect cron contenis and 77¢ of

Tloral necter.
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Plate 9: L.longipalpis, male.

Tip of fascicle. (x2,250)
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SECTION TIRILRE:

O THH RIPRODUCTIV 4 BIOLOGY OI' T., longipalpis.

INTRODUCTION.

The early Diptera are believed to have orizginated in
the Permian ard to have been biting insécts feeding on the
body fluids of insects and/or vertebrates.{Dovmes 1958).
Tt is generally held thet feeding by the adults of present-
day nemztocerans is supplementary to that of the larvae:
Thevprimitive blodd—feeding habit of the female is only
reteined vhen the protein provided by the lerva is in-
sufficient for the maturation of eggzs; but both males and
femeles take water and carbohydrate (usually nectar) for
flight and genersl metabdliém (Dovmnes 1958; 0Oldroyd 1964).

’ The Phlebotomidee have retained the blood—sucking
habit. Dolmatova (1942) described ithe digestidn_gf a biood—
meal and the concurrent development of the ovaries and
sccessory glends in P. papatasii. SRe found that a small
blood~-meal led to the maturation of a few follicles only,
and that ﬁnfertilized'females produced normal eggs. - The
importence of the blood-meal for egg maturation by sand-

* flies hes been widely accepted., Indeed, at one time it
was thought that females could not be indﬁced o produce
eges unless they had taken a blood-meal (Unsworth & Gordon
1946). More recznbly it has been found that (like their
cousins the Culicidae) femzles of certain populations of

sand~flies can lay eggs without taking a blood-meal
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(Johnson 1%61; Schmidt 1$64; Ddmatove & Demina 1971).

An intesral part of the digestionrof e. blood-meal
by a female sand-fly is the formation of a peritrophic
membrane (Adler & Theodecr 1926). Recently, Gemetchu
(1974) has made abcomprehensive_sﬁudy of the norpholo:sy
and fine structure of the mid-gut and peritrophnic membrane
of the adult female of P. longipes.

Kény laboratory investigations have shown that the
digestion of blood and the concurrent maturation of
oocytes procéed most smoothly if femazle sand-flies are
kept in a high humidity (70% - 100% RH) 2nd at a temper—
ature of 21° to 30° (Adler & Theodor 1$3%5; Dolmatova &
Demina 1971; Gemetchu 1972). These conditioné-are similar
to those in the shady nocks where the engorged fenales

~ 5w

of some species usuvally rest (Perfilder 1968).

-

The nature and function of the blood-meal constituents
vhich stimulate egg maturation hy sand-flics is not knovm.
Adler & Theodor (1926) concluded that oniy Tthe plasma was
essential for egns maturation by P. Qgpgﬁasiij they bagad
their conclusion on the observation that heemolysis rarely
occurred before the third day after a blood-feed.

For sard-flies, hlood-feeding is not alwsys intimotely
associated with egg maturaiion. Thus Adler & Theodor (1935)

found that wild-caught P. vapaizsii took several blood-

notably P. wcerniciosus, refused to Teed until a baten of

exgs was leid. They reloted this to the ability of P.

vepatesii to svurvive in lower humidities +than the other
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species and postvlated thot it meinteins its water balance
by taking freovent blcood-—meals, Similarliy, 0ldroyd (1964)

has arzued that sand-flies hav

(D

retained the blood—sucking

1201t because it msy have been en adventage at the end of

1

-
=

e last Ape when conditions became drier in the sub~

I
tropicael latvitudes where they evolved. The failure of some

P al

P. papatasili females to nature eggs following & blood-meal
has elso been recorded by Dolmetova; "gonotrophic dissoc-—

iation", as the phenomenon has been called, is particul-

arly common in guvtumn sand-fly UODllaUIOﬂS in non—tropical
clirnates (Dolmatova & Demina 1S71).
This section reports on some asnpects of the reprod-

o

vetive biologdy of colonized Females of L. lonsinzlpis. The

DU i Rad

'

course of blood digestion and witellocenesis were invest-

<k

igeted Tirst as a basis for releting egs maturation to the

i.l

)

size and nature of the blood-meal, to u'aﬁ—fceQ1nb, mating
and to other physicel factors. Tn particular, investigat-

ions were made Lo determine the ingredients of 2 btlood-mesl
that were essential for egg meturation.

The quantitative effect that different vloods have on
the egg production of Culicidee is well knovm (Clements
1963), but the possitility that blood conposition might
influence the natvre of the yollk prote:n synthesised does

not appear to have been investligated. Such differences wiere

sought in the eggs of L., longipealpis by the electropnoretic

separetion of water-soluble yolk proteins and by attenpbing

to i1dentify host antigens.
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FATERIALS AND LETHODS.

The rearing and feedins techniques used were those
that have been described in Sections 1 & 2, unless other—

viis e steted in the text.

The digestion of the blood-meal.

™

Estimation of the red cell concentration in a blood-

gg@l. A Treshly rnarcotiscd fly was weighed vefore its
unbroken, blood—filled gut was dissected out and placed

in a well-slide conteining 0°14 ml of physiological
saline. The gut was broxeﬂ and the blood teased out and
thoroughly mixed with the saline using fine, mounted
entomological pins. The blood suspension wes immediately
sucked into an erythrocyte pipette where it wes shaken for
a minute to ensure an even dilution of the cells.

The red cell concentration was estimated in an
improvecd Feubzuer counting chamber in the usuzl manner
(Darmady & Davenport 1963). 80 small sqgueres were counted,.

The SGs of most vertebrote bloods are similer to thet
of human, i.e. 1«056; and the sam> holds for the SGs of
red cells, for wiich the valuve for human cells is 1.0¢8
(Spector 19563 EHill 1973),

Therefore, tihe dilution of the blood-mezl in the
counting chamber was taken to be

M ul in 0-14 x 10° ul
1077
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¥
where I - weizht of meal atv dissection, and 1-0?9’: a mean
velue for the SG of the meals.
T'or each blood-neal, the meen of 3 different red-cell

estimations was calculated,

The idertificetion of haemoslobin and haptoxlobins using

gradient polyvecry emide zel electiropnoresis.hA technique

for identifying haemoglobin (Hb) and heenmoglobin-bound
“haptoglobins (Hp) by gradient gel electrophoresis was
perfected by Baxter & Rees (1974). The same systeﬁ, using
commercially prepared gradient gels , has been_used by the
Tmmunology ILeboratory, Inperial College at Silwood Park,

to detect and identify human blood-meals in anopheline

and culicine moscuitoes (Boreham & Lenshan 1976). The

0

eparated Eb end Hp apprear as blue-green bands after
staining in orthotolidine (l%lin 45m1 ethenol/Sml acetic
acid/50ml water) and then hydrogen peroxide (29 in water).
Hr. Lena“au_of'the Immunology Laboratory kindly

2llowed me to use his epparatus to trace the fate of

Hb end Hp in the blood-meals of L. longipalpis.

Universal Scientifiec Ltd., London.

Egzg production in relation to size end nature of feed.
Peeding. lieals of different sizes were obtaincd by disturb-
ing some flies before they had become fully engorred. The
weight of the meal imbibed was moasured by weizghing (on

2. Beckman microbalarce) the female shortly before and after

a meal.

Meals takern throush menbrones. The methods of vrepazration
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of the meals tested for their effect on egg production have

been described in Section 2. Fach type of meal wes offered
on at least two occasions through two (or more) different
leached chick membranes to check the constancy of its
effect on egg production. All solutions were warmed to

37° 19,

Egr counts. Only the egss matured by flies that survived

for at least 72 hours after a meal were counted. The fly's
egg production was then taken to be the sum of the fully
matured (stage 5) cos that had been laid and those still
remaining within the oviducts. Flies that did not lgy any
eggs were killed on the tenth day and their retained egg
counted.’

Stetistical enalysis., Scatter diagrems were drawn for the

number of eggs matvred by a female on a measured weight of
meal. Any linear association between these parameters was
cglculated using regression analysis (Bailey 1968).
Trensformations (i.e. 4y, 1/y, log y) were attemvted, but
as they did not consistently improve the regressions were
rejectede.

Regression coefficients for différent meals were
compared using a modified 't' test (Bailey 1968).
Alternatively, the mean number of eggs matured on different
meals wes compared within sz small range of mesl weights.
This alternative was empioyed when the data covered too
narrow a range of meal weights for regression analysis to
be meaningiful, or when it was thougnht that there might
be é constent but not proportional difference between the

o

effects of different meals.



111

The development phaeses of egg follicles and their

=

identification.

Por anophelines, Christophers (1911) sevarated the
developm=nt of the ovaries into 5 phases. This schemev
was vsed by Dolmatova (cited in Dolmatova & Demina 1971)
as a basis for describing the maturation of Phlebotomid
eggé, and wes followed by the author in the present study.

Harcotised send-flics were dissected and the
follicles identified using a monocular microscope with
top-lighting and a calibrated eye-piece gratiéule.

Stare 1. The follicle has the smallest diameter, about
40 yp, and contains no yolk; it appeers aé a trenslucent
sphere.
Stage 2. The Tirstyolk granules appear; the follicle
has & dismeter of 40 - 100 1 and an oval shape ( in 2-D);
one helf is filled with yolk, but the other half (contain-
ing the food cells) appears translucent.
Stess 3. The follicle becomes slightly elongate; yolk
(i.e. the egg) occupies 2/3 - 3/4 of the follicle;
maximun diam=ter of O+l — 0°+12 mm.
Stzre 4. The follicle is distinctly elongate.

(a) the food cells are just visible and occupy only
1/10 of the follicle,

(b) volk gronules OCCupy all of the follicle;
diemeter 0«12 - O+3mm,

Stose 5. The erss 1s mature, covered with o chorion, and

slizhtly concove/convex zlong its long axis.
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Separation of the water—-soluble, yolk‘proteins of T.

longipalpis by disc—cel electrophoresis.,

Preparation of the protein homogenate. Approximetely

200 one day-old eggs were washed, tTwice in distilled
water and once in TRIS-buffer eledtrolyte (see below),
and plaéed in a miérocentrifuge tube. 40 pl of TRIS-
buffer were added fron an Oxford micropipette/dispenser,
and the mixture left to cool at 4°C for 30 minutes. The
yolk proteins were "1iberated" by vltrasonication of the
eggs (¥Xept cool in a beaker of ice to prevent protein |
denatvration). Egg shell frasments were separated from
the protein homogenate by centrifugation at 4,000 g for
10 minﬁtes.' Samples were stored at -ZOOC if not
immedietely used. |

Other concentrations were tried, but this was the
optimal.
The electrophoresis apparatus. The Shendon anelytical

. 1 .
polyecrylamide gel electrorvhoresis apparatus was used.

This consists of an anode lid snd e cathode core placed,
respectively, in upper and lowver electrolyte reservoirs
which are linked by 12 slass running tubes. Zach
precision-~bore- tube (5 mm diameter; 75 mm long) is filled
with polyacrylamide gel, which separates the proteins that

migrate down it according to molecular size and charge.

)
Shandon Southern Instruments ILtd., Cemberley, Surrey.
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Preparstion of the polvacrylamide sels. These were cost

in the running tubes. I followed the simplified method
proposed by Clarke (1964), for which only one, uniform,
smalli~pore (7°5%) gel is used. The monomeric nmix was
prepared from the following stock solutions.

. 1 volume of A, contzining 363 g TRIS, 0+46 ml T
(N4~ tetramethyiethylene diamide) and 48 m1 1.0 W Hel,
mede up to 100 ml with distilled water;

2 volumes of B, contaiﬁing 30g acrylemide monomer,
Oe8z N, N - methylene/bisécfylemide made up to 100 ml
with distilled water;

4 volumes of C, containing 0+l4g emmonium persulrhete
per 100 ml of distilled water; and

1 volume of distilled water.

The elazctrolyte was a 1l: 10 dilution of stock
prepared from 2%g glycine, 6g TRIS, and $+75 ml of
distilled weiter, Final pH was 8-1,

The gel system of Ornstein & Davis (1S62) was tried,
but did not improve resolution. Tor this, a large-pore
(5¢%) gzel was cast on top of the small-vore in order (in
theory) to hulp concontrate (or "stack™") the proteins at.
the face of the small-pore gel.

The electrophoretic run. 25 ul of the protein homogenate

were mixed with 25 pl of 40¢ (w/v) sucrose, snd a drop of
0+05H bromophenol blue was addnd. With the running tubes
in trheir vlac: in the ~pparetus, the test mixture viac

v

carefully run into the space cbove a gel. This space vas
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then filled yith elzcirolyte. The sucrose gave the {test

A

mixture svfficient d-nsity to ensure that it was not weshed

NSRS

Luv\r(n »

The sornle vnroteins were staclkied for 15 minuvites at
0+5 ma. ver gel, and sevaratad at 15 ma, ner gel Tor

1+5 - 2 2ours., The bromophenol blue acted as a marker

for the sivecking process and the ion-front. The current

v

was provided by a resulated DC vover supplye. The evnporatus

was placed a2t 40C during the run 1o prevent ovasrheating
and possible protein denaturation.

Staining. The gels were removed Trom their tules by
"pimming” end pulling with & blunt dissecting nes=dle, and
then placed in 0°*1¢ navhthalene black 10B {in 7¢ acetic
scid) or 0°25¢ coomassie brillisnt blue (1Le 25g in =

mixture of 454x1 of 50¢ methanol ond 46ml of glecial

ox

O

acetic zcid). These solutions sieined and Tixed the

reess stein oo removed (overnizht) in one of the

followirg destein'ng solutions: 74 scetic 2cid for

navhthelene black; end 5¢ methanol in 8% acetic acid

bhends. The pgels can
swell up To &7 in the scidic solutions used for siaining
and desvaining. Therefore, the calculation of 2 bend's
mobility has to include the lengih of the gel before axd
efter stoining as well a2s the measured mobility of the
bend end the nerler dye, 2.5, Jeber & Oshorn (1969).

Sireificont differonces in bend mobility result Ffron
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smell chenges in gel structure, current and temnerature

{Gordon 1¢71). Therefore, comnarisions between the yolk

5

proteins or different esg bstches were only made when they
had been geporcted on the seme electrophoretic run end
using gels made at the scme time from the same monomeric
mix. One =2ssumption mede in calculating band mobilities
wes that gels of the seme batch swelled evenly betweeﬁ

the end of 2 run and after staining. Band mobility =

(Distance of vrotein migretion) (Length of gel before)

— . X staining

(length of rel after destaining)@istence of dye misre tion)

The 1mmuroﬁ1_fu sion test.

A

A micro-immunodiffusion test {Teir 1967) wes used in
an attenpt to demonsirate host antigens in the egs~yolk

of .. lonzinzlpis. Homozenaves of ega-yolk were nrenared

as described above.

Thin layers of agar gel were cast on clezn glass

kg
clides In each gel there was cut a centreol well and
four neripheral wells set in & circle round it, Host

anti-gervm ve2s placed in the central well, and egg-yolk
homogenate and host sers (=8 controls) were separately
piaced in thé periphersl wells,

The theory behind the tect is that precinitin bands
vit: form in the sel in the positions where the antigen
and antibody molecules reach optimel nroportions after
diffusion., |

Tvo slides were run vwit

C)
D

h hemster anti-serum epeinst

hersher seram, humer serum, homosenste of ecr—yolk from

o J
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hemsher-fed flies and homogenate of egg—yoll from

hunen-fed Tlies, Sirilarly, two slides were run with
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RESUTTS.

-

A11 results, unless othervise stated, refer to L.

lonsipalnis meintained (before snd after blood-meal/test

feed) at 25°C, 5% RH and in o photoperiod of 12 hours
(0600 — 18-00 hrs GMT) with a constant supply of 30%
(vi/v) sucrose solution.

Bven—size (04280 = 0-400 mz) groups of 4 — 6 day-

old females were selected for these experiments.

AUTOGENY .

Some females were not offered a blood-meal. TFor the
first four deys after emergence they were kept with meles
in rearing cages, end on the fifth day set up in ovi-
nosition tubes alongside 2 control group of vlood-fed

femzles. A Tfew eggs were matured sutogernously. (Table ¢ ).

THE COURSE OF BL.OOD DIGESTION AND VITELLOGENLSIS.

A cage of stock flies wes divided. Each groué via.s
offered blood, one from s humen and the other from g
hamster. Thereafter, no sucrose or water was offered. At
various times after the meals smell samples (2 - 5) of
each group, which had taken approximetely ecual mezl |
weights, were weighed and immedictely diszected. The
following details were recorded (Table 1():l)stage of
oocrte growth; 2) colour =and rosition in the gut of the
blood-meal. 3) concentration of red cells in the neal,
and 4) the colour and nreseince of feeces in the ovi-

position tubes., Control counts were made of the red cell



NUMBER OF NUMBER OF FEMALES NUMBER OF
GENERATION FEMALES TESTED SHOWING AUTOGENY EGGS MATURED
1 10 3 5, 2, 3
6 10 0. 0
9 24 1 2
18 10 0 0
TOTAL o i 12

*stdredtduoy *7 ur LAuafoyny

*6 GTUVL

8TT
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TABLE 10.

The course of blood digestion and vitellogenesisl at 2500.,

in L.longipalpis following a meal of (a) human blood

and (b) hamster blood.




TIME AFTER
MEAL (HRS.)

30.0
51.0
53.0
67.0

70.0

No. IN
SAMPLE

00CYTE
STAGE

1/2
2/3

4(a)
4(a)
4(b)/5

COLOUR
OF MEAL

Cherry Red

Red inside
Black

"
"

Trace of Red
inside Black

Brown/Black

Brown/Black

POSITION
OF MEAL

Abdominal
Midgut

Mid- and
Hind~gut

- CONCENTRATION

OF RED CELLS

x 10 (PER C. MM.)

4, 40

4,22
(5.49-3.25)

3,62
(5.71-2.53)

2,40
(3.10-1.92)

1.17
(1.51&0.82)

0059
(1:77“0-30)

0.16
(0.29~0014)

0

PRIESENCE
AND COLOUR
OF TFAECES

(Control Blood)

Clear I'luid

White/Yellow
White/Yellow
White/Yellow
White/Yellow
Brown

Brown

*(®)01 JTdVL

0cT



TIME AFTER
MEAL (IRS.)

0.1
9.0
20.5

29.0

69.0

74,0

No. IN
SAMPLE

v

00CYTE
STAGE

POSITION

COLOUR

OF MEAL OF MEAL

Cherry Red Abdominal
Midgut

" (1)

Red inside "

Black

Trace of Red "

inside Black

Brown/Black .

Brown/Black Mid- and
Hind-gut

Brown/Black "

Clean Gut -

CONCENTRATION
OF RED CELLS
x 10¢ (PER C.MM.)

| 5.10

4,83
(6,28-2.89)

3. 60
(3.90&3.31)

1.19
(1034"0011&)

0.19
(1'1i2"'00 00)

0

PRESENCE
AND COLOUR
OF FAELCES

‘(q)ot T4V

(Control Blood)

Clear Fluid

White/Yellow
White/Yellow
White/Yellow
Brown

Brown

TeT
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conczntrations in blood teken directly from the humeon
and hoamster hosts.

Thz figures for th- concentration of red cells in
the meals vp to 9 hours old are not very accurate because
there was considerable sggluvtinetion {or "clumping") of
red cells. Agglutinetion was not so marked in older -
meals.

| The grovwth of the ovaries in the posterior part of
the abdomen tended to push the decreasing remeins of the
blood-meal forward. This gave the illusion that digestion
of the blood-meal wes forwerd-moving, as cuvoted by
Dolmatova & Démina (1971). In fuoh, digestion occurreds
from the outside of the mezl inwerds in a Ffairly uniform
menner, as could be seen from the colour chaLges'in the
meal - the irnside was illiwed 30+ houvrs after ingestiﬁn.

Vitellogenesis and th e digestion of the meal were

complete by the seme time, DBoth were nrrkedly foster

when homster blood rather uhaﬂ human blood was imbibed.
This waes confirmed by further observations (Table 11).

The fate of haemoglobin in the blood-meal.
Haemoglobin was ly detected in the abdominnl

contents of Temales of T., longiwvalpis up to 47 houvurs after

they had taken a mgal of humen blood. Haptoglobin bends
(of the 2 — 1 pattern of the zuthor, who had fed the flies)
vere Taint Trom 42 hours =fter the meal, but zlong with
the heemoglobin bands could rot be detected in the meacls
of G6hours or more (Mablel?).

Haemoglobin wan detected in only 2 of 3, 47 hour



_ HAMSTER BLOOD HUMAN BLOOD :
TIME AFTER No. IN OOCYTE COLOUR OF POSITION OF No. IN OOCYTE COLOUR OF POSITION OF
MEAL (HRS.) SAMPLE STAGE  BLOOD-MEAL BLOOD-MFAL  FAECES SAMPIE STAGE  BLOOD-MEAL BLOOD-MEAL  FAECES
20 - 21 b 3 " Red inside Mid-gut White k 2/3 Red inside Mid-gut White
' black black
6 3 L " " lt 2 1] n "
6 3 n " 1 h 2/3 n n n
48 - 49 6 %(a)/5(b) Brown Mid-gut White 5 4(a) Trace of red Mid-gut White
‘ ingide black
!‘* l“(b) 1 n n l‘ l‘(a) n " n
4 Q(b) t 1) 1t 3 Zi‘(a) " " 1
70 - 74 5 5 Brown Mid-gut/ k 4(b) Brown Mid-gut White
black hind-gut Brown
4 5 " \ " 5 5/4%(b) Brown Mid-gut/  Brown
black hind-gut
Table 1l. The faster rate of blood digestion (and concurrent vitellogenesis)in L.longipalpis females
— - -
that had ingested hamster rather than human blood-meals. (All at 25°C.) Cﬁ
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The presence of "haemoglobins" in human and hamster

blood-meals of L.longipalpis at various times after the meal.

HUMAN BLOOD
TIME AFTER

FEED (HRS.)

0.5

18
24
31
42
47
66
72

HAMSTER BLOOD
TIME AFTLER

FEED (!IS.)

0.5

Ii?

PROPORTION OF MEALS CONTAINING:

HAEMOGLOBIN

u/n
L/4
8/
n/h
u/h
Lk
6/6
0/6

0/6

PROPORTION OF MBALS

HAPTOGLOBINS

4/y

L/4

n/t

4/

u/k
(4)/% FAINT
(6)/6 FAINT

0/6

0/6

CONTAINING HAEMOGLOBIN

h/h

2/3
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hemster blood-meals tested. Hrmster Plood does not contain
haptoglobins.

Wo haenoglobin wes detected in the faecss of females
that had digested humen blood (0/4) or hameter blood (0/3).
Fdllowing the sepsrztion of foeces or of old meals that
did not contain heemoglobin there was a considerable "streak"
of stein just behind the voint on the gel where the
haemoglobin band wouvld have been. This "strezsk" indicated
the presence of some of the products of heenoglobin.bresk—
dowvm; 1t was onliy very faint follovdins the sepraration of
meezls containing haemoglobin. |

Hoemoglobin in sond—fly eszs. Tn 3/3 ts haenoglobin or

haemoglobin-type comnounds viere detected in the weter-soluble

extrect from the washed eges of fensles of I 1onﬁ1palni

(L)

&}

which had been fed on human blood. In each cose, a fain

ct

band with the same mobility as heemorlobin from vhole human
blood was demonstroted; this band was not detecteble in

controls.

Decrezse in femglie weight following a blood—-mesl.

7
L

not hed token 2 human or hamster blood-nmeal

Ix
D
2]
[$¥]
l»-_.J
[0
6]
ct

were welghed at different times from 1 to 72 hours after the
meal. Their loss in weight has been exovressed as a ¢ of the

weight of the nesl,

'_bt

eferred to as "¢ loss in meal-veipnt"
(Mg 9). Similerly, the ¢ loss in nmeal~weicht was calculated
20 and 60 minutes aftex a humen blood~meal (Avpendixl ),
when the mean values were 25 5% and 38¢¢ respectively.

Pemales thot hod taken o human bilood-mesl wore Tound %o
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100, |
»— — —u HAMSTER BLOOD |
g0] e————e HUMAN BLOOD , | .

LOSS 'IN FEMALE WEIGHT /WEIGHT OF BLOOD MEAL (%)

0 L] A bd v ) v ' 1] b 1 4
8 16 24 32 40 48 56 64 72

HOURS AFTER BLOOD MEAL

Fire 9. Loss in weight of L.longipalpis females following a blood-meal,

Loss is expressed as % loss in meal-weight.
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lose weight faster in the first 20 hours than those with a
hemster blood-neal. However, the meen weight of the hanster
blood mezls (0e«344mg) wes considerably less then the huneon
(0+464mg). Therefore, the relationshin hetween % loss in
meel-~weight after 1 hovr and the weisght of hvumen blood-neal

was determined (Figlt). Tor this, there was only a 5% rise

in the’ lo in neal-weight" for a 0-15mg rise in the

weight of blood imbibed (p = 0.02; t = 2+58),

OO0sorrtion.

It wes not possible Lo count zccurately the number of
ovarioles or siuagze 1 oocytes in each ovary of a newly

emerged female of L., longipalpis beceuse of their crmell

size ond trenslucence. However, from the size of the
larger egs batches (120 -~ 130) recorded from the colony there
would eppeer to be a maximum of 65 oocytes thet coan e
metured in each overy in a gonotrophic cicle. 1lsually,
Tewer were matured, the number depending largely on the size

.

of the vlood-mezl inbibed {s2c¢c below).

N

Females thet hed taken movm weights hrman blood

Q
I~

were dinsected 14, 30, 72 end “6 hours after engorgemenﬁ in
order to investisgate the time at which the numver of oocytes
to ke metured wes determined. Thin wes found to e ohout 30
hours efter e gorgement, between stoses 2 aﬁd 5 of witello-

gensis | 31"31) For a given weisht of blood, more oocytes

inivinted vitellogenesis then eventvally completed it.
FTollowing o noal of hanster hlood The number of ooc tes
to oo wr%ar:ﬁ wos noreg-or-less sov ny 20 hovrs. Thus -
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40,

20,

10.

DECREASE FEMALE WEIGHT /WEIGHT MEAL (%)

01 0-2 03 0-4 05 0-6 07
WEIGHT OF MEAL IMBIBED (mg.) | |

8cl

Fig. 10, The % loss in Dhlood-meal weight after one hour in relation to the weight of blood imbibed.



60, OOCYTE STAGE, HRS. AFTER MEAL
| (m) STAGE 2, 14 HRS.
a STAGE 3, 30HRS.
o STAGE 4/5, 72HRS. |
50{ a STAGE 5, 96HRS. ® ® | |
. | ' : .A
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0 . . . . . , v v . —

01 - 02 : 03 - 0-4 0-5
WEIGHT OF HUMAN BLOOD IMBIBED (mg.) | |

Fig, 11, For miven weights of human blood, the number of oneytes containing volk at different times after

the bLlood-meal,

A



Weight of hamster

No. of oocytes

130

Qocyte Expected To.

blood imbibed (x)  dcveloping. stage.  of eggs
matured.
(From Pigl3).
0-372 50 ’ "
0+409 67 ’ >
0+180 55 ’ "
1s 5 68

0343



THY NUIBER OF RGGS ATURED BY A FEVATT TH RELATICON 7O

CTHE SIZE AND HATURE OF THE BPAL TMBIBED,

"atural? blood-meals from werm—blooded vertebrates.

Temales of L., longinclpis of the Belo Horizonte (B.H.)

strain were fed on threc mammal species -~ laboratory hamsters
end mice, and man. In each case the number of eggs matured
by a female.was provortionel to the weight of blood imbibed
(Fig12); the linear regression coéfficienﬁsvwere significant,
usually at the 0:1% level (Appendices 2 - 8). The

regression coefficients for eggs matured on the weight of
blocd imbibed by flies of different generations were not
significently different for any oﬁe host (Figl3) but

differed betweén hosts. This difference was significant Tor
2 out ofAB comparisions between hemster and humen blood-
neals (Tablel®., Tor the third, the average number of egs
matured on O0+3% mg hemster blood,70,was significantly

greater then that on humen blood, 45 (p = 0.001; t = 4:67).
lMouse blood was intermediate in effedt between that of hanster
and hune

- T. 1or¢1pﬁ1pls of the Ceara (c¢) strain were fed on six

arlmul species, viz: men; Proechimys sp, the spiny rat;

Didelrhis mersupialis, an opossum; Bradypus twidactylus, the

three~toed sloth; Saimiri sciureus, the sguirrel monkeys

and Cebus apella, a capuchin monkeJ. igein, the number of

U

egzgs matured by o femele L. longinalpis was proportional to

the weight of blood imbibed (Pigl4 end Appendices 9-15 ).

hand =)

The significance of the differences between the regression
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No. EGGS MATURED PER FEMALE

. G8,h-134-5
110,
100 HAMSTER BLOOD _
: G9,b=105-3
90d
80. MOUSE BLOOD
704 G9,b=81-5
60.
HUMAN BLOOD
50/
40,
304
204
10
04 02 . 03 .04 05 0-6 0-7

WEIGHT OF MEAL IMBIBED (mg.)

- gLl

"ie, 12, The number of eros matured by L.longipalpis females which had ingested measured weights of three

different bloods,




No. EGGS MATURED PER FEMALE

120.
110
100,

90. HAMSTER BLOOD
80.
70.
60,
50.
40. HUMAN BLOOD
30.
20,

10

0 y ' v -

041 02 . 03 . 04 05 06
WEIGHT OF MEAL IMBIBED (mg) '

Fia, 15. For L. lonpxpalplq, the vqxlatlon between laborﬁtoxy generations (G) for the number of egs

matured on given weights of blood.

0-7

,88,b =134-5
G7 bh-131-0
G3,b=133-6

62,b=91.2
,G3,h=72-0
\G9,b=81-5

oger



COMPARISON OF - ‘ STUDENT'S PROBABILITY DEGREES

igr OF OF
DIFFERENCE  FREEDOM
REGRESSION BLOOD STRAIN OF WITH REGRESSION  BLOOD STRAIN OF THROUGH
COEFFICIENT MFEAL L.longipalpis COEFFICIENT MEAL L.longipalpis 'CHANCE!
91.2 HUMAN  B.H. 72,0 HMAN ~ B.H. 1.21 0.30 30
(MAN) (MAN)
91,2 HUMAN B.H, 64,73 ITUMAN c. © 1,66 0.20 27
- (MAN) | | (WOMAN) .
133.6 HAMSTER B.I. 91,2 HUMAN B.H. 1.89 0.10 30
(MAN) -

133.6 HAMSTER B.H. 81.5 HUMAN B.H. . 2,25 % 0,05 32
(MAN)

133.6 HAMSTER B.H. 72,0 HUMAN B.H. 2,60 * 0,02 39
(MAN)

Table 13, Comparison of regression coefficients for number of eggs matured by L.longipalpis on weight of

different bloods imbibed, *Cémparisons which are significantly different.

PET



No. EGGS MATURED PER FEMALE

90, 1 BLOOD OF Proechimys sp.
2 BLOOD OF Didelphis marsupialis
80, 3 BLOOD OF Bradypus tridactylus
4 BLOOD OF HUMAN 2
70 5 BLOOD OF Saimiri sciureus 3
’ 6 BLOOD OF Cehus apella
60. ~4
50 -
. _ 5
40 - 6
—
304 g
—
/
20
-
10,
0 L] 1] L . L L4 L]
01 0-2 , 0-3 04 0-5 0-6 0-7
WEIGHT OF MEAL IMBIBED (mg.) '
‘ig. 1%, Regression lines for number of epmps @utured by L.longipalpis (Ceard strain) on weights of

—_—

different bloods imbibed,

49 1



cocfficicents for the number of egss natured on mezl weights
are recorded in Tableld . The averase number of egss
matured on 0<45 — 0°+65 mg of each blood wasz (vith rences):
Spiny rat, 78 (80 — 76); three-toed sloth, 65 (6 ~ 64);
opossum, 56 (76 ~ 40)3 nan 47 (52 - 31); capuvchin monkey,
38 (44 - 27); and squirrel monkey, 37 (42 - 32).

| The number of eggs metured on the bloed of man was not

significently different for the two streins (BH & G) of I.

