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ABSTRCT. 

Certain aspects of the biology of sand7flies were 

investigated. The findings contributed to the successful 

establishment of a colony of L. lonpipalpis. 

Other species proved more difficult to rear because 

of larval diapause, unfavourable larval conditions or the 

unwillingness of laboratory-reared females to take blood-

meals. 

lonipalpis females were found to be opportunist 

feeders: They took blood-meals from a wide range of 

.mammals and fed equally, well throughout the day, over a 

range of temperature (21.5°  - 30°C) ancLhumidity (705 - 

• 100% M).; 

Host breath and heat, alone, could induce I. longj_palpis 

females - to probe an artificial membrane, after which 

physiological saline stimulated gorging. With or without 

ATP, serum albumen was only as attractive as saline. The 

conclusion that blood salts and/or mechanical bending of 

the labium normally stimulates blood gorging was support-

ed by finding that whether a fluid was dispatched -  to the 

crop or mid-gut. depended less on •its nature than on the 

manner of feeding. 

Results for I lon.P-ipalpla supported the idea-that the 

blood-meal is the source of nutrients for vitellogenesis„ 

The maximum number of oocytes matured in the first 

gonotrephic cycle depended also on female body-weight,. 

sugar-feeding and age, but not mating.' 
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Thy blood-meal ingredients esential for egg 

maturation. by L. longipalpis were amino acids. The 

number of eggs matured per female was pro.  ortional to 

the weight of protein in the meal, but varied between 

different vertebrate bloods. 

Sugar-feeding and mating increased the proportion 

of mature eggs laid by L. lonFipalpis females. More eggs 

were laid in dark than in light periods, and results 

suggested that egg-laying was governed by a circadian 

rhythm. 

Field studies concerning the resting sites, seasonal 

prevalence and biting habits of some sand-fly species in 

Italy and Brazil were also reported and discussed. 
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c7T.TipAT THmTODUCTT01.1 

PhlebotoLlid snd-flies are dipterous insects of the 

sub-order Nematocera. The imagos are small (of about 3mm. 

length), brown and slender-bodied. Their nearly-erect 

wings and the scales which cover their bodies give them 

the appearance of small, hairy moths. Indeed some taxon-

omists still prefer to treat them as a sub-family, 

Phlebotominae, of the Psychodidae or moth-flies (D.J.Lewis 

pers.comm.).Rodendorf (1964) raised them to family rank, 

distinguished in part by their blood-sucking adaptations 

and the relatively dry breeding places of many species. 

The life of the imago is concerned almost entirely 

with mating and, for the female, egg laying. Only the 

female sucks blood, which she uses to develop a batch of 

eggs. Autogeny has been recorded but is thought to be the 

exception (Johnson 1961). The eggs are laid on the larval 

food - organic matter found in soil, leaf litter and about 

animal dwellings. The sculpturing on the outer chorion of 

the egg may be important for plastron respiration (Ward e; 

Ready 1975). 

Like most dipterous larvae those of the sand-fly recuire 

a high humidity. This they find within soil or rubbish 

heaps, and in rock or wall crevices where there is conden-

sation. Consequently in the tropics and other warm main-

land areas where they occur, sand-flies are widely 

distributed, with some species inhabiting arid plains and 

equatorial rain-forests. There are four larval instars: 

The first stage larva is characterized by a single 

Pair of black, caudal setae and an egg-tooth on the 



crown of its translucent head capsule, which it uses to 

break out of the egg. The.other stages have two pairs of 

caudal setae and larger, darker head capsules. A black, 

pigmented 9th tergite distinguishes the last stage larva 

from the others. All larvae are legless, but numerous 

stiff, pinnate hairs facilitate locomotion. 

Before pupating 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 usually upright. Its cuticle, at first 

white-, soon turns yellow and then brown. The eyes and wing-

setae of the developing adult blacken shortly before 

emergence. 

The blood-sucking habit of sand-flies has made them a 

pest to man, owing to the irritation of their bites and their 

transmission of several diseases, including bartonellosis 

and sand-fly fever (Lewis 1974). Sand-flies are the only 

known invertebrate vectors of Leishmeniasis, a group of 

diseases (often zoonoses) caused by species of the protozoan 

genus Leis mania. 

The morphology and taxonomy of sand-flies have been 

well studied (Fairchild 1955; Lewis 1965, 1974; Theodor 

1965; Perfiliev 1968; Abonnenc 1972; 	Forattini 1973,), 

but despite - the medical importance of sand-flies there are 

no compendia on their behaviour and physiology. Partly, 

this results from the historical priority given to the study 

of diseases transmitted by mosquitoes and tse-tse flies. The 

establishment in temperate countries of large closed colonies 

of tropical mosquitoes and tse-tse flies for parasitology 
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investigations was the stirulus for detailed research into 

many aspects of these insects' biology. In comparision, 

sand—flies have usually been reared only in small colonies 

in their country of origin. The ease with which ailin 

• laboratory colonies could be supplemented by field • 

collections made the refinement of rearing technioues 

unnecessary. Thus there has been a tendency to study sand—

flies only as vectors of human diseases. Often, laboratory 

studies have referred only to rearing methods and life—

histories. The work of Theodor (1934, 1936), Chaniotis 

(1967) and Gemetchu (1972), where the focus of the research 

was on the sand—fly and not its parasites, have been notable 

exceptions. 

The establishment at Imperial College Field Station, 

Ascot, England in 1972 of a research unit to study 

Ieisbrmnia in the sand—fly gave me the opportunity to 

undertake research on closed colonies of sand—flies. Of 

necessity, much of my early work was concerned with 

improving rearing techniques. Later I was able toinvest-  

igate in greater depth some aspects of the feeding 

behaviour and reproductive physiology of one species, 

• Iutzomvia longipalpis (Lutz & Neiva, 1912). 

For short periods, in 1973 and 1974, T was fortunate 

to visit two areas of endemic. leishmaniasis, in northern 

Italy and in the lower Amazon Basin, Brazil., where I 

became acauainted with some aspects of the behaviour of 

sand—flies in the field. 
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SiCTION ONE: THE ,STABLISHIETT OF A CLOSED  

LABORATORY COLONY OP SAND-PLIES. 

IN  

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 then. 

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 Ward (1974). Sand-fly larvae require a- humid atmosphere, 

a damp substrate, a relatively high temperature (220- 30°C) 

and a supply of organic material for food. Drier sites away 

from the centre of larval activity must be provided for 

pupation; for this the walls of the larval container 

usually suffice. Adults thrive in a similar environment, 

and with a supply of sucrose can live for 1 - 2 months. 

Females usually require a vertebrate blood-meal before they 

can develop a batch of eggs. 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 

chambers, where all stages of a generation live in a single 

oatainer, were favoured by Whittingham & Rook (1923), 

Unsworth & Gordon (1946), Najera (1951) and Sherlock & 

Sherlock (1959). Many workers have preferred to keep larvae 

and adults in seprate containers (Bayma 1923; Adler & 
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Theodor 1927; Hertig Johnson 1961). This entails the 

trrnsfer of eggs to larval containers, a process th-t is 

laborious and often kills mrny eggs. Foyever, it al?cyrs 

the productivity of a colony- to be assessed, and 

generations to be synchronised in order to produce batches 

of flies for experimental work. 

Attempts to colonize six species of sand—fly are 

described in this thesis. Only one, L. lonTi,palpis as 

selected (by Dr. R. Killick—Xendrick) as a species suited 

to mass rearing in the laboratory. It had been bred 

through several generations in laboratories in Brazil 

(Sherlock & Sherlock 1959) and Panama (Christensen 1972). 

The population chosen was knos:m not to diapause. The 

method used so successfully to rear L. lonfiPalpis 7:as 

employed, vrith mixed success, for trio forest sfecies in 

Parg., Brazil, and for three species collected from 

southern Europe. 
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1,LA, T ..J.,,,_:±,fs..:11;.--.3 

Collection of sand-flies, 

All colonies were startd with eggs laid by wild, 

blood-fed females. These were =ally collected on or 

near animal baits. Each female was placed in an ovi-

position tube (see below) and transportd in a waym, . 

moist environment within a box of ex-9anded polystyrene. 

Temporary mounts of dead females were made in gum 

chloral to display the cibarial armature, pharynx and 

spermathecae from thich•they were identified (Lewis 1 974). 

Res ring methods. 

These were developed by Dr. F. Killick-Kendrick, Kr 

A.J. Ieaney and myself for the routine maintenance of L. 

lon.gipalpis, to which the following account refers (Killick-

Kendrick et al. 1973, 1975), The methods employed were, 

for the most part, modifications of those used by Adler n 

Theodor (1935), Hertig ez Johnson (1961), Harwood (1965) 

and Gemetchu•(1971). 

. From its initiation the colony was divided. Adult 

females from the main line were fed on hamsters, while I 

maintained a line (to produce most of the material for my 

own work) for which the females were fed on myself.. 

Stock was reared at 2500, with the larvae placed in 

continuous dark (exce-ot for observation) and the adults in 

a Dhotoperiod•of 12 hourc (06.00 - 18*00 hrs (flT). The 

first four generations were kept in a constant-temperature 

(C-T) room. Later generations were maintained in 
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photothermo-static (or environmental) cabinets. 

Irmature sta7es. 5 days after they had been laid, eggs 

were counted and roved v:ith a canel-hAr brush on to srall 

pieces of wet filter paper which were shaped to identify 

each batch. A proximately 100 eggs were placed to hatch in 

pots made froM the plastic tubes of TEO insecticide test-

ing kits (Plate 1). Then out in half, each tube made the 

sides of two open-ended pots with screw caps, 6 cm. in 

length and 4.5 cm. in diameter. The inside of the pots v:as 

roughened with acetone and lined with plaster of Paris.Then 

the lining was set, the bottom of each pot was filled to a 

depth of 3.0 cm. with plaster. The lids were covered with 

fine gauze. The use of these pots was gaggested by Dr.D.F.J. 

Hilton. 

The plaster substrate on which the larvae moved was 

kept damp by standing the pots on filter paper wetted with 

distilled water. 1st stage larvae survived best when there 

was a film of moisture over the plaster surface. If this 

film was too deep';(11m) the larvae bocame immobile and 

starved. Older larvae Preferred drier conditions. A high 

humidity (80-1WRH) and a control of moisture was achieved 

by placing the pots in trays of distilled water in a C-T 

±oom or on damp filter paper in snap-top, polyethylene 

food containers within environmental cabinets (Plate 1). 

La the early generations, larvae were fed on boiled 

lettuce (Chaniotis pers.comm.) as well as desiccated liver 

powder (Gemetchu 1971). lettuce was not fed to later gener-

ations when it -was discovered not to "o3 essential for 

growth and develorment. Small amounts of liver powder were 



Plate 1:Rearing pots and container. 	Plate 2:Oviposition tubes and container. 

(Courtesy Dr.R.Killick-Kendrick.  
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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 

cannibalism. Overfeeding encouraged the growth of fungi 

which were controlled by removing uneaten food and scraping 

faeces from the plaster. After - tending a pot, instruments 

were flamed to avoid transferring harmful fungi. Some 

fungi 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 flies were 

counted and sexed before being released into -a gauze-

covered cage (18cm. 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 1.2 - 1.0 (the overall, 

ratio per generation). Flies were handled by capturing 

them in clear plastic tubes. They were not aspirated 

since this damaged them. 

A 305 (w/v) sucrose solution was freely provided on 

cotton wool in a dish and was changed thrice weekly. For 

those generations reared in a C-T room a high humidity 

was obtained by covering each cage with a damp cloth. 

Those cages ke_t in environmental cabinets were sealed in 

a clear plastic bag containing a swab of wet cotton wool. 

The flies mated freely in the cages, and pairs could 

be seen in copula at any time from 24 hrs after emergence. 

Mating occurred before, during or after a female's blood-

meal. 

3 - 5 days after emergence female flies were offered 

a blood-meal. Hmsters were anaesthetised with sodium 

pentebarbitone given intraperitoneally (0.4 mg/10 g. body 



24 

wt, increased as tolerance developed), and pinned to a cork 

board through .sticky tape attached to each leg. With the 

animal on its back, 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 small 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 tube (Illate2). A 305 solution. of 

sucrose was provided on swabs of cotton wool placed on the 

.gauze covering the mouth of each tube. The humidity eras 

-controlled by standing the tubes over a tray of water (in 

the C—T room generations) or placing them in a desiccator 

over water or dilute sulphuric acid solutions (Solomon 

1951). The filter paper in the tube was wetted with 

distilled water applied (through the gauze top) with 

syringe and hypodermic needle. Eggs were laid on the damp 

filter paper, after which few females 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 that were used to modify early rearing methods. 

Most of these investigations are recorded in later sectionL, 

of this thesis, but the improvements in rearing success 

caused by the modifications which they suggested are 
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detailed in this section. Other experiments are recorded 

here in full. 

(i) Effect of density on the survival of larvae. 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°0. 

Liver powder, the only food, was placed daily in each pot 

so that it was always in excess. 

The number of flies that merged from each pot was 

counted. This figure is proportional to the number of 4th 

instar larvae that successfully pupated, since pupal 

mortality 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 gauze 

cages ( 18 cm cube) so that each contained 20 males and 20 

females. On the floor of cage 1 was placed a petri dish 

(9 cm in diameter) containing cotton wool soaked in 30% 

(w/v) sucrose solution. Similarly, cage 2 was provided 

with distilled water. 305,  sucrose solution was offered to 

cage 3 on a dental wick held in-a tube containing the 

solution. 

Solutions were renewed daily. Each 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 little. Most changes were made between generations 

4 and 5 when the colony was moved from a C-T room to the 

more tightly regulated conditions of environmental 

cabinets. The budgets were used to measure and analyse 

the changes in productivity that resulted from these 

modifications. For this, "Survivorship" curves were drawn 

and "Apparent" and "Indispensable" mortalities were 

calculated (Southwood 1966). 

In addition to productivity, the qualitative success 

of the rearing methods was measured by determining the mean 

weights of male 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 at random from pots of equal density and 

weighed on a Beckman microbalance. 
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RESULTS. 

.Collecting and  rearing sand-flies. 

L. lonp;ipalpis. The colony was established with 1,726 

eggs laid by 53 engorged females collected by Dr. R. 

Killick-Kendrick from one of the Lapinha caves, 60 Km. 

• N.W. of Belo Horizonte, Yinas Gerais, Brazil (Long. 43°  

57', Lat. 19°  03' S). A caged cockeral was left in the 

cave for the two days preceeding the collection. 

Prom October 1972 to December 1975 I reared 23 

.successive generations of this species at Imperial College, 

Ascot. Each generation after the eighth ,produced, on 

average, 600 adult flies (1.2 males to 1.0 female). Under 

the best conditions, at 25°C in environmental cabinets, 

the time o± development from female engorginent to the 

first emergence of adults of the next generation was 40 

days. The minimum developmental times of each stage are 

shown in Table 1 . For the larvae these are very approx-

imate and were obtained by observing the first appearance 

of each stage. 

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

details of the number of flies reared through successive 

generations are given in Table 2 , and details of develop-

mental times in Table 1 ). 

Daring the summer of 1973, engorged females were 

captured from cattle or human baits in a cow-shed at 

Vedriano, a hamlet in the foothills of the Apeninnes near. 

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



DEVELOMENT TIME (DAYS) 	 TOTAL 
PRE—OVIPOSITION 	 DEVELOPMENT TIME 

SPECIES 	 CONDITIONS 	PERIOD  EGG 	LARVAE 	PUPA 	 EGG — ADULT (DAYS) 

L.longipalpis 	25°C. 1 95PH. 5 — 9 5 — 9 	12 — 24 	7 — 10 

L.longipalpis 	28°C.,95 PH. 3 — 6 ' 4 — 7 	9 — 16 	6 — 9 

P.ariasi 	25°C. 955,RH. 8 — 11 9 — 11 25 — 28 	8 — 10 

P. perniciosus 	25°C.,95%R11. 5 — 7 	6 — 11 17 — 18 	9 — 10 	32 — 39 

P.perfiliewi 	25°C.,950,11. 2 — 7 	8 — 10 16 — 27(168)* 9 — 27 	33 — 64(205)* 

L.flaviscutellata 	25°C. ,95011. 3 — 5 	6 — 10 18 — 28 	5 — 8 	 29 — 46 

Ps.davisi 	25oC.,95%RH. 3 — 7 	7 —.12 19 — 30 	7 — 9 	33 — 51 

( )* = Ca.16 weeks at 10°C. as diapausing 4th.instar larvae. 

24 — 43 

19 — 32 

42 — 49 

Table 1. 	Range of minimum development times for six laboratory—reared sand—fly species. 	N3 
CO 



n third laboratory generation 

P.perfiliewi  

Ps.davisi  

L.flaviseutellata  

LABORATORY GENERATION  
No. OF 

TOTAL No. OF No. OF No. OF No. OF No. OF FEMALES 
EGGS LARVAE PUPAE MALES FEMALES FEMALES LAYING 

LkID 	 FEEDING EGGS 

77 	47 	5 	2 	2 

50 	50 	24 	14 	8 
	

4 	2 

61 	46 	38 	20 	18 
	

16 

32 	2 	2 	1 	0 

77 	25 	650 	(179)* 37 	4 	2 
	

0 

40 	21 	510 	300 	10 	5 	3 
	

0 

16 	5 	170 	112 	12 	4 	6 
	

0 

SPECIES  

P.ariasi  

P.perniciosus  

n second laboratory generation 

WILD-CAUGHT FLIES  
No. OF 

No. OF • FEMALES 
FEMALES LAYING 
CAPTURED EGGS. 

42 

( )* = minimum number. 

Table 2. 
	Number of sand-flies of species other than L.longipalpis reared through successive generations. r\.) 
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engorged females was poor, and :Cow laid any ems. host of 

tire eggs were fertile and larvae were successfully brought 

to the 4th stage. By November 1973 there were only a few 

Pupae; the majority of larvae had died or entered a state 

of dormancy. 

The larvae had been reared at 25°C in constant dark. 

In November they were divided; some larval pots were placed 

at 2500 in a photoperiod of 16 hrs and others in a dark 

- chamber at 100C. After 6 - 14 weeks small numbers of 

Chilled larvae were brought to 25°C in a photoperiod of 

16 hrs. Mr. A.J. Ieaney carried out much of this later 

work. 

• host of the larvae from. both treatments died. Only a 

• few pupated. None of the females that emerged took a 

blood-meal or laid eggs. 

P. ariasi and  P. perniciosus. These species were captured 

in the southern C6vennes (near Roquedur-le-Bas, LanLTuedoc), 

France, by Dr. R. Killick-Kendrick and Er. A.J. Leaney in 

the sunnier of 1975. 

42 engorged female P. ariasi were captured from the 

nose of a dog. Pew eggs were laid; however, 615 of these 

hatched. The larvae did not fare well, and only few 4th 

instars pupated. The females that emerged refused on 

several occasions to take blood from human and hamster 

baits offered at different ties of the day. No eggs were 

laid. 

One engorged female P.. perniciosus was captured after 

it had bitten a sleeping man in an isolated farm-house. 

50 eggs were laid and all hatched. From these larvae 3 
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generations of flies were 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-

period of 16 hrs light (05.30 - 21.30 hrs GET) - the 

summer conditions of the region in which they were 

captured. 

Psychodopygus davisi and I. flaviscutellata. These species 

were captured from human and rodent baits respectively, in 

Mocambo Forest, Belem, Para, Brazil. They had been bred in 

small numbers in the Wellcome laboratories in Belem by Dr. 

R.D. Ward, but the colonies had never survived for more 

than 2 generations (Iciard 1974). 

Burin,-  a visit to Belem in 1974 I attempted to rear 

these species using the methods that had proved so useful 

for E. lonifipalpis. Small numbers of both species were 

taken through one complete generation, but females reared 

in the laboratory refused to take a blood-meal. 

Experiments to determine optimum rearini,  conditions 

for L. longipalpis. 

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

percentage of 1st instar larvae successfully reared to 

pupation was found to be independent of density in the 

range of 26 to 110 larvae per pot (Fig 1 ). 

(ii) Sucrose and adult longevity. Male and female flies 

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

in place of water (Fig p ). This difference was more 
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Fig. 1. Effect of density on the survival of the larvae of L.lontlipalpis% 
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- 30% sucrose on 
cotton wool pad 

---30% sucrose on 
dental wick 

water on cotton 
wool pad 
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2 	3 	4 	5 
	

7 	8 	9 	10 	11 	12 	13 	14 	15 
DAYS FROM EMERGENCE 

Fig. 2. 	Sucrose—feeding and the longevity of L.longipalpis adults. 
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marked when the sucrose solution was presented on a cotton 

wool pad rather than on a dental wick. The former method 

was therefore used for rearing. 

The median survival time was 6, 10 and 11 days for 

flies offered water, 30 sucrose solution on a dental wick, 

or 30 sucrose solution on a cotton wool pad, respectively. 

(These times were considerably longer in environmental 

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

Monitoring the productivity of the colony of L. longipalpis. 

Life—tables for generation 2/3 and generation 10/11 

were prepared (Table 3 ). Using this data, curves were 

drawn in order to compare visually the productivity of each 

generation (Fig 3 ). 

The "Apparent" mortality affecting each developmental 

stage is compared for the two generations in Fig. 4 • 

The net reproductive rate of a population (R0) is 

given by Nt/No  where Nt is the number of individuals in 

a population at the end of a generation and No  the number 

at the beginning of that.  generation (Southwood 1966). 

For generation 2/3 Ro  = 206/220 = 0.94; and for 

generation 10/11 R0  = 1,187/220 = 5-39. 

The mean weights of male and female pupae in 

generations 1, 9 and 17*are shown, with confidence limits, 

in Fig 5 . The mean weights of both sexes in generations 

9 and 17 are signifi4ntly higher than those for generation 

1 (p = 0.001 for t test). There is no significant difference 

between the values for enerations 9 and 17. The data from 



Table  3. 

Life tables for laboratory reared L. longipalpis  

fed hamster blood. 

KEY: 

a. Life table for generation 2/3, L. longipalpis. 

Mean number of eggs matured per female = 93 

Mean number of eggs laid 	= 38 

b. Life table for generation 101, L. longipalpis.  

Mean number of eggs matured per female = 93 

Mean number of eggs laid 	. 68 

Absolute data; Proportions are given because some flies 

were taken for experiments, and others not sampled at 

every stage. 
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Table3a. 
ABSOLUTE 
DATA 

DATA CORRECTED 
FOR 220 ADULTS 
OR 100 FEMALES 

FROM CORRECTED 
DATA — No. OF 
POTENTIAL ADULTS 

• FROM CORRECTED 
DATA — INDISPENSABLE 
MORTALITY (%) 

FROM CORRECTED 
DATA — APPARENT 
MORTALITY (%). GENERATION 2/3 

No 	of females 
in feeding cages 336 100 9,300 

3.6 62.0 

No. of females 
taking blood 128/336 38 3,534 

0.4 15.8 

No. of females 
maturing eggs 93/110 32 2,976 

7.4 77.0 

No. of females 
laying eggs 58/106 18 684 

2.1 48.1 

No. 	of eggs 1,15r 
hatching 2,204 355 

1.4 39.2 

No0 of pupae 700 216 
1,150 

0.1 4.6 

No. 	of adults 667/700 206 



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 

ABSOLUTE 
DATA 

DATA CORRECTED 
FOR 220 ADULTS 
OR 100 FEMALES 

FROM CORRECTED 
DATA — No. OF 
POTENTIAL ADULTS 

FROM CORRECTED 
DATA — INDISPENSABLE 
MORTALITY (%) 

FROM CORRECTED 
DATA — APPARENT 
MORTALITY (%) 

146 100 9,300 

3.0 19.0 

118/146 81 7,533 

0.3 2.5 

45/46 79 7,347 

13.8 51.9 

59/86 52 3,536 

8.3 39.5 

1,543/ 2,140 
2,549 8.9 41.0 

59C)/  1,263 
/1,000 0.8 6.0 

Table 3b. 

GENERATION 10/11 

No. of adults 	555/590 1,187 



< 10,000 
cn 
= 9,000 GENERATION 10/11, R0 =5.39 

10,000 

9,000. 

8,000 

7,000 

6,000 

5,000 

4,000 

I" 3,000 
cr 
cn 2,000 
ILI 
LI' 1,000 

38 

GENERATION 2/3. R 0-94 

0 
UNFED ENGORGED 
FEMALES, FEMALES, 

GRAVID 
FEMALES 

EGGS LARVAE ADULTS PUPAE 

8,000 

1--  7,000 

cto 6,000 . 
act 5,000 
0 
2  4,000 

3,000 

2,000 

1,000 

UNFED ENGORGED GRAVID EGGS 
FEMALES, FEMALES, FEMALES 

LARVAE PUPAE ADULTS 

Fiff. 5. Survivorship curves for two laboratory generations of  

L.longipolpis. Gen. 10/11 in improved conditions with environment 

cabinets. 



GENERATION 2/3 

GENERATION 10/11 

LOSSES RESULTING FROM: 
Females 	Females not 	Eggs not 	Eggs not 	Larval 	Pupal 
not feeding 	maturing eggs 	laid 	hatching 	mortality 	mortality 

Fiff. h. The "Apparent" mortality affecting each development stage of two laboratory generations of 

L.longipalpis. Generation 10/11 in improyed conditions within environment cabinets. 
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-I =951/4 
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0.5 	 0.55 	 0.6 
	

0.65 	 0.7 	 0.75 
MEAN WEIGHT OF PUPAE (mg.) 

Fig. 5. Changes in mean weight of L.longipalpis pupae between different laboratory generations. 
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which these values were calculated are given in Appendix A. 

DISCUSSION AND CONCLUSIONS. 

The net reproductive rate (H0) was only about 1•o for 

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

C-T room but rose to more than 5•o 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 percentage 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 ). Females reared in the C-T room were fed at 

widely varying times after their emergence, but in later 

generations each feeding cage contained only the flies 

emerging on 1 - 3 consecutive days so that all could be 

fed at the optimal age of 4 - 6 days (see Section 2). The 

higher and more constant humidity obtained by keeping the 

feeding cages in sealed polythene bags (rather than under 

damp cloths) undoubtedly increased the numbers of females 

surviving to the time when a blood-meal 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 aunic-' 

ularis (A.R. Falco pers.comm.). 
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The proportion of matured eggs that were successfully 

laid by a female was noticeably higher in later generations 

(Pig 4). The temperature of the C-T room fluctuated so 

much that the water applied daily to the filter papers 

lining the oviposition tubes formed droplets of conden-

sation that trapped engorged/gravid flies. Such losses 

were reduced in later generations by : (1) placing the 

tubes over a dilute solution of sulphuric acid (S.G. 1•1) 

in a sealed desiccator to obtain a constant relative 

humidity of 95% (Solomon 1951); (2) maintaining a more 

constant temperature (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 beneficial to egg-laying 

(Section 4). 

Up to 40% of the eggs laid by females kept.  in the 

improved conditions failed to hatch, compared with 485 

in the C-T room (Fig 4 ). Infertility was not a major 

problem, however, for most of the eggs that failed to 

hatch were from otherwise fertile egg-lays. Infertile 

egg-lays were easily recognised, not only because all the 

eggs failed to hatch but also from the small number of eggs 

in each batch (Section 4). Much of the egg mortality was 

undoubtedly the result of damage in handling. 

The survival of larvae and pupae from generation 5 

onwards was not noticeably improved by the more careful 

control of temperature and humidity (Pig 4 ). However, 

the mean weight of male and female pupae did increase (Pig 

5 ). The larvae were fed only liver powder (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 increase in weight 

of laboratory pupae is not surprising. Schmidt (1964) 

similarly found that laboratory-reared P. papatasii and P. 

orientalis were heavier than wild specimens. 

The methods used at Ascot to rear L. longipalpis  

have been reasonably successful. This is more the result 

of paying close attention to detail than of innovation; 

the basic requirements of L. longiralpis and many other 

sand-flies are very similar and were known before (Sherlock 

& Sherlock 1959;1972; Safyanova 1964). It is, however, 

the first time that a New World sand-fly species has been 

reared for more than 10 generations in a closed colony 

outside its country of origin. 

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

produce a flourishing colony that would 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 with that for a colony of P. 

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

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

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

(1964) who obtained a net reproductive rate (R0) of 10. 

In one respect, the rearing method used for L. 

lone ipalpis was unsatisfactory. About 505 of the eggs 
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matured by a female were not laid (Fig4 ). This is the 

most important mortality factor acting in each generation 

(Table 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) and Ward (1974). 

The author's attempts to rear other species of sand-

flies have been less successful and illustrate some of the 

principal difficulties that have challenged other workers. 

Many species of Holarctic sand-flies enter a period 

of dormancy in the winter when it is difficult to keep 

them alive in the laboratory (Theodor 1934; Harwood 1965; 

Chaniotis 1967). In the present study many larvae of P. 

perfiliewi were lost in this way. Surprisingly, the effect 

that photoperiod might have on sand-fly dormancy has not 

been investigated. The failure in the present study to 

rear the early larval instars of P. perfiliewi in a long 

"summer" photoperiod was probably a mistake. 

Another difficulty in rearing sand-flies is to find 

the correct conditions for larval development. The 

moisture requirement depends on the species and can only 

be judged by experience (Theodor 1936; Unsworth 83 Gordon 

1946). Failure to provide the correct larval environment 

(including moisture) probably accounted for the 6uthor's 

inability to rear P. ariasi, Ps. davisi and L. flaviscut-

ellata. All are exophilic or "forest" species (Rioux 

et.al. 1967; Viard 1974), and their larvae live in leaf-

litter or other damp organic matter. It would have been 
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better, perhaps, to rear -nese larvae in a humus/faeces 

medium (Hertig & Johnson 1961; Se2yauova 1964) rather 

than the more artifibial plaster pots favoured by the 

peri—domestic species, L. lonipalpis and P. rercr5ciosus, 

successfully reared in this study. 

A problem that has been frequently encountered when 

tryting to rear South American sand—flies is the reluctance 

of females reared in the laboratory to take a blood—meal 

(Hertig & Johnson 1961; Ward 1974). The small colonies 

of L. flaviscutellata and P. ariasi failed, in part, for 

this reason. The feeding behaviour of these species might 

be more complex than that of L. lon7,ipalpis and might 

reouire the participation of the males. For example, 

swarms of male sand--flies have been collected in 

anirial—baited traps (Shaw Lainson 1968; Uard 1974). 

In a small colony, the chances of bringing totogether 

sufficient individuals for such performances must be slight. 

Feeding through membranes is unlikely to provide the 

solution to this problem, and force feeding (Hertig 

fc.Connell 1963; Alekseev 1969) is probably too laborious 

for mass rearing. Progress is unlikely until more is 

known of the factors which stimulate sand—flies to seek 

a host and take blood. 

A different problem was encountered when rearing P. 

pemiciosus. A small colony-  was started with eggs from 

just one female. At first this flourished but was lost in 

the third generation. It is likely that this resulted 

from the expression of lethal hoDozygotes. 
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SECTION  Two:  

atT 	PEEDTFG J3ITS OP 'L lowl:ipalpis  AHD 

OTHER PHLEP,OTOTJTDS. 

INTRODUCTION. 

The feeding habits of biting flies have been reviewed 

by Downes (1958), and in general his findings are applic-

able to Phlebotonids. In the laboratory, both sexes of 

sand-flies usually feed on sugar; this is imbibed as a 

free liquid and used to sustain life and activity (Barretto 

1942; Chaniotis 1967; Gemetchu 1972). The importance of 

sugar-feeding to wild sand-flies i.s not known, although 

the crops of some species have been found to contain plant 

sugars (Lewis & Domoney 1966).. 

Only the fe:mle sand-fly sucks blood, which is usually 

taken to provide material for maturation of the acytes 

(Unsworth & Gordon 1946; Dolmatova Demina 1971). 

Consequently, the piercing mouthparts (or fascicle) are 

much reduced in the male (Adler & Theodor 1926; Davis 1967). 

In both sexes the liquid, whether sue.ar or .blood, is taken 

in through a tube formed primarily of the apposed, elongate 

(dorsal) la btu and (ventral) hypopharynx (Adler & Theodor 

1926). In a recent review, Leuis.(1975) has described the 

- action of the fascicle: The mandibles cut the host's skin; 

and the maxillae, which are thin and distally barbed (Plate 

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

hold the wound open for 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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coagulant from the n.alivr-:.,ry glands (Adler 	Theodor 1926) 

is 7umped into the ':found via a canal inside the Ilyophar-

ynx, which from its structure in L. lofIziDalpis (21ate4. ) 

partici -oates in the piercin[; of the skin. The morphology 

of the mouthpmrts have been well studied (Adler Theodor 

• 1926; Christophers et al.1926; Perfi:i)ev 1968; Lewis 1975). 