1ongiwalnis§Fig15;.TablelB). Similerly, there vias no

T
I3

significant difference bvetween the number of egss matured

LS Ean

on the blood of men end woman (Tigl; Anpendices © &10).

ver of eggs maetured by vild-caught Psychodonysus

davisi vhen fed on knovm weights of human wlood a2rs shovm
in Figlbh, This swecies is considerahly smaller than T.

longivalois {Avvendix 18 ) and took snaller mesls, The

regression coefficients for egns matured on<@-3’mg of

human blood imbibed were not signiflicant fOf either supecies
(Apvendices 16 & 17), but the mean number of eggs matured

by Ps. davisi (38+6) wns sigmificantly higher then that for

L. lonzinalpis (28.1) (“ppendix 18).

The number of efr3 matured on two “lood-meals,

1

\J1
iy

emala L, lonsialpis enzorzed vwith different

=

emovnts of hum~n vlood wers meinteoined in dry ovirosition

tubes so that they did not lay the eggs which they matured.
This wouid heove led to their 'premature! deaths)., Six
doys after the first mesl, 5 of the 13 survivors took 2

second wlood-rezl Trom mon (Telhlelb5). At the end of o



REGRESSION
COEFFICIENT

131.6
131.6
131.6
9445
94.5
79.7
79.7

70.0

Table 14. Comparison of regression coefficients for number of egpgs matured by

COMPARISON OF

BLOOD
MEAL

SPINY
RAT

SPINY
RAT

SPINY
RAT

0POSSUM
0POSSUM
3-TQOED

SLOTH

5-TOED
SLOTH

MAN

WITH

REGRESSION
COEFFICIENT

9%.5
7947
67.0
4l.4
57.2

57.2

bloh

hl.4

BLOOD
MEAL

0POSSUM
3-TOED
SLOTH
MAN
CAPUCHIN
MONKEY

SQUIRREL
MONKEY

SQUIRREL
MONKEY

CAPUCHIN
MONKEY

CAPUCHIN
MONKEY

STUDENT'S
ltl

1.25
2,00

2,66 *

3.12 *

2,03

1.28

2,38 *

1.99

FROBABILITY
OF
DIFFERENCE
THROUGH
'CHANCE!

0. 01
0.10~
0.05
O.3

0.05

0.10~
0.05

L.longipalpis (Ceard strain)

DEGREES
OF
FREEDOM

30

20

18

12

12

36

P}

-

on weight of different bloods imbhibed,

*Significant differences,



No. EGGS MATURED PER FEMALE

1 BELO HOR. FLIES, FED ON MAN, b=81:5
2 CEARA FLIES, FED ON MAN, b-67-0

0 .
Y 3 CEARA FLIES, FED ON WOMAN, b= 64-3

40

30]

20.

10.

0 L ] L] . L) .I .
041 0-2 03 .04 0:5 0-6 07

WEIGHT OF MEAL IMBIBED (mg.)

8¢l

Fig, 15, The number of eggs matured by L.longipalpis females which bad imbibed measured weights of
————— T L3

human blood,



EGGS MATURED PER FEMALE

No.

60,

50,

40,

304

20.

10

Fiag, 106,
——— ———

The number of eco

o

01 02 03
WEIGHT OF MEAL IMBIBED (mg)

g matured by L.longipalpis and Ps.davisgi on measured weights of human blood,

6T
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Table 15.

Eggs matured after one or two meals of blood from man.

5 11 11 15 DAYS AFTER
EMERGENCE

Weight of lst. Weight of 2nd. No, of egps No. of eges

meal (mp.) meal (mg.) matured . matured

0.649 Refused .58 | -

0.701 Refused 62 -

0.306 Refused 30 -

0.565 Refused 43 -

0.716 Refused 58 -

0.235 Refused 41 ~-

0.347 Refused 41 -

0.482 v Refused 45 -

0.719 0,187 . ' 67

0.505 0.131 - 49

0.272 0.253 - 39

0.183 0.295 - 23

0,217 0,280 - 27
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further four days a1l 5 hod digested their second meal and

defasceted. They were then discected and the number of erfss
metored by each counted. The latter wos proportionel to the
veicht of the first meal, the relationship belng the seme

as that for the flies that had taken only onec meal (Figl7).

Meals telen by L. longiralnis throush membrznes.

The nwaber of eggs matured on ezch tyne of nmeal was
Hol®

between resulits were detected, The'results below refer
“to pooled dasz. Vhere even spreads of meal weights were
not achieved, conph“151ons oetwo m tre ytments vwere na de for
means end not resression coefficients.

Tor practical —easons the flies were fed in small
grouns of 2 - 4. Therefore some flies were not weighed
until as long as 15 minvtes after they had fTed. Fig. 18
shows the che i ng relaiionship between the number of eggs
metured snd the weight of human 2lood imbibed whea the
latter was ce’_culeted for flies weighed 1, 20 and 60

0y

inesr re’ression coefficient for

|
()

minutes after fezd. The

®
j5¥]
Q
et
pol
=
&}
3
x}
oy
]
-

1
6}
-

3

i smificant (Anpendix 19). The difference
hetween the regression coefficients for the 1 and 20 minute
tionshins are not sisnificent (p = 0+2; + = 1+35).,
Tarlelb ‘scits ovt the number o egss matured when 08054
geline vies inuined from three different membranes. 24 houvrs
after the neel the akdomens of meny of the flies that hod
fed throush the defatied chick memitrene were giulll noticeal:]

M
i

swollen, wherecs the abdomens of those that hed Teod throush

-

=



No. EGGS MATURED PER FEMALE

120,

10,
100.
90.
80,
70.
60
50.
40
30.
20
10,

® ESTIMATED REGRESSION LINE: No. EGGS AGAINST WT. OF ONE AND ONLY MEAL (O)

T No. EGGS EXPECTED AFTER TWO MEALS, AND
I . .

é No. EGGS MATURED AGAINST WEIGHT OF FIRST MEAL
FOR FLIES TAKING TWO MEALS

01 62 . 03 . 04
WEIGHT OF MEAL IMBIBED (mg)

05

0'6

07

Fie,17. For L.longipalpis, the number of eggs matured hy females that had imbibed one or two meals of

human bloed. (Cf., Table 15.)

kil



60,
50.
=
< L]
= 40
e
oc
o
E .30' »
= 1 1 MIN. AFTER FEED, b=67-8
<L
) 2 20 MIN. AFTER FEED, b=89-4
2]
§ ‘ 3 60 MIN. AFTER FEED, b=109-2
2 10,
OL T K L L] » 1] » i Ld hd
01 0:2 E 03 : 04 - 0-5 0-6 0-7
WEIGHT OF MEAL IMBIBED (mg.) ' ’ ‘ 5
Fig, 18, The changing relationship between the number of eggs matured and the w?ight of human blood imbibed

Y

when the latter was measured at different times after the meal.




Table lg. 144
L. longipalpis; human line; generation 23.

Eggs matured when 0.85% saline imbibed through:

DEFATTED CHICK DEFATTED AND - PARAFTIM
SKIN LEACHED CHICK ™!
SKIN

Wt. meal No. egps th. meal No. eggs Wt. meal No. eggs
0.445 16 0.481 : 4 » 0.427 0
0.533 14 0.415 1 0.406 0
0.493 14 0.401 7 0.277 0
0,422 9 ’ 0.386 .0 0.176 0
0.398 13 0.374 0o 0.157 0
0.388 9 0.329 0 0.147 0
0.317 8 0.323 0 0.126 0
0.371 1 0.309 0 0.118 .0
0,126 4 0.306 0 0,090 0
0.084 0 0.292 0

0.249 0 .

0.24% 0

0.178 0

n=10 n=13% n=9
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n ]

parafiln nad returned to their pre-feed size. On the basis

s oll chicl membhranes were leached before

The effect on ens production of hlood taken throush 2

MEMOLENEC o
Tor a given weisht of blood, there wes no significant

difference in ess

-

nroduction btetween flies fed throush a
membrane and thoée fed directly on the host (Tiz 19 )3 éll
regreésion coefficients were significant
21 ). The slight difference in regression coefficients
between membrene feeds and Unatvral" feeds was expected hut
not significant {see above).

The number of ezgs matured when human blood wag taken

~

throuvgh perafilm was not significently different from that

obtained by feeding through a leached chick membrane (Tig

20 3 Appendix 22).

The effect on egz vroduction of different blood froctions.

The assoclations between the nuunber of esgs matured on
measured welghts of ‘ different fractions of
humaﬁ blood are showm in FigaZLand Avpendices 23 &24
Similaxly for hemster blood, the associztions are detalled
in ¥ig. 22 and Appendices 25 -27 . The regression coeffic-
ient: for eggs netured on the weight of 50% solution of
"hamster plasme imbibed has been calculsted by»dividing that
for vndiluted hemster plasma (Fig.23 ). The iatter was
obtained for eggs metured by females fed through hemster

belly skin (Appendix 25 ), and althouvgh the regression



EGGS MATURED PER FEMALE

No.

120 _ '
1 HAMSTER BLOOD THROUGH CHICK MEMBRANE, b=137-2

110.
2 BLOOD IMBIBED FROM HAMSTER, b=131-0

| 100 .
3 HUMAN BLOOD THROUGH CHICK MEMBRANE, b=84-7

201 4 BLOOD IMBIBED FROM MAN, b=81-5
80,
70)
60
50,
40,
30,
20,

10.

0 4 ¥ ¥ L 4

D.i D'é . D.é ,\ 0'4 : 0'5 0.6 0_7
WEIGHT OF MEAL IMBIBED (mg.) S :

Fig, 19, For L.longipalpis, the number of eggs rxiatured on given weights of bloods when these were imbibed

in different manners,

9%T



80.

No. EGGS MATURED PER FEMALE

(1) HUMAN BLOOD THROUGH CHICK MEMBRANE, b=84-7 | 2
| /
70] (@) STANDARD ERRORS OF b FOR (1) | T A
© HUMAN BLOOD THROUGH PARAFILM ‘M |
60. 2
-
_
50.
40
30
20
/
10. -
0 1] L] L} L] : . L ] L4
01 02 03 04 05 0-6 0-7

WEIGHT OF MEAL IMBIBED (mg.)

Fig. 20, Eggs matured by L.longipalpis females which imbibed human blood through two different membranes.
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70,
(1) HUMAN BLOOD

60] (@ 45% (vA) HUMAN RED CELLS IN 0-85% SALINE
(@ 50% (v/v) HUMAN PLASMA IN 0-85% SALINE

50 (@ ApDiTion oF @) T0 )

40.
30,
20.

104

~No. EGGS MATURED PER FEMALE

0 [ 4 v ] : ¥ [ ] e
01 02 03 04 05 06 07
WEIGHT OF MEAL IMBIBED (mg.) '

Figggl. The number of eggzs matured by L.longipalpis females which had imhibed different fractions of human

blood through leached chiek skins,

8%l



No. EGGS MATURED PER FEMALE

120, '
(1) HAMSTER BLOOD

0. ,
(2) 45% (v/v) HAMSTER RED CELLS IN 0-85% SALINE
100, | » |
(3 50%/v/) HAMSTER PLASMA IN 0-85% SALINE
90, —~ CALCULATED

@) AppiTioN oF (2)T0 (3)

0 1 4 ] L ) ] : 1 | ]
01 02 . 03 . 04 05 06 07
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6ul

Fig. 22. The number of eggs matured by L.longipalpis females which had imbibed different fractions of

hamster blood through leached chick skins., |




No. EGGS MATURED PER FEMALE

60,
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40.

30.

20, @/u GENERATION 8, b=94-9
= GENERATION 22

10,
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Fig, 23. The number of eggs matured by L.longipnlpis females which had imbibed measured weights

of hamster plasma.
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coefficient is not significont (bhecauvse of the small spread

of blood-meal sizes) it is likely to be valid as it is
supported by the results of feeding undiluted hemster
plasme throu~h a leached chick membrane (Aprendix 26).

The results show that both the red cell and the plasma
fractions of 2 blood-meal can initiate egs maturation and
that the sum of the number of eggs matured on an equel
weight of both {each diluted to blood concentration) more-
or-less equals that obtzined on the same weight of whole
blood (Fig. 21.& 22).

-The effects on egg production of the different
fractions in hemster and human blood are compared in Fig.
24 o+ The regression coefficients are hishly significant
except for hamster plasma (Appendices 23 =25, 27), but are
not significantly different from each other. Towever,
comparisons {by the Student's 't' test) of the mean number

of eggs produced by the different fractions over smaller

.

ranges of meal weight show that there are hichly signific-
ant differences between :

human vlood (mean of 33+6 eggs) snd a 50% suspension
of human plasme {mean of 135 eggms) over the renge 0425 -
0.35 mg {(Avpendix 238);

human klood (mean of 33°+6 eggs) and a 45% suspension
of humsn ved cells {mean of 18+0 egzgs) over the range 0°25
0-35 mg (Anpendix 29); and 2 45% suspension of hemstex
red cells {(mecn of 56+5 erms) and a 45% susvension of human

red cells {mcen of 25-4 eggs) over the rance 0°33 - 0+52 mg

(fppendix 30).



Fig. 24, A comparison of the effects of different

fractions in hamster and human bloods on

the epgr production of L.longipalpis.

LEGEND ; —

2 2 AMOIDICIDIOIS.

Hamster Blood

45%(v/v) Hamster Red Cells in 0.85% Saline

Human Blood

hS%(v/&) Human Red Cells in 0.85% Saline

50%(v/v) Hamster Plasma in 0.85% Saline - Calculated

50%(v/v) Human Plasma in 0.85% Saline

45%(v/v) Solution of Hamster Erythrocyte Extract

45%(v/v) Solution of Human Erythrocyte Extract

* Vertical lines refer to 95% confidence limits.
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Simrilarly, there was no significant difference hetween:
a 45% suspension of humen red cells {mean of 18-0 ercs)
and a 505" gsuspernsion of humen vlasma (mezan of 13+5 engs)
over the range 0+25 — 0+35 mg (Appendices 28‘& 29 ); or
undilvted hemster plasma {(mean of 32+4 egzs) and undllvted
human plasma (meen of 33+4 eggs) over the rante 0-25 —
0+3%5 mg (Apoendix 31 ).

From tnese comparisions; it 1is clear trat the marked
difference in egg produvction follovwing the ingestion of
equal weights of hamster and huvmen blood results from

differences in the red cell fractions of these nloods.

The number of efss motured on the water soluble extract

of erythrocvies (BE). A given weizght of a 45¢% solution of

hvmen EE produced significantly more egss than a 45%
suspersion of whole red cells (Avpendix 32 ).

kD

tog production following a meal of hamster or human

EE (Avppendices 33 & 734) equalled that on the respective
whole blood (Fis. 24). A mean of 60+3 esgs ver female was
matured following menls of 018 - 027 mg of hamster L%

but a2 meon of only 28¢4 e;gs per female was matured on equal

znouvnts of hvurien EE; the difference wes highly significant

(Appendix 35 ),

Boms matvred on 104 (w/v) human hasnoslobin in normsl saline.

Only 1 out of 13 females that had imbibed this scliuvtion

matured more e77s than one wouwld expect from en ecual

weirht of salines {(Table 17).

Addition of I — isolevecine to huvmsn hlood. The ~ddition of
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Table _]._z.

Eggs matured by L. lonpigaléis at 250C on weight of 10%(w/v)

human haemoglobin in 0,85% saline imbibed through a leached

chick membrane.

Weight of meal (mg.) No. of egpgs
0.321 | |
0.317 ' 16
0.312 | 0
0.261 0
To.241 0
0.195 0
0.169 1
0.142 0
0.142 ' 0
0.122 _ I
0.114% | 0
0.095 » 0 B
0.020 9

n=13
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I, - isoleuvcine to some bloods hes been shovm to increase
the fecundity of moscuitoes feeding on them (Lea et al 195% ).

Therefore, the effect of this amino acid on L. longinpelpis

was tested. 6 femeles that had tzken O°28‘~ 0°39 mg of

0+6% (vi/v) T - isoleucine dissolved in a 75% solution of
humen blood in physiological saline matured a mean of 342
eggs (Appeid'x 36 ). Another 6 females that had taken an
Aequal amount of similarly diluted blood that did not contain
any added I, — isoleucine matured a mean of 32+8 eggs
(ivpendix 37 ). The difference in egg production between

the two groups wes highly unsisnificant (p = 0+9; t =

0+126).

z

feocs metured on solutions of bovine serum albumen (BSA).

Begs vere metured on 10% solutions of BSA and essentially

<

fatty—acid free BSA when these were imbibed through
leached chick and perysfilm membrenes; in each case the

linear regression coefficient for the number of eggs

(e liee)}

A

netured on tre weight of solutidn imbibed was highly
significant (Arnvendices 38 —~ 40 ).

There wes no sisnificant difference between regression
coefficients for the solutions that did and did not contain
fatty—acids {p = 0+6; t+ = 0+57), or for the mecls taken
throush the different membranes (p =-O-6; t = 0.57). (Tig

25 ).

-

Less nmatvured on protein solutions of different concentrations.

The number of erngs matured by flies Tthet had imbibed knovm

>

s of an vndiluted and a 50% solution of huwmen plasme

<t

welsh

are shovn irn ¥ig. 26. ‘he eggs—-natured/mcal-weisht
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Fig,
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10.

1o HUMAN PLASMA, b=669

2 o 50% HUMAN PLASMA IN
0-85% SALINE, b=37-8

01 0.2 ] 0-3
WEIGHT OF MEAL IMBIBED {mg.)
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0-5

26, The number of cggs matured by'L.longipalbis females which had imbibed known weights

of 507 and undiluted human plasma,

86T



159

regression coefficients are sisnificant for both mezls
(Appendices 23 & 41 ), but are not sirmificantly
different from each other (p = 0+2; t = 1+35). Bowever,
the mezn number of eggs matured on 0425 -~ 0+3%5 ng of
undiluted plasme was 33.4, whereass it was only 135 for
the 504 solution of plasma. The difference is significent
at the 0+1% level (Appendix 42 ).

| There is a similar difference between the number of

eggs matured on 10% and 5% (w/v) solutions of BSA

(rppendices 32, 43 & 44 ). Again, the number of eggs
matured was approximetely halved for a 50% diluvtion [Fig?27).
The number of eggs matured on a 20% (w/v) s ion
of bovine servm albumen was-not proportionzl to the weizht

of meal imbibed (Piz. 23 ; Appendix 45).

Lors metured on denotured plesma prohein. lorg vrere

8O

matured on a suspension of denatured humen plasma proteins
(Papleld). Tt was not possible to draw any conclusions
on the quentitetive effect of this suspension on egg

vroduction becsuse it was not homogeneous.

Lzes matured on solutions of eminoe acids. The number of

exze matured by flies that hed imbibed these solutions

across leached chick sking end parafilm "I" are shown in

Teoble 19. The composition of these solutions is given in

Section 2.

The Tertilisty of erss matured on artificiel meals. 0f She

erps matured on the various diets offered only those

resulting freom meals of human heemoslobin end cmino =cids
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Table 18.

Egze matured by L.longipalpis at 2500 on weight of a

suspension of denatured plasma proteins in 0.85% saline

imbibed through a leached chick membrane.

Weight of meal (mg.) S No. of eggs
0.287 18 |
0.250 13
0.380 13
0.125  DPLASMA | 14
0.229 SUSPENSION 10
0.068 PLUS 8
0.165 0. 005M 13
0.229 AT.P. 10
0.330 7
0.295 8
0,246 12
0.123 6
0.212 PLASMA ol
0.317 SUSPENSION 23

0.305 ALONE 14
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Table _120

Egzs matured by L. longipalpis at 25°%¢

on weight of amino acid solution imbibed.

SOLUTION MEMBRANE WEIGHT OF NUMBER OF
) MEAL img.! EGGS

Iea 1 Parafilm 'M! 0.130 10
0.165 0
Lea 1 Leached 0.100 0
chick skin
0.050 0
0,075 0
0.062 0
0,065 0 _
0.044 0
0,100 11
Lea‘2 Leached 0,046 11
chick skin
0.058 10

0.057 : 9
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were never lald. Tor egg batches that were laid,
observations during rouvtine larvel culture indicated that
there were no najor differences in fertility between

treatments

THE IULIBER O EGGS 1’-"'\_”TT”LLJ) I RETATTOH

TQ FACTORS OTHER THAN BLOOD-IIEAL.

The weisht of o Femele at blood-meal.

There was fouhd to be a positive essocliation between
-the weicht of o female at the time when she took & blood-
meal (4 - 6 days after emerzence) and the number of egss
that she matured on human blood. In two experiments the
positive or nesative deviation of each point frcm the esgs-

matured/meal—weisht reﬁression line vias calculated

! Appendices 46 & 47 Y. “Then the deviations were plotted
against the Ffemales' nrefeed weirhts there was a highly
sirmificent vositive association between the two (Fig. 29 De
The regression coefficients were similar in each case ‘b =

878 and b = £3+6), TIor these experiments grovps of

femzsles with the widest vossible wveight ranse were chosen.

Pactors affecting the wei-ht of adult flies., Some flies

were weished as 4th instor larvae one day before they
rupated, arain on their last dsy as pupae and once nore

on the day thev emersed as adults(Appe-dix 48 ). There
was e sipnificent, pogitive association bevween the weisht
of & iy 2s en adult a2:d its weirht at the end of the

lerval period [idig 30 ).
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For L.longipalpis, on two occasions (a and b),

the effect of the female's body-weirht at the time of the

blood-meal on the number of eggs matured. (The effect of

blood-meal size has been eliminated.)
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60 freshly hatched larvee were tasken at rendom frem

a nunber of ree-ing pots and 30 pleced in each of two
cleen pots, onre of which was placed at 25 ¢ and the other
at 28%Cc., Tiver povder was provided in excess. Adults
from these pots were weiched on the day they emerged
(Avpendix 4¢ ). The mean welsht of those reared as larveoe
at 26°C (0+324 mg) was nlflcantiy less then that of
those resred at 25°C (0343 mg).

The effect of sucrose feeding on egs pI odvculon.

Trom emergence to blood-mezl the mean ~e1”htu of
females that vere offered a 30% (w/v) sucrose solution on
cotton-wool pads fell by 12-3%, whereas the similar
figure for those offered only water was 24- 1% (Table 20).
The difference in loss of weight is significant at the
14 level.

“hen the weizht of a female fly at blood-meal (4 —
days after enersence) was plotted e-ainst her weight at

emercence there wes found to be a significant, positive

4

ssocletion bebtveen the two, whether sucrose or only
water had been offerecd (blgp 313 Tedble 20 ). A closer
inspection of +the plot for flies that had been offered
sucrose (Fig. 3la. ) showed that the points fell along
vtwo'disuiﬁcﬁ regression lines, one of which wvias very
oln“lmm to that for sucrose—deprived Tlies (b = 0+70)
Wnlle the other epprocched 45° (p = 0.95).

To» woth ~roups of flies — those offered ard thos

denvived of sucrose — there was a highly simizicent
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Table 20,

Changes ih weight of female L.longipalpis between emergence

and blood-meal,

FEMALES OFFERED 30% SUCROSE FIMALES OFFERED WATER ONLY
Weight at Weight at ﬁ»chghge Wei%ht at Weight at % chghge
emerpence b.-meal in weight emerrence b,-meal in weight
0.382 0.354 - =7.33 0. 544 0.236 31.40
0.297 0.238 -19.87 0,359 0.268 ~25.35
0,406 - 0.406 0.00 0.319 0,250 —21.63
0.332 0,313 -5,72 0.396 0.294 -25.76
0.279 0.266 -4, 66 0.382 0.290 -24,08
0,336 0.352 +h.76 0,294 0.241 -18.03
0,338 0.322 -~ 73 0,297 0.212 -28, 62
0.368 0.326 ~11.40 0.381 0.301 -21,00
0.437 0,295 -32,49 0.329 0.261 -20,67
0.372 0.270 027,42 |
0.332 . 0.309 -6.93

0.406 0,340 -16.26

0.252 0,254 +0.79

0.304 0,226 ~25.66

10,390 0.282 - -27.69

n=15 n=9

> a=5.220 Y b=4.553 =-184.61 2.d=3.105 De=2.349 D f=-216.54

a=0,348 b=0, 304 c=—12.731 d=0,345 e=0,261 f=—24,06

- 590 - = = - =4, 00
Sa_0.0)_ Sb—0.050A Sc—11°81 Sd—0.038 Sef0.030 Sf-h.kg
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Fig. 31.
Changes in the body-weipghts of L.longipalpis

between emergence and blood-meal:

a) for females offered 30%(w/v) sucrose solution, where
(1) is the regression line for all points (t=3.5; p=0.01)
(2) is the regression line calculated for (b), and

(3) is the regression line for O points only (t=10.6; p=0.001)

b) for females offered only water, where

(2) is the regression line for all points (t=5.0; p=0.002)
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positive relationship between the number of eggs motured
and the weight of human blood imbibed (Appendix 50 ). The
difference between the regression coefficients for cach
sroup was highly uvnsignificant (p = 093 + = 0+17), but
for a given weight of blood sigﬂificantly fewer eggs were
netured by the flies that had been deprived of sucrose
(ig 32 ).

o

The effect of female age on egg production.

-

Groups of L., longipalpis from the same rearing cage,

where 30% (w/v) sucrose was freely provided, were fed on

a hvmen volunteer 2/3, 5/6, 11/12 and 15/16 deys after
emergence. The weight of each Temale at the time of the
blood-meal, the weight of blood she imbibed and thé

number of eggs she matured, were recorded (Appendix 51 ~54).
The mean weight of the flies fell as they got older (0+396,
0+387, 0340 end 0+329 mg respectively). The numbef of
egns matured was proportional to the weight ofhbiood
imbibed, but for 2 given weight of blcod younger flies
tended to mature more eggs then older flies (Fig 33 ).

This difference was only signifiéant for the smaller
blood~meals, Only 45% of the 15/16 day-old flies survived
sufficiently long after the meal to mature any eggs:
therefore, there was insufficient déta to compare
quantitatively their performence with that of the other

STOUDS o

The effect of temperature on egg production,

B

Stock flies, reared at 25°¢ from eggs, took measured
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The number of egps matured by L.longipalpis

females of different ages which had taken known weights

of human blood.
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weishts of humen blood nnd were meinteined in three groups
4+ ~20 A0 o \ - . .
at 287, 257 or 225 C. All were placed over dilute
sulphuric acid in secled desiccators so that the embient
relative humidity was 95% (Solomon 1951). Over the
ranze tested, temperature had no effect on the eggs
matured/meal-weisht relaptionship (Fig 34 ).
In another experiment, flies vhich had fed on the arm
of » volunteer were piaced without rezard to the size of
. 4 o o 20 - e} =~ m
meal taken at 20°, 25° or 30°C (All at 95% RH). The
number of eggs matured by each female was counted on the
dey she died (Table 21). Tven after five dayssome of
- O . )
the females kept at 20" conteined large smounts of
und zested blood. The average number of egsgs matured by
thls croup was appreciably less then the averages m-otured
— ot 0 . o}
v those kevt at 25°C end 3507°C

Temperature had a marked effect on the rate of hlood

digestion, as measured by noting (daily at 10+00 hrs)

the first appearance of the dark feeces resulting from

'’

red cell digestion (Table 22). The rate of digestion of

]
L’

0

humen blood at 30°C was approximately double that at 20°

Qg = 2 (Tig. 35 ).

The efTect of humidity on ezg production.

) . .
At 25°C there was no appreciable difference between
the number of eggs matured on a given weight of humen

blood by Temeles of L. longipalpis kept at 95% RH or 604

RE (Fig. 36 ).
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Table 21,

The number of egss matured by females of L.longipalpis

at three different temperatures (95% RIl.)

30°¢. (x) 25°¢. (v) 20°¢. (z)
U.D. * ~ U.D. % U.D. *
34 | - 55 U.D., *
27 ' 43 )

%2 %0 | 7+U.D. ¥y
40 . L% 50

L2 | 48 | , 17

40 . %6 46

14 | 35 3+U.D. ¥
25 ' .32 8+U.D.
39 35 65 |
39 45 48

39 49 42

55 48 50

73 o 10 ol

43 49

50 _ 56

x=37.6 ¥=39.6 z=28.7
§=16.4 §=15.2 §=22.6

% Dead within 3 days of the meal.

v Still alive 5 days after the meal,



TEMPERATURE

30°%¢C.

28%¢.

Table 22,

The effect of

No. IN
SAMPLE

18
11
19
14

15

MEAN TIME, t, TO
EGESTION (HRS.)

69.6
67.7
76,4
Thob
81.6
96,4
112.3

1544

RANGE
RS,

72 - 48
72 - 65
91 - 71
96 -~ 72
120 ~ 72
105 - 71
138 - 91
168 -~ 96

MEAN RATE OF
DIGESTION (1/t)

0.014%
0,0148
0.0131
0.0134
0.0123
0.0104
0.0089

0.0074

temperature on the speed and rate of digestion of human blood by L.longipalpis

}—I

O
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No. EGGS MATURED PER FEMALE (AT 25°C)

AT ©95% RH. AND @ 60%0RH.
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On those females not dizesting a blood—=cal.

Under optimal conditions (25°C; 95% RH) 2 - 10%

of female T, lonciyalpis failed to digzest a blood-meal;

o]

211 died within 3 days of teking the meal. In this respect,
there was no narked difference between human e.d hemster
blood~meals = both within and between the lines of Tlies
normally reared on one or the other hosts -~ or for other
blood types. Teble 23 shows the percentages of females

of T. longipalpis of different ages {and uvnder different

physical conditions) that failed to digest fully a blood-

meal o

On vnmated femeles and the nunber of eggs they matured,

Female pupee were separated from male on the basis
of their larger size and greater weight (Section 1), The

female flies +that emerged were kept in separate rearing

Q

es alongside those containing "mated" femeles and males,

«
C gz

y

"lated" and unmated females of the same age and from the

same stock were fed on meessured weights of humen blood.
Jin)nc'. e w

On equal weights of blood there was no,difference in tne

number of ezgs matured by females of each group (Iig 36K ).

A1l the egg-baiches Jaid by '"mated" females were Ffertile.

Send—~fly speecies and egg productivity.

In Table 24 are rzcorded the size of the adults
(vieight) end eszs (volume) of 3 species of neotropical
send-fly, and the approximate number of egzggs matuvred by

each on 0+2 mg of humen blood. The egy statistics are

neans {(and reases) for 50 egss from 5 females of each
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% females of
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L.longipalpis not fully digesting a blood-meal

CONDITIONS

BLOOD-MEAL

AGE AT

No.
MEAL (DAYS) SAMPLE

% FAILING TO
DIGEST BLOOD

Belo
954, ,30°C.

954RH. , 25°C.

Horizonte strain -
Human

Human

95%RH.,22.SOC. Human

95%RH. ,20°C.
95%RH. ,25°C.
954RH. ,25°C.
95%RI. ,25°¢.
60%ni. ,25°C.

95¢ni. ,25°C.
~NO SUCROSE

95%R1. ,25°¢C.

Human

Human

Human

Human

Human

Human

Hamster

normal meal human hlood

L - 6

)

L —~ 6

16

49

.25

14
21
18
i9
11

18

43

6.3

7.0

9.1

22.2

9.2

, . ..
Ceara strain - normal meal human or hamster blood

95%RH. ,25°C.

05%RI. ,25°C.

95%ni. ,25°C.

9591l ,25°C.

95%RH. ,25°C.

Human

Capuchin
Monkey

Opossum

3—-toed
Sloth

Spiny Rat

L - 6
4h - 6
L - 6
h - 6
L ~ 6

10

14

12,0

8.7

11.1

0.0

0.0
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SPECIES

wild

wild

Laboratory
L.longipalpis

(from Ceari)

Laboratory
L.longipalpis

(from Ceara)

MEAN NUMBER  AGE OF EGGS

MEAN WEIGHT EGGS MATURED (DAYS POST

OF FEMALE ON 0.2 mg. OVIPOSITION)  MEAN LENGTH MEAN WIDTH MEAN VOLUME

AT FEED (mg.) HUMAN BLOOD  WLEN MEASURED OF EGGS (mm.)  OF EGGS (mm.) OF EGGS (mm®.,)

0.140 32 1 0,341 0,068 0,007
(0.348-0,331)  (0.070-0.065)

0.179 38,6 1 0.429 0.074 0.010
(0.443-0,414)  (0.086-0.071)

0.308 28,1 1 0.359 0.086 0,011
(0.371-0.342)  (0.092-0,08%4)

0.7308 28.1 I 0,389 0.1173 0.021

(00 399"00 377)

(0.116-0,108)

68T
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species; the esgs were measured the doy after they had been-

leide. 30 esgs of L. lornimalypig were measured agein 3 days

ter o show the way they increzssed in volume after the
(7]

&

had been laid,

The egg was treated as = proiate spheroid of long axis,

a, and short axis, b; its volums = 4/3 17 a b2.
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THE VANIR-SOLUDLE YOI PROPETNG 0 Ti. lonsipslpis.