Shorti & Swaminath (1928) observed the way P. ar(,.:entip-

es females fed on a mouse. The fascicle probed deep 

enough to break the smaller blood vessels in the dermis 

and to form a blood 1)ool from which the fly fed. Pool-

feeding seems to be typical of sand-flies (Christensen 

Herrer 1972),as the rigid labrm would suggest. After I. 

1011.0- a1pis has fed on man, haemorrhagic pools dot the 

skin. 	These are 2 - 4 mm in diameter and do 

not clot for some hours because of the injected anticoag-

ulant. 

Some sand-fly species have definite host preferences. 

Thus most species of Serr:entomvia feed preferentially on 

birds or cold-blooded, vertebrates (Lewis .1974). For other 

species, the preferences may change with geographical 

- location, e.g. P. babu  feeds on geckoes in India but is 

anthropophilic in Eauritius (Adler (17c Theodor 1957). Some-

times local host preferences refer to innate differences 

between races of a sand-fly species. FOT example, races 

of P. a-re-otipesfrom India, where the species transmits 

Kala-Azar, bite many animals including man (lloyd et al. 

1925; Napier & Smith 1926), but another race from Ceylon, 

where this species is not a Kala-Azar vector, refuses to 
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Plate 4: L.lonfipalpis. Tip of female hypopharynx. 

Above: ventral view. (x2,500) 

Below: dorsal view. (x7,500) 
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feed in the laboratory on r^ :.n (R. Tillicendr1c1'.  ne-s. 

comm.). Often, however, local host Preferences are only 

a reflection of host availability ("Jard 1974), and these 

may change from one time of the year to another (?esh 

et nl. 1971, 1972). 

Habitat selection, too, affects host availability, and, 

therefore, can falsely suggest that sone hosts are innately 

preferred. Thus L. r;omeoi rarely bites man at ground-level 

in the forests of Panama, but in the canopy it is the 

dominant anthropophilic sand-fly (Chaniotis et al. 19713). 

In comparision, L. flaviscutellata rarely searches for 

hosts in the canopy and therefore its natural preference 

is.  for rodents and other ground-living mammals (Shaw 

et al. 1972); but when arboreal mammals were caged at 

ground-level they were bitten avidly by this species (..gar 

1974). 

Periodicity of activity also has a marked effect or 

sand-fly feeding habits; most species only bite at night, 

but many have a favoured time (Williams 1966; Chaniotis 

et al. 19714 ,iard 1974). Along with species - specific 

responses to small changes in the environment ("`;card 1974), 

periodicity probably accounts for the difficulty in feed-

ing some sand-flies in the laboratory. 

In comparison L. longiralris exhibits a great 

plasticity in its feeding habits which accounts, in part, 

for the ease with which it can be reared in the laboratory 

and for its wide geogr:ipical range - fro,0 Fexico to 

southern Brazil (Lewis 1971). Plies used in the present 
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investigation came from a forest cave near Delo Forizonte 

in southern 3razil, and (courtesy of Dr. R.D. Ward) from 

domestic habitats in the dry north—eastern state of Cear, 

Brazil, In nature, the cricetid rodent, Cercomys 

dunicularis, is believed to be the principal host for the 

Belo Horizonte flies, but the latter will leave the cave 

to bite man even during the day (Killick—Kendrick et al. 

1975). 	lonipalpis  from CeaA. have been captured biting 

man, dogs, chickens, bulls, horses (Chagas et al. 1933) 

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

atory they have been fed on man, cpossum, sloth, hamster 

and spiny rat (':lard 1974). 

In view of the fact that L. IoL3I22.12,1p is an opport-

unistic feeder and the large amount of knoledr7e that has 

accumulated on the general stimuli that attract biting 

insects to their hosts (Clements 1963; Hocking 1971; 

Dillies 1972) it was considered unprofitable to examine 

the host—seeking behaviour of this species in depth. 

However, soTo_e observations are offered, and these are 

compared with field and laboratory motes that were made 

on other species. 

The principal aim of the present investigations was 

to establish methods by which L. lon,,Tipalpis could be fed 

blood and blood—like solutions experimentally. A natural 

outcome of these studies was the identification of blood—

feeding stimuli, whichproTIpted a preliinary investigation 

of the sensilla on the fascicle. 

At first, the pipette technique of HertiF: Hertig 
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(1927).was used to try to artificially feed L. Jon7iPParis. 

This method has proved useful in infecting sand—flies wit 

Tieishmania cUlt=es (Yfapier 1930; Alekseev 1969). Indeed, 

Herti (7: ro.Connell (1963), who redescribed the techicme, 

found it the only practical way of artificially feedin 

Panamanian sand—flies: 7O of most species took larger 

than "half feeds" from the pipette—feeder, whereas only 

one out of 150 fed when offered blood/cultures throndi a 

variety of mem'r:ranes. In comparis on, the author has 

been able to feed I. lonp:ipalpis  only on sucrose using the 

piPette—technioue, but has successfully employed a mep1rane-

feediny technique. 

Membrnes have been used to feed many haematophaEons 

insects in the laboratory (Tarshis 1958), but only rarely 

for sand—flies. Adler and associates successfully fed P. 

paratasii on serun and blood fluids through animal merihranes 

(Adler 	Theodor 1927;. Adler n Per 1941). In an attat 

to imrrove the -1'eeding erformance of wild—canht Lriazon- 

Ian 	hard (1974) offered warmed blood across a 

number of animal membranes, but in four trials only 10 

females fed. 2. I;Jllick—Yendrick (lers9coEm.) has offered 

-hamster plasma to 1. loniralpls through a hamster—skin 

membrane and found that they accepted it. Recently, 

Jenninc:s of the Animal Virus Research Institute has been 

usin the techaicfue routinely to infect 1. lonipalpis  

with viruses. 
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TATERIVLS AFD FLTIIODS. 

4 - 6 day old, laboratory-reared females of L. 

lon[7-135alpis were used for all experiments. These were 

from the colony originally collected in lIelo Horizonte 

(Section 1), unless stated otherwise in the text. 

The methods of providing cagedfemales of L.lonpipaanis  

with blood meals have been described in Section 1. 

Individual blood-feeds from animals. 

Female sand-flies were weighed on a Beckman micro-

balance before and shortly after a blood-meal in order to 

determine the weight of blood ingested. A Procedure was 

developed empirically to ensure that the maximum number 

of females fed. 

10 - 15 females were individually captured in small 

glass tubes (2 cm diameter) with gauze caps. Carbon 

dioxide gas was blown into each tube until the female 

collapsed, when she was tipped onto the scale-pan of the 

microbalance and thence into a clean tube. It took 30 

minutes to narcotize and weigh 15 flies, duringwhich time 

they were at 60,-; RH and 18°  - 20°C. At the end of this 

period the tubes were placed in an incubator at 100';', RH 

and 25°C. 10 minutes later individual females were taken 

from the incubator in the order they had been weighed and 

offered a blood-meal in shaded light. Pew fed in bright 

light. 

The blood-meal was offered by inverting the openecl 
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tube onto the b!Jre skin of the forearm or, for animals 

other than man, the saved belly skin. The tube was 

lightly tapped to encourage a female to descend to the 

skin, but more vigorous Imocking was avoided for it led 

to agitated flight and a complete disinterest in feeding. 

Those females that had not started to feed wit in 5 

minutes were counted as non-feeders. 

Individually-tubed females that had not been narcot-

ised (and given a short recovery period) rarely took a blood-

meal. For this reason, the above procedure was used as a 

basis for feeding females of I. lonrTiralpis on hamsters 

infected with. Leishmania spp (hillick-Kendrick et al. 1976). 

Membrane feeds. 

The above method was modified to feed 1. longipalpis 

on solutions in a membrane--feeder. It was found empiric-

ally that more females fed if they were placed in small 

groups in gauze-topped pill boxes (6 cm diameter) rather 

than in individual tubes. 

Preliminary observr.,tions with densities of 1 to 10 

showed that as many as 7 femaleb could engorge on human 

blood in the 15 minute feeding period allowed to each 

batch, but groups of only 2 - 5 were used to ensure that 

there was ample opportunity for all to feed. Each group 

contained females of similar body weight, i.e. ± 0•005 mg.  

A 15 minute feeding period was chosen as the maximum 

possible without significant weight charges occurring 

through diuresis (see Section 3).  
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The feeding unit used was designed by Mellor (1971) for 

infectinf; Culicoides 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. Using a past- 1r pipette the test solution was 

introduced until it covered the membrane. A hollow glass 

"finger" was inserted into the outer collar so that its 

tim (7 mm diameter) rested on and slightly stretched the 

membrane. An inmersion thermostat with pump circulated 

water through the "finger" to warm the test solutions; 

the temperature could be controlled to ± 1°C. 

The feeding unit was clamped so that the membrane 

slightly dented the taut nylon gauze covering the pill box. 

The flies were activated by gently breathing into the box; 

without this few of the females would move from the sides 

of the box where they rested. In en attempt to standard-

ize this stimulus each box was given only 3 gentle breaths. 

All membrane feeds were carried out in dim light with 

an ambient tem-erature and humidity of 23°C and 705 RH 

respectively. -`or all but one of the experiments reported 

in this section the tem-f)e-atare of the test solution was 

37-5°C. 

Preparation of membranes. Two types of membrane were used: 

Chick skin and Paraf:Ilm IJ'2  were chosen as the natural 

and artificial membranes that had given the best results 

1. "Thermomix II" by 1. -.3raun, :-elsungen, 	rIermany. 

2. American Can Co., 71'enosha, -Asconsin, U.S.A. 
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with other blood—sucking rematocera, e.g. Rutledge et al. 

(1964) and Eellor (1971). 

Preshly killed or deep—frozen day—old chicks were 

Plucked and their skins removed. A preliminnry invest-

igation showed that even when the sub—cutaneous fat had 

been peeled off, a lerge amount of material leached into 

the test solution during the feeding period. Therefore, 

each skin was soaked for a total of one hour in. three 

changes of distilled water and one of 0-85 (physiological) 

saline. The leachings from these "leached chick membranes" 

were slight (Section 3)-. 'Chick shins were always attached 

to the feeding unit so that the epidermis was presented 

to the flies; if fitted the other way the skin Soon dried. 

Parafilm 'Y.' was stretched to •2-12- x its normal size 

to form thin, uniformly translucent membranes. Care was 

taken not to touch the -carts of these that were to be used 

for feeding experiments, so that no olfactory stimulants 

became associated with them. Parafilm membranes became dry 

ana brittle if lefton the feeding unit for more than 3 

hours, whereas chick membranes retained their character 

even when left over—night. 

Test solutions. 0-85 saline (NaC1) was used as a diluent. 

Human blood: Transfused whole humn blood was obtained from 

a local hospital on the day of its expiry, and kept at 4.00

for no more then a week. Citrate rhosphate dextrose (CR 

was the.  anticoagulant; 100 ml of blood contained 2-63g 

of sodium citrate (BP), 327 mg of citric acid (BP) and 

251 mg of sodium acid phosphate (BP). 
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Hamster blood: Heart blood was obtained by cardiac 

puncture and heparin used as anticoagulant (300 USP 

units per 5 ml). The whole blood and fractions from it 

were used to feed flies on the day the blood was drawn. 

Red cell suspensions: 'thole blood was centrifuged for 

20 minutes at about 2,500 RPM in a graduated tube. The 

volumes of red cells and plasma were noted, and the plasma 

removed with a pasteur pipette. The cells were resusp-

ended in about four times their volume of saline and 

centrifuged as before. This washing process was repeated 

twice more; between each washing the supernatant fluid 

and the huffy coat (of white cells) were discarded. The 

cells from several centrifuge tubes were pooled in a 

minimum of saline and centrifuged at 3500 RPIT. for 30 

minutes in a graduated tube to determine their exact 

volume. They were then resuspended in saline to form a 

455 (v/v) suspension. This was the mean red cell concen-

tration in the human blood used. 

Red cell extract: The method of Thitman (1948) was 

followed. A freshly prepared 455 (v/v) suspension of 

red cells was transferred to a stoppered, wide-mouthed 

flask so that the suspension was approximately 1 inch 

deep. This was placed in a deep-freeze until the suspen-

sion was frozen, and thee thawed in warm water. The 

suspension was again frozen and thawed before being centr-

ifuged for 30 minutes at 3500 RPE to remove the4Tucict 

24+4 stroma. Tn addition, the supernatant eras passed 

through a 1-21 millipore filter to remove large cell 
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fragments. 

P1 
	

This was obtained while preparing red cell 

suspensions and diluted as required. 

Denatured 'f_11=1 rlamoa proteins: Plasma from CPD human 

blood was heated at 600- '-'0°C for 30 minutes. The 

small volume of whey was decanted, and the cof-l -ulal- t 

freeze-dried for 24 hours before bein ground to a fine 

powder with a nestle end mortar. 0.08 gm of dried said 

powdered protein was suspended in saline so that it was 

at half plasma concentration, but only ore-tenth formed 

a stable sus:ension, i.e. a final concentration one-

t7fer_tieth that in plasma. Solutions of r-Tij.'o acids: 

Tea et al. (1958) defined the diet of amino acids that are 

essential for a high level of egg production in Ae. 

aeg7pti. This diet, called here "Lea 1", was fed to L. 

lorl-ira.lris. Its exact amino acid composition per 100 ml 

of distilled water via s: L arginine mono Ed 1 0-38g, 

cystine 0.1 5g, I glutamic acid 1.00g, I histidine mono 

H01 0.15g, DID isoleucine 0-50g, ID leucine 0-75p;, ID lysine 

none H:j1 0.75, DL met72ionine 0.15g, D1 pherylalanine 

1-20g, DL threon-Ine 0.30g, 1.1 tryptophan 0.30g, DI valine 

1.00g. 2_11 a _L)o acids were sigma grade chemicals) To 

this was added 5r; of glucose, 5,7 of fructoc-. and 0-1g of 

a salt mixt-re. (ITarmali-,n ringer's was used:- 	7a61, 

0024 CaC12, 0.042 1-01). IIIj,rnctice, the chemicals 

were dissolved in 10 :!]_ of the lc::, -m=ma ringerts aid 

1. 	ligma (Tendon) Ch-i_cal_ Co., ltd., 
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70 ml of distilled water, and then dilute sodium hydroxide 

and distilled water were added so that the final solution_ 

had a pH of 7.2 — 7.5. 

A similar Solution was prepared which differed only 

in its concentration of sugar.. "Lea 2", as it is called 

here, contained only 0.09g of glucose and 0.005g of 

fructose per 100 ml. This is their concentration in human 

blood (Spector 1956). 

Other solutions: These were prepared from Sigma grade 

chericals, refrigerated and desiccated to the manufactur-

ers instructions. 

Peals taken fror cotton—wool ,Dads. 

Flies were deprived of sucrose and water for 2 days 

before an experiment. A petri dish (Scm diameter) contain-

ing a cotton—wool pad soaked in test solution was placed 

on the base of the nylon—gauze feeding carne 	cm cube) 

into which the flies were introduced. The cage was left 

undisturbed for 2 hours in an illuminated incubator at 

25°C and 70;-',  RH. At the end of this period all the flies 

were dissected and the proportion feeding and the location 

of their meals noted. 

Solutions not naturally coloured were mixed with 

cochineal red food—colourirg1. This contained glycerin, 

isopropyl alcohol and Potassium hydroxide as well as 

E120 coci)ineal in aqueous solution. (T:Inufactusers notes 

did not state concentrations). 

1. Rayners Ltd., London. 
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Its conecntration in the test solution was 15 (v/v). 

This colourin was used to facilitate the idefic-

ation of the meals in the flies. Its colour is not 

believed to have affected the results: Thus,"colourlss" 

sucrose is often taken by I. lonripelris from white 

cotton-wool, the bul:.int: crop being visible through the 

pleur,e, of the abdomen. k.J.Teaney (pers.com.) has shovm 

that I. lon-11-,alris does not discriminate between sucrose 

coloured rod (cochineal) end blue (rAwan Blue). Similarly, 

I. traridoi does not discriminate between red and green 

cooured sucrose (0aniotis 1974). Finelly, 1;-: cochineal 

red in 10;'.,  sucrose was neither an attractant nor a rerellent 

when offered to TJ. lo-i7,alris across chicken-skin (Table 5). 

Dissections  - to locate nes.ls in  sand-flies.  