Origin of yolk-protein homoenatesi—
Strain of L. lonsinalnis Host
Belo Horizonte., man, lsboratory hamster,
- 1]
Ceara. - men, laboratory hemster,

Proechimys sp., Cebus

ayella, Bradvous

sridactyius, Didelvhis

nersupislis.

el

TMig. 57 shovis the bends of water-soluble proteins
usuelly demonstreted after the electrophoretic separation
of yolk-protein homogenates in 7+5% polyacrylemide sels and
steining in coomessie biue or naphthglene bleck 10B, Bands
¢, £ and g were not alweys vnresent, and other faint vands
occasionelly appcared. However, from a number of vsired
separations (5 plus for each test homogenste) it was found
that 11 the bands figufed could be demonstrated in the
extracts from the eggs of flies that had fed on any of the
test aninals, Other pat%erns were obtaired by using
different combinations of gel concentration, current and
running time, but no consistent differences could be
demonstrated between the yolks formed after different blood-
meals. Turther, there were no differences detected between
the bend-vetterns obtained from the eggs of Ceara and Belo
Horizonte strein flies. Plate (10) shows the results of =
typical separation.

As has been pointed ovt in similar studies Vhitmore &
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L.longipalpis.
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Plate 10: Typical results for the electrophoretic
separation of the water-soluble yolk

proteins of L.longinalpis eggs.
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Gilbert 1674) vprotein bands with different mobilities do
not necessarily revresent different »roteins, =2nd those
with the same mobility {(from different preparations) are
not alveys the seme. Iloreover, as much as 10% by weight_
£ the water-soluble proteins in preverations similar to
that vsed often fail to enter the gel (Clarke 1.964); this

oL
L

was obviously the cass in the prese

]

investigation, vhere
one of thz most intense bends (a) was near the origin.
However, gel electrophoresis is a meens of identify-
ing pdssible similarities or differences in protein
composition., Usually it is followed up by more sophisticated
techniques which can identify the nature of individual
proteins., TIn the present case it was decided not to do 50,

‘because the number of send-fly eggs needed was prohibitive.

HOBST PROTETH T THW EGG YOILK OF I, longivalpis.

Wo host antigens were demonstrated (bv the micro~
immunodiffusion test) in the water—-soluble extracts from

the ezgs of . Jongivnalpis. All the controls were positive
(1w} g p P ?

showing that the antisera: were active.

THE PROTEIN CONTENT O SOME IMAMMATTAI BI.OODS,

The Instituto Evandro Chagas of Belen, Brazil, kindly
carried out for me some tests to determine the red cell and
rotein concentretions in the blood of some of the memmals
on vhich I fed sand-flies, These are gset out in Table2b .

Methods: heematocrit in Wintrobe tube.

protein by the Greenberg tes it



HOST SERUM ALBUMEN SERUM GLOBULIN TOTAL SERUM

BLOOD HAEMATOCRIT (%) (g./100ml1.) (g/100ml.) PROTEIN (g./100ml.,)

A . ,
© o

o ot

oL (]

g &

g |

" llamster 52.0 + 3.6 - 4,9 4+ 0.8 0.9 + 0.4 5.8 + 0.3
° .

wm.

[=]

g

®

g ,

g_ Cebus ap9113 47.2 i 4.7 5.2 -t 1.2 2|0 i 007 7.2 i 0.5
0
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] [

<
)

g

BN *

® Human; o
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E‘- ' (52.0"‘3600)

= Woman 40,6

&

5 * Normal Ranges
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DISCUSSTON ANND CONCLUSIONS.

Autogeny: This term is used to describe the a2bility of
insects to mature and lay eggs without provein ingestion,
and was coined’ by Roubzud (1929). It is a phenomenon
that has been particuvlerly noticed in cartain strains of
meny blood—sucking insects (Engelmann 1970), where it is
of ecologicél significance in that egss can be laid in
the absence of a host for feeding.

Some populations of P. papatasii from Russia {Dolmatova
1946) and Egypt (Schmidt 1964), and © strains of L. gomegzi
from Panema (Johﬁson 1061) have been reared autogenously
in the laboratory.

In the present work, a few egss were metured by L.

lonmipalpis fed only sucrose, but es no (fertile) esp

o

were laid, autogeny was not strictly demonstrated, Similer
results have been obteained with many strains of P. papatasii
{Dolmatova 1946), and thercfore it appears that some
populetions of sand-flies hove a latent capacity for
autogeny. Control of autogeny in some insects is not solely
genetic, e.g. larval and szdvlt diets can heve an important
effect on its menifestztion (Tiea 1964). Thus it is perhavs
significant that most of the present results refer to the

first lsboratory generation, i.e. the one closest to the

wild stock.

Blood di~estion and the gonotrophic cvele: The loss in
female waisht {at 25°C and 95¢% RH) follovins = blood-meal
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closely reflected the observed stages in blood-dizestion.

Thus for a humen blood-meal as much as 40% of +thz meal-
weight was lost in the first hour. Drops of clear fluid
were discharged from the anus during this period. These
probably consisted almost entircly of water, for they did

not gel or tan as later faeces did. L. longipalpis does

not continue feeding when fully engorged and then pass out
blood straight from th2 mid-zut a2s some mosguitoes and
lizard-feeding sand—flies do (Parrot 1922). Following the
initial diuresis, thére wes a steady decrease in-weight

so that some 60% of the meal-weight had besn lost by 30
hours, when white/yellow faeces first appeared. Vertebrate
blood is hypotonic to the haémolymph of insects and has a
higher salt concentration (Edney 1957). The rapid diuresis
that follows a blood-meal removes these imbalances and gives
the insect greater mobility.

During the first 50 hours of digestion the red cell
concentration in the meal fell steadily but no obvious
remains of their digestion couvld be detected in the hind-
gut or oviposition (OP) tubes. Secrum proteins cannot be

detected in the blood-meal of L. longinclpis 36 hours alter

f e

2 meal {A.J. Leaney pers. comm.) and therefore it seens
likely that most of ths weight loss between 10 and 24 hours
resvlts from malpighian secretiorns rather than the egesfion
of blood-meel remains,

There wos 1ittle lozg in the meal-weisht during the
middle third of digestion (30 -~ 50 hours) when the water

reguirements of the fly scemed to be neerly balenced by
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thet availabls in the blood-meal.

There was a dramatic decrease in weight between 52
and 72 hours when the ﬁndigested/unabsorbed remains of the
meal were egested; dark brovm (haem-containing) faeces
first appeared in the hind-gut and OP tuvbe at this timee.

The initial diuresis following a hemster blood-meal
wes less rapid then that folloving a human one, Differ~‘
ences in blood—meal weight between the two groups can only
account for 5% of this. The rafe of diuresis might have
an effect on egg »roduction by concentrating the meal.

Theodor (13936) carried out similar studies with P,
papatasii end found that on the first day a clear fluid
wes passed, and one-half (at 23°C) to two-thirds (at 30°C)
of th: meal-weight was lost. Unfortunately, he did not
report The origin of the blood-meals. Similar figures
have been obtained for the digestion of vertebrate bloods
by Glossina (Tester & Iloyd 1928) and Rhodnius (Hsddrell.
1964) and Aedes (Boormen 1960). _

Gemetchu {1974) reported that th: peritrophic membrane
in P. longipes only becomes a discretc envelope 24 hours
after a mesl, and then breaks dovn when the gut is
evacuated on the sixth day. At the samé tenperature

(25° + 1°C) digestion in T. longivnelpis takes only half

this timé, but it is intereéting 0 note thet the period
of little weizght loss occurs from about 24 hours to gut
evacuction, Therefore, it would appear thet protein
digestion starts before the peritrovhic membrene hes been

Tully formed in 7. Llongsipalpis.
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Adler & Theodor (1926) found that the digestion of a
blood-meal by P. panatasii was a "relatively slow process",
wvith erythrocytes remeining intact in the gut for four days
after a feed; heaemolysis did not start uvuntil the third day,
after which uwnaltered haemoglobin was passed in the faeces.
The red cell count fell steadily in the blood-meals of T.

longivalpis, gnd although some erythrocytes were still intact

in human blood-meals after 3 days it does sezm that this
species can lyse red cells more easily than P, papatasii.

No haemogiobin was detected in faeces, and in some females

of T,. longivalpis this protein was shovn o stimﬁlate egg
maturation.

The epithelium of the mid;gut of P. Qapatgsii probably
releases a powerfvl anticoagulant, and the salivary gllands
certainly do (Adler & Theodor 1926), Vhen dissedted out,

the blood-meal of L., Iongipalpis was easily broken up to

form a nearly homogeneous suspension in physiological
saline. There was some agglutination but it was not
pronouncad. From these observations it would seem that T.

longinalpis, too, has en enticoasvlaent.

Concordance. Egg maturstion and blood digestion were

concordant in T. longipslpis, with fully matured {stage 5)

eggs first enpearing vwhen the last of the blood-meal remalins
were ecested. Doimatova & Demina (1971) reported thaot
paralliel digestion of blood and maturation of egss is the

rule for P. noratasili, P. sersenti, P. cauvcasicus and P,

chinensis duvring the Russian summer., In the autumn,

however, these species (which hibernate as larvaee)
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displayed "gonotrophic dissocization" i.e. efgs were not
matured following a blood-meal. This phenomenon has bcen
studied in mosquitoes and probably results from the
inhibition of gonadotrophic hormone production by photo-
period and temverature {(Clements 1963).

Other species, 1too, do not always exhibit gonotrophic
concordance. Adler & Theodor (1935) found that P. papatasii
will often teke a number of blood-mezals between gonotrovhic
cycles, and Hertig & Johnson (1961) reported the same was
true for several Papemenian sand-fly species. This
probably reflects nutritional deficiencies in sonme
popula%ions.

Females of P, ariasi, collected in July 1974 from
southern France, were vnusual in that eggs were matured
following a blood-meal but only after a delay of 6 days.
Chaniotis (1967) ﬁoticéd a simiier pattern of develovment
in Celifornien sand-flies.

Qosorption: The degeneration of a certain number of egg

follicles in each gonotrorhic cycle se=ms to be a normal
occurrence in mosguitoes {Detinove 1$49; Hosoi 1954) and
meny other insects (Fnselmemn 1970). Degeneration can
occur when there is é shortege of nutrients and/or gone-
dotrophic hormone (Highnam & Hiil 1969), or much later if
the eggs are not laid {Roth & Stey 1962). The author's

unpublished observations show that T, longinelpis does not

resorb fully metured eggs under lasboratory conditions,
There are two phesca of ooeyte development in

mosquitoes, the "initistion" phese vhen the oocyites in. the
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newly-—-emergej female are brought to the resting state, and

the "promotion" phase when the "resting" oocytes expand by
forming yoik (Gillett 1956). The number of oocytes that
reech the resting staze is determined by lérval nutrition
and adult sugar/nectar feeding (Clements 1963)., TFrom a

study of An. meeculipennis, Detinove (1949) suggested thet

after a blood-meal only those "resting" follicles proceed
to develon which have a signifiéantly low threshold of
sensitivity to the stimuli initiating oogenesis; if later
on the material needed for "ripening" +the éggs is'not‘
sufficient for ali, thensome of the maturing follicles
degenerate.

Dolmatova & Deminea (1971) state thalt sand-flies
(presumabiy P. pa aﬁasii)and Aedes differ from anophelines
in that only those "resting" oocytes that wiil comvlete
maturation ever start if. This is not true for T.

longivelpis: It was shovm that 14 hours after a human

blood-meal more oocytes had passed ouvt of the restinz.stase

o ]

S

(1) and into stage 2 then eventuslly reached maturity. 20
hours after a hamster blood-meal the number of ococytes +o
be matured had been sct.

As In mosquitoes, the numberbof terminal oocytes
entering'the resting stese {or rather, not being resorbed
before 2 blood-mezl) denends on larvel nutfition and adult

sucer-feeding {sse later).

The "blood"-meal and en moburstion: ™n nost blood-sucking

species ox insects the number of egos matured is determined

N



larceiy by the cuantity of food imbibed, e.r. Stomoxys
9 o > 9

Heenetonota, Phodnius, Cimex ond most mosquitoes (cited
2 3

val

in Vgglevorth 1965). Roy (1.93G) found thet the number of

egps laid by Aedes segynti wes rowshly prorortional to the

size of blood-meal, Others showed that the number of egns

natured by this snecie

T
¥

6]

es proportional to the weight of
human blood ingested cver the range 0.1 - 2.9 ng (Voke

et 21.1956; Colless & Chellaspah 1960), Targer mezls were

t

he

©
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=
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o
E

taken but did not result in tion of any more esss.

o

Similarly, for Phlcehotomus chinensis (Dolmetove &

Denina 1971) and three North American species of gende—

flies (Cheniotis 1967) it was noticed that the larcer egs

IO

batches resvlted from the larger blocd-meals, although no
]

speczfic relationship was determined. In the present study,
it was eotaollshed thet the number of egss matured by T.

AL

longipalpis was pronortional to the weizht of hv meaal

imbibed. TEven for the most efficacions meal (hemster blood)
this relationship did not plateau, i.e. the flies never
took more blood than wes suffi nt to mature a full egg
atch (Ca. 130). The larsest meals (Ca. 0+7 mg) seemed to
fully stretch the abdomen. The relationship between the
nutrient redquirements of each egg, the {species—svecific)
number of ovarioles per ovary and the meximm possible

extent of gut distension may make it physically inp ible

for L. longipalpis to "over-feed"., Alternatively, the dietb

offered to the colonized L. lonsipelpis (o8 larvee and

advlte) might have been nutritionally deficient - obliging

s ih

the adult females to use so much of their blood-meal for non
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egg~specific metabolism that their guts were physically
incapable of imbibing a surfeit of nutrients in one meal.
Goeldi (1905) found that mosquitoes heve host
preferences, and suvggested that the blood of some specles
of animels mey be superior to that of others for egg

production. Iater, Roy (1931) noted that the number of

eggé 1laid by Anopheles stephensi fed human blood was only

half that of those fed the blood of rat, guinea-pig or
rabbit. For Ae zegypti Voke (1937) showed thet signific—
antly fewer egrs viere matured on humen blood then on rabbit,
guinea-pig, frog, turtle or canary blood.

Cheniotis (1967) noted thatv the send-fly L. vexztor

5

nmatured 2 meen of TL eggs when fed on a lizard but only
6% vhen fed on a snske, This difference wes not signific—

ant, end he ettributed it to blood cuentity not quality.

0 clies

In the present study, L. lonzivalpis wes Ted on 8 sps

=
L

of waxrm-~blooded vertebrates. For edch species, the number
of egss matured by e feméle was pronoritional to the zmount
of blood imbibed. ‘'hen tested, the regression coefficient
Tfor 2 particuvlar host was constant between generations of

L. longivalnis, end for different individusl hosts of either

sex. Similerly for ie. zersyphi, Voke (1937) and “oke et ol
(1956) found that egg production was constant for different
individuals and thai fasting did not affect the blood's .

efficecy. In this connection, the author has found thatv the

egg production of T, lor~imalpis wis not reduced when the

blood—maals vere vaken from 2 humen volunteer 3 hours after

s
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e had donated a2 pint of blood (unnvollsbed data).

Broadly, the resression coefiicients for the different
ol

osts fell into three grouvps: the highest were for the

odents, Proechinys and laboratory hemster; which were

wificently different from the lowest which were for the

two monkey species. Intermediate vere regression coeffic—

i

ents for mouse, opossun, three-toed sloth and man.

Tt is usvally dangerous, but slweys tempting, to

interpret such resvlts in terms of host preferences and

e

pidemiological signifiéance. Hethis (1934) found that iAe.

arcentatus (= aerypti) laid 25% more eggs on human blood

then on any other kind, ani concluded that humens were

S

N7

ought preferentislly by this svecies because their bloeod

ves more favovreble for reproduction. Yoke (1937) showed

thet to the contrery Ae., zerynti (the yellow-fever vector)

i

tt

ound human blood far less useful for egg maturotion.then
hat of most other enimals including turtle and frog!

L. longivalpnis collected from Belo Forizonte (BH) care

from a natural ceve vhere the cricetid rodent, Cercomys

cuniculerisg, end bats were commeon but human hosts vere

infrequent (R. ¥illick-Kendrick pers. comm.). The strain of
L. lonzivnalnis f?OL Ceard, hovever, was collected from under

00X

H

compared i

b
IS
=
B}
®
(3]
—

ard 1974); man and dozs are their natural hosto.

owvever, egg vroduction for both wre poor on human blood

c}
s
o
5

het of rodents. The results of feeding

hunan~line and homater-line fenelas of the R atrain on no —

complen entex:r hests do not cunoest thot the colonization

thare straing hod selected flies for honmater blood. ooy
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adaptationhas been reported for An. sbephensi (Stahler &

Seely 1971) and for Culex nipens (IieCray & Schoof 1970).

The effect on egs nroduction of the blood of monkeys,
man and rodents was surprisingly similar for Le., zegypti

(vloke 1937) and L. longinalnis. Pevest csgs were vroduced

T

(per mg) on monkey blood; humen blood wzs possibly slightly
bétter; rodent blood was significently better than eifher
of the other two. This suggests that there are intrinsic
differences betweén blood types wnich are more important
than eny differences in the efficiency of the digestive
processes of these two very different insect species.

During ny stay in Eelém, Breazil, T had hoped to comnere
the egs production of different sand-fly snpacies when fed
on preferred and other hosts. This was not achieved
beceuse of tﬁe disinclinetion of the locel species to feed

(experimentally) on any rwut their preferred hosts - see

Section 1 and erd (1974). Psvchodooyvous davisi and Ti.

y uilli did teke measured weights of blood from one of their

preferred hosts (man). Vith reserd to the weight of the

\;o Loy==
meal, Pg§. devisi produced significently more eggs then L.

lonrinalpise The relationship between the size of the

adults and egss, and the egg productivity of thiese sand-Ily
species shows that absoluite egs production depends as much
on species~scecific cheracters zg on the blood type.

The resulin of the menbrare feeds show that L.

lon/inalpis is able to nature efggs on both the red ceil and

plasme Treciicns of vertenrate blood. The egg produciion

on vlood=concentrations of these two fractions vies additive.,

[N
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That is, it wes the concentration and not the total volume
of the meal thet determined the number of eggs that were
matured. This was also shovm by Teeding different
concentrations of sera and artificially prepared bovine
serum albumen. The "buffy" layer (white cells and platelets)
was not fed to the flies, but the results suggest that it
can only be of minor iﬁportance Tor egs maturation.

The difference for egg produétion between human and
hemster bloods was shown fo result from differences in the
red cells of the two hosts. I'rom Table 75 it can be seen
that the haematocrit values for hamster blood were gener-
ally higher than those for humen blood. Red cell concen-
tfations for the membrane feeds were 45% Tor both species.
Thus the observed difference in their effects on egg
production will be effectively greater for a comparision
of whole bloods. Humen red cells have o far greater
sedimentation rate than those of hamster and other smsll
mammals (Spector 1956).  This may have reduced their -
effective concentration in the membrane—~feeds and/or the
extent of thelr digestion in the mid-gut of the fly.

The results suggest that there is both a chemical
difference between the contents of each type of cell and
the degree to which the fly can lyse them, Thus egg
production on the water-soluble contents of lysed red
cells wes significantly greater than that on red cell
suspensions. f“his difference exists for haznster cells
(as well as_hﬁman) and is too gr=al to he explained iﬁ

terms of cell sedimentation, for there was no significent
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difference between egg production on hﬁﬁrinized hzmster
blood fromn a membrane and blood from the hamoter, There-
fore, it is concluded that the difference between red cell
contents and whole cells results from the flies inability
to lyse all the cells witiiin the period of o8genesis.,

This is supported by the observation that red cells were
still rresent in the neal after the egg number had been set.
The increase in egg nroduction following a meal of

lysed red cells compared with a cell suspension was dis-
pronortionstely more for human blocd (111-1%) then for
hamster blood (62-6%) which suppqrts the observation thet
hamster red cells are lysed at a faster rate than human.
However,'even i¥ 21l the humen red cells in 2 blood-meal
were lysed, the number of eggs produced (per mg of meal)
would still be substantially less then that produced on
hamster blood. This suggests a LLruuer chemical difference

Y -
(for obgensis - inducing substances) in red cell contents.

L. longipalpis matured eggs when fed a suspension of
denatured proteins or a solution of the "essential" amiro
acids. “Therefore, protein per se. is not essential for

egg meturabtion; polypetides, peptones and amino acids, i.e.

jah

the normal produvects of insect protein digestion (Vigeles-

worth 1965) ars sufficient.

The significance of these results can test be discussed
in rolation to what is lmown for mosquitoes, beczuse no
similar results hove beor reported for other send-Tlies,

end other blood-—sucking insects cre too dissinilar. Thus

the hem»natoholo-u farilies Cimicidee znd Pediculidae havo
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gut symbionts that affect blood-digestion and nutrition.

(Koch 1956), 2nd Glossine ingests blood into the divexrt-—
iculum not the mid-gut (ILengley 1966).

A series of experiments carried out this century have
shovm that the products of protein digestion arc alone
sufficient to stimulate egs maturation in moscuitoes.
Fielding (1919) established that Ae. aegypti will lay egss
when fed on peptone-suzar solution. For Ae.elutus, the
- egg maturing fector was found to be in the stroma of the
erythrocytes znd in the cell-free serum of donkey blood,
and wzs not inactivated when the serum vas heated at 100°¢
for 1 hour (Yoeli & lier 1938). Afe. zegypti laid esgs wnen
fed either the corpuscular or serous fractions of rabbit
blood (G/oke 1°937), end when fed suspensions in saline of
erythrocytes, sera, plasme albumen, horse haemoglobin and
becto-peptone (Greenbers 1951). Tater, Dimond et al.(1S56)
and Singh & Srovm (1957) found that only amino acids were
essential to stimulate egy maturation in Ae., aegypti.-
Bellamy & Bracken (1971) showed that the number of esgss
matured by C. vipiens deperded on the concentration of

protein in the mezl and not the volumetric size of the neal.

L., longivalpic is similar in all these respzcts.

The orizin of volk vproteins: HFor mosguitoes, as for meny

other insects with polytrophic ovariole the most import-—

ant source of yolk nrotein is the fat body, which synthes—

ises and secretes Tensle—specific protein (or vitellogenings)

).
- - T . ~ )
that are then absorbed »y the oocytves in preference to other

heemolymph nroteins (Hessdorn & Judson 1972; Faredorn &

RSN
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TPallon 1973%; Rockstein 1973)., There is good but circumst-—
antial evidence that the blood-meel is the source of
nutrients for yolk-nrotein synthesis in moscguitoes: Driegel
.(1969) demonsirated that aifter a blood-mezl the level of

free amino acids in C. pipiens faticgans incresses rapidly

and reaches a maximum within 24 hours. The results of
several other studies on mesquitoes similarly indicated a
veak of metabolites about 24 hours after a olood~meal (Pis
& Shambaugh 19523 0'Gower 19563 Hudson 1971 Thayer 1972) .

For L. longipalpis, the results of the immuno-diffus—~

ion test and the fact thet amino acids slone will initiate
o&gen51s sugzest that host proteins do not usually enter
the ooCytes without undergoing some degradation. That
certein lerge molecules can enter the haeﬁolymph and then
the oScyte was shown by detecting haemoglobin (or 111
compounds) in matured eggs. This indicates that. yolk
proteins are taken up by pinocytosis. Similarly, Viggle-
worth (19473) noted that some parahzenatin (a bre?kdown
product oE hzemnoglobin) is taken up by the yolk of the egss

of Rhodnius, but not by An. maculipennis or Ae. zegypti. A

possible route for the vptake of larze molecuvles from the
gut 1nuo the haenocoel of sand-flies ha been described by
Gemetchu (1974); he demonstrated z ".... deep,,convoluted
invegination of the basal cell membrene and besement membr—
anes" wvhich formed ",... a duct-like extension of the
hzerocoel into the epitheliumn" of the mid-zut of a blood-fed
P, longives

1 Quoted in RBellewmy & Rraclen, (1971),
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Mprther evidence theat the proceszs of yolk Tormation

in . lonzinelvnis is ciniler to thet in mosquitoes cones

o the results of the senaration of yolk nrolteins exper—

imente. These indicated that the weler soluble volli-

proveins vresenlt in largest cuentities are similar when
different vertevrote bloods are the source of nutrients,
which sugpests thet only certain proteins are deposited in

the yolk. Tt follows that the essential difference hetween

vertebrate bloods for egs nroduction couwld be the guitab-

ility of the amino acid velance,
As vet there is no exvlanstion vhy the blcod of some

oy
A

. 5 . X . . . . 11
hosts is more fevourable than that of others for ocogenesis

in mosquitoeg., The dif

r\

erence 6oes not lLie bhetween
nucleate and anuoleate red cells (Uoke 1837), and the
addition of nucleic acide to en arvificial dielt of amino
aclds fed to Ae. zegypti did not raise egy produo:zon
(Dimond et 21.1958), The most likely explsnation is that
the amino acid beleance is rore suitavle in the blood of
gome hosts than in others (Clements 1963),

Both Greenberg (1951) and Tea et al. (1958) found that
bhe number of oggs laid by femgles of Ae. aegynti couvld
be increazsesd 1T¥ T~isolevcine was added to their meals
from red cells deificient wn‘b is. Por T.

d
longipalnis, however, the addition of T-isoleuvcine to

dilvuted humen blood did not increasc egy production. This

could reflect a specific difference between fe. scenvynii

and L. lonsipalpis, hut is more likely to result Trom the.




inodeguecy, or othervise, of the larval diet,
Trom the results of the yoll—onroleins investigeitlion it
L5 nost ated that the efficiency of different vertevrase
hleoodes for egr nrodvctlion could depend on the suitebility

ot

of their amino acid balence., This is unlikely to depen

solely on treir gross protein content, which is compar reble

for most bloodsl(Spector 1956). FHzemozlobin provides

snother exemple: it forms 90% by weight of the proteins

in human red cells (Spzactor 1956) but as a suspension in
seline it stimulates the maturation of few egpgs in females

of L. longinzlpis or of Ae. aegypti (Greenbers 1951).

e e o e . . obteined Lrom
The sultability of the amino acid balance Y different

eals for epggz production could depend as rmuch on the phys—
ico~chemical nature of the meal as its intrinsic conmposition
Thus it was showm that egg production became erratic when

the concenitrailion of bovine serum aloumcw solution vias

.

inc sed Ffrom 10 to 20%. Thers were also differences in

tha 20ility of T. lonzipelpis to obtain the nutrients

~contained in the fractions of aifferent bloods., The
provortion of females digesting a meal and MauUTlPF eggs

was only legs than 90% vhen the blood fraction was a
suspension (in saline) of red cells (Table 26). This couvld
heve resvlted from the inability of fhe sand~fly protease

to lvse red cells when most of the complenent had bheen
wached off. Alternstively, protein/emino acids conteined
in the red cells may not have been recornised as food. Thus

Shembavsh (10954) Ffound that after females of Ac. gerynti

g i

[

o

had fed on a suspension of sheep ervthrocy n gaeline
N . t ’
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Table gé.

% females of human~line L.longipalpis not digesting a meal

ﬁakeh through a leached chick membrane. All those not digesting

a meal also failed to mature any oocytes beyond stage 2 and
died 1 - 3 days after the feed.

% FAILING TO

MEAL No. IN SAMPLE DIGEST MEAL
Citrated human blood : 19 5.3

45% suspension of human 22 : 31.8

red cells in saline

45% extract of human 18 0.0

red cells in saline : '

10%(w/v) human haemoglobin 13 0.0

in saline

50% human plasma in saline 11 0.0

Human plasma 12 0.0
Heparinised hamster blood 13 8.0

45% suspension of hamster 18 66.7 -
red cells in saline :

45% extract of hamster 21 9.5

red cells in saline

Hamster plasma 31 ’ 6.5

10% bovine serum albumen 26 3.8

20% bovine serum albumen 12 0.0

5% bovine serum albumen 14 0,0
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!-1.

protense activity wes only o little higher thon the residun
level Ffound in wnfed nosowitoecs; nrotease sccretion was

gstimilated by the non-dislyseaile asnme Hroteins. Sinilarl

hy the serum 2nd not the red cell T suinea-pigs blood

noipalnis were able to digesd

Some Terialss of L.

s

suspensions of red cells, the proportion heing higner Tor
humen than for honmster red cells. This secnms to contradict

N

the conclusion thot the digestion of a meal of hemster red
cells vras more comnlete than that of 2 meal of humen rad
cells., This need not be so if initistion and desree of red-

cell 1ysis in a meal are indevendent.

The ipitiation of -

P A e S T

D]
3

arrival of nuirionts_in the hzemolymvh., This ig not
neecessarily so, for in meny insects there are "token"
stimuli. which do this (Rockstein 1973).

I{ is unllhplu, on the basis of what is lmown for
mosquitoes, that oOgenesis in sgnd-flies is triggered by the
sensory perception of nutrients as they are imbibed. Thus,
females of Ae. zesypti (Tarsen & Podeﬂsteln 1959); and of C.
piniens (Bellamy & Pracken 1971) mature eggs if a protein

meal is given as an enema. Differences in host stimuli may

affect odgensis in L. Llongipalpis by determinings the size

the meal ingested, but it is unlikely thet they have

any direct effect, for egs production was unchanced when a

- protein meel wis taken across an artificicl- membrane rather
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than from a living host.

¢illett (1957) end Tersen & RBodenstein (1959) prorosed
that the sustained stretching of a moscuito's sut by a
(blood—) mesl is the token stimulus for the release of
gonadotrophic hormone without which oggenesis cannot proceed.
This has been accepted a5 proven by meny authors (Clements
1963; Jones 1968; Harris & Cooke 1969), but not by Bellany
& Bracken (1971). The evidence for the gut-distension

bears on several of the

cl

theory is worth considering for i

5]

observations made for L. longipalpis.

Recently, Gillett et 2l. (1975) have restated the gut-
distension theory: The stimulus for gonadotrorhic hormone
relesse ig distension of the mid-gut béyond g threshold
value; and i1 is the adeguacy or otherwise of the blood-
meal in stimulating hormone release that determines whether
overy development will follow, not the size of the blood-
meal pner se, This is en all—dr~nothing theory; itvdoes
not provose to exolain the cuantitative nature of the~
ovarien resvonse.

nillett et 21.(1875) give no figures for the weight
of blood imbibed by the femalesof fe. cegypti they used,

but stvate that ovary development wes halted prematurely in

-

839 of "half-feeders", This is not competible with the

findings of Woke et al. (1956) who showed that the % of

females not naturing escs was 269 Tor those that took 10 —

14 mg (helf-feeds), 69¢ for those that took 0+5 = 0«9 mg
and 0% for those thot btook 0+0 = 04 mz of humen blood.

Thus it viould secm thaet the threshold for sdesuate gut-—
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distension must be rather low.
There is a critical period (up to 2 - 8 hours after
the megl) during which the jonadotrorhic hormone must be

libersted if obgensis ic

&}
ck

o he initiated (Gillett 1957);
Tarsen & Bodenstein 1959). As Ae. azesypti shows rapid
diuresis during the Lirst few hours after a blood~meal
(Robrman 1960), any process resulating obzensis sccording
to the degree of gut—distension would have to be highly
uncritical.

Thet gut—-distension is not a "token" stimulus for
o%genéis in one strain of C. piniens was shown by Rellanmy
& Bracken (1971): FErzs were not matured when the mid—gut
was evpanded by sealing the snus and feeding sugar, or
giving en eneme of agar. However, egzs were matured when
the enema contained protein, and vhen a solution of amino
acids were injected into the heemocoel. They interpreted
these results as showing ezg maturation as a direct response
to nutricnts, and speculated thet "peaking" of nulrients
in the haemolymp»h in the 24 hours following a meal set the
oguentitative ovarian response,

Bges were matured by femeles of L. longivelpis which

hed dimbibed only 0-0061mg of hemster blood. Quantities o

s

other bloods ~nd artificizl dievs of less than 001 mg

usually led to the meturation of egps. L. lonsipalpis and

3

P. papatesii (Theodor 1936), like Ae. zesypti,exhibit rapid

1. Ry using stendard weights it wes shown that the

microbalance used wos accurate to = G005 mg.
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diuresis during the first few hours after a blood-mezl.
Therefore, if it occurs in sand-flies, the gut-distension
stimilus for olgenesis is highly unecritical, and for T.

longivalpls operates 2t & very low threshold. lNoreover,

gut distension could not have had a guantitative effect

on the o8genesis of L. longiralpis because this depended on

the concentration of protein in the meal not on the meal
size.

What reason is there to suppose that a "token" stimulus
for the control of ooOgenesis is necessary in blood-—sucking
mosquitoes and sgnd-ilies? Usvally a "token" stirmlus
mediated by the neurocendocrine system is the mesns by which
a female insect ensures that oggenesis only proceeds when
there is (or will be) =2 sufficiency of nubrients for her %o

complete a gonotrophic cyvecle and/or for larval nutrition.

Exsmples are the arrest of obgenesis in Leptinotarsa fed

on ageing wnoitato lesaves, and abnormal egg production by the

sugar-bect moth, Scrobipalpa ocellastella, when it is not

stimilated by the leaves of its host plent (cited in
Rockstein 1973).