The fly was narcotised and ti-i)red onto a drop of 

saline on a microscope slide. A snail surgical scalrel and 

fine err 	rine (mounted on match sticks) were used 

for the dissection. For this the f1:7 was pinned by the

lower thorax and shallow cuts made in the abdomen (Fig 6 ). 

This helped to release from the cuticle tracheae and 

connective tissue which otherwise tended to retain or 

rupture the cut and ovaries when they were removed. 

the head was removed by f- ently -pulling it from the secured 

thorax. Anr food in the pb=ynx or oesophacus could be 

seen efore the gut brol7e just anterior to its junction 

with the cror. irally, the crop, reaininc gut end 

ovaries were drawn backwards by tre.ction. wile 2. needle 
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Fig. 6. Schematic sagittal section of L.longipalpis female to show location of alimentary tract. 

(I/Preliminary cuts for dissection to remove gut.) 	 cles 
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or the thorax held the rest of the sand—fly in position. 

-Preparation of fascicle for  stereoscn electron miooscol)v 

unfed flies were killed in the vapour 

of industrial ether so that the rloutharts 

Lewis pers.co=.). The heads were severed, fixed in 

alcoholic 73ou:inis (2 da:rs) and dehydrated in absolute 

alcohol (3 — 7 days). Stylets were mounted individually 

or attached to the head, each bein:-; stuck to the viewir:-,; 

,latform (or "stub") with a hi;h—conductivity adhesive 

(Durofix). After nountir, the materiel •Tas air—dried 

over silica -;el for 24 hours and then "sDatter—coated" 

with cold—Ipalladium. A Cambrid,:e Stereoscan 2A electron 

nicrosco7)e was used to examine and photoLTaPh the material. 

• 
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RESULTS. 

Size of female -n,  size of blood--ileal. 

P..ody size significantly affects the size of meal 

ingested by some mosquitoes (Barlow 1955; Bar—Zeev 1957). 

Therefore, it is a factor that must be consicered when 

desi[7nir:7 feedirE experiments. 

On four occasions the effect of female size (weit) 

on the weight of human blood ingested by I. lonTiDalDie 

was irvestiated. Only once was there a significant 

positive association betecn the two (Pig 7 ; Ap-oeT.idixB). 

Prom these results it was concluded that for 

practical -curoses blood—meal size was independent of 

body weight within the ranr;:e 0-28 — 0.40 mg. Only females 

whose weights were within this =we were used for feding 

e::perionts. 
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Fig. 7. The effect of female body-weight on the weight of blood  

imbibed from man by females of L.longipalpis. 
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Free feeelp 	 J i 	in cPees _ 

=During the course of normal rearin, the majority of 

3 - 10 day old females accepted a blood-meal from an 
anaesthetized hamster or the arm of a man. The mean 

proportion feeding on either host during the 23 generations 

of the study was 805 (305 - 1005). - Poor feeds were irreg-

ular and unexplained. Unfavourable physical conditions 

were not responsible - 1005 feeds occurred just as freouen-

tly over a range of temperature(21-5°  -• 3000, humidity 

(705,  - 1005 RH) and at different times of the day. Feeding 

was unaffected by ight light. 

The mean weight of blood imbibed from hamster end man 

was 0-46a; 0.04mg (90 observations) and 0.41± 0.05mg (90 

observations) respectively. 

Under normal rearing conditions only age had any 

constant effect on feeding, which was poor (<505) for 

groups of freshly-emerged and old (> 16 days) females. 

Individual feedin17 of fenales of I.  lonripalnis after 
narcotis.?tion. 

After narcotisation rarely more than 305 of 'females 

took-Ja blood-meal in bright light, but the figure was 905 

(60 - 1005) for both human and hamster hosts placed in 

shaded light. Again, feeding was equally good, and occas-

ionally inexplicably poor, over the range of stated physical 

conditions. Rating, sugar-feeding and nature of host had 

no noticeable effect on the meal weight, e.g. data for the 

fourth laboratory generation:- 
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_lost 

Condition 
of female. 

Mean weight 
of meal(mg) 

955 
confidence. 
limits. 

Man. 	Man. 

Sugar-fed/ Sugar-f ed/ ro aagar/ 
mated. 	unmated. 	mated. 

0 .43 	0.42 	0.42 

±0.07 	4-0.05 	±0.05 

Hamster. 

Sugar-fed/ 
mated. 

0-41 

±004 

Ran-:e of 
meal 
weight. 

No. of 
observ-
ations. 

(0-26-0.55)(0-32-0-51)(0-32-0-52)(0-34-0-51) 

30 	18 16 	30 

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

lonp;ipalPis (either individually in tubes or in groups in 

cages) to take a second blood-meal, although A.J. Leaney 

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

7ith a few exceptions, females of L. lonrd_palpis only 

survived after the first gonotrophic cycle if they were 

prevented from laying their eggs by denying them a damp 

oviposition surface. In one experiment, six days after 

the first human blood-meal 13 out of 18 female, were still 

alive. 5 of these took a second human blood-meal the size 

of which (0.18 - 0.30m g) was unrelated to the size of the 

first (0.18 - 0.72 mg). 

L. lon7iPa1p:is females from Ceara (Courtesy of Dr. R.D. 

Ward). The percentage of females and the mean weight of 

the meals imbibed was recorded for different hosts (Table4). 

From each batch of flies, a small sample (5 - 8) was fed 

on man as a control. 
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HOST 
No, OF FEMALES 
OFFERED MEAL % FEEDING 

MEAN WEIGHT 
OF MEAL 
(mg.) 

95% CONFIDENCE 
LIMITS FOR 
MEAN WEIGHT 

RANGE OF 
MEAL WEIGHTS 

(mg.) 

Spiny Rat, 29 76% 0.45 +0.08 (0.36 — 0.58) 

Proechimys sp. 

Man 33 95% 0.47 +0.06 (0.31 — 0.72) 

Capuchin monkey, 25 92% 0.53 ±0.10 (0.32 — 0.63) 
Cebus apella 

Opossum, 28 93% 0.55 +0.05 (0.45 — 0.65) 
Didelphis marsupialis 

Three—toed sloth, 16 62% 0.49 +0.20 (0.30 — 0.70) 
Bradypus tridactylus 

Table 4. 	The feeding response, after narcotisation, of females of L.longipalpis  

(Ceara strain) to different hosts. 
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The spiny rot and the three-toed sloth both have 

coarse, stiff hair, which even after it had keen trirmed 

was off-putting to some females. This, together with the 

tough skin of the sloth, explains the relatively low 

Dercentare of females feeding on these two hosts. For 

the females that fed th,re was no significant difference 

between the mean meal weight taken from each host. 

Feedinfr. behaviour and smeed of blood-suckinp'. 

During routine culture the following picture erarge(:i.. 

60 or more females of L. lonrdbalpis would take a blood-

meal from an arm inserted in a cage for just 20 minutes. 

Both males and females were activoted by the breath of 

the donor, but it was not until 2 - 5 minutes after the 

arm ws first mlace in the cage that the first female 

bit. Both females and males congregated on the side of 

the cage nearest the hunan host, from where they lio-9I-.ed 

onto the arm. I:Sales would dash from one female to 

another, facing them and wing "fluttering" until accepted. 

landing on the sir a female usually made an explor-

atory walk, describing ever-decreasing circles about the • 

point v,Thare she finally probed. host founda "sTiita!')le" 

spot -:fjtli)-,  a T,irilte and then. engorged in 2 - 6 minutes, 

but a few probed several times and took -up to 15 minutes 

to en gorge. 

'rlhen an aa.sthetized h=ster was the bait the 

individual feedillr; time was the sane, but the females took 

longer to fir.d the bait. Only abort 30 fed in one hour., 
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There was often a close aggregation on the bare skin of 

the hamster nose, 

Most females offered a meal individually in tubes 

usually settled to feed within 1 - 2 minutes. Although 

some descended immediately to the sYin, nost displayed 

an initial bout of activity which was followed by a 

calmer exploration of the tube. 

Membrane feeds. 

The percentage of females of L. lonF,ipalois that 

accepted,  from the membrane feeder meals of various 

protein and sucrose solutions, and the 'mean weight of each 

solution ingested, are recorded in Table 5. 

The feeding behaviour was similar to that of females 

offered vertebrate hosts in cages. Activation by human 

breath brought them to the gauze to of the pill-box. 

Again some females went straight to the membrane, but 

most walked in ever-decreasing circles, often "shying" 

away two or three times, before finally approaching it. 

For most solutions, females were satiated within 5 - 10 

minutes, but 300 sucrose was unusual in that all the 

females remained feeding for 20 - 30 minutes. 

The destination in the fly of protein and sucrose 

meals ingested through membranes are set out in Tables 6 

e; 7 respectively. 

Miscellaneous results: On four occasions the feeding unit 

was placed inside a feeding cage (18 cm cube) containing 

30 - 50 L. lon-ipallis females. These were then 
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Table 5. 

The feeding response of females of L.longipalpis  

to solutions offered in the membrane feeder.  

* For all flies, including interrupted feeders. 

y Only those females not interrupted. 

NH Not recorded. 



TEST SOLUTION 
(VOL./VOL. 
0.85% SALINE) MEMBRANE 

NUMBER 
OFFERED 
FEED * 

* 
PROBING 

% 	* 
FEEDING 

NUMBER y 
SATIATED 

MEAN WT. 	95% CONFIDENCE 
OP MEAL 	LIMITS FOR 
(mg.) y 	MEAN WEIGHT 	y 

RANGE OF 
MEAL WEIGHTS 
(mg.) 	y 

IIUMAN 

Leached chick 
Whole blood skin (LCS) 24 NR 58 14 0.38 +0.06 (0.18 - 0.55) . 

Whole blood Parafilm - 	24 54 21 5 0.42 +0.14 (0.31 - 0.59) 

Plasma LCS 16 NR 75 12 0.27 +0.04 (0.11 - 0.37) 

50% plasma LCS 19 NR 58 8 0.37 +0.07 (0.26 - 0.46) 

45% red cell 
suspension 

LCS 38 NR 58 20 0.40 +0.16 (0.09 - 0.56) 

45% red cell 
extract 

LCS 34 NR 53 18 0.23 +0.07 _ (0.09 - 0.36) 

10% (w/v) 
haemoglobin 

LCS 33 NR 39 13 0.19 +0.06 (0.02 	0.32) 

HAMSTER 

Whole blood LCS 20 NR 65 10 0.36 +0.05 (0.13 - 0.46) 

Plasma LCS 57 NR 54 30 0.32 +0.04 (0.17 - 0.60) 

45% red cell 
suspension 

LCS 35 NR 51 18 0.41 +0.07 (0.16 - 0.62) 

45% red cell 

extract 
LCS 52 NE. 40 21 0.27 +0.02 _ (0.18 - 0.36) 



TEST SOLUTION 
(WT./VOL. 
0.85% SALINE) 

55 denatured 
human plasma 

n  + 0.005M ATP. 

10% bovine 
serum albumen 
(BSA) 

10% BSA 

•

pa
n
u
t1

uo
a  

10% BSA + 
0.005M ATP. 

10% BSA, 
fatty—acid free 

10% BSA, 
fatty—acid free 

5% BSA 

20% BSA 

MEMBRANE 

NUMBER 
OFFERED 
FEED * 

% 	* 
PROBING 

% 	* 
FEEDING 

MEAN WT. 
NUMBER y 	OF MEAL 
SATIATED - (mg.) / 

95% CONFIDENCE 
LIMITS FOR 
MEAN WEIGHT y 

LCS 

LCS 

LCS 

Parafilm 

Parafilm 

Parafilm 

LCS 

LCS 

LCS 

11 

23 

40 

35 

37 

20 

20 

37 

42 

NR 

NR 

33 

63 

32 

50 

65 

70 

69 

45 

56 

33 

57 

16 

25 

60 

70 

64 

5 	0.28 

13 	0.23 

13 	0.38 

19 	. 	0.20 

6 	0.24 

4 	0.16 

12 	0.36 

24 	0.30 

22 	0.25 

+0.08 

4.06 _ 

+0.08 

+0.07 
— 

+0.22 _ 

+0.23 
— 

+0.08 

+0.05 _ 

+0.05 

RANGE OF 
MEAL WEIGHTS 

111E21 y 

(0.21 0.36) 

(0.07 — 0.38) 

(0.12 — 0.56) 

(0.01 — 0.46) 

(0.05 — 0.45) 

(0.02 — 0.32) 

(0.04 — 0.50) 

(0.04 — 0.47) 

(0.03 — 0.45) 



TEST SOLUTION 
(WT./VOL. 
0.85% SALINE MEMBRANE 

NUMBER 
OFFERED 
FEED * 

% Jo 	* 	% 	* 
PROBING 	FEEDING 

NUMBER y 
SATIATED 

MEAN 
OF MEAL 
(mg.) 

WT. , 

y 

95% CONFIDENCE 
LIMITS FOR 
MEAN WEIGHT y 

RANGE 
MEAL 
,(mg.) 

OF 
WEIGHTS 

y 

"Lea 1" Parafilm 	• 15 46 13 2 0.15 and 0.16 mg. 

"Lea 1" LCS 23 48 43 10 0.07 +0.02 (0.04 - 0.15) 

"Lea 2". LCS 28 39 11 3 0.05 ±0.03 (0.04 - 0.06) 

0.85% saline Chick skin 20 55 50 8 0.42 +0.06 (0.08 - 0.53) 
- not leached 

0.85% saline LCS 21 62 62 10 0.36 +0.04 _ (0.18 - 0.53) 

0.85%saline Parafilm 45 49 44 18 0.21 +0.06 (0.06 - 0.43) 

10% sucrose LCS 25 52 52 12 0.15 +0.03 (0.08 - 0.22) 

10% sucrose + 
cochineal red 

LCS 45 76 76 25 0.14 +0.02 (0.03 - 0.23) 

10% sucrose Parafilm 49 35 25 12 0.12 +0.03 (0.03 - 0.19) 

30% sucrose LCS 20 70 70 14 0.04 +0.01 (0.02 - 0.07) 

•
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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 
W./VOL. 0.85% SALINE 

No. OF 
FEMALES 

DESTINATION OF MEAL: 
CROP 	MID—GUT 

20% Bovine serum 
albumen 

5 

5 ++ 

5 ++ 

10% Bovine serum 5 - 	++ 
albumen 

5 - 	++ 

5 - 	++ 

5% Bovine serum 5 - 	++ 
albumen 

5 - 	++ 

2 — 	++ 

0.85% Saline 
	10 	 ++ 

Key for this and tables 7 and 8: 

— empty of meal 

(+) trace of meal 

+ <0.05mg. of. meal ) estimated when split 
) between mid—gut 

>0.05mg.of meal ) and crop. 
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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 	PLMALES CROP 	MID-GUT  

10% Sucrose 

10% Sucrose 

Leached 	11 All - 	++ 
chick-skin 

Leached 	10 	++ 
chick-skin 

 

10% Sucrose Parafilm 	8 	+ 	+ 

+ 	+ 

+ 	+ 
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Table  7, continued. 

MEAL 	 No. OF DESTINATION OF NEAL: 
W./VOL. 0.85% SALINE MEMBRANE 	FEMALES CROP 	MID—GUT  

30% Sucrose 	 Leached 	14 
	

(+) 
chick—skin 	 Cardia only 

(+) 
Cardia only 

(+) 
Cardia only 
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Table 8. 

Destination of solutions imbibed from cotton wool  

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

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

MEAL 	TIME DISSECTED 	LOCATION OF MEAL: 
W.V. 0.85% (HR.) AFTER 	PROPORTION 
SALINE 	1EEDING PERIOD FEEDING 	CROP CARDIA MID-GUT  

30% Sucrose 	0 - 0.2 10/18 + 

+ 

- 

(+) 

++ (+) 

(+) 

++ (+) 

++ (+) 

(+) 

(+) 

++ (+) 

(+) 

0 - 0.2 11/20 (+) 

++ (+) 

++ (+) 

(+) 

(+) 

(+) 

(+) 

(+) 

++ (+) 

(+) 

(+) 

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

MEAL 	TIME DISSECTED 	LOCATION OF MEAL: 
W./V. 0.85% 	(HR.) AFTER 	PROPORTION 
SALINE 	FUMING PERIOD FEEDING 	CROP CARDIA MID—GUT  

10% Sucrose 	0 — 0.2 	11/20 

0.5 — 0.7 	10/18 All + 

Human plasma 0 — 0.2 
	

0/20 

2/20 Both — 

0/10 
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activated with human breath: none ever fed, but several 

probed the rubber tubinr carrying warm water to the unit. 