In comparision, the bhlood-sucking moscuito or send-
Tly receives s single larze meal of concentrated nutrients.
As proposed, the "token" stimulus of gut—-distension will not
provide it with any useful information as regards the
guantity or guality of the meal, except that it is adequate
in size or otherwise, DBut simply because the mezl is

immediate and nutrient-rich, control could be zchieved more
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efficiently if the neuroendocrine system resvonded direcctly
to thé nutrients once they had been absorbed into the
haemolynmrh.

All the elements of such a mechanisn h ave been showvm.
Thus, protease release in the mid-gut of Ae. aecgyvti is not
under humoral control but is a dirsct response to protein
in. the meal (Shambaugh 1954). Eggs were matured by C.

pipiens when amino acids were injected into the heemolymph
without distending the gut. (Bellamy & Bracken 1971), and
by females of Ae. aeygpti when they ingested into the
diverticulum‘amino acids from a cotton-wool pad (Dimond

et 21. 1956).

The fact that some populations of rosquitoes (Clements
1963) and sand flies (Tewis 1971) sre autogenous is another
piece of ecvidence to support the contention of Bellamy &
Bracken (1971) that the initiztion of oogenesis is s direct
response to nutrients. The occasional sutogeny recorded in

this study susgests thet the same is true for L. longipalpis.

Gillett et al.(1975) showed that for Ae. zegypti the
gut must be distended beyond a threshold if the blood-meal
is to he retained. From some of the present observaetions

on L. longinelwnis it is mxely thet gut or ahkdomen disten-—

sion plays a part in ensuring that the blood-mezl is
retzined. Thus, even thoush meny females that had imbibed
a suspension of red cells friled to recognise the neal as
"food" end died without digesting it, 2ll retained the meal
in tne mid-sut until the normel tine of digestion or death.

However, the recognition of food (and the phy31070“' cal
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changes that follow) may also be sufficient to ensure the
retention of the meal, Iost females that had imbibed a
meal of saline through parafilm did not retain the mezl

for more than 24 hours. However, when the saline was

taken throush an already leached chick skin, the very small
amoﬁnts of material that ieached into it during the exper—
iment (the saline was not noticeably opague by the end) was
sufficient to stimulate egs production; after 24 hours
these flies were still noticeably swollen. In this connect-—
ion, Gemetchu (1974) observed that even a partial blood-
meel stimulated the production of a well-formed peritrophic

membrane in P. longipes,

Criticel assessment of the membrene feedin~ technique.

1« The period betveen feeding and reweighing was 28 long
as 15 minutes for some flies. As the rate of diuresis is
not necessarily fhe same for 21l meals, there may have been
considersble differences bvetween actual and observed meal
weishts.

On one occasion when this error was tested it was not
found ©o be critical: The regression coefficients for errg

(SR

matured on meal-weight wes not sirmificontly different vhen

engorged flies were weighed 1 minute and 20 minvies after

they hed fed cn man, Ioreover, regression coeffic—
ients for membrane fends end host feeds were not signific-—
ently different for any blood tyne.

2. - Some bf the feeds were carried out over = 2 hour

{

period. There mast hzve heen some gsettling of red cells in
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the blood preparations despite freguent sheking. However,

the close similarity between natural and membrene feeds
suggests that this couvld have only resulted in minor
ineccuracies. A mazgnetic stirrer would have improved the
technigue.

For these reasons red cell susrensions were used for
much shorter periods - never more than one hour.
3. Tt has been assumed that the blood (or other mesl)
reaching the mid-gut of a fly was essentially similar to
that in the fesder. There is evidence to supprort this
assumption.

The estimates of erythrocyte concentration in normal

blood and that in the mid-gut of L. longivalpis 1 minute

atter feed were similar. Further evidence that memmal-—-
biting sand—flies do not filter red cells out of the meal
was provided by Shortt & Swaminath (1928), who concluded

thet th he fascicle canal of P. argentipes z2lloved the soanse
pa

of at least three red cells abreest. From its kmovm habits

and the structure of its mouthparts, L. longipslpis is a

typicel memmal-biting send-flys these normally have a wide
fascicle conal (Tewis 1975). Iost fat cells (Tewis 1975)
and the larger white cells (R.'7. Ashford pers.comm.) are
probebly the only constituents filtered out of 2 meal.

4., The resvlts of section 2 support the assumption thet
the nroteinaceous soluvtions tested for their effect on egy
maturetion were ingsested into the mid-gut, and were there-

fore evallable FTor digestion.

A large nroportion of the flies fed on the solution of
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amino acids "Lea 1" failed to nature eggs. This was not
surprising because the meals were very small. Iater,
however, it wes realised that a part of such solutions
(conteining 20% sucar) wes often disnatched to the divert—
iculum. For the few feeds obtsined, egfs production on V"Lea
2", which contained less than 10% of sugafs, v'as more
consistent. This suggests thet not all of the measured
meél of "Lea 1" was available for egz production.

5. The plasme for these experiments was prepared by
centrifuging heparinised henmster or citrated humen blood,
and»therefore undoubtedly contained some red cells_and their
contentsf Therefore, the contervtlor of p lesma to ess
production couvld have been overestimated.

6. terile conditions cre regquired iﬁ order to observe
actual nutritionzl reouirements in.insects. Such cornditions
were not meinteined durin: these experiments, but every
effort was maede to limis mlcroblal growth,.

The membranes were pfepared fron freshly killed or decp-
frozen chicks and used imnediately. They should have bheen
no less sterile then the slkkin of a living host. The feeding
‘gpparatus was cleaned in a surfactent to remove proteins: |
(Decon SO from PDH), vizshad seversl times in boiling water
and then methesnol 1o remove fats and zmiro acids, and heat-
dried a2t 200°C efore use. _All solvtions were prevared from
refrirerated cnd/or desiccated rure reagents, or blood
freshl:” édravm From the host (hamster) or a sterile nack
(human).

n

Singh & Tworm (1657) vere sble to rear the larvae of
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Le. aesvntl dr csewtic conditiong end thus deternined the

. . - - - - [k .
nutritionsl recuirencnts (lorval and 2dult) for oogencsis.
The cornditions necessary Lfor rearing sand-fly larvae do

not lend thenselves go cnsily to sterile btechunique.

T It has besn assumed that the ovaries respond

~

cuentitatively to chenges in adult nutrition solely by

nasuring different numbers of eggs end not egss of dlflerent

Dla
size., This was not proven, although the variation bhetween
the few agg batches measured was slight. According to

Shennon & Hadjinicalao (1941) the size of the egg does not

(&)

very vith the size of the female in Anopheles, but does very
conaiderably hetiween spocies.. Johensson {(1964) in a review
of -reproductive vrocesses and nubrition in insects stated

he zreat flexibility in fecundity end
the egg dimensions under

fertility is the constesncy o

veryinrg nutritional conditions”,

The numter of efss matured on two blood-niesls: L. lonzipalnis

could only be kept alive efter the first gonotrophic cycle
by preventing oviposition., Therefore a2ll the Temales

taking o second feed (6 days after the Ffirst) conteained

T

grs, Ho egps were matured on the sccond

<

Tully matured e
meal, althoush this was fully digested.
Similarly, Detinova (1953) found that the follicle

snterior bo & wetveined ezs in An., maculipennis degenerates

during the following gonotrophic cycle, In this example,

the retained ezgs were laid with the next bateh or resorbed,

There is evicdence that-L., lonzinzlnis does not resorb
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matured eggs (Unpublished data), but as at least a few of

G

‘_Jk.)

the retained egss are often passed into the oviducts

(Section 4) it is surnrising that there was not 2 small

o)

increase in the number of eggs natured.

Rody weisht of females of T, longipalnis and egm meturotion:

Christonhers (1960) found, from his ovm results and those
of others, no suggestion of eny close relation between the
nunue? ot eggs end the size of the female of Ae. sefypti.
Other reports are conbradictory: Barlow (1955) concluded

thaot for Ae. hexodontus femzle bhody—weight wes correlated

more closely than neal—helgl 17ith the number of eggs
matured. For llalay and Austreolian colonies of Ae. aegvnti,
Colless & Chellapah (1960) estebliched thet the number of
ezzs metured depended ecuclly on fémale body—vreisht ond
meal-weight. However, working with enother colony of the
seme gpeciecs Voke et al, (1¢56) could not find o statist—
ally SignifiC?Lf agssocigtion between hody—welshts and the
number of e;srss mobtured. Similerly, no significent relation-—

shivp wes found for C,., saline i, s (Shelton 1972).

Body=-ticisht as a nensurement of female or fat-body
size, may cxert its cffect on ess production either at the
"initiation" or "nromotion" phese of odgenesis. Thus the
number of obcytes that reach the res ting stage in the ovary
of = nosquito can depend on the size of the overy, which
depends on the physic-1l size of tho Tennle (Cholless &
Chellenzh (1S60), the nutrition of the larva cnd tho

el

nutrition of the adult (Clements 1963). The Ffot-body of
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Me. zogypti synthesises volk-protein (Hagedorn & Fallon

1972) and therefore it is possible that stored reserves

staze

3

contribute directly to the maturation of restin
obcytes; they ney do this indirectly by allowing the

mosquito to use more of a2 blcod-meal for egz natuvration
instead of for gsenerel metabholism., That a Tlood-mesl cen
be used for general metebolism end not for egs matvration
has been shovn for mosguitoes (FacDonald 1956) and sussest-
ed for P. panztasii ( \dler & Theodor 1935).

In the rresent study, it wvas shown thet for sugar-fed

females of L, longipalpis there is a small but significent,

positive corvelqtﬂon between body-~vieisht (a2t feed) and the
nvmber of egsrss matured. This reletionship is vsuwelly nmesk-
ed by that of meal-weigsht to egg production.,

~

There is svidence that Tor this sand-Ifly snecies

"J

o

female body-vielrsht is gove;1ed by lerval nutrition: Thus,
the mean welshis of femezle pupze increased aiter coloniz-
ation - alrost certainly necause the labvoraiory diet for
larvee was bebtlter balanced than the natural one {(Section 1).
Further, the mean weight of femeles at emergence (which is

provoriional to the larval weight zt the end of the feeding

o
0
)
o~
o
f
<
M
I
®
ot
N
e
o
)

veriod) wes higher when thoy were resred
0 ; . . .
rather than 227C; ait 28°C the meteholic rate was hirher znd

the Teading period chorter.

o

Yowever, as the resiting stage odcytes in each ooy
could not he counted it cen only he speculated whether

Jerval nutrition affects o production in I, lonsipelwnis

N

In netvrel ponmudations, variction in female body-vieight as
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a result of differences in larval nutrition are prohably
far greater. This variotion could help, throush its effect
on egs production, to co—ordinate the size of larvel

‘populations with food sunply.

The effect of sucrose feeding on ege production: The welsht

of g T, longipalpis female at the time of blood-nmeal was

proportionazl to her weight at emergence (4 - 6 days bvefore),
but those feeding on a sucrose solution lost 1little or no
welght in fhislperiod, vhereas the welght of those offered
only wiater fell by 24%. The most likely explenstion is thet
those deprived of sucrose lost weigzght because fodd reserves
in their fat bodies were utilized but not replenished. In
this connéction, Clements (1956) found that the fat body of
mosguitoes shrinks to almost nothing in the first few days
of adult 1life, hut later becomes massive from nsctar feeding.
Dolmatove (1946) reported a similar phenomenon in P,
gpatasii.

Al ternatively, it mi ht bve ed that as sucrose -is

s8]
3
o

r
a phagostimulant for send-flies (Chaniotis 1975) the weight
differences couvld sinply reflect the amount of fluid
imbibed by each group. FHovever, for the veight differences
involved (0+05 — 0°+10 mg) the abdomens of sugar-fed flieé
would have been noticesbly swollen; this was not so. It is
also vnlikely {hat those offered only water lost weicht
through feiling o0 revnlenish their metabolic water — Tor
fenales that hove been kept without water will drink when

damp filter pever is olfered,
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- . 1 . .
Sugar-feeding vas not essential for ocogenesis in

females of L., lonTivalpis. Unsworth & Gordon (1.946)

found the same to be true for laborsatory-rearecd P.
papatasii.

| The regression coefficients for egss matured on
weight of human blood-meal were the same for the groups
offered end denied sucrosz, However, Tewer eggs were
matured (per mg of blood) by those which had béen. denied
sucrose, i.e. there was a more-or-less constant (not prop-—
ortional) difference between groups. The cbnstancy of this
difference suggest that without a supply of carvohydrate

before the blood-meal, females of L. longinalpis resorb

some of the resting staze obcytes in their ovaries.
Presvmebly, in natuvure a Terale's need to find a source of
carbohydrate will depend on larval nutrition and how soon

after emergence she obtains a blood-meal.

The effect of Tfemale age on egs producticon: WWith incress-—

[Ti53

ing age the mean weight of groups of females of L.lonzipalois

A Sl

fell, even though sucrose had been offered from emergence.
ilso, the number of eggs metured on =~ given weight of
humen blood was less for older flies. That these differ-—
ences were only significant for fhe smallest blood-meals
sugsests that they resvlted from ogsorption in the
"promotion" phese and not the "initiation" rhase of
o8genesis, This also indicates thet the falb-hody reserves

of the females do, in nort, influence egs nroduction.

oty



222

The effect of environmental Tzctors on egs nroduction:

Temnerature affects o mulitivlicity of enzymatic reactions

in insects and, as each has its owm chum>cteristics, the
observed effect on egs prodvuction is the overall bvalance
among then ('1gglosuorfh 1965).

-

Tt is true for meny insects (fngelmann 1970), and

longipelnis is no exception, that the tenperature linits

for reproduction are much narrover than those for other
activities. Tn its cave of origin, the strain of T.,

lonzipalplis from Zelo Horizonte rarely encounters a daily

temperature outside the ranze of 3G~ {o 18°¢. In the
laboratory, females svrvive for several days when kept

2t 18°C without sucrose, but oOgenesis ié impsired at
temperatures of 20°C or less. Between 22+5° and BOOC the
relatlonship vetween the number of ezgs maotured and the
'weight 0¥ blood imbibed wes consitant, but ot 200+ 1°¢ some
of the Temales did not direst oll the vlood inmbihed and
therefore netured fewer egss.

By recording the fir st ap

pearence or the deaxk feeces
that mark the end of digestion, the rate of digestion at
the e different temperatures wan ectinmsted. These Figures

are very anrroxinate because observetions were rade only

once a day (at 10.CC hrs). However, a trend sppesred

wnicn indicates thas the rate of A43j

sestion increases pron-

. v - . o) -
ortionally with temnerature, Deiweern 207 and 30°C there

vas a QlO of avout 2+0. This is of the szac order foumd

for re. gesynti (Villiems 1956), fn. maculipennis (Shlenova
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1938) and P. papatasii (Doimatova & Demina 1971) for the

temperature renge 15° to 35°C. Tor P. pa atasii, however,
the QlO relationship did not hold below 20°¢ - digestion
at‘18° to 21+5C took twice as long as it did at 220 to
25°C., Tnterestin gly, temperate species of sand-flies are
s when the dazily temnerature rises
2bove about 20°¢ e.g. Rioux et 2l. (1969) and Ddmatova &
Demine (1971).

- The effect of temperature on egg »roduction throursh
larval nutrition has already been mentioned but it also
affects the egg production of a population by controlling
the number of gonotrophic cycles that a female is a2ble to
complete in her life,

Humidity. In maeny inuecto a %1gn1Llcant proportion of the
total water loss occurs through the respiratory surfaces
during periods of active metabolism the spiracles are open
and water loss increases (Zdney 1957). Therefore, in dry
environments one migﬂt eype ct the digestion of a blood-
meal to tale longer -~ the oxygen supply being restricted by
the insects reluctance to oren its spiracles. Obscrvetions
on several Indian species of Anorheles showed that during
the hot dr months blood digestion took 2 — 35 days longer
than it did in the more humid months (liayne 1.928).

A slovrer reve of digestion end/or ~ water imhaieﬂce
resulting from e low homidity could raduce egﬁ production.
Howeﬁer, as pointed out by Tngelmann (1970) unless the
atmogphere has o very low hunmidity most blood-guclking

N

6 their food o Tor

x,’)

ingects obhtein sufficient vicior v

|
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females of T. lon~ipalpis completing digestion of the

blood—-meal the number of eggs matured (per mg of human
blood) was not affected at 25°¢ by humidity,in the range
60% - 95% RH ., The effect of the atmosphere of 609 RH
on egg production was all-or-nothing - significantly
more females failed to digest their blood-meals at 605

RH compared with 95% RH,

The egg production of a ropulation of L. lonsipalpis:

"This depends, in vart, on the proportion of females that
digest their blood-meal, which is influenced by environ-
mental factors, the physiologicel condition of femeles and
perhaps the nature of the meal. In the present study ho
host adaptation'was observed but the % of Temales failing
to digest a blood-meel was higher for those groups that
were deprived of sugar, lkept at e low tenpersture or not.

offered a blood-meal within 6 days of emexr;ence.

Matine and ego maturation: For the females of meny heri-

metabolous insects meting is a stimulus for egy matufation,
but for most holometabolouvs species it f+eCuS oviposition
rether than odgenesis (Fngelmann 1970). After reviewing
this subgect Clements (1S63) concluded that the svidence

for the belief that some species of Anopheles will not

wes only ovie
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females of P. pangtasii (Dolmstova 1542) and of three
Horth Americen species of send-flies (Chaniotis 1967) have
been shovm to mature normal-size e;gs when uvnmated, and
there is circumstential evidence that fhe seme 1s true for

.

T. sonezi and L. sanguinerius in Penema (Johnson & Hertig

1961). Unmated females 6f L. longinalwnis, too, mature and

ley normel-size eggs after a blood-meal, There may have
been a tendency for the uvunmated females to mature more eggs

then the nated for human blood-meals of less then 0.3 ngz.
Viithout any interference from msles, ummated females may
heve been zble to take suger meals more regularly and not
wasted energy in mating sctivities. Such groﬁp inter-
.actions heve been reported for Drosorhila melanogsaster

(Peaxrl 1932).

vhen seen, wild populations of T.. lonsivalpis have
contained a good proportion of males (Killick-~Kendrick
et 21l. 1975). lMating occurs before, during or af%er a
blood-meal in the laboratory. Thus unless nrele~density
is a means of regulating ponulation size it cannot be to
the advantagze of the relatively short-lived sand~fly to
delay egg maturation until mating has occurred.

In conclusion: Tn T, longsinelpis, the digestion of the

blood-meal and the maeturation of the egos are concurrente.
The resvlts of the presént experinents support the ides
that the blood-meal is the source of nutrients for vitell-
ogenesis, and thet the maximum number of olcytes thot cen

Lo

be matured depends on fomale hody-weight, sugar-feeding and



age. DSpg maturation is nornal within o wide ronge of
temperature (22.5° — 30°¢) end humidity (604 - 1009 RH),
end does not devcnd on maTing.

The insredients in the blood-meal essentiel Ffor egs
meburation are amino acids . The number of egss matured
by é femele is provortionsl to Tthelir concentration in the
meal.

The red cell fraction of & tlood-meal is digested less
rapidly than +the plasma which means that much of it is not
nade availeble for vitellogenesis. In this respect, there

-

a1t

-b

a.xC

[p]

erences between the red cells of homster and
human blood which may explain in part the grester efficecy
of homster blood for egg preduction. However, differences

in the coaposition of the stroms of the two L“bm% of cell

account for some of this superiority.

For L. longinalpis the cuantitative effect of differ—

ent vertebrate nloods on egg production is surorisingly

similar to trat reported for the mosguito Ae. aegynti.

Supported by the findings from ertificial feeding experim-
ents, this suggests that thess blood-suckirg nemalocerans

do not have nubritional needs for egs production thal can

be met only by specific hosts.

1~

e,

]

It is uvsuelly argued that the 5lood~sucking hobit
been reteined to supplement o poor larval dict (Dovmes 1958
but its retention would seem to e a positive adventasge
even when laxvel nutrition is adeouete. BPlood-mecls enable

the female sand-Ffly to maintain its weter-bslance when the

hunidity is low (Theodor 19356 and heing a concentrated
v ? (S}
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source of nutrients cen provide Tor sdditonal egg batches
viithout ceousing the fly to spend long periods away from
the optirel eanvironment -~ a humid nook where predators

and violent fluctuations of tempnerature are rare.
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CHODOPEILION A OTHER RACTOPS Oif
ROE-TAYTIG BY T, Tonginnlois.
THYRODICTION .

The .ifficulty of inducing Temele sand-~flies to lay

most of thelr eggs and tner after to survive sufficiently

ot
@]
j
ot
C
o
[

gin a second gonotrophic cycle has lonz been
recogniged as the most seriovs hindrance o establishing
a sand~Lly colbny (review, Unsworth & Gordon 1946), one
of the reporis of attemols to wvear send-flies have stated

thet this phencmenon is unnatural., but from the elfforts

mede to improve oviposition success one might assume that

<k
5]

it was thousht so.

(<

Vorking with P. pevatasii, Vaterson (1922) developed

the method of confining engorged Tenales in damp,.earthen—

[

ware vots Lo provide both the humidity necessery For their

I

g

survivél, and a surface damp enovgh to stimvlale egr-laying
without tranping them on droplets of condensation. Tn a
similar vein, Shortt et al.(1926) carefully reoulad sed the
physical conditions in vhich they mainteined engorged P.

argentipes and thereby induced meny bto pass throush 2 or

3 gonotrovhic cycles. Adler & Theodor (1935) were similarly

successful with P. panatasii. However, later workers hove

shovm thet a fine regulation of temperatuvre and humidity

es to survive

e

are not sufficient to induce meny oitner snec

more then one gonotrovhic cyele (Chaniolis 1967 Toster
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et al. 1€70: Gemebtchu 19723 “erd 1974
o tvits 7 3

p—

.

One of the commonesst explanations for the "prematured
deagth of Tenmole sand-flies is thai egg-leying is "exheusting

Hevistead 19113 Vhittingham & Rook 19233 Chaniotis 1S67;

o .

Dolmetova & Demina 1S71). In this connection, Chaniotis

(1975) has showm thet for L. trepidol sugsr-Ted females
ley more eggs then those deprived of sugar.

Often, attempts have been made to imvrove the ovi~
position performance of sand-flies by maintaining them in
maturel® chembers contolning pebbles, soil and faeces

(Smith l925° Unsworth & CGordon 19463 Wajera 1949; Safvenova

knowledge available of habiteits where sgnd-fly larveoe
live, such conditions shovld be optinal Tfor egg—
Por example, Vhittinghan & Rook (1823) reported that P.

pepatasil Temales Usuhniv lay thelr esrs underne Th vieces
e w2

I

of eartn, stones or insect remains. Similarly, Heanson
(1961) collected Panamanizn ssnd-fly larvee from the soil
at the base of trees, and Perfiltev (1968) records that
sard-Tly larvae heve been found in Russis in the soil
feeces on the floor of rodent burrows. However, despite
all the work thet has been cerried cut only twice hes 1t

4

been reported that natural chambers inproved egg-loying

(s T3]

success, Foster gt 21.(1970) found that ensorsed P. lonsines
laid more epgs and lived longer efter oviposition when they
were lkept in cages (not viels or tubes) conteining demp vots

filled with orgenic meterials, In "netural® chawbers,
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females of P, papatesii heve survived for 4 gonotrophic

cycles (Perfiltev 1968).
In the present study, some external feoctors that

affect egs-laying by laboratory-—recred 1. loncinalpis

are described, Particular attention was pald to the effects
of photoperidd. The infiuvence of v»hotoperiod on egs-leying
does not seem to hrnve been investigated bhefore for sand-
flies, althoush its effect of entraining circadian egg-—-
laying rhythms has been well studied for Ae. aefynti

(Gillett et al. 19593 Haddow et 2l.1961) and other insects

(review, Engelmann 1970).
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METHODS.

The rearing methods and oviposition tutes have
2lready becn described in Section 1. Unless otherwise
stated, femaleo viere fed on humen blood and then maintain-
ed in cerefully controlled conditions in environmental
cabinets set at 25%° 1°C and 12 hours light (0600 - 1800
hrs GIT).

‘In some early expériments the filter papers provided
for ovibosition were dampened with wgter daily from the
dey of the blood-meal. Tater, water was only applied fron
the 4th dey after a blood-meal; in this way fewer fenasles
were lost through trepping themnselves on damp surfaces.

For the photoperiod experiments, eggs wére countved
at 06+00, 12.00, 1800 end 24.00 hours., A dark-red
lizht was used when counting egg—-leays dvring a derk reriod.
A photoperiod of’lB hours (22-00 ~ 09-00 hrs GMT) wes
chosen as that most close fo the natvral one in Belo
Horizonte at the time of year wnen the experiments were
cafried out., ILeter, 18 hour photoperiods were usczd.so that

-

the derk perlod was not interrupted even by dark-red light.

RESTLTS,

Time of ovulation.

4, 5 end 6 days oftsr a2 hunen nlood-meal 12, 8 and 3
(resvectively) Temales thet had not ovivosited were killed
end dissected to determine the location of the eggs they

had nzotured,
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“Jith one excevtion, the eggs in females dissected 4

days oifter a feed lay closely stacked in two discrecte
grouns. In contrast, many of the egzs in those females

dissccted 5 and 6 days after a feed were more loosely

)

ssociated and often floated awey singly once the abdomen
hed tvesn opened.
Tt is concluded that at 25°C neny esgs vere passead

Trom the ovaries into the oviductls during the 48 hours

after they had reached maiturity.

Pertility of retoined egss.

7 dave after a humen blood-meal 5 living females and
o
5 FTemales thet had died in the preceeding 24 hours were

- dissected 2nd the eggs they contained set up in learvel

4]

rearing pots. ALl of these Teuales had laid some eggs,
and each egg botch vas la ter found to ve Tertile., In
addition, 10 females which had not lald any egss were killed

85
7 days after a blood-meal end their- eggs similerly removed
and set up to dbserve it they hatched.

For the retsined egg-batches Ffrom living flies, 0/54,
2/33, 0/26, 0/15 and 0/40 eggs hatched. Tor the retzined
ezg-hatches from dead flies which had laid some eggs, 0/9,
0/27, 2/18, 0/42 and 0/21 eggs hetched. All of the retain-
ed eggs from females that had not oviposited failed o
hatch.

‘ost of the eggs dissected from all of these flies

had tanned (to = doxrk brovwmn) Ult”lP 2 hours of their

removal from the fly. In other experiments, too, it was
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noted thet most (oiten all) of the mature e;ss removed

1N

-

Trom fiies which haod been dead 1 -~ 10 days were tanned,
A ginilar rote of tannins has been ovserved for normally

laid ezss.

WD

Wotes on behaviour vefcore and during oviposition,

that meny died after squeezing themselves beﬁween The
dempened Tilter ?aper and the gide of the tube., In the
following 2 ~ 3 days most females remained inactive, either
ting on the filter veper or inverted on the gauze ftTon
of.fhe tube., Irom the 4th day after z blood-meal (at 25°C)
£

the grevid females became more active, and the first eggs

were laid

Tor feansles that survived at least 12 hours after
the Iirét ege nad been laild, the following behaviouvur was
observed:?ﬁaoh egg vies gently leid by the female sguatting

b

end drawing the tip of her sbdomen forward over the Jemn
suriface as the egg vas extruded; the female walted Fox
at least seversl minutes beFfore walking a short distance
and laying enother. The resvlt was that eggs were widely
scattered on any damp surface vt hin the tube.

Often, however, é female died shortly after the first
ez had been laid. Sometlimes she was found srapped on
damn surface with a pils of egecs beside her, and more being

[ 5]

ines desad fencles were

%
g
O]
]
d.

pidly extruded.

discovered with a small trail of attached esss stretching



behind them like a gtring of sausases,

.

ndices of epp=loying success.
Por meny of the experiments to determine the efiect

of wvarious factors on egg-iaying there was no significant

difference in the yproportion of Ffemales thet leid a2t lecst

Qs

some egss. Hevertheless the mean nmumber of eggs leid in

different conditions showed a wide variation. Therefore,
the index of "% of females leying" was not considered
helpful.

The use of "the number of ezgss laid" s & way of
recording the periodicity of egg-layi 5, in difierent
vhotoreriods was considered valid because the females
concerned had all talen larse meels. However, the grouns
of femeles used Tor the other experiments showed o vider
renge of meal-welghits. Thus althousgh these experiments
vere carﬁied out by rendomly splitting otherwise vniform
stock, there remeined the yossibility the'l an index of
egg—laylng suocéss bagsed on the absolute number of eggs
leid could depend on the chance seleotiOﬂﬁgneven blood-
nesl weights.

vy, o

7 th these considerstions in mind, the mean % of

mature eggs retnined by a croup of flies was used as an
index of the uvnsultebility of different c=laying condit—
lons., then tested in two different laboreisory-reacred

Iy

generations (2 and 6) it veas fovnd thet this index we
independent of the mumber of eggs nmetured (Fig. 38), which

confirmed its suitability.
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Fig. 38. The cffect of epp~batch size on the % of matured epgs

that are successfully laid,
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Pactors controlling &4

Thess resulite ref:r 4o paired (di.e, controlled)
exveriments; they are set ouvt in Table 27. The "4 of
ogs not laid" deg e mean Tor all females in o group waich
survived to digest a blood-meal; this includes those that

Tailed to lay ony egss.

i
L

The post-ovirosition longewities have not been szt out
becesuse they were a2lways low {1 -~ 5 days) end varied vwith-—
in groups as ruch as they did between treatments. 80 - 90%

of all Temales died within 24 hours of oviposition.

The effect of vhotoneriod on ege—laving,

Ll

-The effect of vhotoperiod on the veriodicity of egg-

OO
laying is set oul in Table 28, Bach exveriment hags been

given a nuvmber so that the effect of photoperiod on the
dﬁration ol egg~laying (Table 29) end +the distbribution

(in time) of egg-lays {Figs. 39 - 42) could be sel out
without repeated reference to the conditions experienced
by the preimegines and prefeed adults. Therefore, Table
29 and Tipgs 39 = 42 shouvld Te used with reference to Table
28. All these results refer only to egss laid by females

first 6 hour period of egg-isying. This has been

done deliberately, becsuse relttﬂvelv few ezgs were laid

et}

after the firgst spell, and those Tew were likely to have

been leaid involuniarily by dying femsles

hal 93

For experiment 11, meny of the egrs leid in the day
uarter 1500 ~ 24+00 must have been deposited before the

start of the derk period (at 22+00 hrs) because they



were well-tanned 2t 24-G0 hours. 231
Wiith reference to Teble 48 the relative effects of
different photoperiods oxn the veriodicity of egg-laying
cen be tested b comparing the total ¢ of eges laid in
each 6 hovr obsarvation p2riocd with the even~distribution

velue of 25%, Assuming a binowisl distribution, the

stenderd deviation (8.D.) for each rezding is given by
pq  where p = % value expected, q = (10C - p) end
n

n = total number of observations (Bailey 1968). In
the precent situation S.D. :! 25 X 75 = 4.3, Therefore,
- - > l(.) ( 3
the 95% confidence limitsc are % 8.8, i.e. any percentage
outside of the range 16+2% — 33.8% is significantly
different from the expected mesn of 25%,.
The rean % of eggs rot laid by the grouns of flies

erent vnhotoperiods varied from 0.1 to

=5

experiencing diff
449 ¢, There wiac no ohvious nattern: Thus, o nean of 44+9:
15«65 etured eges were retained by 22 flies ovipositing
in a reguler 24 hour cycle (Experinent 1llz), and a mean
of 35°6x 14°+2% of umaetured eb,o.were reteined by 28 flies

N

ovirnositing srh itlhmically (Fxperiment 12(b)).
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EXPERI
=MENT

CONDITIONS

1.

2,

25°c. , 70%R11,

4 - 6 days old
at blood-meal,
Watered from
blood-meal.

2500.,70%RH.

4 - 6 days olad
at blood-meal.
Watered from
blood-meal.

4 -~ 6 days old
at blood-meal.
Watered from
blood-meal.
Sugar all life.