On one occasion a group of I. longipalpis females 

was offered lizard blood which could not be warmed above 

30°C for fear of damaging the parasites it contained. 

the blood warmed to 28° 100,  26 out of 34 took a blood—

meal. ' 

Meals taken bv I. longiralris from cotton—wool pads. 

The percentage of females imbibing different solutions 

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

each solution, is set out in Table8 . 

In addition, coloured sucrose was found in the crops, 

but not the mid—gats, of 6 out of 7 males dissected shortly 

after a two hour period in which a cotton—wool pad soaked 

in coloured, 30 (w/v) sucrose had been left in their cage. 

Sensilla on the fascicle of L. io:gipa1nis. 

Sensilla were only found on the labrum. For each of 

3 males and 3 females the length and width of the labrrm 

(as seen under the light microscope) were measured in situ 

and after dissection. The length. recorded was the distance 

from the tip of the labrum to its articulation with the 

clypeus; the mean length was 0.32= for females and 0.2emm 

for males. The maximum width was 0.04mm for each. 

From these measurements and the structures seen under 

the stereoscan electron microscope, a semi—diagrammatic 

illustration of th ventral side of the Dale and female 

labrum was dray2 to show the nurber and location of all 
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Fiff. 	Ventral view, labrum of L.Iongipalpis. 
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Plate 5: L.longipalpis.  Ventral tip of labrum, 
of female. 

Above: distal plate and "teeth". (x3,200) 

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. 
(x21600 ) 

Below: enlarged view of a single tpichoid 
sensillum. (x111000 ) 
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the sensilla seen (Fig8 ). The exact nature of these 

sensilla will not be known until their internal structure 

has been revealed by transmission electron microscope 

studies and (if this is possible) their electrophysiol-

ogical response to different stimuli recorded. They have 

been provisionally identified by comparing their external 

structure with that of the sensilla of other Diptera. 

MATES 5 - 7 show the structures seen with the SEH. 

. Observations on the feeding habits of other sand-fly 
species. 

4 - 6 days after their emergence only 4 out of 17 
laboratory reared females of P. rerniciosus took a blood-

meal from en anaesthetised hamster uhen this was offered 

between 10.00 hr and 12.00 hr GET (16 hour photoPeriod, 

04.30. - 20.30 GPI!). The remainder refused to feed at the 
same time on the following day, but that evening all 12 

remaining flies fed when the same hamster was offered 

in the dark between 21.45 hr and 23.30 hr GET. 

12 females of Sergentomyia bedfo:!-di reared from e':gs 

obtained from Ethowia, were narcotised and individually

offered a human blood-meal during the "day". All settled 

on the skin and probed 	five minutes. However, 

althOugh many probed several times and spent as long as 

twenty minutes "up-ended", with their probosces fully 

inserted into the flesh, none succeeded in obtaining a 

blood-meal. 

.:Females of Ps. davisi were captured at night as t-  ley 

probed on human baits in Loc = ! )o Porect near Jelm, Brazil. 
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On two occasions grouns of 30 were taken in a dark humid 

box to a nearby laboratory where within 1 - 2 hours of 

capture they were narcotised and offered a human blood- 

meal. Only 155 and 	(respectively) fed, although the 

physical conditions in the laboratory were similar in 

every respect to those in the forest. On two other occasions, 

625 and 645 of similarly captured and narcotised females of 

• Ps. davisi accepted human blood-meals when these were 

offered in the forest one hour after capture. 

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

Apennines in Emilia-Romagna, Italy, females of P.perfiliewi  

only started to bite after dark (Section 5 ). This species 

fed on a wide range of hosts, including man and rodents, 

but on windy or cold nights (<14°C) few females were 

captured away from human dwellings. The same species was 

common in cow sheds: Those feeding on cows were often 

aggregated on fleshy parts of the body, and on the spine, 

out of range of the tail. large numbers of males of P. 

perfiliewi were found alongside the females in the cowsheds 

and were also caught in oiled "sticky traps" (Killick-Kendrick 

et al. 1975 and Section 5); this suggests that mating swarms 

of males are common in this species and play an important 

part in feeding behaviour. 
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DISCUSSION. 

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

The catholic feeding habits of wild Z. lonfripalpis have been 

described already. The results of the present investigations 

show that in the laboratory, too, females of this species will 

feed on a variety of hosts in a wide range of Physical 

conditions. lard (1974) reached a similar conclusion. 

norc,over, it was shown that once a female had probed, one 

blood was as attractive as another. The nature of the hostb 

hair and skin affected the ease with which a female could 

probe; this and host availability are probably the principal 

factors controlling the host preferences shown by L. 

longinalpis. 

I. longipalris is disinclined to feed again until it has 

matured a batch of eggs, unlike P. paPatasii (Adler C; Theodor 

1935; Schmidt & Schmidt 1965) and P. lon.eines (Gemetchu 

1972).which can take more than one blood-meal during a gono-

trophic cycle. The laboratory conditions did not meet its 

oviposition requirements which are more exacting than those 

for feeding (Section 4), and therefore females could only 

be kept alive after the first gonotrophic cycle by prevent-

ing them from laying their eggs. Under these conditions about 

40% accept a second blood-meal (hillier;-Kendrick at al.1976). 

This finding is of epidemiological significance for it 

suggests a natural limitation to the transmission of 

Ileishmania by I. longipalpis. 

The observations on the feeding habits of other species 
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reflect some of the points made in the introduction and show 

that L. longipalris is by no means typical. Thus, although 

P. Derfiliewi, too, fed on a wide range of hosts, feeding 

was limited by photoperiod, climate and host behaviour. 

Moreover, there was a suggestion that the presence of mating 

swarms of males was an essential part of the feeding behaviour, 

as has been proposed for P. argentires (Shortt et al.1926). 

P. perfiliewi only bit at nighti but it fed as readily 

in a lighted cow-shed as it did in the natural gloom. In 

comparision, P. perniciosus also usually bites at night, 

but is not "attracted" to light-traps or to lighted dwell-

ings (Rioux et a1.1969). This species was reluctant to bite 

during the day in the laboratory; it would be interesting 

to know if the success of the night feeds resulted from a 

true periodicity and/or the dark. 

Like other species of the genus, Sergentomyia bedfordi  

usually bites cold-blooded vertebrates, and at least-  in 

Ethiopia does not attack men (Ashford 1974). When laboratory-

reared females were artificially brought into contact with 

the skin of man, -however, all probed; but they were unable 

to take blood, possibly becanse.their probosces were too 

short. This illustrates that the immediate stimuli emanat-

ing from potential hosts are not necessarily responsible for 

host preferences. Indeed, for many haematophagous insects 

the habits and ecology of insect and host are eoually import-

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

7fard (1974) described _thedifficulties of inducing 

some laboratory-reared Amazonian sand-flies to feed. This 
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probably relates to fine and sT)ecific differences in feed-

ing behaviour which enable a diversity of sand—fly s-oecies 

to co—exist in the Amazon forests. The sensitive nature of 

the feeding behaviour of one of these species, Ps. davisi, 

was noted by the author. 

Host seeking behaviour of I. lonipaipts: Human b-oeath was 

sufficient to activate females of I. lonalpis who then 

explored their containers. In a pill—box this brought them 

into contact with the membrane feeding unit, but in a cage 

the initial activation was followed by movemmt towards the 

source of host breath. For i. oscluitoes, carbon dioxide in 

the breath is probably the main activator, but heat, moisture, 

host odour and various visual factors all contribute to 

activation as well as to orientation and alighting (review 

Clements 1963; review Lewis 1972). It is probable that these 

stimuli are also involved in host—seeking by sand—flies, for 

sensilla have been found on their antennae and palps that 

are structurally analogous to those of mosquitoes which are 

involved in host—seeking (C.T. Iewis pers.comm.). 

The strength as well as the nature of the 'odour' pine 

- determine its power to attract (Gillies 1972). This groups 

of caged I. lo7ipalpis took longer to feed on an anaesthet-

ized hamster than they did on the arm of a man from whom 

a stronger plume emanated. The importance of the 'oduu-r!' 

plume in host location was shown again when females failed 

to locate the feeder unit placed in a cage. 

It is speculated that narcotisation was a necessary 

-preliminary to feeding females in tubes because. it sworessed 
A 
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the normal demands for orientation and 	stimuli. 

Thus females who were not narcotised usually flew frantic-

ally  a.bout the tube and rarely settled on the skin even if 

they touched it. Subjectively, it seemed that the tube was 

not large enough to enable them to perform their usual 

searching behaviour. 

'Alighting' and probing: Some of the females fed in cages 

alighted on the host, but in all three containers most walked 

onto the target. Feat (and host breath) were s,,,fficient to 

stimulate probing. Thus females were seen nrobing on warm 

rubber tubing, and many fed throu';h parafilm membranes viilose 

only attraction was their warmth. Females of L. lon7i-oalris 

only probed on the skin or target membrane, but Foster et r).1. 

(1972) found that 2. longi-pes probed after alighting on 

clothing. This suggests that probing may sometimes follow 

automatically after the host has been located. 

Heat may not be the only stimulus for I. loni7inalpis to 

probe. Thus females successfully fed through a chick—skin 

when this was warmed to 28°C, only 5°C above the ambient 

temperature. An olfactory stimulus for probing is suggested. 

Unfortunately, the response of L. 1=1.palris to artificial 

membranes at ambient temperatures was not tested. Simil=ly, 

Schmidt (1964) found that P. orientalis successfully fed 

through animal membranes on blood at ambient temperatures. 

rood recognition and feedinri 	longipa:1pisfemales: 

Preliminary observations showed that when groups of 4 -- 6 
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day old females were exposed to human blood over a chic-k-

shin, the .-1-m)ortion that fed was very nearly eclual to the 

Dvoportion that 7orobed. However, this proportion varied 

from 30% to 825 depending on the hatch of flies used. Tike-
Wise, when various solutions were offered through chick-skins 

the percentage of flies that fed was more-or-less equal to 

the percentage that probed and varied from 32% to 76% 

(Table 5 ) . Therefore, "5 feeding" cannot be used to compare 
the 'acceptability' of different test solutions. Per '(;is, 

the mean weight of the freely-ingested meals will be used. 
Dethier (1968) found that for the blowfly, 0-6% and 

1-2c;g solutions of Han were recognised as 'salt and wate17' 
and 'salt' respectively, and that they were accepted. ' 

35 solution however was rejected as 'salt'. Hosoi (1959) 

concluded that 0-855 saline was a low-order stimulant for 

Culex pipiens. The same can be inferred from the results 

of Salama (1966) who found that 1.2911 3M,01 had to be added 
to 0.1M sucrose before 505 of Ae3 aegyuti females would 
reject the mixture. 

By analogy, the ingestion of 07855 saline through a 

parafilm membrane is taken by the author•to represent the 

membrane-feeding response of I.longilDal-ois to a low-order 

1phagostimulant. The mean weight of saline so ingested (Ca. 
0•2 mg) was equivalent to a "half-feed" from a natural host, 

but saline taken through chick-skin was significantly more 
attractive. This suggests that there is something about 

chick-skin which stimulates gorging. 

Certainly, 	loni-oalDis fed throuh chick-skin more 
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avidly than through Parafllm: With one exception, the 

pro-portion of feiialos feeding through chick—skin was 

roughly ecmnl to that probing it;.. vaereas the ratio of 

those feeding to those -orobing parafilm was extremely 

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

Physico—chemical nature of the chick—skin but not of the 

parafilm provided stimuli which encouraged the females to 

-remain in the feeding position. Alternatively, the physical 

nature of the parafilm may have prevented many of the sand—

flies from feeding. Thus, sand—flies have a preference for 

feeding from pools of blood in the skin rather than direct-

ly from capillaries (Lewis 1975). Pools did not form in the 

thin, one—layer parafilm, and feeding through this membrane 

must have been similar to piercing a capillary. From the 

observed behaviour of L. lonrd_palpis feeding through parafilm 

both explanations are eQually likely: Yany females probed 

several times before settling to feed, and others thatd-id 

not feed returned repeatedly to probe before they lost 

interest. 

A second alternative to explain the more avid, feeding, 

and the larger meals taken, through chick—skin, is that 

rhago —stimulants leached from the skin into the test solution. 

That this happened is suggested by the fact that saline 

meals were larger still when a chick—skin was not leached 

prior to use. 

With the difficulty of comparing feeds from the two 

membranes in mind, the relative attractiveness of the various 

solutions will be discussed. For feeds through parafilm, a 

10c; solution of bovine serum albumen (PSI) in saline was 



92 

• only as attractive as the saline itself, whereas whole blood 

was significantly more attractive then either. These 

results indicate that there is a phagostimulant in the red 

cell fraction. of blood. Support for this contention comes 

from the tendency for meals containing red cells to be 

slightly larger than those of plasma. A significant 

difference between the two is perhaps masked because plasma 

meals contained the contents of some lysed red cells and 

the leaching from chick—skin. 

Bishop Gilchrist (1946), Greenberg (1951) and Day 

(1954) all noted that for mosquitoes the phagostimulants 

in blood were contained in the red cells. The blood 

stimulant for C. DiDiens was isolated. from ox red cells 

by Hosoi (1959), who identified it as adenylic acid. He 

showed that the phosphate salts of adenylic acid were also 

phagostimulants. These included ATP, which is a phago-

stimulant for Ae. EfEati (Galan et al. 1963). There is 

further circumstantial evidence for the role of ATP. Thus, 

haemolysed blood or haemoglobin are ingested by mosquitoes 

to a lesser degree then intact erythrocytes BiShop 

Gilchrist 1946; Day 1954; Hosoi 195(A. This could be the 

result of the rapid degradation of ATP that is known to 

occur in lysed red cells (Hosoi 195(;). 

Similarly for L. lonr,iPalpis, meals of erythrocyte 

extracts and haemoglobin suspensions were noticeably 

smaller than those containing whole red cells. However, 
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the addition of 0-005V1  of the sodium salt of ATP to 105 

BS A2  did not make this solution more attractive when 

offered through parafilm. Similarly, 0.0051:1 of the sodium 

salt of ATP added to a suspension of denatured human. •plasma 

had no effect. These results indicate that ATP is not a 

high—order phagostimuientfor L. longipalpis,but there 

remains the possibility that it is a low—Order one. 

Of all the solutions offered to h. loniralpis through 

membranes only those of amino acids (at blood pH of 7.2 — 

7°5) were repellent. 7flen the amino acid solution contain 

ed only 0•1% of sugars, 28 of the 39 females probing 

rejected it. All probing flies fed when 	glucose and 

5%.fructose were added, but the meal size was still. small. 

It may have been the neutralizing UaOH and/or the amino 

acids themselves that repelled the flies. 

As well as glucose and fructose, fatty acids may be 

low—order phagostimulants for I. longi-oalpis fOr 105 

BSA was less attractive when it did not contain them.. 

It is generally believed that mosquitoes determine 

whether-to dispatch food to the crop or the mid—gut by 

recognising its chemical nature (Clements 1963; review, 

Lewis 1972); and by analogy this has been assumed for 

Simulids and Phlebotomids (Lewis & Domoney 1966). In 

mosquitoes, blood and like substances •ate sent to the raja—

gut and sugary fluids are stored in the crop (Clements 

1. Optimal concentration for Ae.aerypti (Rutledge eta1.1964). 

2. It is believed to be "essentially free" of ATP,but Sigma 

Chemicals (London) are confirming with 	office 
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1963). The discrimirating sensilla are located in the 
cibarlum (G,':aun et al .1963; Salama 1966), and there soars  
to be an intration of sensory input in the central 

nervous system, for when mixtures of blood and sugars 

are ingested they are sent to the mid-gut, crop or both 

depending on their relative concentrations (Day 1954; 

Hesoi 195S). Recently, sensilla superficially similar 

to those of .-nlosquitoes have been identified in the cibc?„ria 
of sand-flies (D.j.Iewis pers.comm.). It seems, there- 

fore, that a conside:ation of food destination should be 

a means of identifying phagostimulants for I. lon.rTipalis. 

L. lorialpis females feedini: from cotton-wool 

dispatched sucrose solutions to the crop and Plasma to the 

mid-gat. 51/98 voluntarily accepted sucrose but only 2/50 

took•plasma. This is the rr.sult expected when mosauitoes 
feed from droplets: Only their -basal and labellKrchemosensi- 

lla usually come into contact with free liquids (Clements 

1963), and as these respond to su.garwater and saline but 

not "blood" (0'::en 1963; Salama 1966), the latter is rarely 

imbibed, e.. hosoi (154). 

DurinE the course of many dissections of blood-fed 

I. lorli_palis in the Ascot laboratory, blood has only 

rarely ben found in the Crop, ,n.d then only in small 

quantities (-1Z. hillick-Ken(lrick 	A. J. Leney pers.comm.; 
the author, Section 5). The sane was conclud for P. 

papatasii by Adler Theodor M26). An early resort by 
':;atrson (](:22) t1L:t blood can be seen is' . tha crop of P. 
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papatasii for about 48 hours after a meal has not been 

aubstantiated. Therefore it can be assumed that blood is 

normally dispatched to the mid-sat in sand-flies a.s it is 

in mosquitoes. This must be treated as a generalization to 

• which there will be exceptions, e.g. Gemetchu (1974) stated 

that ".... some blood has been observed to enter the crop 

in at least some P. longipes". 

However, the results of feeding artificial diets to 

L. longipalnis through membranes indicate that there are 

differences as well as similarities between the feeding 

mechanisms of sand-flies and mosquitoes. Plasma and 10% 

BSA were as attractive as whole blood to L. 1212LLEIIELg.  

feeding through chick-skins. In contrast, Ae. aegypti has 

been found to refuse or only reluctantly take plasma and 

serum when these were offered through animal membranes 

(Bishop & Gilchrist 1946; . Greenberg 1951; Day 1954) : The 

same species only fed voluntarily on 10% bovine erum 

offered through an animal membrane when ATP was added 

(Rutledge et al. 1964). Similarly, Hosoi (1959) could only 

feed C. 1.21.21_2112 on plasma by forcibly placing its fascicle 

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

In comparision, 42/42 I. longipalpis- ingested BSA (5% - 20%) 

into the mid-gut as if it were blood. Also, Adler & Theodor 

(1927) found no difficulty in infecting the mid-guts of P. 

papatasii with Ieishmania by feeding females serous fluids 

through a rabbit shin. 

Saline was ingested in substantial- amounts (half-feeds) 

by 20/22 L. longiT)alpis probing Para film membranes. Visual 
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ins-oection of these flies and the dissection of 10 others 

which had fed t _rough chick-skin showed that saline was 

sent to the mid-gut alone. In com-carision, only 11!,  of 

C. riPi'ms whose fascicles were forcibly held in 0.85 

saline accented a meal, and sa]in- was found in the cro 

well as the mid-gut (Hosoi 1959). 

Idkewise, sucrose solutions were ingested through 

membranes by L. lon .ipalpis, and these went predominantly 

to the mid-gut. Only one of 156 Ae. aegToti tested by 

Bishop & Gilchrist (1946) gorged on glucose through 

membranes, and although almost l0( of C. pipiens imbibed 

255 glucose when their fascicles were introduced to it 

the meals were mostly dispatched to the drop (Hosoi 1959). 

These results (.1.7-n he explained on a chemical basis by 

assuming that 0.355 saline and blood salts pre stronger 

"blood" stimulants for L. loniralpis than they are for 

mosquitoes. Plr,..sma proteins and ESA 7xould. then. 15e ingested 

because they do not inhibit the fly's response to the salts 

Ingested with them. Similarly, the ingestion of 105 sucrose 

Predominantly into the mid-gut can be explained in terms 

of competition between the "sugar" and "blood" responses. 

Dissection of T. lonall)is that had fed through membranes 

on 105 sucrose solutions showed that some of them dis-natch-

-ed small amounts of sucrose to the crop, and that this trend 

was more noticable when the meal was taken through parafilm 

rather Than chick-skin, In the latter case, the dominance 

of the "blood" response (stimulated by the saline) over the 

"sugar" one would live been reinforced by the leachings 

as 
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from the chick-skin which are "blood" stj=lants (see a.bove). 

Only small meals of 30 sucrose were inested throu:7h 

chick-skin, hut as all the females that probed remained 

feeding for 2C - 30 minutes it seems unlikely that this 

solution was rejected. Unlike any other solution, 30 

sucrose went entirely or predominantly to the cram in 

come flies (4 of the 14 dissected), which indicates that 

it was recognised as "sugar". At such a concentration it 

is difficult to believe that it was recognised as anything 

else. Ho':lever, 9 out of 14 females dissected had dispatch-

ed it solely to the mid-gat. 

This finding suggests an alternative explanation to 

the differences in feeding behaviour between moscuitoes and 

sand-flies, namely that in sand-flies "blood" feeding - 

might be stimulated mechanically by probing. 	possible 

mechanism is suggested by an observation of Hertig 

McConnell (1963). They noted that a sand-fly vlhose fascicle 

was placed in a fine capillary tube and then covered with 

blood fluid would only feed if the labium was bent back; 

. fluid was then ingested into the mid-gut. The author has 

found that 105 sucrose fed in. this.manner is dispatched to 

the mid-gut. The inference is that the bending of the 

labium stimulates gorging, possibly via a chordotonal organ. 

It is generally agreed that in mosquitoes it is the 

nature of the food and not the method of feeding which 

determines whether the meal goes into the mid-gut or crop 

(Bishop a Gilchrist 1946; .Trembley 1952; Day 1954; Hosoi 
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1q59). This may be true for L. 1.or9Apalpis, wit:h inorganic 

salts being the major chemical stimulants for "'blood" 

ingestion. However, a mechanical stiTimlus for triggering 

blood-feeding should not be diTo_issed until the innervation 

and sensilla of the sand-fly labiun have been investigat&7. 

Both Mechanisms Treclude the need for ATP as a high-order 

stimulant, which is u221=a1 amongst blood-sucking rsects. 

Besides the mosquitoes already quoted, ATP has been shown 

to induce gorging in many haematophagous species, includinz 

Rhodniu,' Tahanidac and. Olossina 	-Led in Ieviis 1972 

Bensilla on the fascicle of female I. 	Sonsilla 

were only seen or the lab'run. The females examined had 5 

or 6 large "teeth" or bi=t spires set in a plate at the 

distal tip of the la-bron, These were not present in the 

males which sUggests that they are involved with - lood- 

• feeding. Adler Theodor (1926) called them teeth and 

considered the 11 0.1=111 and hyPopharynx of P. Papatasii to 

be piercing stylets... After examining the labra of many 

New. World. sand-flies Lewis (1975) agreed with Christophers 

et al. (1926) that the apical spines were too soft and 

blunt to be used in penetration and were probably sensory; 

• he postulated that they have a tactile and mechanical 

function, enabling the fasci

• 

cle to locate a crevice in. the 

host's skin, and quoted a personal commnication from B. 

Jobling which said that the apical spines are innervated. 

However, the robust plate in which these "distal sersilla" 

are set in L. 
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s strongly sugests that they are used to exert 

a force on the host's skins  perhaps not to penetrate but 

Merely to stretch the shin to facilitate the entry of the 

other styl etc. The distal plate was not seen by Lewis 

(1975) on the labra of L. flaviscutellata that he examined 

by SEN. 

Prom a drawing by Lewis (1975) the tip of the labrum 

of I. flaviscutellata differs from that of L. lonr;ipalY;is 

in being considerably larger and bearing two pairs of 

subapical sensilla. These and other sensilla in the labral 

food—canal (number and location unsmecified) are aptarently 

similar to the proximal trichoid sensilla in Ti. lonalPfs. 

All are very like some of the sensilla in the buccal 

cavity of Glossing which are believed to be flow monitors 

(Rice et el. 1973). 

The uneven surface of the pair of sensilla at the 

distal end of the labral food canal of L. lenFipalPis  

females suggests that they may be contact chemoreceptors of 

the basiconic type described by Dethier (1963). It is in 

the region of these sensilla that the salivary duct enters 

the food canal from the hyPopharynx Oaatc8 ), and it may 

be that they monitor the fluid nature of the blood and thus 

ensure that the optimal amount of anticoagulant is 

released. 

1.7ost female mosquitoes have 2 pairs of apical, thick—

walled chemoreceptors which are believed to taste blood 

(Salama 1966; Lee 1974). further studies may reveal that 

the distal "teethu_ of L. lonFipalpis are chemoreceTitors 



100 

Plate 8: L.longipalpis, female. 

Distal opening of salivary duct 

in hypopharynx. (x900) 
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but this does not see l*kely in view of the less 

discriminatirg membrane-feeding behaviour of this species. • 

pair of camniform senailla are present on the labram 

in most mossuitoes, and nay monitor the bending of the 

labrum during feeding (Lee 1974). Unlike the mosquito, 

the sand-fly does not usually •feed fro ea-pillories; 

therefore it is not surprising that 1. luiyipalpis does not 
& 

have cctmpaniform sensilla on the labrum. 

The significance of sugar-feeding in sal-flies: The males 

and females of most sand-fly species -probably feed on plant 

sugars (Lewis & Domoney 1966). Sugar meals are taken by 

most blood-sucking insects largely to sustain life and 

activity, not for growth (Hocking 1953; Downes 1958). That 

this is true for sand-flies has been shoval by finding that 

more females of L. longiDalDis successfully digest a blood-

meal, mature eggs (Section 3) and lay eggs (Section 4) when 

they are fed 30 sucrose rather than water. TF,oreover, 

longevity has been improved by feeding sugar to L. 

lonrdpalpis•(Section 1), and other smecies (Barretto 1942; 

Gemetchu 1972; Chaniotis 1974). 

It is generally assumed that haematophagans insects 

store su-mrs in the crop (Downes 1958; Clements 1963). 

To date, - only the crop contents of wild-caught sand-flies 

have been tested, and sometimes found positive, for sugars 

(Lewis & Domoney 1966; Lewis 1971). In the laboratory, L. 

tranidoi accepted a wide range of naturally occurring 

sugars from droplets, and dispatched them all to the crop. 
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Similarly, sucrose was ingested from cotton-wool directly 

into the crop by L. lonfripal.pis females, and only later 

did it appear in the mid-gut. 

However, it has not been proved that sand-flies 

naturally obtain sugars as free solutions. Indeed, some 

species have been seen feeding on leaves (Linter &•Wijers 

1963; Ashford 1974). The results of feeding L. lonr,ipalpis 

females on sucrose through Membranes indicates that if 

sugars are obtained by piercing plant vessels most of the 

meal will 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 leishmaniasis. Thus, if sugar 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, and might impair the 

development of leishmania by introducing bacteria (Adler & 

Theodor 1957; Lewis & Domoney 1966). 

The males of P. papatasii  (M.Mariani, cited in Downes 

1958), P. longipes(Gemetchu 1972) and some lutzomyia'species 

(Chaniotis 1967, 1975) are known to take sugars in the 

laboratory. Sugar (30% sucrose) was also ingested (into the 

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

proof that sugar-feeding occurs in nature. However, the 

presence of a large number of probable flow monitors (trich- 

- oid sensilla) on the labrum of the male of L. lons,ipalpis, 

suggests that some fluids are taken by wild flies. 

Ashford (1974) reported that females and, more often4 

males of P. longipes and P. orientalis Commonly probe, and 

apparently feed, on plants in Ethiopia. Prom the structure 
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of the male sand—fly's mouthrarts it is difficult to 

believe that they can be used to pierce ii;lnt vessels in 

order to obtain. sap. Pirstly, the Tale fascicle lacks 

mandibles, which are the cutting stylots; this is defin-

itely so for I. lonlpis, and for P. orientalis (Davis 

1967). Second, the tip of the male labrum (,?,t least in 71,. 

longiPalpis) has not teeth or spines but a fringe of hairs 

("Plate 9 ). In fact, the description that Ashford (1974) 

gives of leaf—probing is reminiscent of the behaViour of 

male and female L longipeis vtien they feed from droplets 

of sugar or water. 

I. lonipalpis readily ingested 300 sucrose, and I. 

trapidoi did not discriminate between 105 and saturated 

fructose (Chaniotis 1974). As pointed out by (Th2.-alotis 

(1974), the accewtance of highly concentrated star solut-

ions by sand—flies suggests that they feed in nature on 

nectar and other swot liquids. ljany insects visit flowers, 

end Rocking (1953) has •stimated that sugars constitute 

(by weight) u.:p to 76(;: of insect crop contents and 775 of 

floral nectar. 
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Plate 9: L.longipalpis, male. 

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

oil Tai REMODGCTIV BIOLOGY OP I. 

INTRODUCTTON. 

The early Diptera are believed to have originated in 

the _Permian and to have been biting insects feeding on the 

body fluids of insects and/or vertebrates.(Downes 1958)i 

It is generally held that feeding by the adults of present-

day nematocerans is supplementary to that of the larvae: 

The primitive blood-feeding habit of the female is only 

retained when the protein provided by the larva is in-

sufficient for the maturation of eggs; but both males and 

feMales take water and carbohydrate (usually nectar) for 

flight and general metabolism (Downes 1958;.  Oldroyd 1q64). 

The Fhlebotomidae have retained the blood-sucking 

habit. Dolmatova (1942) described the digestion of a blood-

meal and the concurrent development of the ovaries .and 

accessory glands in. P. papatasii. SRe found that a small 

• blood-meal led to the maturation of a few follicles only, 

and that unfertilized females produced normal eggs. The 

importance of the blood-meal for egg maturation by sand-

flies has been widely accepted. Indeed, at one time it 

was thought that females could not be induced to produce 

eggs unless they had taken a blood-meal (Unsworth & Gordon 

1946). More recently it has been found that (like their 

cousins the Culicidae) females of certain populations of 

sand--flies can lay eggs without taking a blood-meal 
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(Johnson 1961; Schmidt 1964; Ddmatova. & Demira 1971). 

An integral part of the digestion of a blood-meal 

by a female sand-fly is the formation of a peritrophic 

membrane (Adler e; Theodor 1926). Recently, Gemetchu 

(1 974) has made a comprehensive study of the morphology 

and fine structure of the mid-gut and peritrophic membrane 

of the adult female of P. longipes. 

fany laboratory investigations have shown that the 

digestion of blood and the concurrent maturation of 

oocytes proceed most smoothly if female sand-flies are 

kept in a high humidity (70;"; 100 RH) and at a temper-

ature of 21°  to 30°  (Adler & Theodor 1935; Dolmatova a 

Demina 1971; Gemetchu 1972). These conditions are similar 

to those in the shady nooks where the engorged females 

of some species usually rest (Pcrfilo r 1968). 

The nature and function of the blood-meal constituents 

which stimulate egg maturation by sand-fli,s is not known. 

Adler & Theodor (1926) concluded that only the plasma was 

essential for egg maturation by P. DaDatasil; they bas-

their conclusion on the observation that haemolysis rarely 

occurred before the third day after a blood-feed. 

For sp2- d-flies, blood-feedinc is not alv-ays intimately 

associated with egg maturation. Thus Adler & Theodor (1935) 

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

meals between gonotrop7oic cycles, whereas other species, 

notably P. 1)2rniciosus, refused to feed until a batch of 

eggs was laid. They related this to the ability of P. 

Duatasii to survive in lower h=idities tha:-  the other 
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species and postulated that it maintains its water balance 

by taking frequent blood-meals. Similarly, Oldroyd (1964) 

has argued that sand-flies have retained the blood-sacking 

habit bedause it may have been an advantage at the end of 

the last Ice Age when conditions became drier in the sub-

tropical latitudes where they evolved.. The failure of some 

P. papatasii females to mature eggs following a blood-meal 

has also been recorded by Dolmatova; "gonotrophic dissoc-

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

arly common in autuinn sand-fly populations in non-tropical 

climates (Dolmatova & Demina 1971 ). 

This section. reports on some aspects of the reprod-

uctive biology of colonized females of L. loniPalpis. The 

course of blood digestion and 'oitellogenesis were invest-

igated first as a basis for relating egg maturation to the 

size and nature of the blood-meal, to sugar-feeding, mating 

and to other physical factors. In particular, investigat-

ions were made to determine the ingredients of a blood-meal 

that were essential for egg maturation. 

The cruantit tive effect that different bloods have on 

the egg production of Culicidae is well known (Clements 

1963), but the possilcility that blood composition might 

influence the nature of the yolk protein synthesised does 

not appear to have been investigated. Such differences were 

sought in the eggs of L. lonp.:ipalpis by the electrophoretic 

separation of water-soluble yolk proteins and by attempting 

to identify host antigens. 
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FATERI.ALS AND ITETHODS. 

The rearing and feeding techniques used vere those 

that have been described in Sections 1 ec 2, unless other-

wise stated in the text. 