TREATMENTS

30% sucrose
all life

No.sgucrose
all 1life

g Sugar all life

No sugar
all life

30%. (1004nH,
80%MUI,

Ce (IOO”RH.
95%R1,
80%RH,
60%R1,

20°¢. gIOO%Rne
80%RIL,
(60%RH,

MEAN % OF

No. OF EGGS NOT LAID
FEMAIES (RANGE 0-100
TESTED  FOR ALL)

19 47,5 %

16 83,4 *

15 38,6 *

13 76,2 *

15 39,0

14 38,5

15 48,73

13 20,9)%

16 34,5)%

14 49,0

12 53,8

11 62,9)%

9 76.8)%

I+

1+

i+

I+ 1+ 1+ 1+ [+ 1+ I+ I+

I+ [+ |+

95%
CONFIDENCE

LIMITS

19.4

17,1

POST~FEED
LONGEVITY + RANGE
(pAYS) (paYS)
9.5 (& = 15)
6.5 (& - 11)
8.5 (5 - 12)
6.0 (4 - 10)
4.5 §3 6)
7.5 3 - 11)
6.0 54 8)
5.0 L - 8)
7.0 &4 15
10.5 5 - 16
.0 8 - 15
12,5 7 - 16
11,0 9 - 15)

8¢c
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MEAN % OF

No, EGGS NOT LAID

EXPERI FEMALES (RANGE 0-100
-MENT  CONDITIONS TREATMENTS TESTED  FOR ALL)
i, 25°C. , 95%RH. é Age at blbod-meals

Sugar all life. 2 - 3 days 20 26,4

Watered from ( & - 6 days 12 27.0

4th, day after ( 11 - 12 days 15 36,2

blood=meal, ( 15 - 16 days 9 6L bt
5e 25°C. ,95%RH. é Oviposition

Sugar all life, surfaces

All females White filter 14 28,6

4 - 6 days old paper.

at blood-meal. White filter 13 33.9

Watered from paper impregnated

4th.day after ( with rabbit faeces.

blood-meal. ( Rabbit faeces. 15 37.0
6. 25°¢.,100911, Sugar  ( Hamster 18 38,4

all life. All females { blood-meal

4 - 6 days old at

blood-meal. Watered Human 13 34,0

from 4th. day after

blood-meal.

( blood-meal

I+ i+ |+ 1+

f+

|+

|+

i+

95%
CONFIDENCE
LIMITS

15.7
16,7

19.5
31.2

18.0

20,2

24,8

16.8

18.5

POST-FEED

LONGEVITY + RANGE
(DAYS) (DAYS)
5.0 (& - 11)
7.0 ¥ - 11)
4,5 L - 6)
405 4 - 5)
600 (11' - 8)
5.5 (4 - 8)
6.0 ‘ (I‘ - 9)
500 (4 - 7)
7.0 (5 - 11)

6¢e
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MEAN % OF ' _
95% POST-FEED

: No, OF LGGS NOT LAID 4
EXPERI FEMALES (RANGE 0-100 CONFIDENCE LONGEVITY + RANGE
-MENT  CONDITIONS , ~ TREATMENTS TESTED  FOR_ALL BUT ) LIMITS !DAYS! fDAYS!
7. 95°¢. , 10041, ( Mated - 11 37,1 % + 23.6 8.0 (7 = 11)
Sugar all life. fertile ,
All females 4-6 days eggs laid
old at blood-meal.
Watered from Ath., day ( Unmated 14 80,0 * + 18.8 10.5 (7 - 14)
after blood-neal, ’
8. 25°C. , 1004RH, ( Mated - 17 32,9 * + 15.7 - -
Sugar all life, s fertile
All females 4-6 days egps laid
old at blood-meal, '
Watered from 4th. day ( Unmated 17 62,7 * vy + 12.2 - -
after blood-meal. (30.3 - 100.0)
9. 25°C. , L0ORIL ( Mated - 12 34,5 + 24,7 - -
Sugar all life. ( fertile '
All females 4-G days ( eggs laid
old at blood-meal, :
Watered from 4th. day ( Unmated 8 65.7 + 24,5 - -

after blood-meal,

ove



FEXPER- CONDITIONS FOR PREIMAGINES CONDITIONS FOR PREFEED ADULTS CONDITIONS FOR POSTFEED ADULTS  TOTAL

TMENT _ EGGS
26 6 12 18  24R, 24 6 12 18 2uR, 2 6 12 18  24HR. IAID
4 OF TOTAL EGGS JAID
l IN EACH QUARTER
a } 28°¢ ] 0glc EEETEENT ] 909
847 0 59 9.3 .
10 ~L
b -3 28% ] 0g%c ey ] 611
_ 691 82 0 227
a 455
11
b (2 5 C St R iies C 11214
: 637 7-8 101 186
(
c (26,5°C prmmmmn 26.5°¢ | d - 26.5°C | ' 963

352 18-7 231 230

Table 28, The effect of photoperiod on the periodicity of egg-laying by L.longipalpis.

l:—. time of feed.,

e



EXPER- CONDITIONS FOR PREIMAGINES

IMENT

12

13

24 6 12 18 241,

(26.5% I ) 26.5°C
(

€

(26,5% ! 1 26.5°C
§26°5°c . . 26,5°
(26. 500 { 1 260 500
Table 28, continued. g

CONDITIONS FOR PREFEED ADULTS

12

d

18

241R,

CONDITIONS FOR POSTFEED ADULTS

25 6 12 18 241,

% OF TOTAL EGGS LAID
IN EACH QUARTER

26,5% I

26.5% €

_ -
149 12-6 366 361

26.5°C ¢

|

17-0 16-2 561 11-0

26.5°C T
10-3 24-2 9-4 466

TOTAL
EGGS
LAID

752

1,003

820

AL



No., OF

FEMALES

EXPERIMENT TESTED
10 a 27
b 18
11 a 18
b 36
c 52
12 a 21
b 24
13 a 32
b 28

NUMBER OF 6-HOUR PERIODS FROM FIRST TO LAST LGG-LAY

1 3 A 5 6 7 8 9
12 1 3 3 1 2 1 1
10 3 1 2 0 1 0 0
18 0 0 0 0 0 0 0
22 7 0 1 0 0 0 0
25 1 2 0 0 0 0 0
19 0 0 0 2 0 0 0
273 0 0 0 0 0 0 0
21 0 1 % 0 0 0 0
13 4 2 0 0 0 0 0
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4
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0% ) ] i .
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=
=
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=
—8 20, Blood
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—
<5 10, y
=
Ll
S
o% ol r— - :
DR 1 ) ) | L | 1
TIME : 24 1‘2 24 12 2;1 2 24
PHOTOPERIOD: = — o
DAYS AFTER 3 7 8
B-MEAL (DAY 0)

Fig. 3Y. Distribution of esr-lays for Experiment 10.

(See Table 28 for details.)
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Fige 40. Distribution of egg-lavs for Experiment 11.

(See Table 28 for details,)
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Fig.40, continued. Distribution of epo-laye for Experiment 11,
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Fig.

41, Distribution of esyg-lays for Fxperiment 12.

(See Table 28 for details.)
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Fig. 42. Distribution of egg-lays for Experiment 13.

(al1 oviposiiion filter-papers watered 96 hours after

blood-meal. (12.00,Day 0) Sec Table 28 for details,)

20.
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4
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10.

%6 OF TOTAL EGGS LAID IN EACH 6hr. PERIOD

0y
TIME:
PHOTOPERIOD:

DAYS AFTER 4
B-MEAL (DAY 0)




DISCTSSION

1

Cvulotion, the nrccess by which o matured egs is
nassed out of the ovary into the oviduct, cen he depend—
ent on an external stiwmulus, like th
in Glossinaj; in meny insccts, however, the egss
free in vepid succession as they reach maturity (Hgoles—

worth 1¢65). Ovulation in L. longipzlpis follows shortly

after the eggs care metbtured, end is lersely independent of

o

maving; the

(')

SFENS

Cw

5s ere not novmally Ffertilized vntil shortly
before they are laid.
Yost revorts of ege-leying by send-flies hove feiled

to distinguish between ovuletion and ovinosition, e.g

oo
Mittinghen & Rook (1927), Unswvorth & Gordon (1.946),
Cheniotis (1967), Foster et e1.(1S70), verd (1974). They
he difficujbv with which
lavoratory-reered send~fLiles lay their eges “GDJJWJ Trom

an environment unfavourable for ovivnogition. The efiect

on ege-leying success of ovulation znd other intermsl

3
]
Q
O

cesses could be a profitable study. For examplejsomo

=

T. longl nulﬁvs femeles laid strings of egps leid end-ho-—end:
&3 [T *

er et gl. (1970) observed the same for P. longipes.
The zccessory gland secretions mey heve been unusuvaelly
glutinous in these instaices and thereby prevented normel
oviposition.

Some external factors were shovn to heve an effect on

!_l

the egp-laying success of L, longiralris, Tn 2 out of 3

erperinents, vamated Terales rotolined o simificontiy
1 b £ o



2.9,

higher wercent-se of egss than nated

Tens

femeles of Dinterz often retnin mogt of the egrs they
reture. (review, Ingelmonn 1870), although one noteble
exception is the Tngos strein of Acdes szepynti (Gillett
1956). Infertility is 2 factor thaet has not been consider—
ed before vh the ego=laying performance of send-flies has
been erxemined. TTor the strein of L. longivalinis from Belo
Horizonte jhowever,it cen only heve been of minor importance
(see Section 1).

On several occasions 1t has been suggeéted that meny

sand—-T1y

v Tenales feil to

survive after th

e first gonotrophic

cycle tecsuvce egg-laying is an erxhausting vrocess (Vhitt-
inghem & Rook 1923; Chaniotis 1967; Dolmatova & Deminea
1971). There is sone evidence to support this view.
Cheniotis (1975) has shovm that females of L. trepidodi

leid significantly Tewer eggs when they

suger. Similarly, the percentage of eggs

ignificantly higher fox

loncsinalnis was o

deprived of 30 sucrose, Turther, there

tendency (not significan

longipalpls

than younger flies, for the younger,

to heve a higher post-feed longevity.

4
7 8

of mature eggs laid by 2 fewele i

the

nunber of eggs she matures, seems Lo con’

exneustion hypothesis, This

[=]
2

hovever, Tor it is possible that meny of

eys come from dying flies;

were deprived

b) for O_Ld( L5 ~ 16

The finding

could be a misle=

the last-minute

of
retained by
grouns oi flies

may have beenAa

ays) L.

Tfemneles to revain a higher percentage of egss,

suger—-Lfed £1i

o8

tha

o

independent ol the

tradict the
ding result,

the larger egg—

(el

xtrusion of
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esss by dylng send-Dliens Lo wemidniscent of the ranid
ovinosition of ¢

N

The optimun physicel conaitions Tor egp-lering by T,
iy A es . - -

- S A — - - - o F—" - - O b T,
lonzinelris Tenales were a temperature of 257°C and o hich

e Similer resulits hove bean recordod for P

ler & Theodor 19%35) and . longines (Gemetchu

N

1972). As discussed earlier these conditions probsbly

1

in the humid nooks vhexre engorged

6]
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r
I
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I
=
l_J
X..A'o
[
és]
™
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[¢]
.

slieved to rest ((hittinghan & Rooln 1823

5
Unaviorth & Cordon 1946)., Under experimentel conditions,
there vies 2 suggestion thet an atmosphere of 65¢° D might

have been better then one of 100¢ RH For epo-layving by T

longinalnis. Tciricelly, it hes been found that 95% is

the optimum EH for the routine, neass culture of this sunecices;
the slubh* satur~tion deflciency comvensates For =n

demnening of the oviposition filter-pepers, which commonl:y

el

occurs vhen lexse numbers of flics sre beins hendled,

mven under ovtimum physicel. conditions, suger-fed

L. lorgivalvis femeles often

g..z

feiled to ley meny of thelr

eggs, as eny femsles of P. panatbtesii (Dolmctove &

habLa A

aid m
Demina 1971), T. ve:xator (Chaniotis 1967), ». loncines

(Poster eb 2l .1870; Gemetchu 1972) and L. tranidoi {Chaniotis

1975). Tor send-flies, "premature" desth and poor ovinosit—.

ion success may not be an wmatursl occurrence; it is nob
incompatible with the fact that = speeies is & lmovn vector

of leishmenigsis bhecoues the Temeles of oevernl wveetor

5
"d

ecles heve been sghovm to suck blood more then once in a
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4 inson & Hextis

~onotronhic cycle (Adler & Theodor 1935; Jo

16613 Gemetchu 1.672). liorcov v, since Woster et al.

187C) end Tard (1974) heve shovm thet the nresence of

clends is not a certein indicet-

2

granules in the acc=ssory

ion of a msmrous condition doubt hes been throws on the
belier thst many svecies pass through more then one

gonotrophic cycle in nature.

ol
to mass

Some gend-fiy porulations have be :n induced

through 2 or more gonotrophic cycles in the laboratory:

Up to 50% of wild-ceought P. srsentines did so (Shortt et a2l.
o L )

1926); and P. penatasii Tewsles have besn renorted as not
infrequently laying 4 egg batches (Perfil'ev 1968).
reaéons for these successes are unclear,

Recognising that the female send-—fly probasbly reguires
a numnber of oviposition stiwvli, many vorkers have DIOV-—
ided mixtvures of soil and faeces, often in large breeding
chambers, to simulate natursl breeding sites (review,
Unsworith & Gordon 19463 Hajera 15493 Saiyernova 1964;
Vethier=-Bernard 1968; TFoster et al. 1970). In such condit-
ions it is glways difficult to count the nuvmber of eggs
that heve been laid. However, only Foster et 21, (1¢70)
hes claimed that these more natural oviposition environ-—
ments benefit egz—laying end post-oviposition survival. In
the present study, the provision of rebhit faeces or filter-—
papers impregn:ted vith rabhit faeces did not improve the

ego—-laying success of L. longivelpis held in glaso vials.

6]

Tierd (1974) showed that females of +the Cears sthrain of



L. longinalnis laid oignidficontly more ecgss when the white

filter-paper on which they ovivosited wes folded to
similete the crncks and crovices in vhich they naturall

ley thelr egns. Similor experiments hove been corried outb

-~y

viith the Pelp Uorizonte sitrein of L. lonsinalinis, bubt the

worth of corruvusated popers nes not been ovroven Tor this
strain (A.J, Leaney ners.comm,).

Por the fixst day after a vlood-meal, L. longinpzlni

femsles held in glass vials were active., In noture they

"

re probably sesking this pexriod
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(cf. the relocation of tagged flies described in Section 5).
The need Tor zn engorged Tfemels o snend some time aifter =

vlood-meal searching for resiing ce g "drive"
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vhoratory conditions,.

£
H

Hovever, when L, lopgivelpis feneles have beszn kept in

rearing cages For l-4 days efbter a blood-meal mony have
lied end the others have not laid any more egnrs thon normelly

o}
reared Fflies (Unpublished datsz; and A.J, Teaney 7 ers.corMe).

The effect of mhotoneriod on ego-laying by L. lonrinpalnio:

There were no significrnt differences between the
overgll percentages of meftwred eggs that were suvccessfully
12id by groups of females held in diffevent photoperiods.
Further; none of the photoperiods significantly improved
the post-oviposition longevity over that obtained using

routine rearing methods.

Although the ovivosition success of L., lonsinalnis vas

not altered by photoperiod, the neriodicity of ego-laying
s J oI L 2 A 4 [\ J

(&)

vas markedly affected. Significently rmore eges viere laid in



daqutarteps containing dark svells compered with those
of contimious light. Alsc, when one holf of » bateh of
flies wes fed 12 hoirs alter the éther half, the last
to be Ted showed a peak of egg-leaying 24 hours and not 12
hours after the first; in both cases the peak coincided
with the period of dsrlmess between 24.00 hr and 06.00 hr.
EBgg—-laying vés acyclical when feneles were kept from

emergence in constant light. In contrast, for those main-

teined aiter a blood-meal in regularly alternating periods
of 13 hours light and 11 hcurs derk, egg-lzying was cyclical,

with peeks in the derk periods. That most pesks

£

0
.
=

the cycle

sterted just before a d:

9]

that

o
0

I

rk period stronglky sugges

'

[ox

hese were not solely a direct response to darlmess; en
'endogenous, circaedien rhythm is indicated, although more
resvlts will have to be obitained to confimm this,

'The results for females kept in 1& hour photoperiods
are eguivocal, but suggest several points which shéfld
be clarified by further experiments using larger samples,
Thus, vhen females were kept all their lives in an 18 hour
photoveriod there was a tendency for egg-laying to be
cyclical. This tendency wes less noticeable vhen flies
were reared as preimogines and pre-feed adults in continuous
light. These results suggest that thé cyclical egs—-loying

rhythm can be

[08]

trengthened if it is entrained over = longer
period.
There was & norme.l distzibution of egg-lays when

females were kept in constent light all their lives. In
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comparision, females kept in comstent light except for one
6 — hour period of derk (4 days aftur the blood-meel) laid
their eggs in a more cyclical fashion. 53-3% of thelr esss
-were l2id between 1800 hr and 24.00 hr on successive days,
during the day-ourrter when the solitary darlk period hsd
been given., Unfortunately, no firm conciusions can be dravmn
frém this result because the peak of the normel distritution
of egg-laying by the femeles kept in continuous light
heppened to coincide with the day—-cvarter 18.00 -~ 2400 hr
(see Fig. 41).

Undoubtedly, the results of the photoveriod experiments
described here are less conclusive then they might have been
because meny of the eggs were laid iz voluntarily. Unitil a

method is devised for keeping L. lonsivelpis femeles =2live

beyond the Tirst gonotlrovhic cycle the full significsnce of

photorexriod for egg-leying is unlikely to he discovered.



SECTION FTVE: 256

FTIZLD VORI,

During the.period vvhen T wes working for this thesis,

I was also able to investigate the beheviour of sand-flies
in field conditions. The aspects of sand—fly behaviour
studied were those that have a particular relevence to thea
epidemiology of leishmaniasis.

In 1971 - 72 there was an outbresk of Kala-Azar (K-A),
or viscergl leiéhmaniasis, in the foothills of the Apennines
near'Bologna, in the province of Zmilia-Romagna, Italy
(Pampiglione gi¥gl,l974a). Wot only was the epidemic
unprecedented {60 cases were reported, of which 13 were
fatal) but the form of the disease was unusual (Pampiglione
&t 2l,1974b).

Foreign scientists of various disciplines were infited
by Professor Pampiglione of Bologna University to visit the
reglion to study the surviving cases and the probable vsctors,
A team from Imperisl College Iield Station investigated the
biology of the region's sand-flies in an attempt to assess
their potential as vectors. A wide range of trapping
techniques were used to gather deta on saznd-fly distribution,
prevalence and behaviour in July and Sevtember 1973 (Killick-
Kendrick et al,1975).

It was discovered that P. perniciosus, the suspected

vector of X — A in Itely (Corradetti 1962) was virtuvally

absent from the region. Only P. perfiliewi was a poterntial

vector in 1973. Tvo reports ouvt-lining the results and

recommendations arising fro:n the visits were submitted to
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the administration of Emilis~Ronmagns (Appendix 56 ).

An entirely different investigation of sand-fly
behaviour was cerried oult in Para Stete, Brazil, in 1974,
The specific aim was to identify the places in fhe Torest
where anthropophilic sand-flies rested during the day so -
that engorged females couvld be collected, These vwere to
bé precipitin-tested to identify their hosts - the poten-

tial forest reservoirs oi human leishmaniasis.
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OIf MR RASTING SITES 0F AUTHROPOPHILIC SAND-

FLIGS TH PARG STATTE, BRAZTIL.

THIRODUCTLCH .

1,

Tieishmaniasis is a major health problem for the poor

of Amazonian Prazil (lainson & Shaw 1973). Fxtensive

epidemiological inveztigations heve been made to identify

the Phlebotomid vectors and vertebrate reservoirs of the
(] m hg L ~» v " WL — !
several forms of this disease Tound in Para State (Tainson

‘& Shaw 1968; Shaw & Leinson 1968; Ward et 21 1973%; Yard

Human and exnimnal baits have been used to study the host

re f erences of the common d-flies (including known vectors

jre}

of leishmeniasis). However, a nore direct way of associat-

ing sand-flies with their hosts is to precipitin-test the

blcod-meals of engorsed sand-flies collected from their
retural resting places. In the Hew World this has been

uccessfullv gchieved in Pansma by Tesh et 21(1671; 1972).

Such ‘studies are particularly imrortant when they identify
the naturel hostspreferred by anthropophilic sand-flies

-and thereby indicete possible reservoir hostsof human

Using catching technigques similar to those employed in
Panama, Vard (1974) collected large numbers of sand-flies
Trom thelr diurnal resting sites in the forests of Pard.
Unfortunately, only a haondful of these were engorged females
of species known to bite man.

'

During 1974 I attempted to find the resting sites of
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anthropophilic sand-flies in Para not only by continuing
WVard's collections but also by following and searching
for marked flies. An ultra-violet spot—light vies used to
detect flies dusted with flvorescent powders - a technigue
thet has been used in similsr ecological studies on

mosquitoes (Zukel 1945; Pal 1847).
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STUDY AREAS,

Fig 473 shows the locations of the study arees.

Forests near Belenm.

Send-flies were collected in the Utinga Forest and
adjoining forests in the grovnds of the Instituto de
Pesquisas e Experimentagao Agropecugrias do Norte
(I.P.E.A.N.) situated 4 Km to the esst of Belém.

The area is part of the Amezonian river flood plain
and has an elevation of only 12 -~ 20m above sea level.
4/5th of the anmuel rain falls between January and June,
but the second half of the year is not a true dry season
for there are 500mm of rain.,

Tlevation and drainese largely determine the flora of
these forests. A web of rivers and streams frequently flood
large areas of low-lying terrain, which is covered with
Varzea forest. Here, many of the trees hove "stilt" roots
or large buttresses. Igapo (or moor swamp) Torest covers
the poorly drained inland areas, which are water-logzed by
rain for all but the driest nonths. lature tropiczl rain-
forest, the "Terra-firme", is found only on the better
drained river terraces. Much of this has been Telled and
has been replaced by secoﬁdary growth or capoeira(Richards
1966).

¥uch of the present work was carried out in the "terra-
firme" forests, where anthropophilic sand-flies zre moswh
rumerouvs {Verd 1$74). The mein features of this type of

forest. are the three vegetation storeys (at abouvt 15, 20-0
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Fig.43. Location of study areas in Para state, Brazil.
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and 35<0 m), a closed canopy and a very high density of
tree species. Ieny of the trees hove trunks of moderste
or small diemeter, with long, unbranched boles and
relatively small crovms. Ground cover ig sparser and
epiphytes are fewér then they are in the wetter foressts.
A leyer of lea? litter (rarely deeper then 3 - 4 cn) is
present all the year (Richards 1966).

Tn and around Belém there is 1itfle seasonal variat-
ion in tempefature (2 daily fange of 18°C 4o 27°¢),

humidity (daily range of 705 to ©8% RI) or the length of

daylizht (05+30 hr - 18+30 hr local time),

- el
Serra llorte (Serres dos Carzizs).

Further studies were nmade in the northern hills of
. -/ 0 3 - -
the Serra dos Carajas, a pert of the Brazilisn Shield.

This area is endemic Tor Leishmenie breziliensis (Ward

et 21.1973; Iainson et 21.1973). Since 1970 about 20
humen cases of this disease heve becn reported annuvally
fron the area (Dr., R. ILainson, pers.commm.). -

4t altitudes of 300 - 500 m, the iron-rich laterite
of the range surrorts a tall (30 = 45 m), montene rain-
forest similar to the "terre-~Tfirme" Forasts of th2 lowlends.
Hoviever, it is conciderably drier and less humid then the

-

el are

)

o

"Terra~Tirme" of the Be , especially between June

and Sepitember when it has 2 distinet dvy seecon. There is

<

1little seasonal Tluctuaticn in temrerature.
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HETHODS. g

F'or these studles it was necessary to find areas in
the forests where anthropophilic sand-flies were.abundant.
Human baits were used to identify foci of abundance within
sections of the forests found suitable by Vard (pers.comm).
The species composition of each focus was determined.
Female sand-flies, mounted in Berlese fluid; were identified
from the morphology of thelr spermathecae and foregutls

(Lewis 197k).

The capture of sand-flies Trom human beit.

Men worked in pairs. One man stripped dowvm to the
walst and exposed his legs from below the knees. The other
remained fully-clothed and czught (in plastic vials) all
female sand-flies that fed on his partner. Followiang Shaw
et al.(1972), I have trested the catch made by each pair
in one hour as representing "2 man—hours".

Usually, both men were seated 20 - 30 cm abo%e the
ground, and, at night, each kept his electric torch éwitched

on ror the whole catching period.

Daytime collections of resting sand-flies.

An open~bottomed cage (Chaniotis et al.1972; Vard 1974)
was used to trap sand-flies resting on leaf-litter or
herbaceous plants on the forest floor. The cage was
cbnstrucfed of fine, nylon gauze covering a wooden Lrame
(L+0m x 0+5 x 0+5m). Plants and leaf-litter covered by the
trap were sgitated with a stick, and any insects disturbed

were aspirated from the gauze of the cage where they came



to rest.

The surfazces cf shrubs and trees were geatly to to
disturb resting insects vwhich were collected vidth & vooler.
Usvelly, tree trunks were sesrched only to a height of 2.0m.
Above this level few snthroporhilic send-flies have hecn
cantvred in P=ra (Shew et el. 19723 Tard 1974).

A wide-nozzled, battery operated asnirator of the {type
described by Freitas gt al, 1966 was used o "vacuum" over

tree trunks and above Leaf-lither as it was disturbed with

a stick,.

Tnvegtisations with fluorescenl nmarkers,

Hrgorged sgnd-flies were collected at night from humen
and snimal baits, end were dusted with o fine, colouvred
povder ‘thet fluoresced in uvlitre-violet (u-~v) light. After
their release they were delbected with o powerful v-v spot-
1i§ht2 snd fellowed, or Tater sought, in attemplts to find
their resoting rloces.

Treshly engorged Temnzles were captured in 6-0 x 2.0 cnm

SN

snap cap viaels., One in four was revained for identification.

1.

The others vere spreyed with flvorescent nowder from a fine

I

Pasteur pipette introduced throuzh the gauze top of each

tube. liorled Tlies were released on t%e sround nesy the hait

within an hour of their capture. IFlies demeged during the

1. "Flare"” flvorescent nignents by Tnaustrizl Colours Ttd.,

i

London., S.77.6.

2 By P.i. Allen & Co., Tondon NI TKA; a 125 watt mercuxy

-

discharse lamm, peaking at 365nnm,
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marking vrere not used further.

The u~v spoi~light was povered by o portable petrol
generrtor, sunrplied with 30m of flex. At nisht, marked
Tlies could be detected up to 10m from the swvotlisht. By
dey, the range of detection was onliy 2m.

The flvorescent powders used were ZnS baséd, and
haa an average particle size of 5w, They were only
slightly hygroscopic and adhered well to sandi-flies. Thus
after 7 days dusted sand-Tlies kept in dry or damp tubes
in the laboratory could be detected in the field as easily
as freshly dusted individusls.

The suppliers advertized these powders as being non-
toxic to mamnals and "other animals", In the laboratory,
dusted blood~fed sand-flies (of the svecies. studied in the
field) suvrvived and produced fertile eszs as cuccessiully

28 vnduvsted controls.
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RESULTS.

I heve followed the classification of Theodor (1965)

but have a2dopted the genus Psychodopygus(lzngabeira 1941),

as advoceated by Forattini (1971), for those sand-flies

préviously placed in the subgenus of that name by Theodor.

The capture of sand—flies,from human bait.

"Terra firme" forest (Mocambo), near Belem. From Iarch to

June 1974, 476 send—flies were captured in 72 man-hours.
360 of these were identified, viz: Ps. davisi (86%),
Tutzomyia yuilli (9%), Ps.paraecnsis (3%) and other species

(2%).

“Serrs dos Carajzs (17th — 26th September 1974.) Captures

from human baits were made at four altitudes 2long a 30 Kn
stretch of track cut (by the leridionel Iining Co.,) through
the montere rain-forest clothing one of the hills of the
Serra lorte (Pig 4n),

In both weeks of this investigation catches were made
at each of the four locations for one 2 hour period in the
morring (epproximetely 10+-0C hr — 12+0Chr locel tire) and
in the evening (approximetely 20+30hr — 22+30 hr local time).

At each location a path was cut for 100m through the
secondary growth bordering each side of the road until
the more open flocr of the forest was reached. During a 2

hour catching

3

eriod a pvair of men stationed themselves for
¥+ hour spells in two spots, 20m apart, near the end of each

path.



Fig. 44, Profile of Serra Norte, to show catch-sites.
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Only once was a sand-fly captured in the daytime, when
one female Ps, wellcomei was caught at catch site B on 25th
September. On this occaesion the pair of men had spent 30
minutes clearing the site of its ground-cover before the
catch.

The results of the night-catches are recdrded in

Table 3G,

Daytime collections of resting sand-flies.

"DNorrg firme" forests, near Belém. 2 male Ps. davisi and 1

unengorged female L., flaviscutellata were collected from

leaf-litter during 8 man-hours of searching.
No sand-flies were found resting on the leaves or stems
of herbs, shrubs or saplings during 4 man-hours of segrching.

¢8 L. antunesi, 48 I.. dendrophila, 39 L. gomqgi_and

14 T.. shannoni ﬁere collected from the lerger, scaly-
barked or buttressed trees in Utinga Forest during 4 man-—
hours. Of these, however, most were males or unengorged
females., 2 female L. gomezi vere gravid, while 2 female

L. dendrophila and 6 female L. gomezi contained partly-—

digested blood-meals.

. . . . '
Serra dos Carajas. Ho sand-flies were found in leaf-litter

or on the trees.

Investigations with flvorescent markers.

"Terrs Firme" forest (Ilocambo) near Belem.

121
I35 (95¢%) of sand-flies cavght and mexked in this forest

during'the period of these experiments were Ps. davisi.



Table 30.

- Phlebotomid sand~flies captured during September 1974 on human bait in the Serra dos Carajas

CATCH-SITE: A 3 C )] TOTALS OBTAINED
DATE OF CATCH: 19/9 20/9  17/9 23/9  16/9 22/9  18/9 24/9  TOTAL  BY WARD (1973)
SAND-FLY

. SPECIES
L.sp.260.43 2 - 87 - 34 - 130 125
L.gomezi 1 - 18 - - 2 21 20
L.dendrophila - - 6 - - - 6 -
L.shannoni 1 - 2 - - - 3 5
L.brachyphalla - - - - 1 - 1 6
Ps.wellcomei 1 - 1 - 4 - 6 2,230
Ps.amazonensis - - - - 4 2 6 187
Ps.carrerai - - 1 - 6 2 9 284
Ps.davisi - - 1 - 7 1 9 314
Unidentified - - - - 1 - 1 260
TOTAL 5 0 | 116 0 57 7 192 345431

69¢
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Only this species was recaptured. Other species identvified

in the samples were Ps. pareensis (10), L. dendrophila (3)

and L. brachyphalla (1). Specimens of L. yuilli - disting-
uished from other species by their white thorax and smaller
size -~ were also taken from humen baits at this time (see
above). They were not marked in order to ensure that most
observations referred to Ps. davisi.

Following marked sand-flies. Sand-flies thet had fed on

human bzit in the evening (19+30 hr - 22+30 hr) or early
morning (03+30hr - 05+30 hr) were marked and followed on
release. All immediatelyvflew e, short distance (0+5 -
2+0m) and settled either on leaf-litter of the base of a
small sapling or shrub. This first flight was always low
(not more than 0<5m above ground-level) and accomplished
in & series of:hops.

After 5 ~ 10 minutes the blood-fed female would do one
of two things. In the evening she would fly off at a |
height of 1 - 3m. AThis flight lasted for about 10 minutes
during which she would halt for short intervals, eithé; on
the ground or on vegetation. liost females flew 6 - 10 m
from the release point, but one female was observed to travel
20m. In the morning, espeéially near dawn, the marked sand-
fly would fly at a height of 0<5m or less, and rarely
travel more than 5nm.

The site at which the femzle finzlly came to rest was
always within 1lm of the ground, and was usvally at grourd-
level on leaf-litter. Bach site was marked and the fly

observed at 15 minute intervals. (Constant surveillsnce
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viith the u~v beam was found to disturb the femsles at this
stage). Within 3 hours the majority of females had besn
lost. A few were seen to crawl under dead leaves on the
ground. 4 of these were recaptured. All were Ps. devisi.

Detailed results are given in Table 31.

Searching for marked send-flies. Sach batch of sand-flies
released in the above éxperiments had been marked with a
powder of a different colour. For the three nights
following their release, the marked flies Were'sought in en
area of 20m radius centred on the release point. EFach night's
search lested for 3 hours. Tree trunks, saplings and the
lower canopy were scamned with the u-~v spotlight. Next,
ground vegetation and leaf-litter were carefully examined.
Finally, ssplings, shrubs and leaf-litter were agitated and
cigarette smoke was blown into animel burrows to disturb
resting sand-flies. However, none of the marked flies was
found again.

On two occasions vatches of marked flies were relezsed
but not followed. Then 6, 21 a2nd 45 hours after release
they were sought uveing the u~v spotlight. Only 2 of the 162
marked sand-flies were recartured. Both were Ps, devisi.
They were found, 21 hrs aftsr release, 18 cm above the
ground on the leazves of one of the common herbs, Piper sp,

and only 3m from the release point.