The dif)7estion of the blood-meal. 

Estimation of the red cell concentration  in a blood-

meal. A freshly narcotised fly was weighed before its 

unbroken, blood-filled gut was dissected out and placed 

in a well-slide containing 0.14 ml of physiological 

saline. The gut was broken and the blood teased out and 

thoroughly mixed with the saline using fine, mounted 

entomological pins. The blood suspension was immediately . 

sucked into en erythrocyte pipette where it was shaken for 

• a minute to ensure an even dilution of the cells. 

The red cell concentration was estimated in an 

improved Neubauer counting chamber in the usual manner 

(Darmady & Davenport 1963). 80 small squares were counted. 

The SGs of most vertebrate bloods are similar to that 

of human, i.e. 1.056; and the same holds for the SGs of 

red cells, for which the value for human cells is 1.08 

(Spector 1956; Hill 1973). 

Therefore, the dilution of the blood-meal in the 

counting chamber was taken to be 

ul in 0-14 x 103  ul, 
1.077 
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where M e- weight of meal at dissection, and 1O7 = a mean 

value for the SG of the meals. 

For each blood-meal, the mean of 3 different red-cell 

estimations was calculated. 

The idertification of,haemolobin and haptoglobins  using 

gradient polyacrlamide gel electrophoresis .A technique 

for identifying haemoglobin (Hb) and haemoglobin-bound 

.haptoglobins (Hp) by gradient gel electrophoresis was 

perfected by Baxter & Rees (1974). The same system, using 

commercially prepared gradient gels , has been used by the 

Immunology Laboratory, Imperial College at Silwood Park, 

to detect and identify human blood-meals in anopheline 

and culicine mos=itoes (Boreham & Lenahan 1976). The 

separated Hb and Hp appear as blue-green bands after 

staining in orthotolidine (1,  in 45m1 ethanol/5m1 acetic 

acid/50m1 water) and then hydrogen peroxide (25 in water). 

Mr. Lenahah of the Immunology Laboratory kindly 

allowed me to use his apparatus to trace the fate of 

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

Universal Scientific Ltd., London. 

Egg production in relation to size and nature of feed. 

Feeding. Meals of dif-ferent sizes were obtained by disturb-

ing some flies before they had become fully engored. The 

weight of the meal imbibed was measured by weighing (on 

a Beckman microbalal-e) the female shortly before and after 

a meal. 

Meals taken through me'ibranes. The methods of preparation 
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of the meals tested for their effect on egg production have 

been described in Section 2. Each type of meal wr,s 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 

370 ±,10co  

Egg counts. Only the eggs 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) eggs that had been laid and those still 

remaining within the oviducts. Flies that did not later any 

eggs were killed on the tenth day and their retained eggs 

counted. 

Statistical analysis. Scatter diagrams were drawn for the 

number of eggs matured by a female on a measured weight of 

meal. Any linear association between these parameters was 

calculated using regression analysis (Bailey 1968). 

Transformations (i.e. ,4y, 1/y, log y) were attempted, but 

as they did not consistently improve the regressions were 

rejected. 

Regression coefficients for different meals were 

compared using a modified 't' test (Bailey 1968). 

Alternatively, the mean number of eggs matured on different 

meals was compared within a mall range of meal weights. 

This alternative was employed when the data covered too 

narrow a range of meal weights for regression analysis to 

be-meaningful, or when it was thought that there might 

be a constant but not proportional difference between the 

effects of different meals. 
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The development phases of  egg follicles and their 

identification. 

For anophelines, Christophers (1911) separated the 

development of the ovaries into 5 phases. This scheme 

was used by Dolmatova (cited in Dolinatova & Demina 1971) 

as a basis for describing the maturation of Phlebotomid 

eggs, and was followed, by the author in the present study. 

Narcotised said—flies were dissected and the 

follicles identified using a monocular microscope with 

top7lighting and a calibrated eye—piece graticule. 

Stage 1. The follicle has the smallest diameter, .aboUt 

40 v, and contains no yolk; it appears as a translucent: 

sphere. 

Stage 2. The fiStyolk granules appear; the follicle 

has a diarleter of 40 — 100 v. and an oval shape ( in 2—D); 

one half is filled with yolk, but the other half (contain-

ing the food cells) appears translucent. 

Stage 3.  The follicle becomes slightly elongate; yolk 

(i.e. the egg) occupies 2/3 — 3/4 of the follicle; 

maximum diameter of 0•l — 0.12 mm. 

Stae 4. The follicle is distinctly elongate. 

(a) the food cells are just visible and occupy only 

1/10 of the follicle, 

(b) yolk granules occupy all of the follicle; 

diameter.0-12 — 0.3mm. 

Star 7e 5.  The erg is mature, covered with a chorion, and 
slic. ly concave/convex along its long axis. 
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Separation of the water-soluble, yolk proteins of  

longipalpis by  disc-gel electrophoresis.  

Prepration of the protein homogenate. Approximately 

200 one day-old eggs were washed, twice. in distilled 

water and once in TRIS-buffer electrolyte (see below), 

and placed in a microcentrifuge tube. 40 	of TRIS- 

buffer were added from an Oxford micropipette/dispenser, 

and the mixture left to cool at 4°0 for 30 minutes. The 

yolk proteins were "liberated" by ultrasonication of the 

eggs (kept cool in a beaker of ice to prevent protein 

denaturation). Egg shell fragments were separated from 

the protein homogenate by centrifugation at 4,000 g for 

10 minutes. Samples were stored at -20°C if not 

immediately used. 

Other concentrations were tried, but this was the 

optimal. 

The electrophoresis apparatus. The Shandon analytical 
ti 

polyacrylamide gel electrophoresis apparatus was used. 

This consists of an anode lid and a cathode core placed, 

respectively, in upper and lower electrolyte reservoirs 

which are linked by 12 glass running tubes. Each 

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 Ltd., Camberley, Surrey. 
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Preparation of the  polyacrylamide p;e1s. These were cast 

in the running tubes. I followeC. the simplified method 

proposed by Clarke (1964), for which only one .uniform, 

small—pore (7'55) gel is used. The monomeric mix was 

prepared from the following stock solutions. 

1 volume of A, containing 36.3 g TRIS, 0.46 ml T=D 

(N4— tetramethylethylene diamide) and 48 ml 1.0 N Hcl, 

. made up to 100 ml with distilled water; 

2 volumes of 131  containing 30g acrylamide monomer, 

0.8g N, N methylene/bisacrylamide made up to 100 ml 

with distilled water; 

4 volumes of C, containing 0.14g ammonium persulphate 

per 100 ml of distilled water; and 

1 volume of distilled water. 

The electrolyte was a 1: 10 dilution of stock 

prepared from 29g glycine, 6g THIS, and 9-75 ml of 
• distilled water. Final pH was 8'1. 

The gel system of Ornstein & Davis (1962) was tried, 

but did not improve resolution. For this, a large—pore 

(5) el was cast on top of the small—pore in order (in 

theory) to hlp concentrate (or "stack") the proteins at 

the face of the small—pore gel. 

The electrophoretic rim. 25 la of the protein homogenate. 

were mixed with 25 la of 405 (w/v) sucrose, end a drop of 

0.0514 bromophenol blue was added. With the running tubes 

in their place in the 2Tparatus, the test mixture ',:as 

carefully run into the space above a gel. This space was 
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then filled with el.,:ctrolyte. The sucrose cave the test 

mixture sufficient cinsity to ensure that it was not ashed 

away. 

The sample Proteins were stacked for 15 minutes at 

0.5 ma. per gel, and separated at 1-5 ma. per gel for 

1.5 — 2 hours. The bromophenol blue acted as a marker 

• for the stacking process and the ion—front. The current , 

was provided by a rer;ulated DC power supply.. The appratus 

was plaaed at 40C during the run to prevent overheating 

and possible protein denaturation. 

Staining. The Eels were removed from their tutees by 

"rimming" and pulling with a blunt dissecting needle, and  

then placed in 0•1 naphthalene black 10B (in 7;' acetic 

acid) or 0'255 coomassie brilliant blue (1-25g in a 

mixture of 454m1 of 50 methanol and 46m1 of glacial 

acetic acid). 'These solutions stained and fixed the 

Protein bands. 

I-:cess stain was removed (overnight) in one of the 

follo,::irg dnsiaindng solutions: 7 acetic acid for 

naphthalene black; and 5c; methanol in. 8 acetic acid 

for coomassie blue. 

• iZobilities of th'= seraratd -orotein bands. The gels can 

swell us to E in the acidic solutions used for staining 

and destaininc. Therefore, the calculation of a band's 

mobility has to include the length of the gel before and 

after staining as well as the measured mobility of the 

band and the marker dye, e..,. '::eber & Osborn_ (1969). 

Siniflelt differences in band mobility result from 
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small chances in gel structure, current 8.7.7:.d temperature 

(Gordon 	Therefore, comparisions between the yolk 

proteins of different egg batches were only made when they 

had been separated on the same electronhoretic run and 

using gels made at the same time from the same monomeric 

mix. One assumption made in calculating band mobilities 

Was that gels of the same batch swelled evenly between 

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

(Distance of protein migration) (length of gel before) 

X 	 stainin7 	 

(length of r7e1 after destaining)(distance of dye mi. ration). 

The immunodiffusion  test. 

A micro—inmunodiffusion test (eir 1967) was used in 

an attempt to demonstrate host antigens in the em—yolk 

of 	lonipalpis. Homogenates of egg—yolk were prepared 

as described above. 

Thin layers of agar gel were cast on clean glass 

slides. In each gel there was cut a central well and 

four peripheral wells set in a circle round it Host 

anti—se7m was placed in the central well, and egg—yolk 

homogenate and host sera (as controls) were sepe,rately 

placed in the peripheral wells. 

The theory behind the test is that precipitin bands 

will form in the gel in the positions where the antigen 

and antibody mojecnles reach optimal proportions after 

diffusion. 

Two slides we7-e run with hamster anti—serum against 

hamster serum, human serum,. homor7enate of egg—yolk from 
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hamster—fed flies and homogenate of egg—yolk from 

11=171—fed flies. Si7dlar1y, two slides were run with 

human anti—serum. 
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RESULTS. 

All results, unless otherwise stated, refer to L. 

lon-ipalPis maintained (before and after blood-meal/test 

feed) at 25°C, 955 RH and in a photoperiod of 12 hours 

(06.00 - 18.00 hrs GLT) with a constant supply of 30; 

(w/v) sucrose solution. 

Even-size (0.280 - 0.400 mg) groups of 4 - 6 day-

old females were selected for these experiments. 

AUTOGENY. 

Some females were not offered a blood-meal. For the 

first four days after emergence they were kept with males 

in rearing cages, and on the fifth day set up in ovi-

position tubes alongside a control group of blood-fed 

females. A few eggs were matured autogemously. (Table 9 ). 

THE COURSE OF BLOOD DIGESTION AIID VITELLOGEYESIS. 

A cage of stock files was divided. Each group was 

offered blood, one from a human and the other from a 

hamster. Thereafter, no sucrose or water was offered. At 

various times after the meals small samples (2 - 5) of 

each group, which had taken approximately equal meal 

weights, were weighed and immediately dissected. The 

following details were recorded (Table]f):1)stage of 

oocyte growth; 2) colour and rosition in the gut of the 

blood-meal. 3) concentration of red cells in the meal, 

and 4) the colour and presence of faeces in the ovi-

position tubes. Control courts were made of the red cell 



GENERATION 
NUMBER OF 
FD1ALES TESTED 

NUMBER OF FEMALES 
SHOWING AUTOGENY 

NUMBER OF 
EGGS MATURED 

1 10 3 5, 	2, 	3 

6 10 

9 24 1 2 

18 10 0 0 

TOTAL 54 4 12 
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TABLE 10. 

The course of blood digestion and vitellogenesisi.  at 25°C., 

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

and (b) hamster blood.  



TIME AFTER 
MEAL (HRS.) 

No. IN 	00CYTE 
SAMPLE 	STAGE 

COLOUR 
OF MEAL 

POSITION 
OF MEAL 

CONCENTRATION 
OF RED CELLS 
x 106  (PER C. MM.) 

PRESENCE 
AND COLOUR • 
OF FAECES 

—4.0 5 1 4.40 (Control Blood) 

0.1 4 Cherry Red Abdominal 4.22 Clear Fluid 
Midgut (5.49-3.25) 

8.5 3 1/2 u 3.62 - 
(4.71-2.53) 

20.0 4 2/3 Red inside 9 2.40 White/Yellow 

Black (3.10-1.92) 

30.0 2 3 1.17 White/Yellow 
(1.510.82) 

51.0 5 4(,) it n 0.59 White/Yellow 
(1.77-0.30) 

53.0 4 4(a) Trace of Red ti 0.16 White/Yellow 
inside Black (0.29-0.14) 

67.0 2 4(b)/5 Brown/Black Mid— and 0 Brown 
Hind—gut 

70.0 3 5 Brown/Black 0 Brown 



TIME AFTER 
MEAL (HRS.) 

No. IN 
SAMPLE 

00CYTE 
STAGE 

COLOUR 
OF MEAL 

POSITION 
OF MEAL 

CONCENTRATION 
OF RED CELLS 
x 106  (PER C.MM.) 

PRESENCE 
AND COLOUR 
OF FAECES 

—1.0 .5 1 5.10 (Control Blood) 

0.1 4 — Cherry Red Abdominal 4.83 Clear Fluid 
Midgut (6.28-2.89) 

9.0 2 1/2 3.60 - 
(3.9003.31) 

20.5 4 3 Red inside 1.19 - 
Black (1.34-0.14) 

29.0 4 3/4(a) Trace of Red 0.19 White/Yellow 
inside Black (1.42-0.00) 

50.0 8 4(b) Brown/Black 0 White/Yellow 

56.0 3 5 Brown/Black Mid- and 0 White/Yellow 
Hind-gut 

69.0 6 5 Brown/Black II 0 Brown 

74.0 2 5 Clean Gut — 0 Brown 
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concentrations in blood taken directly from the human 

and hamster hosts. 

The figures for the concentration of red cells in 

the meals up to Si hours old are not very accurate because 

there was considerale agglutination (or "clumping") of 

red cells. Agglutination was not so marked in older 

meals. 

The growth of the ovaries in the posterior part of 

the abdomen tended to push the decreasing remains of the 

blood-meal forward. This gave the illusion that digestion 

of the blood-meal was forward-moving, as quoted by 

Dolmatova Demina (1971). In fact, digestion occurrel 

from the outside of the meal inwards in a fairly uniform 

manner, as could be seen from the colour changes in the 

meal - the inside was still red 30+ hours after ingestion. 

Vitellogenesis and the digestion of the meal were 

complete by the same time. Loth were markedly faster 

when hamster blood rather than human blood was imbibed. 

This was confirmed by Curtner observations (Tab-loll). 

The fate of haemoglobin in the blood-meal. 

Eacmo,-:lobin was easily detected  in the 71,bdonina] 

contents of femal es of 	lonalpis up to 47 hours after 

they had taken a meal of human blood. Haptoglobin bands 

(of the 2 - 1 rattern of the c:athor, who had fed the flies) 

were faint from 42 hours after the meal, but along with 

the haemoglobin bands could not be detected in the meals 

of 66hours or more ('T'able1 2). 

Haemoglobin 7a detected in only 2 of 3, 47 hour 



HAMSTER BLOOD 	 HUMAN BLOOD  
TIME AFTER 	No. IN 00CYTE COLOUR OF POSITION OF 	 No. IN 00CYTE COLOUR. OF POSITION OF 
MEAL (HRS.) SAMPLE STAGE BLOOD-MEAL BLOOD-MEAL FAECES 	SAMPLE STAGE BLOOD MEAL BLOOD-MEAL FAECES 

20 - 21 	4 	3 	Red inside Mid-gut 	White 	4 	2/3 	Red inside Mid-gut 	White 

black 	 black 

6 	3 9 	 II 	 11 	4 	o 	u 	9 	 9 

6 	3 	9 	 11 	 9 	4 	2/3 	11 	u 	“ 

48 - 49 4(a)/4(b) Brown 	Mid-gut 	White 	5 	4(a) 	Trace of red Mid-gut White 
inside black 

4 	4(b) 	 4 	4(a) 

4 	4(b) 	 3 	4(a) 

70 - 74 	5 	5 	Brown/ 	Mid-gut/ 	4 	4(b) 	Brown 	Mid-gut 	White 

/black 	hind-gut Brown 

4 	5 	 5 	5/4(b) Brow,/ 	Mid-gut/ 	Brown 
black 	hind-gut 

Table 11. 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.)  
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Table 12. 