Cepoeira Fforest, nesr Belem.,

In September 1974, L. floviscutellata was cavybtured with

a box trap desirned by Vard (1974). The hamster~baited trop



DATE TIME OF NO.FLIES MARKED NO. FOLLOWED TO NO, FOLLOWED- TO NO. WITH KNOWN
RELEASE AND RELEASED 1st RESTING SITE 2nd RESTING SITE LOCATION 3HR AFTER
RELEASE

26.3.74 22,00hr 10 10 IA 2 Ps.davisi :
23.4.74 22,30hr 20 20 9 0

27.L.74 22.00hr 25 25 11 0

11.5.74 0. 30hr 25 25 19 0

18.5.74 05.30hr 20 20 20 2 Ps.davisi

TOTAL NO. 100 100 63 L

Table 31. "Recapture"

of tagoed, engorged sand-flies in Mocambo Forest, near Belém.

cle
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was placed on the forest floor in the eearly evening and
the captured, blood-fed females were collected, marked
and released on the fotlowing morning. Narked flies were
sought 12 and 36 hours after their release. 3 of the 12
females marked were receptured 12 hours after their release,
M1 were found on leaf-litter within 2m of the release point,

and were later identified as L. flaviscutellata.

Montene rain~forest (altitude 700m), Serra dos Carajés.

Between 2100 hr and'23-00vhr 25th September, 1974,
100 engorged sand-flies were teken from humen bait at site
B (Fig.44 ). All were marked and then released.

An extensive search for the marked flies was made from
05-0C hr to 07°00 hr on 26th September. 20 were found
resting vnder leaf-litter near the release point. 9 of
these were recaptured and identified as L. sp 26043 (near
anduzmel ), the species biting man in the larsest numbers
in‘this locality iﬁ September 1974.

Ho marked flies were found in a search fron 2200 hr

to 2400 hr on 26th September.
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DISCUSSIOK AND COITCLUSTONS.

The capture of sand-flies from human baits.

L3 -~ 03
"orra firme" forests, near Bzlem. The species capitured

were those most commonly caught by Vard (1974), and
occurred in approximately the same proportions as they did

in his catches,

Montzne rain-forest, Serra dos Carajfs. During a visit +to

this region in December 1970/Jenuvary 1971, Ward et al. (1973)

captured 3,431 female sand-flies from human bait in 5075

man—hours.. In September 1974, however, only 162 ferale sand-

flies were similarly teken in 32-0 man-hours (Teble 30 .

This excludes the 100 flies used for the marking experimenti,
The enormouvs difference in results reflects the pavcity

of sand-Tlies of the genus Psychodopygus during the second

survey. Verd et al.(1973) found that Ps. wellcomei formed
65% of the total catch off man, and that other species of

Psychodopysus accounted for another 29%, i.e. a total of

3,266 flies. In September 1974 only 7 specimens of Ps.

wellcomei and 25 other Psychodonvgus were taken. In contrast,

similar numbers of sand-flies of the genus Jutzomyia were
taken off man in both surveys, and L. sp 26043 (near
anduzei) predominated on each occasion (Table 30).‘

From the exochorionic sculpturing of their egss vard &

Ready (1975) suggesied thaet the nreimeginesof Psvehodopveus

spp are adaptaed to wet conditions. VWard et al. (1973) expressed

the belief thet the nopuletion density of I. flaviscutellata
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(and perhaps other species of gend—Fflies) was not so much
governed by the smount oi reinfall but more by the degree
of saturation of the top-solil in which the preimeginzss are
ascuned to live, Thus it is likely thot the dry soils of
s in September 1974 did not favour the

breeding of Psychodonygus spp. The large catches in 1970/

1971, however, were made av the begininning of the et
season vhen the soils were damyp.
- s 9 IR . o
The Berra dos Cerajas has a distinct dry season from

mnid-lay to mid-Septerber. During this time it is likely

at

1t

B

that advlt Psychodonysgus are inactive or uncommon, and %

the populations survive nostly as aestivatving preimagines.

7

Hew Viorld send-—flies have been recorded enterine dornonc:
()

&

or 4th instar larvae (Tingquist

W
w -

ey
&,

(during dry sessons) os
19363 Johnson & Hertig 1961; Verd & Killick-Kendriclc 1974).

¥ 'y e

The seasgonal occurrence of Psychodopysus spp.in the

Serra dos Carajes would limit the period when.man is open
to fresh inqculation with leishmaniasis. Unfortunately,
no monthly analysis of the cases recorded from this area
has yet been made,

Perhaps ITutzomyis spp, too, aestivate or remain
guiescent during dry spells in the Serra dos Carajés - Tox

4- ]

1t is interesting thet only 5 of a total of 292 send-Ffl

|

e

0

cauzht in the present survey were taken in +the dry, first
veek (Table 30), Only ©+6 mm of vain had falien Ffrom 4+th
September to the end of that first weeks; but then 18+4 mm

fell on the night 19th/20th September (Aywendix 55 ). Perhans
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the increased moisture in the top-soil stimuvlzsted adult
flies to emerge from aestivating pupae. Alternatively,‘

the rain itself may have activated guiescent adults.

On the resting sites of anthroporhilic sand=flies in Pari.

Approximately 124,000 send-~flies have been collected
‘in Pard from théir daytime resting places on tree trunks
and in animel burrows (Damasceno et al.1949; Wery-Guimaraes
et al 1966; Ward 1974). With few exceptions, the species
found have been those that bite man infrequently, e.g.

L. dendrophila, L. entunesi and L. gomezi, or (more usually)

not a2t all, e.g. L. rorotaensis and L. tuberculata. Only

rafely have blood-fed females been found.

Reports from Pare of anthropophilic sand~flies
captured away from humen or animal baits are few. IFrom
'August 1942 to April 1945 Demasceno et al. (1949) collected
119,107 send-~flies of 54 svpecies from tree trunks and
animal burrows. Only 9 of these were of species knovm to
bite man ardently, ard all were males (8 Ps. davisi and 1
Ps paraensis). Similarly, of approximately 2,000 sand-flies
collected from these micro-habitats by Ward (1974), 8 female
Ps. parsensis (including 4 with blood-meals) and 3 femzsle

‘Ps. sp. near squaniventris (including 1 with a blood-meal)

were the only representatives of strongly anthropophilic
species.

Only ¥Yerd (1974) hes reported collections of send~-flies
from leaf-litter ir Parcz. Fe made intensive collections

but found only 25 males and 5 females, Ps., davisi and Fs.
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paraensis were the species most commonly found in the "terra
firme" forests near Beleém.

At first sight, it is puzzling that so few anthrop-
ophilic sand—flies have becen found at rest in Para. Large
numbers have been collected in the forests of Belize
(Williams 1965, -1970; Disney 1968), and in Panama Chaniotis
et _al, (1871b) have captured as ﬁaﬁy as 5,000 a year.
Moreover, engorged females have been regularly collected in
Panama, where Tesh et al. (1972) identified the blood-meals
of 1,750 anthfopophilic sand~flies from three localities.

I believe that the significant difference between Péré'
and the other two regions is the species composition.of the
common man-biters. Of the sand-flies that attack.man in

Parz, those of the genus Psvchodopygus predominate both in

nunbers and species (Shaw et 2l,1972; Ward et 2l.1973; Vard
1974). Thus, in the "sand-fly season” in the Serra dos
Carajas Werd et al. (1973) recorded that 92% of the send-flies

biting man were species of Psychodopygus. Similarly, the

figure is 80 - 90% in the forests near Belem (Werd 1974).
In comparision, the sand-flies caught biting man in Belize
and Penama are felirly equeally divided between the genus

Tutzomyia and Psychodopyeus (Williems 15653 Johnson et al.

196%; Chaniotis et 21 1971a).
From the experience of the investiszetors in Panama and

Belize one would not expect to find engorged Psychodopyeus

ezsily or in great nvmbers. Thus, of the 1,750 blood-meals

of anthropophilic send-flies that have been precipitin-
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encnensis fron leaf-litter. However, only 5
conteined blood—reals (pers. comm, ).
Therefore, when one congiders vhere snthropophilic

send-Ffiies may be resting
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in the forests of Para, one 1is
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Pgvechodonyens. The evidence availlabl

he Wew Worlid might suggest that they spend nosvy
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vhere in

of their 1ife cycle at or near ground level,

Tn DRelize, Ps. pancmensis (the most abundant specics
of thiz senus there) is the uyrincipal men-biting send-£ly

vat»ground level (Hliicms 1965), Viliiens (1970) found
only ore at rest ahove ground level, gnd all 147 females
collected by Disncy (1468) cane Prom leaf-lither on the
forest floor.

Ps. vessgeans cnd Ps. nenamensis sre the principal men—

S

biters ot ground level in Ponama (Johnson et al. 1963
Chaniotis et al. 1¢71a). ‘'The extensive investigations of
7

972) showed
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elmost exclusively on low green plents end leaf-litter:

ot

hey collected only 1/2, 557 Ps. pessosns end 1/170 Ps.

panamensis in other micro-hebitats. -Alzo in Porname, Hertig

et 21, (1660) Tluched Ps. nanonmensis and Ps. bisninosus

from green leoves within a few feet of the ground, and’

Johnson & Hertig (1.661) reported thet Ps. nanemengig vies

often collechted under leaf-litter.
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Evidence that the ground layer is the breeding site

of Psychodopygus sppr. in Panamanian forests comes from the

work of Hanson (1961), who found their larvae only under
leaf-litter, and from Tesh et al, (1972), who collected
engorged Temales only on low vegetation and leaf-litter.

In Belize and Penama, many Psychodopygus have been

taken in castor oil traps baited with a wide range of
animals, but onhly rarely when the traps have been set 1Om
or more above the ground (Disney 1966; 1968; Thatcher 1968;
Williams 1970).

The information from Paré also associabtes Psychodopvaus

spp. with the forest ground layer. They come to humen and
animal baits only rarely when these are more than 5m above
the ground and have been collected during the day only from
leaf-litter and animal burrows (Ward et 21,1973; Vard 1974).
The present attsmpts to collect engorged, anthropophilic
sand-flies from their diurnal resting places in Para have
been no more successfvl than previous ones, and only bhear.
out the findings of Ward (1974). The experiments with |
fluorescent markers suggest that engorged females of Ps.
davisi rest on or near the ground, at least in the first 24
hours following a bldodemeal. If thisis so, then the
inability of Ward (1974) and myself to find large numbers
of engorged Ps. devisi (in an area where this species bites
man in lerge numbers) may result from the flies hiding in
ground fissures and/or beins widely dispersad, Alternatively,
they may be resting in the canopy, where searches have not

been made.
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1liems {(1970) rrovided evidence thet in Bolize

ogverodonysus snp. do rest in the cenopy, ond that this

mey he their preferred nlace betveen blood-neals,

Hany feonals Pgrcehodonrug were caught ot nishit in light

crops set 2t 2504 and 40Tt avove the sround vinile few
-

were teoken at ground level., Willienms (1970) therefore

congidered that the femcles found under lealf-litter during
(W]

A

the day were recently emerzed adults or Temnles near ovi-
position. Similarly, Christensen etcal. (1972) found

that the numbers of femele Ps,. nananensis ceught in 1isht

traps in eastern Pensune vere 18 times greater ot 35m then

also reported large nunbers of Ps. pancsmensis sbilrected to
light traps set in the carony.

o

e results of the investigations of Terd (1.974.) end

-~ " ¥

1

the author in Pera sesn to support Williems hynothesis.
Thus, in a "terrs firne" forest (Hocambo) neaxr nelén where
Ps d”vlul bites man in larpse numbers, only 2 males end 2
(vnengorged) females have beon cantured at ground level
during the day. Turther, flvorescent morking experiments
snowed that'engorged females of this SDP01SU could. be
found on low vegetetion only uvv -to 21 hours efter a vlood-
meal,

Tt is sugpested thet meny of the Femaoles thet feed
in the earlv.qr middle parts of the nigsht (end have been
recorded meking Flishts at 3m or more shove the grovnd)

renein on or near the grouwnd vhile they reduce (by diuvresis)

+the volume of thelr blood-meal and then seelr shellber in the
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canopy later in the night. In contrast, thoss feeding
late in the night (2nd recorded as never flyins very fer

above the ground) might deley their ascent +till +the

folloving night.



2382
ITITAT, OBBERVATIONS.

Attempts were nade to rear seversl sand-fly spoceles in

the laboratory but only L, longivelois wos established., This

species preéented only one major rearing problem, which was
concerned with egg-laying. Few females survived heyond the
first gonotrophic cycle, and during routine culture 50%,
on'average,of the eggs they matured were not l=id.

-

The effects of photoperiod on egg-laying by ssnd-flies
was investigated for the first time; in part, this was done
in the hope of improving the egg-laying success of Ti,.-

longinelnis, Photoperiod was shovm to influence the period-

icity of egg-laying but not the percentage of mature eggs
that were laid.

Beginning with Newstead (1911) many workers have
cormmented oﬂ the poor egg~leying performence of iaboratory—
rezred sand-flies. This has not always bheen improved by
providing near-natural conditions, e.g. Unsworth & Gordon
(1646), In view of the many unsuccessful attempts to find
an ovipositioh chamber suitable for sand-flies and the
wncertainty as to whether many species commonly survive more
than one gorotrophic cycle in naltire, it was argued that the
"premature” death of laboratory flies‘may be a natural
occurrence,

Another major problem encountered when trying to rear
sand~-flies wes diapause. The effects of temperature on the
diepeuse of P, pana

tasii have already been investigated

(Theodor 19343 Sefyenova 1964), but surprisingly, photoperiod
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of xnoviledge hes

N
.“1

has not been congidered. This leck
nromnted the suthor to continue hic studies on sand-

flies by investigating the diapzuvse of lediterranean

)]

specieg,

Several species couvld not be reared because the
females refused to teke vlood-mesls in the laboretory.
Field studies in Ttaly and Drazil indicated some of the
complexities of sand-fly blood-feeding behaviour. Cere-
ful field observebtions will have to be mede if such species
are to ve reared successiully. In comparison, L.

longsipelpis presented no feeding problems, and human

breath was sufficient to stimulete females to probe warn,
artificial membranes.
in dnteresting finding was that the stimulus for

gorging in T, loanginalp ves significantly different

from that in many cther haematophagous insects: ATP was
shovm not to have any effect on.gorglﬂg vhich was
probably stimulated by blood salts and/or the mechanical
bending of the labium as the sand-fly probed. Further,
in contrest to the “indings for mosguitoes (review Clements
1963%), it wes t“e manner.oz Teeding rather than the nature
of thé food which determined whether a given meal was
ispatched to the mid-gut or the crop.

A vrelinminery investigation indicated that compared

with some mosquitoes (Lee 1974) the fescicle of T

longinglnig Temales 1s not well-endowed with chemorecepiors.

In view of the differences between the gorging behaviour

-

of thig cend-fly and mosqgulioes a detailed study of the

innervation, morvhology end finc structure of the fascicuvleor

o



sensilla is celled Tor,
The investigation of egg meturation showed that dinthils

aspect of its biology T. longinalvis is remarkably similar

to many mosquitoes. TIor example, for Loth it is the weight
of protein in the "bloed"-ncal that determines the number
of eggs thet are matured, end not the volume of the mesls
a meal of amino acids alone is sufficient to initiate

vitellogenesis; end the number of eggs metured depends not

OO
only on the size of the mesl ingested but 2lso on the nature

ne host blood, end to & lesser degree on sugar-feeding

end the weigh

O

¢l

of the fly. ©Such points have often been
overlooked by those experimenting with sand-flies. Thus,
the_nuﬂoer of eggs laid by e femele has heen used as an
index of egg-leying success (Verd 1974; Chaniotis 1975),

1

but this is meaningless unless the host and meal-size (emong
other factors) are standardized.
The mechenism by which oogenesis is initiated in blood-

sucking Wematocera is not well understood. 7The willingness

with vhich L. lonzipslyis ingests unnatural solutions

through membranes makes it & more suiteble subject than Ae.
aegurpti for an invesfigation of this problem. |
The identification of the host renge of man~viting

send-Tlies is of paremovnt importance when investigating
the epidemiology of leishmenicsis. In the forests of ?ara,
(Brazil), however, it has proved td e virtuvally impossible
to find engorged, man~biting sand-flies (erd 1974). The
resvlts of the avthor's marking and relepse experiments

o

suggented thet they may be resting in the forest canopy.

L

This pogsibllity is now bheing invesitigeted by Dr. R.D.Verd

ol | TF - a - PR T R oy -~ - ~
or the ellcoue Parasitology Unit, Belem, Para.
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APPENDIX A. Fresh weights (mg.) of pupae.

These were weighed on the day of eye- and wing-setae

blackening, 3 days before adult emergence at 2500.

FEMALE PUPAE MALE PUPAE
1 9 17 GENFRATION 1 9 17
0.610 0.583 . 0.78% 0.710 0.572 0.528 0.545 0.567
0.700 0,605 0,738 0,756 0,431 0.470 0.600 0.636
0.615 0.489 0.755 0.76k 0.476 0.483 0.58% 0.575
0.682 0.531 0.650 0.605 0,438 0.529 0.538 0.526
0.670 0.592 0.626 0.720 0.537 0.486 0.572 0.604
0.627 0.341 0.679 0.637 0.501 0.541 0.620 0,567
0.655 0.605 0.747 0.697 0.54% 0.525 0,592 0.540
0.585 0.677 0.710 0.642 0.476 0.523 0.543 0.506
0.622 0.686 0.665 0,656 0,506 0,517 0.577 0.517
0.622 0.668 0.696 0.773 0.510 0.515 0.643
0.4%74 0.661 0,780 0,683 0.533 0.535
0.601 0,715 0.696 0,650 0. 463 0,543
0.607 0.576 0.779 0.672 0.500 0.610
0.631 0,642 0.711 0. 657 0.494 0.620
0.586 0.623 0.631 0,508 0.565
0.606 0.600 0.754 0.532 0.605
0.629 0.580 0.535 0.553
0.641 0.596 0.543 0.523
0.566 0.642 | 0.572 0.540
0.561 0.650 0.539 0.533
0.608 0.633 0.526 0.520
0.553 0.597 0.654 0.575
0.565 0.501 0.587

0.578

3% o4 9

N L5 16 14
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APTENDIX B. The effect of female hody-weight on the weipght

of blood imbibed from man by females of L.longipalpis.

INDEPENDENT (x) DEPENDENT (y)
Weight of female at Weight of blood
time of blood-meal (mg.) imbibed (mg.)
0.275 0.436
0.330 0.477
0,310 0.407
0.354 0.342
0.309 ' 0.475
0.360 0.516
0.238 0.378
0.406 0.362
0.300 0.296
0.152 0.261
0.333 0.435
0.315 0.496
0.266 0.7380
0.352 | 0.454
0.324 0.446
0,322 - 0.373
0.348 0.509
0.373 0,482
0,231 0.353
0.270 0.330
0.270 0.368
0,309 0.337
0.233 0.455
0.357 0.511
00 359 0-429
0,330 - 0.392
n = 26 ‘
>x=8.010 2y=10.700
x=0.308 : y=0.411
(3x)*=6k4.160 | (5y)% =114.490
Jx =2,550 Ty =4.530
Yxy=3.350 b=0.625
1 xYy=85.700 5,,=0.065
t=2,72

p=0.020 df=24



APPENDIX 1. .

Decrease in the weight of female L. longipalpis at

25°C after engorgement on human blood as a % of the
-weight of meal, ST
Generation 19/22; human-line.

Weight of meal(mg) Decrease in wt of female/

- ) Wt of meal (%).
Time after e o
} 5.??;%né??%Pe§ 1L ;.f!;5 m\ Ago;;fgt 60.
E T e e PR e
0.548 BLe6 T 4Bl
0.221 MR 19-0,»: o 376l
0°'342 e e T  40e1
- O‘283>  ,“32.9 ';ﬁ;ﬁ 39'6'
\ 0250 248 0 3geg
0582 S
0187 BT 289
0357 " oslg 31
. S 0% e 6a 3748
0+35% " 19.0 poel
0°610 36 o7 161
0-547 15+9 4002
0457 41+6 460
0+316  50.6 3505
0149 18+8 24°2
0+596 - 108
04353 - 4101
0434 - 145+9



10586 ~;3 9ﬁ*ﬁ;a:5v?""':45’7

DR & SR

.-

MEAN = 0+415 355 YT 3m.023

N I 5 - : i W e T AN

" REGRESSTON ANALYSIS.

TNDUPENDENT (x) -~ DEPENDENT (y)ri
Weight of meal (mg) " Decrease wt 'female/wt of:

S T e ]
. - - )

I LR B R
' oty U
L) _22 PO

Al
il

V.-
My X

I

= Lo9e127 .. gy = 8365

1l

= L0415 F o= '38-025-?
- ('%';‘X)Z, = . 83+300 '

ﬂ‘
N
(V]
Ii

= 699,732:25
ZXZ = s 4e255 Coe iy 2 = 32,893.59 K ‘

.

Txy = 358.327 L b
Ly = T,634-736 T

I}

24+070

:6;387 ' _

p = (- -0.020 TR t = 2581

T afr = 20

s
—~ a

ox o meal (%) after 60 ming, -



311
APPENDIY 2. IR

REGRISSTION ANATYSTS.

liggs matured at 259¢C on weight of blood imbibed from

male hamstver. Generation 3; Hamsbter line; L. longipaluis

er@ BH.

. DIDEPEDWT (x) . DEPSNDET. (y)
- Veisht of meal (mg) v - Ho. of ezss.
0392 ) ’ 76
- 04510 ni.’» 92

- 0+440 B .80
0-363 . | 66
0-058 B DR 29 .
0+361 78
0+045 18
0-033 | 20
0056 16
04382 - 68
0+463 _ 97
0470 56
Q.244 65
0453 85
0°288 70
0201 15
0-444 | 59
0+122 36
07382 51
0234 ' 25
0384 15 .
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APPENDIE 3,

CREGRYSSTON ANATYSIS.

>, Eggs matured at 25°C on wéight of blood imbibed from

‘male hamster. Generation 7; hamster line; L. longipalpis

- from B.H. B T
THDEPENDINT (x) ﬁwmmmm(y)
2 Weight of méal (ng) . .7 No.of ezggs.

0.373 o 96 :
0.605 - 101 }
0.030 17

0.278 64

0;184 55

0+224 | | 82

0551 . 90 -
0+310 61

0325 90

0+202 60

0°565 114

0+422 50

0+311 57

0°600 - 70

0°+096 22

0+085 25

0-138 27

00212 23

n = 18



gx = 5. 508
o | 3:_ - O "7 06 61 444—
- S'X = 2 248 Ly j353'75 35'7 981
iw= 41,2 191 \ _?;131 oo 8*
Sy =6,091-804 S B SEE
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APPENDIX 4.

. -REGRESSTION ANATYSTS. L

Eggs matured at ZSOC.on.wpight of blood imbibed

from male hamster, Generation 8; human line; L. longipalpis

. from B.H. , o
. TWDEPENDENT. (x) DEPEWDENT (y)

Yeight of meal (mg) No. of eggs.,

I i

0.040 19

0:530 82 }
0-627 118 '
0.076 - | 26

0.363 95

0-006 | 19

0-623 90

0-013 9

0-324 50

0:307 - 97

0-104 | 43

0-500 97

0-446 69

0.521 8L

0.032 22

0-497 76

0.128 38 ]
0-131 45

0:111 35
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APPENDIX 5.

o . ]

REGRESSTION ANATYSTS. -

Ca
@ -

Ly

-Eggs matured at 2500 on weight of blood imbibed from
R ] . o . [ P

man. Generation 23 human~line; L. longipalpis from BH.

LT S
“"No. of eges,

" Wieht of meal (ﬁg)_

e 0e063 7T 2
E geosg T .Mifg:ls s Ty
© 0-103 N T SR

0+152 23
0226 | - 28
0°263 ' 39
0+303 40
0+321 | 31 -
0:327 37
0+328 43
0+347 4
0+353 , . 38
0392 47
0+396 | 42
0°402 50
0-440 62
0°458 57
0+467 , 44
02510 63

n = 19
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APPENDIX 6,

REGRESSION AWATYSIS.

315

Bggs matured at 25°C on weight of blood from man.

Generation 3; hamster-line; L. longipalpis from B.H.

THDEPENDENT. (x)

Wleieht of meal (mg)

0353
0337
0-349
0-370
0-425
0-.230
0-249
0-361
0-531
0.458
0-145
0 -300
0-326
0-131

- 15

0-077

4642
0309
21-548
1. 655

3

ZPENDENT ()

NO: of eges.

37
43

45

41

48

17

30
36
45
50
52
33
52
52

25

i

1t

606- 000
40400
367,236- 000
26,064 000
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APPENDIX 7.
T "‘3.‘ .

REGRESSION ANATYSIS.

- .~ Eggs matured at 25°C on welght of blood imbibed

from man. Generation 9; human—~line; L. longipalpis from

BH. -
¢ INDEPIDENT (x) > DEPENDENT (y)
Weight of meal (mgz) | No. of egges,
0.666 | 65 l
0542 46 1
0.633 65
0.404 | 47
0.447 64
0+665 - 60
0.505 | 62
0.650 65
0.437 40
0.413 ' 34
0.324 34
0.472 54
0.675 ' | 65
0-095 20
0.262 22
0.344 49
0270 34
n = 17

A% = 7803 2y = 826+ 000



T 0.459 L
,;YGOféST“

S 4e035
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APPREINDIX 8.

REGRESSION ANATYSIS.

Eggs matured at 25°C on welght of blood imbibed from

male mouse. Generation 9; human-~iine; L, longipalpis

from BH.
INDEPENDENT (x) DEPHHDENT (y)
Yeisht of meal (mg) No. of egss.
0454 57
0+420 83
0+652 81
0+282 39
0537 93
0+482 80
0+393 5%
0-138 36
0-568 _70_ ]
n = 9
Lx = 3+926 2y = 598000
7 o= 0+436 7 = 66+ 444
(2x)% = 15413 @y)2 = 357,604+000
2x? = 1.904 Xy° = 42,946-000
2xy = 280.964 b = 105.251
ZxZy = 245347.748 'sb = 12.130
t = 3.792

P = 0.010 af = 7
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APPENDIX 9.

ey

REGRISSION ANATYSIS.

318

"Eg@s matured at 25°C ohaweight of”blopd-imbibed

- Yrom man. Generation 7;

Lol . 7
L. longipalnis from Ceara.

INDEPENDENT (x) . DEPEIDET (y)
Weight of meal (mg). ' No. of ézgs.
Q-1565' - Lnly o
02385' 35
0°481" AR e
05473 5
0+422 5
0-441 '
07389 3%
0177 0
0193 -
0414 47
0+494 51
0507 -
0406 w
0277 24
0524 29
0209 20
0+400 L3
0+220 59
0+076 15
0+351 54
0°185_ o
= 21

n



ek =(t ,'j 7e048 ,‘Qigﬁgigg;y; ; ,i T

= 595,984.000

L= 5,441-056 .

o610
6260 1




APPENDIX 10,

RAEGRESSTON AWALYSIS.

Tg

fon

s natured

at 25°C¢ on Weight of blood imbibed

319

a N . e " T . -
from a woman. Generation 7; L. longipalpis Lfrom Ceaxa.

THDEPER

DENT. (x)

Vieicht of meal (mg)

M B

r

0-489
0.319
0555
0-559
0.210
0-735

0.3%02

0.120
0174
0.554
0.297
0.200
0-425
0-496

0.283

0-224

= 16

™1

il
i

5-946
0372

DEPENDENT (y)

<

NO.'of

EfFS

31
57
50
47
29
yal
41
20
21
52
34
24
40
37
25
35

614.000
38375
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CAPPENDIX 11.

REGRISSTION AWATLYSIS.

lgzs matured at 25°C on welght of blood imbibed

from a male squirrel monkey, Saimiri sciureus.

-
Generation 93 L. longipalpis from Ceara.

TUDEPENDENT (x) DEPENDENT (y)

Weight of meal (mg) Wo. of eggs.
0+480 32
0+384 31
0+645 40
04545 | 42
0-537 42
0137 14
n = 6
S x = 2-728 2y = 201l. 000
X = 0-455 y = 33+ 500
)2 = 7442 &y)2 =  40y401-000
k2 = 1398 Sy = 74309-000
S xy = 100426 b = 57200
XXy = 548+328 Sb = 4+050
| t = 5+650

p = 0+010 af = 4
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APPENDIYX 12.

]

. Bggs maturea at 25° C on welﬁht of blood imbibed

from

a male cwpuchln nonkey , Cebus apella.

L — . . -~
. Generation 8; L. longipalpis from Ceara.

Weizht of meal (mg)

. II\TDE'L‘!_ID“I‘U. (x)

DEJ“ BUDENT ( 'y)
No. of egzs.

-0

525

0+567

Oo
Oo

580
601

0*613
0353
0°174

0

*579

0320
0+389

Oc

210

0+557
0.470

Oo

435

0631

0157

0

O-
0-273

*135

281

41'
5
37
36
40
33
21
35
26
o7
29
44
41
36
43
24
22
22



Sx
X

(mx)?

R
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70905 .

0+416

 62-490
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Y

0-00L -
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Y
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i

n

599.000
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| 3585801000

‘203297.000 v

754400

L5600
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APPENDIX 13.

REGRESSION AUATYSIS.

' Bggs matured at 25°C on'weight of blood imbibed from

‘g female opossum, Didelphis marsupialis.

. . . o i
Generations 8/9; L. longipalpis from Ceara.

IND@QENDENT (x) .- :DEPENDENT (y) -
Weight of meal (mg) No. of egss.
0-210 - 50
0-454 | 54 .
0-632 76 | B
0-050 2
0-436 60
0-:244 35
0-016 o |
0.235 69 :
0+223 35
0.152 | 22
0-012 | 0
0-067 13
0-085 14
0.554 40
0-444 59
0.213 37
0.195 35
0-378 62
0-687 | 61
0:474 49

n = 20 _ ,



Ex = Bms ®y o= 773.000
SR - ome L F o= 38650

':;;;;‘(Zx)_‘.z\._::= y ;:-;.‘_';33-240.*’;3(2 ¥)? |

= e 20 R yP o 40,497-000

JSEy o= a0 0299.16 Lyt b o= 94.48 |

o aasees

M

[N R

e T AT W el

T
i M
poed

1l

= 'IH;A597;529;000“V



APPENDIX 14,

REGRESSION ANATYSTS.

323

Ezgs matured at 25°C on weight of blood imbibed

from a female three-toed sloth, Bradypus tridactylus.

' . . . -
Generation 7; L. lonzipalpis from Ceara.

INDEPENDENT (x)
Weight of meal (mg)

X x

z
(§ix)2
g x°

2 xy
SxZy

0.186
0557
0.301
0700
0.247
0.371
0.040
0.553
0-056
0.337

10

3+3548
0+335

11.209

1.548

1,560.168
180.057

0.001L

DEPENDEHT (y)
Ho.of eggs,

47

69
37
72
51
50

8
64
30

466 +000
46+600
251,1.28-000
217,156 +000

79 +720
9. 347

5+580
8



. APPENDIX 15.

@ .

REGRESSTON ANATYSIS.

Egzs matured at 25°C on weight of blood imbibed

from a female and male Proechimys sp.

Generation 7/9; L. longipslpis from Ceara.

TWDEPENDENT (x) DEPENDENT (y)
Weight of ﬁeal (mgz) No.of ezzs.
0+361 | 50 _
0.411 64
0.191 27
0504 80
0.578 76
0.267 66
0405 o8
0548 79
0130 28
0373 68
0.422 ' 73
0.366 63
0.251 32
0.247 39
n = 14
X x = 5.504 xy = 827+000
X = 0361 y = 59+070
&x)2 = 25540 (2y)2 = 683,929.000

Xx? = 2-05L Zy% = 54,073-000



4,179+66

131580
_10-37;‘;;

.
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TORESSTON ANALYSIS.

Eggs matured at 2500 on>weight of blood imbibed

- from man.

S wild—caughf_Ps.davisi."7’

o

1 :_”INDEPENDEﬁT'(x) ‘4faﬂm DEPENDENT-(y)
‘Weight of meal (mg) o Wo of ezzZs.

0.236 S 48
0.243 AERIRNN b

| 0.166 S s

| 0.148 55
0.263 B
0169 | 38
0.199 55
0.208 18
0.119 | 15
0113 27
0°141 | 34
0-183 24
0193 42
0°139 29
0164 26
0-192 45
0°191 45
0°124 43
0°173 48
0°174 : 37



0+136 .1
0.160

e —— e

 3.834

0.174, N, ;

~  14.700

R

.‘73i149;557i 
3,258,900

= not significant

002 . R

%‘flo\'.\.\l
SRR

| 850,000
38.636

131
| io.57 o
26 S

§

Shaeeetta 200

e

= 722,500.000 -~
= : -36,3260000 L

o



APPENDIX 17

REGRNESSION ANALYSIS.

326

Egos matured at 25°C on weight (€0+300 mg) of

blood imbibed from man.

. . B 7’
Generation 73 L. longipalpis from Ceara.

THUDEPENDINT.(x)

Weirht of meal (mg

0+156
O-177
0193
0277
0.209
0+220
0-076

0-185

= 8

it

= not significant.

1-493
0187
2229
0+302

43573
335.925

DEPENDEIT (y)
No. of eggs.

24

22
40
31
24
30
39
15

225.000
28.125
50,625,000
6,843.000

68.696
74939
1 312
6



APPENDIX 18

Eogs matured on «C0-300 mg of blood imbibed from

malrle

x y

L. loangipalpis, Ceara strain. Ps. davisi.

Ex = 225.000 Xy = 850000
X = 284125 ¥ = 384640
5x = B8+576 Sy = 12.882
n = 8 n = 22
Comparision of means:
t = 2.053, P = 0.05‘ for d4df = 26,

Size (mg) of females at time of meal.

x ¥

L. longipalpis, Ceara strain. Ps. devisi.

Lx = 2464 Y = 3.939
X = 0.308 ¥ = 0179
SX = 0.041 : Sy = 0.03%2

n = 8 n = 22
Range = 0.361 — 0.242 0.23%2 = 0.133



A

REGRESSTON. ANALYSIS.

>

from arm of volunteer.

APPENDTY 19

o .

. 2 |

1 !

.o

e

Eggs matured at 25°C on weight of human blood imbibed

Generation 19; human~line; T. longipalpis from BH..

THDEPEYDENT  (x) -

DRI

L
'

Yeight of meal (mg) after . . =~

YA

LI

> DEPENDENT(Y)

‘e

No.of eggs.

1 min(xl) 20 mins(xz) 601mins(x3).'for |
0.605 0.491 " 0437 ST 1
0.548 0.375 ‘0.312 ) 50 ’
0.221 0.179 - 0.139 24
0.283 0.190 0.171 33
0-250 0.188 0.163 18
0.582 0.389 0.318 49
0.187 0.155 0.133 10
0+357 0.265 0-244 35
0595 0440 0+370 41
0.353 0-286 0-275 28
0-610 0-386 0327 46
0+547 0.460 0+327 44
0.457 0.267 0.246 33
0.316 0251 0202 25
0.149 0.121 0113 22
n =15 15 15 15



fl

i

6.060
0.404

o 2.839
= 1230527

5,060.3

0 67793

5124

13

L8273
. 0-001

0296

| 2,243.715
- 89.370

~0-+001
13

“9i40
1516
167 «455

0:252 - i
:y14.§66‘"(g&52

vﬂwiloézlﬁpiiyZ

S gitgget

W

=jiffﬁﬁ33,667fuf
T‘19;i39’000"

il

..

1£9Q7;385<$ N

10916007 LA
{Prﬁ16;451; L IR
1196

505.000 .



TAPPENDIX 20.

REGRESSION AWALYSIS. -

3

329

Egzs metured at 25°C on weight of humen blood (CPD)

imbibed, through leached chick membrane.

Generation 20; human-line; L. longipalpis from B.H.

-~

INDEPENDEET (x)
Weicht of meal (mg).

B
1

0354

- 0340

0+277
0+277
0+204
0-214
0+141
0+269
0-159
0+229
0239
0+214
0+168

0+265

14

3350
0+239
11.223
0+853

DEPENDENT (y)

N

0. 0f ezZzs.

L

Il

53
45
35
35
35

466+000
33.286
217,156 .000
16, 374000



115,827
1,561.100 -

0.020

.t:.i
LA

Il

”84;706
64435
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APPFRNDIX 21.

REGRESSTON ANALYSIS.

. Hgss matured at 25°¢ on weight of heparin-treated

hamster blood imbibed through leached chick membrane.

Generation 22, human-line; L. loangipalpis from B.H.

~ INDEPENDENT (x) | DEPENDENT (y)
Weight of neal (mg) W0. of ezgss.

0+140 ' 15

04340 64

0.+358 ' 53

0+424 77

0372 86

L 0.134 42

0+222 3

0.381 3

0463 92

0250 77

0397 | 86

_0+252 _62
n = 12

Lx = 34733 Fy = 800.000
X = 0311 vy o= 66.667
(8x)° =  13.935 (§)2 = 640,000.000
RxP = 1.292 Sy° =  58,510.000
Dy = 266243 b = 137.221
2Py = 2,986+400 Sy, = 16+4673
t = 3.017

0-020 R 10

rel
1t
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APPENDIX 22,

Egos matured at 25°C on weight of humen blood (CPD)
imbibed through parafilm "II" membrane.

Generation 20; human-line; L. longipalpis from B.H.

Yeirht of meal (mg) o, of eges.
0594 54
0430 35
0343 39

0307 37



EGRESSION ANATYSIS.

APPENDIX 23.

Eggs matured at 25°C on weight of 50% (v/v) human

plasma in 0+85% saline imbibed through leached chick

membrane.,

B.H.

INDEPENDENT (x)
Weisht of meal (mg)

332

Generation 23; human-~line; 1. longipalpis.from

fi

1

1

0098
0-274
0-482
0-292
0+262
0-348
0+440
0-460
8
2656
0-332
7-054
0-997

45+510

329+344

0020

DEPENDENT (y)
No, of egess

25

7
13
21
10
18
13
17

124 :coo

15<500
15,376+000
2,166+000
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APPENDIX 24.,

REGRESSION AWATYSIS.

Bggs matured at 25°C on weight of 45% (v/v) suspension
of humen red cells in 0:85% saline imbibed through leached
chick membrane.

. Generation 20/23; humen-line; L. longipalpis from B.H.

TNDEPENDENT (x) DEPENDENT (y)
Weight of meal (mg) No.of egzzs,
0333 24
0.214 16
0.261 12
0345 20
04304 16
0.426 18
04436 | 30
0.490 35
n = 8
Fx =  2.869 B Xy = 171.000
X = 0359 vy o= 21375
(%x)° =  8.231 (Sy)° =29,241.000
22 = 1.104 Sy? = 4,081.000
S xy = 66.010 b = 62+470
2Ry = 490.599 5, = 4.712
t = 3.631

p =  0.020 af = 6



APPENDIX 25.

Tggs matured at 25°C on weight of hemster plasma,

imbibed through belly skin of hamster.

Generation 8; human-line; L. longipalpis from B.H,

2 x
(£x)2
 x°

2 xy
IRy

INDEPENDENT (x)
Veight of meal (mg)

0.383
0.074
0-474
0+404
0+437
0+435
0-376

24583
0+369
6+672
1-062

113-304
7204657

not significant

DEPEIDENT (y)
No.of egcs,

1

il

31
11
44
45
46
53
49

St —

279 .000

39.857
77,841.000
12,369.000

94.982
18.1¢6

1.723
5
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APPENDIX 26.

Eggs matured at 25°C on weight of hamster plasma
imbibed through leached chick membrane.

Generation 22, human-iine; L. longipalpis from B.H.

INDEPENDENT (x) DEPENDENT (y)
‘Weight of meal (mg) No.of egas.
0+295 32
0+273 | 42
03338 30
0+391L 33
0+364 . 3L
0395 37
0+310 27
0+303 31
n = 8'
2x = 2669 Sy = 263000

X = 0334 ¥y = 32875
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APPENDIX 27.

REGRESSION ANALYSIS.

Tgxs metured at 25°C on weight of 45% (v/v)
suspension of hamster red cells in 0+85% saline imbibed
through leached chick membrane.

Generation 23; human-line; L. longipalpis from B.H.

TNDEPENDEET (x) | DEPENDENT (y)
Weight of meal (mg) o No.of egos.
0+158 28
0338 50
0-411 59
0+439 54
0520 63

n = 5

Ix = 1.866 Sy = - 254+000

X = 0-373 v o= 50-800. -
2x)° = 3482 (Sy)° = 64,516+000
2x? = 0+771 £y° =  13,650-000
Sxy = 102039 b = 964613
ZAy = 473965 8, = 34950
t = 6+6%0

P o= 0-010 ‘ af = 3



APPENDIX 28.

Eges matured on weight of meal imbibed for range

0-250 — 0-350 mg.

HUMAN BLOOD.

3

(a) Weight of meal (mg)

0+265
0-269 - 1.0
0277
0277
0-340
n = 5
Ta = 14430 SR
5 = 0-286 b
(3p)°®
942
5, = 0031 8,

o )

(b) DNo. of egﬂs;
3 |
30 -
35
35
45

Ot ot -

168+000
33600

28, 224000
5,904 +000
8+050

50% HUMAN PTLASKMA IN 0-85% SALIVE

(c) Weirght of meal (mg)

0262
0°+274
0-292
0:348

(d8) Wo. of egzs.

18
13
10

337



Cfe = 1a7 0 c-®a = 50000

et
)

Xa® = 762.000 -

.C,.

- it . RS I
N N L e AT
JRERARNURP VDA A SR SN
— . . —

Compa.ris:‘;_on of b and 4 3 ” : I X r

L0294 . @ = 013500

S, = 0038 sy = 3m7
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APPENDTY 29.

T

i

o
L

Tggs matured on weight of meal imbibed for range
0+250 —~ 0°350 mg.

HUMAN BLOOD

(a) Weight of blood (mz) (b) No. of egegs.

-

0-265 .23
0+269 L 50
0-277 o 35 | ,
0277 35 | -
0340 A5
n =5 |
Za = 1430 ZDb = 168000
== 0-286 b = 33600
(2b)2  =28224+000
b2 = 5904+000
§_ = 0031 S, = 8050

45% HUMAT R¥D CLLLS IN 0+85% SALINE

(c) Weisht of blood (mg) (¢) No. of ezgs.

0°335 ’ 24
0+261 ' 12
0345 20
0+304 16



P4
o)
It

1e244 OO -fﬁ{d ~: : 72#000
o a = - 18+000 -

152
Il

L 0+311 .

4>a-23;
e’ ~—
NN
[

S = 0°037 o " S:‘d = '5.1.6'4

“~
T R

Comparison of b ahd.di

p = 0°0L; & = 4.67; af = 7

e
13160000
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APPENDIX 30

Bggs hatured on weight of meal imbibed for range
0+330 — 0+520 mg.

' 45% (vi/v) HAMSTER RED CELLS I O-85% SALINE

(a) Weight of ﬁéal (me) (b) No.of egas
0°338 :« -VSO‘
0411 NN 72
‘Of439' - 54
0°520 63
n = 4 |
2Za = 1°708 Z2b = 226 .000

2 = 0427 b = 56.5
@2 = 51,076.000
Zb° = 12,866.000

S = 0075 S

o b 5.686

i

- 45% (w/v) HUMAN RED CELLS IN 0-85% SALINE

(¢) Weight of meal (mg) (d) Ho.of eggs.
0333 | 24
0345 o 20
0.426 18
0.496 30
0-490 35

n = 5



.Z».D: :: 2.090 -

o1
il

0 fl‘rl_s

o) :O.77

.“V. .

‘e

BN R N

'JcompariSOnbofgb‘and'd:

Tex2;

- 127+000
o 25.400.,v

~16,129:000
- .3,425:000_

7057

.
i ,-.‘L‘
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APPENDIX 31

Y £y

Eggs matured on weight of meal imbibed for range

0250 — 0350 ng.

£y

HAMSTER PLASLIA

(a) Veight of rneal (mg) (b) Ho.of egzs.
0.295 - 32
0.273 . 42
0-338 ' 30
0.310 27
0303 oL
n = 5
Sa - 1.520 Sp o= 162
5= 0.304 b = 324

&b)? =  26,244.000
Z1v° =  5,378.000

Sa = 0.024 Sb = 5+.683

HULIAN PLASIA

(¢) Weight of meal (mg) (d) No. of eges
0.257 32
0.255 32
0.282 36
0.284 ' 26

0.332 41



e

-0l

I

1-410

0.031

<

2t

i

167.000

-1_'33'400H;  

) 27%889;O¢Q:'Qi
. 5,701-000
5550

: o .
TN



APPENDIX 32

Bees matured on weight of meal imbibed Tor ranse
0200 - 0350 mgs _
455 *(3/v) HUMAN I.E.

T

e

(a) Veisht of meal (mg) ' (b) No. of eggs

0-240 ~ 17
0-230 36
0-235 o4
0250 - : | 37
0-302 | 35
0.241 | 25
0.298 24
0+203 30
0-264 | | 32
n =9
Ta = 2259 Ly = 277000
& = 0-251 b = 30-718
&v)° =  76,729.000
22 = 8,985.000
S, = 0.32 Sy = 7579
45% (w/v) HUMAN RED CELLS IN 0+85% SATINE
(c) Weight of meal (mg) (d) No. of egss
0°333 o 24
0,214 16
0261 | 12
0-345 - 20
0+304 | 16

n = 5



(ed]

Taq gt 88, .000
Ga)? = 7,744.000
242 =, 1,632.000

Sd =. s 'v "4.5'6:% a :
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APPEHDIX 353

Egos matured at 25°C on weight of 45% solution of
the water soluble extract of hamster red cells imbibed
threugh leached chick membrane.

Generation 21; human-~line; L. longipalpis from B.H.

lWeight of meal (mg) No. of egss.
0242 65
0+258 T3
0+283 | 51
0+182 56
0+343 78
0+322 84
0215 | 45
0-257 | 74
0+215 52
0+306 74
0+285 75 )
0198 59
0+222 58
0+255 67
0+262 54
0+270 61
G+325 58
0+318 61

e Y

n = 18
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APPENDIX 34,

Egss matured at 25°C on weight of 45¢% solution of
the water soluble extract of human red cells imbibed

through leached chick membrane.

Generation 21; human-line; L. longivnzlpis from B.H,

Weight of meal (mg) No: of eugs.
0240 17
0+356 28
01595 19
0-180 19
0-150 - 29
0+230 36
0.130 34.
0+235 41
0+250 37
0152 27
0-302 35
0-241 25
0+298 24
0-172 | 36
0+203 30
0-264 52

n = 16
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”

APPENDIX 35.

Iggs matured on weight of erythrocyte extract

imbibed for range 0180 -~ 0+270 ng. o

HULIAIT E.E.

(a) Yeicht of meal (mg) (v) ¥o. of s
0180 a 19
0°+195 o -19 R
0+207 50_!
0°+230 36
0+250 | 37
0+241 | 25

" 0eo35 o
T 0°264 32
no= 9
La = 2°034 b = - 256000
2 = 0°22 b = - 28-444

@)% = 65,5%6+000
L ®p° = 7 7,906+000

S. = 0028 8-833

m wm
= o
Il Il

2+940



HAUSTER E.E.

(c) UWeight of meal (mg): ™ (d) No. of esmes.,

00198 I
DR O-élS S P N '_ R x :.5'4_5 |
0215 Lo 52
0-182 . 1
0-223 o m

a'o;24éjmug iff, B ;;;f”ﬁf?ﬁpfgsixffii_

Q-255' A ‘2 - - fgé%ﬁ  ‘._

o258 R

0-262 L ”;géi

n = 10 | o e

Ex = 2~3%Q . . g d:,=,3603?ooo o
0.231 ~ i = 60-300

oF -
i

e = = 3751454090
S =  0.028 S, =1 9334

~—

Comparison_ of b and d:
. 1

R

p = 0.001; .t = Te43; 4f = 17

St

b(zd)zv = __363-3609;000» o
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APPENDIY 36.

Eggs matured at 25°C on weight of 75% human blood
imbibed through lesched chick membrane.,

Generation 203 human-line; L. longipalpis from B.H.

Weight of meal {(mg) _ No. of eggs.
. 0.295% 22%
0+366 32
0+344% 30%
0-335% 33%
0-312% | 31%
0+380% 4%
0438 | 45
0-252 23
0398 ' 26
0+278 34
0-355% . | 39%
0+395 ' 35
n = 12

* for weight of meal 0280 -~ 0390 mg

Lx = 2.021 Ly = 197 +000
X = 04337 y o= 324833
S, = 0:030 (Z2y)2 = 38,809+000
Zv° = 6,719+000

5. = 7083

J
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APPENDIX 37,

Eggs matured at 25°C on weight of 0°655 (w/v)
I-isoleucine in 75% human blood imbibed through leached
chick membrane.

Generation 20; human-line; L. longipalpis from B.H.

X ,
Weight of meal (mg). Nb.yof esss,
0+444 26
0-282% 23%
0-470 63
0465 43
0-428 48
0-344% 41%
0-388% 55%
0+365% 38 %
0-344% 29%
0-136 5 N
0-300% 19*
n = 11

* For weight of meal 0:280 - 0390 mg

Lx = 2-023 2y = 205 - 000
X = 04337 v o= 34,4167
s, = 0-039 (2y)% = 42,025-800

By? = 7,881-000
S. = 134242

y
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APPENDIX 38,

REGRESSION AWATYSIS.

Eggs matured at 25°C on weight of 10% (w/v) bovine
seruir albumen in 0+85% szline imbibed through leached
chick membrane.

Generation 23; human-line; T.. longipalpis from B.H.

 INDEPEWDENT (x)  DEPENDENT (y)
Weight of meal (mg) | NO.of ezgs.

0.399 - 15

0537 | 29

0443 17

0253 | 23

0367 23

04443 29

0.391 15

0.117 | 7

0+562 37

0.484 _25
n = 10

Sx =  3.99 Ry = 220.000
X = 0-+399 v o= 22.000
@x)2 =  15.968 &y)° = 48,400-000
k% = 1755 Zy% = 5,522.000
2xy = 95.774 b = 494759
SRy = 879.120 Sy = 6.029
t o= 3.280

p = 0+020 if = 8
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> APPEWDIX 39

“ Com

REGRESSTON ANALYSTS.

Ggos meturad at 25°C on weight af 10%(w/v) bovine
serum albumen in 0-85% saline imbibed through parafilm
'}M' membrane.

Generation+23; human-line; L. longipalpis from BH.

INDEPINDANT (x) DEPENDINT ()

Weight of meal (mg) No. of egns
0012 1 - 1
0-077 10
0+105 9
0°+131 14
0-078 11
0°142 9 -
0455 | 31
0357 30
0-432 | 29
0°365 : 23
0+296 22
0°+103 13
0-062 AL
n o= 13
Lk = 2.615 Zy = 91%.000
X = 0+201 ¥y = »16.385
Ex)° =  6.838 (2y)° = 45,369,000
2

T2 - 0-817 I y° = 4,585 .000



o Xy

Ly

i

59.968 - b = ..58.952
= 556.569 S, = 24760
| =. . 11.520 .

= 70.00L. - aft=l o 1l

P
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APPTIDIN 40.

REGR &S TON ANATYSTS.

.‘,1

Lges matured at 25°C on weight of 10% (w/v) fatty-
acid free bovine serum albumen in 0+85% saline imbibed
through parafilm '}M' and leached chick membrane.

Generation.23; humen-line; L. loagipalpis ﬁ:om B.H.

TUDEPENDINT (x) DEPENDENT (y)

Weight of meal (mg) = - No. of eges.
0-315 2T
Parafilm 0235 : 23
. 0+046 | 8
0+258 13
0-448 35
Leached 0+387 23
chick | 0+376 30
membrane.: 0301 16
0+459 40
0-503 » 23
0475 42
0271 25
_0:309 24

n = 13



4-38L
0+337

19.193

L L2ressT
];’432‘587 .

0e002

Zy= 327000
- y= 25,',154.":'.‘ <
€y)2 = 206,929-000 <

“

1

4181

= 11 '



’ 350
APPEIDIX 41

REGRESSION ANAT.YSTS.

Eggs matured at 25°¢C on welght of human plasme
imbibed through leached chick membrane.

Generation 20; human line; L. longipalpis from B.H.

INDEPENDENT (x) DEPENDENT (y)
Weight of meal (mg) No of eggs
0+332 41
0232 37
0+282 36
0+242 32
0+255 32
0257 32
0-213 | 31
0-239 30
0-284 26
0-137 _24
n = 10
Ix = 2473 Ly = 321.000
X = 0+247 vy = 32.100
(302 = 6.116 &y)° = 103,041.000
3% = 0.635 235° = 10,531.000
P2xy = 80.S21 b = 66.870
2Ly = 793.833 5, = 3.938
t = 2575

P = 0-050 af = 8
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Eggs matured on welght of human plasma imbibed for

range 0250 - 0350 mg.

HUMAN PLASHA

(a) Weight of meal {(mg)

0257
0255
0.282
0+284
0-332

S g = 1.410
a = 0282

S. = 0031

Bp)?
2 p

Sy,

SB

il

it

[

(b) lo. of ezgs
' : {r:-_ 32,
SRS 12

36
26

4

167.000
33.400

2'7+889

=5,/01-0Cc0

5550
2+480

50% HUMAW PLASMA IN 0-85% SALINE.

(c¢) Weight of meal(mz)

0°*262
0°274
0+292
0-348

n = 4

(b) Ho. of egos

18
13
10

13



Ze = 1a76 . 2d .= 54.000

L"_ el
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“,0-294 N ) | d = 13.500

X a? L e2i00

; S':jz' 0?038: ‘.‘ -» . ” 8_ 5?:‘>_.3.317
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LT YSTS .

Ezgs nqtured at ?5 C on weight of 5m (w/v) bov1ne

gerum albumem in O- 85% sallne imbibhed throu"h leached

chick membrane.

Generation 233
H

Wedsht

INDEPENDENT (x)

of meal (mg)

I

0-282
0-113
0+359
0+352
0+389
0+120
0-085
0266
0-141
0442
0+440
0406
0-292

_0°389

4+116
0°*294
16-941

human-~line; L. longipalvpis from B.H.

DEPENDENT (y)
No. of egus.

8 ' '

1
14
11
14

9

1
12

2
13

13
10

Xy = 124000
8.857
= 15,376 000

N
%J

N <)
[ It



& x°

xy
X <2y

1.429

42026

510-384

Bl

I

LIV

7,856,000

53k

Tsen

12

Toe R d T ST s Tl ey



A APPEIDIX 44, A SN

[ s

Eggs matured on 0+350 = 0450 mg of bovine serum
albumen sotution (in 0-85% saline) imbibed.

» ol 2

10% (w/v) SOLUTIOHW

(a) Weight of ﬁ%gl (mg):f , (b)x Mo, of eges
04399 e w3 den 15
0.443 | 17
0.367 23
0443 29
0.391 : A5
n =5
Sa = 2.043 2y = 99.000
a = 0409 b o= 19.800
(30) = 9,801.000
| v - 2,109.000
S = 0.034 S, = 2.469

5% (w/v) SOTLUTICH

(¢) Weizht of meal (mg) (d) Fo. of engs
0359 _ 14
0.392 11
0.389 14
0.442 13
0.440 9
0.406 : . 7
_0.389 A0



S Comparidon of b and d:l s} e

= 3.67

2814 | v Z [«

0402
0+030

5?_737}0f010; -t

VL

d

B A R R ﬁ(§:1)2 ,
“ﬁ”V:iiuﬁﬂfﬁEEdgﬁ

S

L4

 78-000
11.140

= 6,084-000

v

b4

1-635

9124000
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APPENDIX 45

Eges matured at 25°C on weight of 20% (w/v) bovine
serum albumen in 0855 saline imbibed throuzh leached
chick membrzne.

Generation 23; human-~line; L. longipzlpis from B.H.

TNDEPENDENT (x) DEPENDENT (y)
Welght of meal (mg) No. of eggs
0.233 - 9

04186 |

0+243 8
0117 11
0+079 14
0-065 28
0.131 1
0.148 21
10-207 .18
0.298 7 w
0.152 10
0-299 19
0+300 18
0335 19

n = 14
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The ascoclation of female weight at blood-meal and

the number of egos matured for Ti. longioalpis fed on

human blood. : - o
Veicnt of female at | | Deviation from eggsﬂ
blood-meail(mgl E | matured/biood weight
regression
( CALCULATED)
0.330 : . .+ 2619
0354 -~ ; -+ 530
0.238 . =10+ 20
0.406 +10-36
0.313 + 5092
0.266 + 4.61
0.352 - 258
0.322 + 929
0348 ' - 1.92
0373 +10+70
0.2770 + 047
- 0.326 -~ 102
0.255 | - 125
0.270 | - 422
0.309 - 521
0.%40 + 1-01

0,254 ' 2 149



= 031
= .34°S8
- 188
= 3T
= 0-26

::::::
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The assgcliation of female weight at Hlood-meal and
the numnber of eggs mwatured for L. longipalpis fed on

human blood.

Veight of female at - Deviation from egzs
blood-neal  (mg) matured/blood weight
A regression
0-345 B Y R
04339 - 3-8
0384 | + 28
0352 - 1.7
0277 - 3-4
0+353 | 3.2
0+375 - + 16
02240 - - 9.1
0+280 - 34
0-298 + 2.3
0346 = 1.4
0+319 - 5.0
0323 + 044
0-278 | - 5-1
0401 + 245
0-446 + 11-1
0-418 + 4.4
0-286 - 5+4
0359 +6:7
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APPIENDIX 48

The weights of individuals of L.- Longipalpis at

different stages of develgpment.

X o

Weight of 4th ;nstar Weight of vnupa a Welgsht ofyfemalé

1d§a a day béfqre dav before . B  on day of'

A;mmation;";_“ . éﬁgzggagg - ‘emergence'
0.730 . 1 0653 o, 0-428
0-698 0+ 650 07359
0753 : 0700 04405
0+632 0507 0341
0-735 0-634  0.400
' 0-640 | 0-567 04320

0+689 10-582 0+ 352
0742 0632 0-7336
0730 | 0+632 | 0352
0-710 0+607 0+7394
0703 0-605 G332
0-706 0592 0+7398
“0+754 0+643 0-392
0732 0+690 0376
0+689 0-664 0-414
0790 0-663 0-429
0-729 0-630 0-430
0-727 0+620 0402
0710 0+597 0-364
0796 0-688 0454

n = 20 i
Y
[]



b
R
i

14-395

- 0+720

207216
10.392

L g el
111.245

 0.001

et

7728

- 0-386
59.723
©3.011

-.;;b;é7éﬁafﬁagffff;.
18w
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APPENDIY 49

Vet weights of adult females of L.'longipalpis on day

of emergence when the larvae were reared at 28°C and 25°¢C.

X 5
At 28% At 25°C
0296 0+347
0+367 e 04367 -
0-283 0385
0+350 0+364
0350 0419
0+335 04423
0-320 0383
0290 0405
0+330 0-342
0+3973
0+400 .
0+402
0+416
024573
0368
0°415
0346
0°375



%y - 2921
20 R%% L 00955

_ Comparison of X iand

P = 0s00L3 e

C(e? - s

R 0029

S o= 24796

e e

= 7014
= 0393
S= " 050+041

o= 0.032 =

Saf = 250

Lee
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FILALES OFPIRED .

30% (w/v) sucrose all life

TWDEPENDENT (x) DEPENDENT (y)

Weight of meal (mg) ' o.of epes.
0477 - .. o 55 .
0342 .. Lo 45
0-378 1 L33
0+7362 "L | Y
0-243 o 36 |
0-380 ' Sl 48 |
0+454 | S48
0373 ; - 52
0-509 54
0-482 | - 64
0+330 39
0-088 14
0255 . 30
0368 . 38
0-337 36
0417 ' .48
0-196 e
0+320 : 2
0-464 41

n = 19
Lx = 6775 Xy = 782
Tx® = 2.620 = 42 = 35,018
2 xy = 298.670



b o= 97-16 .o liot = 6.0l

. TWDEPENDINT (x)  DEPENDENT (y) i

, Weight of meal (mg) _ - - No.of eggs:G; v
G 0e349 - |

-

PEMATES OFFERED ONLY WATER

croesLy ~:n‘§ 16_*,e;giqg ;‘  1,. "

©10.523 - RV R

:jg1d‘182 o '.',_g ‘_g 2i_ f?
0442 B -  ,?33-

"~ 0-378 o 38k -

Croeses R
L10-061 - RS |

v

w0202 0
0-074 - | 0
704436 4
©0-392 o 41vf

;'fo-27i .' \ 23
0e3T5 20
1 .0+209 22
- 0+506 . i ' 40
0473 3
| 10-248 , 32
0230 | 23
Tx - 65 gy sy
2x® = 2358 =y = 18,261 

M
2
!

201+ 270

= 935 t = 7412

Qg T
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APPTNDIX 51

" Number of eggs matured on weight of human blood

imbibed by 2 - 3 day old L. longipalpis. 30% (w/v) sucrose

offered from emergence.

Z X R ¥
Weight of female~ VWelght of blood No. eggs matured

at blood-meal (mg) imbibed (mg)

0.367 0.361 . BLOOD WOT DIGESTED
0+414 0.444 46 |
0.380 0530 48 |
0.332 0.536 51
0.413 0472 | 53
0+440 - 0.235 43
0+360 0.680 58
0.411 0.265 35
0.482 | 0.286 60
0.402 ' 0.466 37
0.352 0-418 52
0+390 0.278 39
0-380 0.432 62
04477 0-271 g
0+316 0.602 63
0+468 0.152 35
0353 0.302 43
0-377 0.358 : 51

0.315 0.351 48
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APPENDIX 52

Number of eggs matured on weight of human blood

imbibed by 5 -« 6 day old L. longipalpis. 30% (w/v) sucrose

offered from emergence.

Z X y
Weight of female Weight of blood No.eggs matured

at blood-meal (mg) ~imbibed (mg)

0442 0+ 270 - BLOOD HOT DIGESTED
0395 0.563 60
0394 - 0.224 37
0373 0702 | 53
0342 0221 34
0+354 0.186 37
0+345 0-460 53
0347 | 04558 57
0319 0453 49
0+455 04408 42
0-475 0313 37
0415 0342 38
0+427 | 0:418 42
n = 12

z = 0+387

S = 0+049
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Number of eggs matured on weight of human blood

imbibed by 11 - 12 day old I,.. longipalpis. 30% (vi/v)

sucrose offered from emergence.

z x v
Weight of female Weight of blood No.of egegs matured
at blood-meal(mg) imbibed (mg) |
0322 0.370 BLOOCD FOT DIGESTED
104365 0460 ~ DITTO
0.371 _ 0.302 DITTO
- 0.380 0.537 51
03352 0.448 4%
0.315 0.710 49
0.342 0.348 40
0.3%28 0.452 30
0.371 0.610 60
0.385 0.475 ' 48
0304 0.198 17
0.326 0269 33
0.332 0.333 37
0-375 | 0.287 30
0 .300 0.510 41
0.395 0.790 63
0-340 0.178 26
0.280 0.495 31
n = 15
= 0.340

7
S

I

0-034



APPENDIX 54

? -

NunberIOJ esgs matured on weight of human blood

£l

imbibed by 15 - 16 day old L. Longipalpis . 30 (w/v)

sucrose offered from ewe"gencb.

z - x o ¥y

Veight of Ffemale  Weisht of blood ' No.egzzs matured
at blood-meal(ms) imbibed {(mg) o »
0341 0-459 ' BTOOD FOT DIGESTED
0-283 0+359 DITTO
0-378 0470 DITTO
0-337 0-683 DITTO
0-379 07318 DITTO
0+290 | 0.10C DITTO
0+335 0-226 DITTO
0-427 0-378 DITTO
0-313 0587 DITTO
0:326 0477 . DITTO
n = 10
Z =  0+341 X = 0-406
S = 0.044 = 0169
G374 0-466 65
0-316 04275 33
0277 0+560 50
0338 0475 45

0347 0-305 55

.re
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Appendix 55. 564

A record of temperature and humidity in the Serra dos Carajis

(Brazil) during September 1974, (Courtesy Dr. J. Texeira)

TEMPERATURE, °C.

DATE(Sept.197%4) MAX. MIN, RAINFALL (mm.)
01 day . 27.5 21.5 : 0.0
01 night 26,0 21.0 0.0
02 day 28,0 21.0 0.0
02 night 26.0 22,0 0.0
03 day 27.0 22,0 0.4
03 night 24,0 20,0 115.0
04 day 25.0 20.0 0.0
0k night 26.0 20.5 0.0
05 day _ 27.0 21.0 0.0
05 night 26,5 . 21.5 0.0
06 day 27.0 23.0
06 night oh.5 21.5 0.0
07 day 27.0 21.0 0.0
07 night 26,0 21,0 0.0
08 day : 27.0 21,0 0.0
08 night 25.0 20.0 0.0
09 day 28,5 21.0 0.0
09 night 27.0 21.5 0.0
10 day 27.5 21.5 0.0
10 night 26.5 21.0 0.0
11 day 30,0 21,0 0.0
11 night 28.5 21.5 0.0
12 day 29.0 21.5 0.0
12 night 28.0 22.0 0.0
13 day 27.0 20.5 0.0
13 night 26,0 22,0 0.0
14  day 98.0 29,0 0.0
14 night 26.0 18.5
15 day 26.5 20.5 0.0 _
15 night 26,0 21.5 0.0
16 day 28,0 21.5 0.0
16 night 25.5 22.5 0.0
17 day 27.0 22,0 0.0
17 night 26.0 22,0 0.0
18 day 28,0 22,0
18 night 27.0 21.5 0.0
19 day 27+5 22.0 0.0
19 night 26,0 22,0 15.4
20 day 23.0 21.0 3.0
20 night 24,0 20.5 0.0
21 day 27.0 21.5 0.0
21 night 25.5 21.0 0.0
22 day 27.0 21.5 0.0
29 night 25.0 22,0 0.0
23 day 26.5 22,0 0.0
23 night 25,0 21.5 0.0
24 day 27.5 22,0 0.0
24 night 26,0 22,0 0.0
25 day 2740 23.0 0.0
25 night 26,5 22,0 0.0



Avnendis 56.

Unpublisched reports of fieldwork carried out in
Imilia-Romagna, JTtaly, during the summer of 1973,
The author played a major role in the work

described in the second report and collsborated fTully
in that set out in the first report.
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Summary

In July 1973, an investigation was made of the sandflies
in the south of the province of Emilia-Romagna, Italy, where
there had been an cuthreak of kala-azar ipn 1971-72. Only one
species, P.perfiliecwi, was found. It was wvidespread and
abundant in domestic situations and in fields and woods. In
natural conditions it was shown to feed en a wide range of wild
and domestic animals. It came readily to man in varying
temperatures and humidities and was shown to sustain the attack
from shortly before sunset, through the night, until a few hours
after davn. Engorged females were collected and a laboratory
culture initiated.

From itg distribution and habits it could be suspected ofX
being a vector in Emilja-Romagna. Confirmation of its susceptibility
to Lelishmania is necessary before a conclusion can be reached.
Similar studies are planned on P.perniciosus, the assumed vector
of kala-azar in other parts ot ltaly. '

It is recommended that spraying should be continued, and
current work aimed at revealing the vector be encouraged. It is
unlikely that transmission to man can be prevented in condilions
such as in 1971 without knowing the vector and reservoir hosts,.



Background

In 1971-72 there was an outbhreak of visceral leishmaniasis
in the region of Emilia-Romagna, Italy. 60 cases were diagnosed and
13 patients died. DPuring the previous 50 years, only 4 autochthonous
cases of the disease had been reported in the region. The outhieak,
which has been described by Pampiglione and colleagues (Ref. 1),
differed from typical Mediterranean kala-azar in that: (i) a high
proportion (605} of the patients were adult men: (ii) in some
patients the disease was rapidly fatal: (iii) from seroleogical
studies there is evidence of asymptomatic cases: and (iv) there is
a strong sugqestion that the usual reservoir host, the domestic dog,
was not the source of infection.

In 1971 there was the most severe drought in Emilia-Romagna within
living menory. One explanation of the outhreak is that this abnormal
weather led to changes in the numbers and bhehaviour of the sandflies

vwhich altered the man-fly contact. Another is that the drought affected.

the behaviour of an as yet unkmown reserveir host and the parasite was
thus brought cleser to man. Roth changes may have occurred (Ref. 1).

In 1972, a team led by Professor A. Coluzzi collected L, 777
sandflieg in the area and identified & species, viz.: DPhlebotomus
perfiliewi (54% of the catch), P. perniciosus (4.8%), P.papatasi
(0.1%) and Sergentomvia mimita (41%) (Ret. 2). From indirect evidence
cf the distribution of leisbmaniasis and sandflies, it is generally
assumed that in Italy the vector of kala-azar is P.perniciosus, and
that of cutaneous leishmaniasis (seldom secn in Emilia-Homagnal,
P.perfilicevei (e.g. Ref. 3). P.papatasi, though a vector of visceral
and cutancous leishmaniasis in other parts of its range, has not been
implicated in Italy. S.minuta feeds predominantly on reptiles and is
novhere suspected of being a vector of leishmaniasis of mammals,
including man. However, a clesely related species, S.nrpaklensis,
from the Middle East and western USSR is thought to bz important in

- the maintenance of cnizootics of cutancons leishmaniasis of rodents;
it occasionally bhiftes man,

Conirol measurcs taken in Bmilia-Remagna include: (i) diagnosis
and prompt treatment of cases; ({(ii) destruction of foxes and, in
selected instances, of dogs; ond (iii) swraying houses in the
alffected area with insecticides.

Objectiveaes

the Catiedrn

month of

b4

R



July, 1973, in Emilia-Romagna studying the biology of the

sandflies. OQur aim was to gather data on their distribution

and hehaviour (esnecially biting habits), and to establish

laboratory colonies of any sandflies suspected of being involved

in transmission. We hope to he able to compare the susceptibilities
of different flies to Leighmania in the laberatory, and evaluate their

Y

potential as vectors of kala-azar.
Obgervations

During the period July 9th-31lst we collected 3,680 sandflies
from 8 sites in the northern foothills of the Apennine range
(sce map, appendix 1). Ve have so far identified 2,500 specimens
(500 9¢; 2,000 33). All were P.perfilicwi. Methods of collection

are listed in appendix 3.

Domestic sites

Numerous P.nerfiliewi were collected in a stable of a house

(site 1, appendix 2) which had been sprayed in April, 1973,. Only
few sandflies were taken from inside the house. Female Poperfiliewi

came readily to man outside a house in the Zena Valley (site 7),
and in the garden of a villa belonging to a man who was the last case
diagnosed (February, 1973) (site 6). In ithe latter locality, one of

the highest man-biting rates of any sandfly ever recorded was observed.

Both houses bhad been sprayed in the spring, and there were only few
sandflies within the houses., Several female P.perfiliewi were taken
in the garden of a house (site 3) at an altitude of 5CO Me, 200 ms
higher than in previous collections in Emilia-Romagna (Ref. 2).

Silvatic sites

The preponderance of adult male patients in the 1971-72 outbreak
suggests that at least some of the infections may have -heen acquired -
away from houses. Hunting and farming expose man to the bites of
silvatic sandflies which may have become infected by feeding on wild
mamrials,. Ve therefore collected from three silvatic sites, each more
than 1 k. from the nearest house (sites 2, & and 5). In all three

P.nerfiliewi was abundant. There appear to have been no collections

of P.perfiliewi from such sites in previous work.

Biting preferences of P.perfiliocwi

Tent traps and oiled trays (see appendix 3) were baitced with
a variety of mammalg and set af several places to determine which

;-
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animals P.,verfiliewi will feed on in natural conditions, and to
discover which were preferred hosts. The flies fed on the field
mouse (Sylvacmus sylvaticus), the hare {Lopus capensis), the rabbit
(Orvctolacus cuniculus), ihe heech marten (Martes foina), the fox
(Vulves vulpes) and the deg (Canis familiaris) (sec appendix L).

In addition, ilies were scen to feced readily on man and cattle.

No fed females vere taken from traps baited with voles (Pityriys savii)
or the domestic cat (Felis catus). No observations were wade on
sheep, goats or pigs. An unusually high proportion of feumale Tlies
took blood frowm the hare (2¢5) and the rabbit (15%). TFrom the few
experiments wve had time to undertzke, we conclude that the populations
of P.perfiliewi studied may have a preference for leporids ~ the hare
in the wild, and the rabbit in domestic situations. (Wild rabbits arc
not present}. '

Conditions in which P, perfiliewi attacks man

In all sites, at altitudes ranging from 90 to 500 m., P.perfilicewi

attacked man in a remarkable variety of weather conditicns. Light winds
did not prevent attack, although there was a suggesticn that in such

conditiong the movement of the flies was restricted to a level close to
the grouna. Females fed readily on man at temperatures ranging from
14°C to 25°C. Humidity seemed not to affect biting activiiy and we
wvere attacked at R.H. from 50% to 100%. Light rain did not deter
biting. : :

Biting activity of P.perfiliewi

P.perfilicwi never came to feed in bright light, but began
before sunset and fed until a few hours after sunrise (at a time
when farmers or hunters arce often active). In an all-night man-biting
catch at site 6, all flies which began to feed on a man stripped.to
the waist were collected during the first 15 minutes of each hour from
21,00 hrs until 07.15 hrs the following morning. Collectors used
insect repellent, and 2 torches were kept on throughout each collecting
period. The results are shown graphically in appendix 5. In suitable

. weather.conditions, such as on that occasion, P.perfiliewi was found

to attack man throughecut the night. Peak biting activity was at
03.00-03.15 hrs vhen 118 flies probed on the bait - an unusually high
nunmber. During the eleven 1l5-minute collecting periods (total time
2¥hra) 462 probing flies were taken.

In other localities when man-biting catches of engorged females
were made for 1 hour frem about 22.00-23.C0 hrs £0-60 flies were
commonly collected. These fed females provided eqgos with which the
laboratory culture was initiated using the methods described by
Killicle-Fendrick and colleagucs {Ref. 4).

Conclusions
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et ered only PFonesfilicwi in the places stndied,
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our conclusionz misl he limitcd to a proviszional assessment of this
species alone. It ig likely thmt other ran-hiting sandflies will be
found at other times of the year and tha® we were ecollecting when the
vopulatiocn of P.rerfiliewi was approaching a pealk.

The ﬁ1rturn of . “orf111f“t is of an abundant, widely distributed
snecies with onoortun1st;c feo<1ng habits It will take blood from a
variety of wild aninals - some of which Lould be rescrvoir hosts -

and is a persistent and determined man-biter.

From its distribution and habits P.merfiliewi could be a vector
of kala-azar in Emilia-RNomagna. The Italian s subspecios (P.n.perfiliewi)
is a known or suspected vector of visceral l~¢snmani'3ib in Greece and
Macedonia, and another subspecies (P.n.trancauncasiecus ) is a vector in
Azerbaidzan, USSR (Ref. 5}. However, it should not be assumed that
this fly was responsible for the Italian oulbrealt unless the susceptibility
of P.perfiliewi from Emilia-Romagna to Leishmania is demonstrated
experimenially or Leishmania infantum is isolated from a naturally
infected fly.:




Recommendations

1. Control measures

Spraying houses with DDT seems to have greatly reduced the
numbers of sandflies within the houses. If spraying is repeated in
future years, it may be even more effective if it is undertaken in
June. near the seasonal appearance of sandflies, rather than in
March or April. In addition to the danger of leishwaniasis, sandflies
are a serious pest in the area studied; spraying may be considered
desirable cn these grounds alonc.

Some stables, often close to or integral parts of houses,
appear not to have been sprayed. Large numbers of sandflies feeding
on cattle were found in one such stable. This maintenance of a large
population of flies close to houses is obviously undesirable, and the
numbers could be reduced, at least in some pilaces, by spraying all
stables, pigsties, henhouses and rabbit hutches whenever the construction
lends itself to such a measure.

" The presence of small mumbers of sandflies in houses sprayed only
3 months before our visit is difficult to explain, Possibly they were
an ‘overflow' from nearby stables. Since there wags no spraying
while we were in Emilia-Romagna, we did not sce how it was done.

Russian workers, whe have much experience of conlrolling sandflies
with insecticides, suggest that:

(i) - the behaviour and favoured resting sites of the flies
: should be determined; '

(ii) rooms should be prepared for spraying by moving furniture
avay from walls and removing dust from surfaces to he
sprayed; ' .

(iii) insecticide should be sprayved on walls from the floor to

the ceiling, on frames and sills 5f doors ond windows, on
a 1 metre strip of the ceiling along the walls and above
lights, on the bhack of furniturc and pictures which arc

against walls, and on the lower parts of chairs and tables;

(iv) occupants should be encouraged to keep spraved surfaces
free from dust with soft brushes or rdgs, and should
understand that rough cleaning or re-painting will remove
the insecticide;

v sprraying in the cpen air should bBe dene in dry, windless
weather towards the end of the day as the heat subsides.
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A safe dose-rate of DDT for mammals is 1-2 gms active compound
y ~ . -
ver metre which, according to the 1963 VW.il.0. Report of The Expert

Comnittee on Imsecticides, should remain active against sandflies

for up to 2 years. Russian vorlers suggest respraying cvery 30-40
days throughout the season, but we believe this to be unecononmic in
Imilia-Remagna. The large populations of flies awvay from houses will
not be centrolled by house-spraving.

It is generally thought that zandflies do not become resistant
to insecticides. Different species do, hovwever, exhibit varying
degrees of susceptibility (Ref. 6). Moreover, isolated populations
of flies are said to be resistant to chlorinated insecticides in the
USSR. In Emilia-Romagna, therefore, it would be prudent anaually to
test the sugsceplibility of the sandflies to DUT,

It is therefore RECOMMENDED that:

(1) the interiors of houses, stables and other structures housing
: domestic animals should be spraved with DDT in June of cach year;

~—~

e
e
~
o

he occupants should be advised how to prerpre their houses for
spraving and how best to maintain the activiiy aftervards;

(iii) the suscentibility of the sandflies to insecticides should bhe
ronitoered.

2. Future studies

Although spraying can be cxpected to control domestic transmission,
the danger of infections being acquired away from houses remains - and
may, indeed,; be the most likely nlace of transmission to man in-Emilia-
Romagnas Until the vector is discovered and its habits known, and the
source of infection is discovered (probably & wild animal or - and this
seens less likely - the domestic dog), the only effective control measure
is to continue with the svift recognition of cases and prompt treatment.
If the causes of the outbreak are to be understood and sleps taken to
ensure there are no wore outhbreaks, an intensive study of the sandflies,
of rescrvoirs of infection and of strains of the parasite is desirable.

From the point of view of pinpointing the vector, it is RECOMMEUDED
that:

(i) culivres of Ponerfiliowi and Donerniciosus he entahliched in

the Inhoratory, and o coomoarison be made of their euscertibilities
to strains of Leishmania from paticnts.

This worlk has heen started and will continue in collaberatio
with the workers in Dologna. TFor this and ether werk it is
essential that new strains of the parazite be isolated from

. - . .
paticats. In our view, this last step must he

»

civen hioh vrlority.
= == v N - v <
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(i3) studics oir the digtribution and habits of P.verniciosus be
: matce
+In September, 1973 one of us (F.D.R.) will atienmpt to
find this fly and undertake a study similar to the one on
P.perfilievis It ig regrettable that there appear to be 1o

recoras of the precise places {rom which Ponerniciosus was

collected in 1972, nror of the time of year that it was found,
This information would greatly help future work.

(iid) flies be dissected ang examined for the nresence of Leishmaniae
This should perhaps await an assessment of the
- susceptibilities of Poperfilievi and P.nerniciosus to

Leishmahia in the laboratory. Parasites from wild-caught
flies should be established in culture and laboratory
animals,; so that ithey may be compared with sirains isolated
from man or reservoir hosts.

(iv) bloodmeals of engorged wild-caunht flies be collected frow

fields and woods, and the source of blood identifiecd.

Dre P.F.L.Boreham of Imperial College; Ascot, England
has kindly agreed to identify the hHloodweals. New tdéchniques
for collecting fed flies in other than domestic sites may
have to be devised, e.g. the provision of artificial resting

.pPlaces. Such methods would be an important new contiribution
to the ficld study of sandfliesn.- '
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Appendix 2

List of collecting sites of P.perfiliewvi
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Site Numter Locality Nature of collecting site ' Trapping methods
1 Casa Beatuzzi and adjacent house, Cattle~sheds, farmyard, rabbit- Sticky traps, tent traps,
Vedriano. Via Gitanari hutchesz, chicken-houses, inside catches from man and catt’

nouseg.,

2 Near Ca Paderna, off via Gitanari The wooded botiom of a dry _ _ Light/CO_ sticky traps,
valley (of Rio di Paderna) . Disney traps, catches fro
man L ] »
3 Montecalderaro. Villa of ' Garden, and inside house. Catches from man

Dr. Al.Parenti

& Duzzola, Casalecchio Dei conti, Wooded hillside and stubble field Light/CO, sticky traps,
p . &~ .
Via Malvezza Hisney trans, catches

5 Casalecchio Dei Conti, rv, rocky river-bed and : Light/coz sticky traps,
off Via Luogo . surrounding woods of Rtio ‘ Disney traps, catches
Dallg Varone : FOT Man.
& Casa Ortolani, Hillgide orchard and garden Catches from man, colloeki
Via Del Poanio ‘ of a Y¥illa of fed femalas from
' resting sites
7 -Casa Nastignano, ' Farmyard, rabbit-butches, Catches from man, collecti
Zena Yalley chicken-houses of frd females fron
resting sitoz.
B Faenza Carden A catch from man

" Villa of Dr. M.



Appendix 3.

Collecting wothods

1. Tent Trep (after Riouk)

ggod tent of mosauito-neltiing
(2 netres long, and 1 metre wid its bhase, whernce it narrows to
a point). Sandflies gain enivy to the bait-animal within through a
framed opening (60 cm x 30 om) at ground level; irapped flies are
collected with an aspirator from the top of the tent.

2. Modified Disney Trap

A caged animal is nlaced in the centre of a tray of castor oil
(on the ground). Sandflies attracted to the bait are trapped when
they land on the sticky surface.

3. Light and Carbon Dioxide Sticky Trap - (after Rioux)

A paper lantern containing a dim white licht and solid carlbidén

dioxide attracts sandflies, which bhecome stuck to the trap's castor-oil-
' 3¢

impregnated walls.

R

. The collection with tubhe or aspirator of female sandflies attracted

to bait aninals.

5. Searching for engerged females in their resting sites.

"

ib.



Appendix 4.

Host preferences of P.perfiliewi.




Qo TENT  TRAPS o TTAL PEBCENT

FLIES FEMALES
CAUGHT ENGOREED
az.2 5. 56 o
BEECH MARTEN YIIVIVIIISIIRTNESNONE T 126 89
26eh By 19 ' |
EN AN ¥ >
o VIIII IO INY \?Q/(){\in\ﬁ 53 2:6
3o G2 _lve
. AV AV WANZANN AN 4
Dog f/////// (:Q“f ol AX LA R £O 153
(grim 1) YEDRIAND, 12772, 200~ 23.30 kes.
FARMYARD  DIRECTLY OUTSIDE LIGHTRD CATTLE SHED. KeY
RH. 60=65 % | Yo FIALES! //;
. /
- | KUNFED  FEMALES [N
EME B2 AING T 20°C. % FED  FEMALES L.



CRioux’ TENT TRAPS - PERLENT
: FILIES FRAALED
CALGHT ENCORGE
| i} 25.0 ‘ _ 5.0 N -
ConTRol. L L L NN NN NI Ko $ o
818 - | | ,
EAT '/l /\/\/\/\/\/\[\{\(\f‘%\(\'o . 0
o e §3.5
veq U7/ /T T TR | 63 bl
(.i.‘f:'w;:?. L‘} VE@Q!&NQ. Iéo?.b,?.gu 2!-{@""“ ;=3‘[O l"u"S.
FARMYARD, AWAY FROM CATTLE SHED. ey
RH 66% - . ¥ pasgs //
. UNFED Penases 4%
TeMp. 23-5°C FAnung ™ 22.0°%C. Yo FED FEMAMES L.



Savls WoLEs (2)

RAGGHT

DISNEY  TeALS

dT-e 12

!/////////// LALLM e

//7////////ﬂ‘ xz

.\r’ ~w‘§ *}‘J‘u ‘S’ D

’r///////v/////‘:{}’»

CASALECCHIC DEI CONTY.

BT Dp w3,
AB=Z6.PF3

Y

STUBBLE FELD.
RH 109%.

CTEMP  Max. 22°C, MIN. (2°C.

T&TAL Prereent
FLiEs . FEMALES
cAUGHT EMRORGED
|
270 o
350 182,
398 4.2

Qf-@@ s, o 0T B0 s,

% NaLGs ;z: /5

o LN
Zo UNETD FRMALES (MY

& e Y j
/é’ f’t..D = f""o‘:l\&'-g Bvui s s




_DISNEY TRAPS

TOTAL
FLIES .
CAUGRT
. i(‘ [50 l‘f"o
Copnol, ] ////////// IV 25
95.6 5 ‘

faond  RAT //f//////////// @ £

{Ses) CASARECCHIO DEI €ONTI. 5=, T.'F3. 2130—0F.30 hes.
DRY RBIYER-FEED.
RE. 60 % | - > MALES
| X UNFED FEMALES
TEMR  Max.28°C, N, 1'F°C. A2 FED FEMALES

PERCENT
FEMALES

ENGOREED,

O

0Ot



. o ) ,
N . . s

DISNEY TRAPS

ToTAL CROANT
FLIES R AL ES
%i‘?%ﬂ"&' f:\{qDQC-..c})

Q- O 3’9 20

FELD MouSE /777777 / L7 R

S

33 [aa]

BrowN Lot ' k’///////////'/KJ\Z\/)\Z ° 23

o
€30 272 '3’3’
RASRIT DN IEEND }U& AL 75 12

(v LA _TepgeNa  20-2L 303, A5 ha.- 0R0e b,

DY @iver~-Esp.

BH.5 . | . S bi6eGs

| 2“

”‘v e e -
N JRY
ey », ‘

GREED EERALSS I M

. %
TEMP  Max. 26-5°C, MiN. 12°C., 2 R fex -

0T



N

S
Jete
g

Apper 5.

Biting activity of

P.perfilievi,




4!»_ H

=

!

Tt
g e

o
oy 4
2y

F

SITING

T
1

3
P

H H

O T

=

PP

7
W
b4
<SS

TING

¥



Second report on an investigation of phlebotomid sandflies

of Emilia-Romagna, Italy, in September 1973.
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2.

Summarz

In September 1973 the investigation of sandflies in the
gouth of Emilia-Romagna started by R. Killick-Kendrick et al
(Ref.l) in July was continued.

Once again Phlebotomus perfiliewi was found tc be widespread,
but in September it was nowhere abundant and was restricted largely
to domestic situations. It is thought that the populations of this
species in 1973 were not large enough to transmit Leishmania to man
on a large scale. Engorged females were collected to supplement a
laboratory colony initiated in July. The progress of this
colony is reported.

Only one specimen, a male, of P.perniciosus was found out of
a total of 3,845 sandflies captured from 15 localities during July
and September. The importance of this species as a potential vector
of Kala-Azar in 1973 must have been nenligable.

It is recommended that DDT should be sprayed in domestic
situations in September as well as in June. TField studies on
sandfly biology should continue,



Introduction

An investigation of sandflies of Emilia-Romagna in July 1973
by R.Killick~Kendrick et al (Ref.l) resulted in a provisional
assessment of Phlebotomus perfiliewi as a potential vector of
Kala-Azar in the region. This report summarizes a second visit
to the same area (the northern foothills of the Apennines around
Bologna) made in September 1973. '

Our purpose was to make a similar assessment of P.perniciosus -
a species that is generally believed to be the vector of Kala-Azmar (K-A)
in Italy (Ref.2), but which we did not find in July. The potentials of
P.perfiliewi and P.perniciosus, the two most numerous man-biting
phlebotomids in the region in past years (Ref.3), as vectors of K-A
could then be compared.

The late date of our visit was chosen to establish any seasonal
differences in the abundance of P.perfiliewi and P.perniciosus,

Observations

13 sites were visited from Sept. 8th to Sept. 22nd (Map 1,
Appendix 1). 7 of these had not been visited in July; they were
chosen as sites known to contain P.perniciosus in 1972 (Ref.3).

Only 166 sandflies were collected (P.perfiliewi 5183, llAQQ;
P.perniciosus 13). The trapping techniques used are described in
the first report (Ref.l).

1. P.perniciosus

Only one specimen, a male, was collected. This was taken
from a light/carbon dioxide trap placed at ground-level outside
a cattle-shed at site 12 (Appendix 2). This site was in no way
remarkable when compared with the other sites that were visited.

Intensive trapping with light/carbon dioxide traps, animal-
baited sticky-trays and man-baits on following evenings produced
no more P.perniciosus, although P.perfiliewi was found.

2. Seasonal changes in the abundance of P.perfiliewi

The numbers of this species collected in September were
significantly less than those in July (165 and 3,680 respectively).
This comparison is a valid one even if differences in the use
of the various trapping techniques are considered (Agpendix 3).

The use of a larger number of sites in September obviated the danger
of invalidating comparisons by sampling populations that had been
reduced by intensive removal trapping in July.



Reliable sources report that sandfly numbers (as measured by
the degree of annoyance to stock and people) fell drastically
in the second week of August. Numbers remained low throughout the
rest of August and the early part of September when the weather
was colder and wetter than it had been for many years.

During July and September we recorded temperatures and
humidities at collecting sites (Appendix &4 ). The mean evening
and night temperatures for September were 3°C to 5°C lower than
those for July. The relative humidity was very variable (50-1008%)
in both months. The amounts of cloud cover, wind and rainfall were
comparable for both months.

3. Seasonal changes in the local abundance of P.perfiliewi

Some of the largest populations of P.nerfiliewi found in July
wvere recorded freom silvatic habitats. In September sandflies were
found in large numbers only in domestic habitats (Appendix 2). The
temperatures of cattle-sheds and farm-buildings remained several

degrees higher than the ambient in September, although they had fallen

- gome L°C to 5°C below July temperatures (Appendix & ).

L4, Biting activity of P.perfiliewi

Dusk heralds the first biting P.verfiliewi, wvhich arrive
at a human bait from 21.00hrs in the middle of July but as early
as 19.30hrs in the middle of September. This synchronisation of
activity with dusk is neither by chance nor is it related to
temperature, which varies greatly from one day to the next.

- _ Conclusions

1. P.perniciosus

P.perniciosus appears to be thinly distributed in the study
area. Collecting in 15 localities, at different times of the year
and using a wide range of trapping techniques only one specimen was
caught. Moreover, no females came to human baits in silvatic and
domestic habitats.

Previous studies in Emilia-Romagna in 1948-1960 (Ref.2) and
1972 (llef.3) indicated that P.perniciosus was not at all abundant.
All studies suggest that it can only be locally important to man
as a vector of K~A in Emilia-Romagna, although its possible role in
maintaining an epizootic has not been investigated.

A‘



Comparing our findings with those of Prof.A.Coluzzi (Ref.3)
P.perniciosus wvas not as common in 1973 as it was in 1972. Such a
reduction (if real) was to be expected because P.perniciosus is an
endophilic species and would have suffered greatly from the widespread
spraying of DDT in domestic situations in 1972 and early 1973.

2. Peperfiliewi

Usually, a female sandfly becomes a potential transmitter of
Leishmaniasis to man only after she has fed on an infected host and
survived oviposition. Only a small percentage of such females
will actually transmit Leishmania. Thusg, in part, large-scale
transmission will depend on the presence of large numbers of parous
female sandflies.

In 1973 there were large populations of P.perfiliewi for a
short period in the second half of July unly. Therefore, it is
extremely unlikely that any large-scale transmission of Leishmania to
man by P.perfiliewi occurred in the study area in 1973,

In September sizeable populations of sandfiies were found only
in domestic habitats. Such sites might enable these populations to
extend their breeding season. This would be detrimental to the
effective control of these pests.

Recommendations

These are in addition to those recommendations made in our
first report (Ref.l).

1. Control Measures.

Domestic habitats remain warm enough for the survival of
adult sandflies long into the Autumn. In these sites sandflies
might be able to extend their breeding season and add to their
numbers, These sites do not lend themselves to thorough spraying;
the DDT applied in the Spring does not seem to be effective in
September, :

It is therefore RECOMMENDED that the interiors of houses,
stables and other structures housing domestic animals should be
sprayed with DDT in September as well as June of each year.

" 2, Future studies.

The widespread spraying of DDT is wasteful financially
and is potentially dangercus to humans and animals. In certain
years when the survival of sandflies is not favoured applications of
DDT could be totally unnecessary.



It is therefore RECOMMENDED that:

a long-term field-study should be started (conducted over
several years) to determine the major factors that control the
survival in any year of large numbers of parous female sandflies
(i.e. potential vectors of K-A).
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Appendix 1

The study area, Emilia-llomagna Province.

to the sites visited in September 1973.
of Modena, is not shown.

Site 15,
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Appendix 2

List of Collecting Sites.
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Locality (altitude)

Site Number Nature of collecting Trapping *Abundance of
site Methods P.perfiliewi
1 Casa Bertuzzi, Vedriano. Cattle-shed Catches from man Numerous
via Gitanari (330 metres) and cattle
2 ‘ Ca Paderna, off via The wooded bottom of Catches from man Absent
Gitanari (90 metres) a dry valley (of Rio
' di Paderna) -
L ) Duzzola, Casalecchio Dei Conti, Wocded hillside and _Light/COz sticky Few
via Malvezza (90 metres) stubble field traps, catches from
man
5 Casalecchio Dei Conti, off via Dry, rocky riverbed, Light/CO2 sticky Absent
Luogo (140 metres) and surrounding woods traps
of Rio della Varone
6 Casa Ortolani, via Del Poggio Hillside orchard and Catches from man Absent
(2L0 metres) garden of a Villa
7 Casa Rastignano, Zena Valley Farmyard, rabbit- Catches from man, Absent

*Numerous 20+ in 2 hrs
Common 5-20 in 2 hrs

Few < 5 in 2 hrs
Absent O in 2 hrs

hutches, chicken-
houses

search of resting
sites

The sites on this page were vigited in July

as well.
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Site Number

10

11

12

13

14

15

focality (altitude)

Panico (75 metres)

Casa Tonioli Pidne,

Nr. Pontecchio (350 metres)

Casa Lambertini via Iola,
Monte Donato (200 metres)

Ca Nova, Monte del Re,
Nr Dozza (237 metres)

Casa Ferrari San Martino
(75 metres)

Casa Prati, via Liberta
Pianoro (200 metres)

Casa Cornia, Fésta, Nr.Marano
Vignola, Province of Modena,
(350 metres)

Nature of Collecting
site

Cattle-gshed, farmyard, house

Cattle-shed, chicken-houses
out-buildings and house

Cattle-shed, chicken-hcuses
rabbit hutches, and away from
farm

Animal houses and farm house

Chicken-houses, farmyard
Animal houses, garden

Animal houses, farmyard,
farmhouse

Trapping Methods

Catches from man

and

cattle, search of

resting sites

Light/CO2 traps,
from man, search
resting sites

Light/CO2 traps,
from man, search
resting sites

Light/CO,_, traps,
2
from man, search

catches
of

catches
of

catches
of

resting sites, Disney

traps

Light/CO2 traps

Light/CO_ traps,
of resting sites

Light/CO_ traps,
of resting sites

search

search

Abundance
of
P.perfiliewi

Absent
Numerous
Commnon
Numerous
Few

Few

Few



Appendix 3

The abundance of P.perfiliewi in July and September using
different trapping techniques.




Trapping Technique ' July September
Light/coz sticky-trap 4,1 0.1
Man-bait 10.3 0.3
Disney trap L, L 0.0
Tent trap 9.4 -
Search of resting places 1.5 0.43

Abundance is expressed as number of sandflies caught per location

per trap-hour.
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Appendix &

Mean evening and night temperatures during the collecting
periods.



16.

(a) Mean temperatures (and ranges) in silvatic situations.

Collecting Time 20,00hr 22.00hr Minimum at night
period
July 26,0°C 21.0°C 14.5°C
(28.0-25.0) (26.0-15.0) (17.0-12.0)
September 20.5°C 17.5°C 11.5°C
(23.0-16.0) (21.0-16.0) (12.0-11.0)

(b) Mean temperatures (and ranges) in domestic situations.

Collecting\ Time 20.00hr 22.00hy Minirum at night
period
July 27.0°C 25.0°C 23.0°C

(28.0-25.0) (25.5-24,0) ° (25.0-21.0)

September 22.20C ' 21.5°C 19.0°C
(23.0-22,0) (23.0-20.0) (22.0-18.0)




P4

Appendix 5

The laboratory colony of P.perfiliewi started in July.

Of 162 engorged females taken from humans and cattle only 25
(or 15.4%) survived to lay eggs. A total of 955 eggs were obtained
(Mean egg-lay 38; range 8-60). All egg-lays were fertile.

The larvae were reared under constant conditions (25°C;
95% R,H. 24 hr dark) using the methods described by Killick~Kendrick
et al”. Larval mortality was high (60-80%). Larvae reached fourth
instar stage 25-30 days after egg-lay. Only a few of these pupated;
most became sluggish and entered diapause. , :

We are hoping to break the diapause of some of these larvae
by maintaining groups of them at a low temperature (10°C) for
different neriods (from 1 to 6 months).

It is important to obtain female flies so that the susceptibility
of this species to sirains of Leishmania can be tested.

1'KILLICK—KENDRICK, R., LEANEY, A., AND READY, P.D. (1973).
A laboratory culture of Lutzomyia longipalpis. Trans.R.Soc.
trop.Med.Hyg., 67 (&), 43k.
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