The presence of "haemoglobins" in human and hamster  

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

- HUMAN BLOOD 
PROPORTION OF MEALS CONTAINING: 
HAEMOGLOBIN 	IIAPTOGLOBINS 

TIME AFTER 
FLED (HRS.) 

0.5 4/4 4/4 

4/4 4/4 

18 4/4 4/4 

24 4/4 4/4 

31 4/4 4/4 

42 4/4 (4)/4  FAINT 

47 6/6 (6)/6 FAINT 

66 0/6 0/6 

72 0/6 0/6 

HAMSTER BLOOD  
TIME AFTER 
	

PROPORTION OF MEALS 
FEED (!RS.) 
	

CONTAINING ILIEMOGLOBIN  

0.5 	 4/4 

47 	2/3 
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hamster blood-meals tested. H-,mster blood does not contain 

haptoglobins. 

No haemoglobin was detected in the faeces of females 

that had digested human blood (0/4) or hamster blood (0/3). 

Following the separation of faeces or of old meals that 

did not contain haemoglobin there was a considerable "streak" 

of stain just behind the 1)oilit on the gel where the 

haemoglobin band would have been. This "streak" indicated 

the presence of some of the products of haemoglobin,break-

down; it was only very faint following the separation of 

meals containing haemoglobin. 

Haemoglobin in send-fly eggs. In 3/3 tests haemoglobin or 

haemoglobin-type compounds were detected in the water-soluble 

extract from the washed eggs of females of L. longipaluis  

which had been fed on human blood. In each case, a faint 

band with the same mobility as haemoglobin from whole human 

blood was demonstrated; this band was not detectable in 

controls. 

Decrease in female weight following a blood-meal. 

Females that had taken a human or hamster blood-meal 

were weighed at diffe-eeet times from 1 to 72 hours after the 

meal. Their loss in weight has been expressed as a of the 

weight of the meal, referred to as 	loss in moal-weight" 

(fig 9). Similarly, the loss in meal-weight was calculated 

20 and 60 minutes after a human blood-meal (A-opendixl ), 

when the mean values were 25-55 and 385 respectively. 

Females theet bad takel-1 a human blood-meal w ,re fou-nd to 
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a-- HAMSTER BLOOD 

100 

• 
90 	 • HUMAN BLOOD 	 ■ 

8 	16 	24 	32 	46 
	

48 
	

56 
	

64 	72 
HOURS AFTER BLOOD MEAL 

Fig. 9. Loss in weight of L.longipalpis females following a blood—meal. 

Loss is expressed as 5, loss in meal—weight. 
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lose weight faster in the first 20 hours than those with a 

hamster blood-heal. However, the mean weight of the hamster 

blood meals (0.344mg) was considerably less than the human 

(0.464mg). Therefore,, the relationship between 5 loss in 

meal-weight after 1 hour and the weight of human blood-meal 

was determined (Fig10). For this, there was only a 55 rise 

in the "% loss in meal-weight" for a 0-15mg rise in the 

weight of blood imbibed (p = 0.02; t = 2-58). 

asorTtion.  

It was not possible to count accurately the number of 

ovarioles or stage 1 oocytes in each ovary of a newly 

emerged female of L. lonrinallois because of their small 

size and trc=1-c_cence. However, from the size of the 

larger egg batches (120 - 130) recorded from the colony there 

would appear to be a maximum of 65 oocytes th2t can be 

matured in each ovary in a [;onetro-. -hic cycle. Usually, 

fewer were matured, the number depending largely on the size 

of the blood-meal imbibed see below). 

Females thnt hrd t:)ken known weights of ha-ma-) blood 

were dissected 14, 30, 72 and (_6 hours after enor;:ement in 

order to investigate the time at which the number of oocytes 

to be matured was determined. Thin was found to 	shout 30 

hours after e -,-orgement, between stages 2 a-,d 3 of vitello-

gensis r .:7d.r;11). For a given wei:-ht of blood, more oocytes 

vitellogenesis than eventually completed it. 

7ollowin:7 a m-)al of hrInster i-lood the nurr,1:.er of ooe,tes 

to be T-atare was more-or_-*ess set 	20 hours. Thus :- 
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/eight of hamster No. of oocytes Oocyte Expected No. 

blood imbibed (x) 	stage. 	of eggs 

matvred. 

From PigaN. 

0.372 80 3 70 

0.409 67 3 75 

0.180 55 3 45 

0.343 73 3 68 
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THE NUYBER OF EGGS ITATITP_D BY A FEEATJE IN 	TO 

THE SIZE AND NATURE OF THE MEAL IMBIBED. 

"Natural" blood-meals from warm-blooded vertebrates., 

Females of L. longiPalpis of the Belo Horizonte (B.H.) 

strain were fed on three mammal species - laboratory hamsters 

and mice, and man. In each case the number of eggs matured 

by a female was proportional to the weight of blood imbibed 

(Fig12); the linear regression coefficients were significant, 

usually at the 0•lti level (Appendices 2 - 8). The 

regression coefficients for eggs matured on the weight of 

blood imbibed by flies of different generations were not 

significantly different for any one host (Fig13) but 

differed between hosts. This difference was significant for 

2 out of 3 comrarisions between hamster and human blood-

meals (Table 1;). For the third, the average number of eggs 

matured on 0.3 mg hamster blood,70,was significantly 

greater than that on human blood, 45 (p = 0.001; t = 4°67). 

Mouse blood was intermediate in effect between that of hamster 

and human. 

I. longipalpis of the Cear (c) strain were fed on six 

animal species, viz: man; Troechirys so, the spiny rat; 

Didelnhis marsurialis, an opossum; Bradypasitidactylus the 

three-toed sloth; Saimiri sciureus, the squirrel monkey; 

and Cc:bus apella, a capuchin monkey. Again, the number of 

eggs matured by a female I. lorgipalris_was proportional to 

the weight of blood imbibed (Fig14 and Appendices 9-15 ). 

The significance of the differences between the regression 
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REGRESSION 
COEFFICIENT 

COMPARISON OF 	 STUDENT'S 	PROBABILITY 
it' 	OF 

DIFFERENCE 
BLOOD 	STRAIN OF 	WITH 	REGRESSION 	BLOOD 	STRAIN OF 	 THROUGH 
MEAL 	L.longipalpis 	COEFFICIENT 	MEAL 	L.longipalpis 	'CHANCE' 

DEGREES 
OF 
FREEDOM 

91.2 HUMAN 	B.H. 	 72.0 	HUMAN 	B.H. 	 1.21 	0.30 30 
(MAN) 	 (MAN ) 

91.2 HUMAN 	B.H. 	64.3 	HUMAN 	C. 	1.66 	0.20 27 
(MAN) 	 (WOMAN) 

133.6 HAMSTER 	B.H. 	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 32 
(MIN) 

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

w different bloods imbibed. 	*Comparisons which are significantly different. 
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coefficients for the number of eggs matured on meal weights 

are recorded in Table 14 . The average number of e= 

matured on 0.45 — 0-65 mg of each blood was (with ranges): 

Spiny rat, 78 (80 - 76); three—toed sloth, 66 (6 — 64); 

opossum, 56 (76 - 40); man 47 (52 - 31); capuchin mcnhey, 

38 (44 — 27); and sauirrel monkey, 37 (42 - 32). 

The number of eggs matured on the blood of man was not 

significrmtly different for the two strains (BR Lz C) of L. 

lon,c7ii)al-nis(Fig15; Table13). Similarly, there was no 

significant difference between the number of e[;gs matured 

on the blood of man and woman (Fig15; Appendices (: L10). 

The number of eggs matured by vild—cn,ught 7sychodoP7r7us 

davisi when fed on known weights of human blood are shown 

in Pik 16• This 2,ecies is considerably smaller than I. 

longiralpis 	,r2endix 18 ) and took smaller meals. The 

regression coefficients for segr;s matured on<6.3 m,7 of 

human blood imbibed were not significant for either species 

(ATmendices 16 	but the mean number of eggs matured 

by Ps. davisi (38.6) was significantly higher than that for 

I. longipalpis (28.1) ('ppendix 18). 

The number of ems matured on two ,.:lood—meals. 

15 female L. lon7iallois engorged with different 

amounts of human blood were maintained in dry oviposition 

tubes so that they did not lay the eggs which they matured. 

(This wau1d have led to their 'premature' deaths). Six 

days after the first meal, 5 of the 13 survivors took a 

second blood—meal from man (Table15). At the end of- a 



REGRESSION 
COEFFICIENT 

COMPARISON OF 

BLOOD 	WITH 	REGRESSION 
MEAL 	 COEFFICIENT 

BLOOD 
MEAL 

STUDENT'S 
't' 

PROBABILITY 
OF 
DIFFbRENCE 
THROUGH 
'CHANCE' 

DEGREES 
OF 
FREEDOM 

131.6 SPINY 94.5 OPOSSUM 1.25 0.3 30 
RAT 

131.6 SPINY 79.7 3-TOED 2.00 0.10- 20 
RAT SLOTH 0.05 

131.6 SPINY 67.0 MAN 2.66 * 0.02 18 
RAT 

94.5 OPOSSUM 41.4 CAPUCHIN 3.12 * 0.01 26 
MONKEY 

94.5 OPOSSUM 57.2 SQUIRREL 2.03 0.10- 20 
MONKEY 0.05 

79.7 3-TOED 57.2 SQUIRREL 1.28 0.3 12 
SLOTH MONKEY 

79.7 3-TOED 41.4 CAPUCHIN 2.38 * 0.05 12 
SLOTH MONKEY 

70.0 MAN 41.4, CAPUCHIN 1.99 0.10- 36 
MONKEY 0.05 

Table  14. Comparison of regression coefficients for number of eggs matured by L.longipalpis (Ceara strain)  

on weight of different bloods imbibed.  *Significant differences. 
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Table 15. 

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

Weight of 1st. 

11 

Weight of 2nd. 

11 

No. of eggs 

15 	DAYS AFTER 
EMERGENCE 

No. of eggs 
meal (mg.) 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 Refused 45 - 

0.719 0.187 - 67 

0.505 0.181 - 49 

0.272 0.233 - 39 

0.183 0.295 23 

0.217 0.280 - 27 
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further four days all 5 had digested their second meal and 

defaecated. They were then dissected and the number of eg:;s 

matured by each counted. The latter was proportional to the 

weight of the first meal, the relationship being the same 

as that for the flies that had taken only one meal (Piga?). 

Yeals tahanlly L. lonrj_ralnis through membranes. 

The number of eggs natured on each type of meal was 

tested at least twice, but no significant differences 

between results were detected. The results below refer 

to pooled data. Where even spreads of meal weights were 

not achieved5 comparisions between treatments were made for 

means and not regression coefficients. 

For practical —eaccms the flies were fed in small 

groups of 2 — 4. Therefore some flies were not weighed 

until as long as 15 minutes after they had, fed. Fig. 18 

shows the changing relationship between the number of eggs 

matured and the weight of human blood imbibed when the 

latter was calculated for flies weighed 1, 20 and 60 

minutes after feed. The linear re ,ression coefficient for 

each is highly significant (Appendix 19). The difference 

between the regression coefficients for the 1 and 20 minute 

relationships are not significant (p = 0.2; t = 1.35). 

Ya-cle16'sets out the number of eggs natured when 

saline wrs imbibed from three different membranes. 24 hours 

after the ner.l the abdomens of mery of the flies that bed 

fed through the defatted chick mem rane were still noticeably 

swollen, ,:'he_eas the abdomens of those that had fed through 
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Fin...17. For 1.,longipalpis, the number of eggs matured by females that had. imbibed one or two meals of 

human blood. (Cf. Table 15.) 
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Fig. 18. The changing relationship between the number of eggs matured and the weight of human blood imbibed  

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



Table 16. 	 144 

L. longipalpis; human line; generation 23. 

Eggs matured when 0.850 saline imbibed through:  

DEFATTED CHICK 
SKIN 

Wt. meal 	No. eggs 

DEFATTED AND 
LEACHED CHICK 

SKIN 

Wt. meal 	No. eggs 

PARAFILM 
Iml 

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 0 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 

0.244 0 

0.178 0 . 	- 

n=10 n=13 n=9 
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parafilm had returned to their pre—feed size. On the basis 

of these results all chick membranes were leached before 

being used for the following ex-periments. 

The effect on e. production of blood taken throup:b. 

memrane. 

For a given. weight of blood, there was no significant 

difference in egg production between flies fed through a 

membrane and those fed directly on the host (Pi19 ); all 

regression coefficients vlere significant (4-ppendices 20 & 

pi ). The slight difference in regression coefficients 

between membrane feeds and !Inatural" feeds was expected but 

not significant (see above). 

The number of eggs. matured when human blood was taken 

through parafilm was not significantly different from that 

obtained by feeding through a leached chick membraneToj-bo.  

20 ;• Appendix 22). 

The effect on egg production of different blood fractions. 

The associations between the number of eggs matured on 

measured weights of 	different fractions of 

human blood are shown in Pig,aand Appendices 23 &N. 

Similarly for hamster blood, the associations are detailed 

in. Fig. 22 and Appendices 25 —27 . The regression coeffic-

ienti for eggs matured on the weight of 505 solution of 

hamster plasma imbibed has been calculated by dividing that 

for undiluted hamster plasma (Pig.23 ). The latter was 

obtained for eggs matured by females fed through hamster 

belly skin (Appendix 25 ), and although the regression 
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Fig. 19. For L.longipalpis, the number of eggs matured on given weights of bloods when these were imbibed 

in different manners. 



01 	 0.2 	 0.3 
WEIGHT OF MEAL IMBIBED (mg.) 

0.5 	0.6 	0.7 

80 
HUMAN BLOOD THROUGH CHICK MEMBRANE, b= 84.7 

702Q STANDARD ERRORS OF b FOR @ 

• HUMAN BLOOD THROUGH PARAFILM 

2 

2 60 
1.3.1 

2  50 1.1.1 
LL 

• CC 
LU 0- 40 
U.I 
CC 

30 
2 

20 
1.1.1 

z 10 

Fig. 20. Eggs matured by L.longipalpis females which imbibed human blood through two different membranes. 
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iig0 121. The number of eggs matured by L.longipalpis females which had imbibed different fractions of human 

blood through leached chick skins 
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Fig,. 22. The number of eggs matured by L.Iongipalpis  females which had imbibed different fractions of 

hamster blood through leached chick skins. 
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coefficient is not significant (because of the small spread 

of blood-meal sizes) it is likely to be valid as it is 

supported by the results of feeding undiluted hamster 

plasma throuJI a leached chick membrane (Ap_, endix 26). 

The results show that both the red cell and the plasma 

fractions of a blood-meal can initiate egg maturation and 

that the sum of the number of eggs matured on an equal 

weight of both (each diluted to blood concentration) more-

or-less equals that obtained on the same weight of whole 

blood (Fig. 21n 22). 

The effects on egg production of the different 

fractions in hamster and human blood are compared in Fig. 

24 . The regression coefficients are highly significant 

except for hamster plasma (Appendices 23 - 25, 27), but are 

not significantly different from each other. However, 

comparisons (by the Student's it' test) of the mean number 

of eggs iroduced by the different fractions over smaller 

ranges of meal weight show that there are highly signific-

ant differences between : 

human blood (mean of 33.6 e:;gs) and a 50% suspension 

of human plasma (mean of 13.5 eggs) ovnr the range 0.25 - 

0-35 mg (A7Toendix 28); 

human blood (mean of 33.6 eggs) and a 455 suspension 

of humm red cells (mean of 18.0 eggs) over the range 0.25 - 

0.35 mg (Appendix 29); and a 455 suspension of hamster 

red cells (mean of 56.5 e::;:s) and a 455 suspension of human 

red cells (mean of 25-4 eggs) over the range 0'33 - 0.52 mg 

(:,ppendix 30). 
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Fitt. 24. A comparison of the effects of different  

fractions in hamster and human bloods on  

the egg production of L.longipalpis. 

LEGEND:— 

(i) Hamster Blood 

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

(5) Human Blood 

® 45%(v/v) Human Red Cells in 0.85% Saline 

50%(7/v) Hamster Plasma in 0.85% Saline — Calculated 

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

45%(V17) Solution of Hamster Erythrocyte Extract 

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

* Vertical lines refer to 95% confidence limits. 
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Similarly, there was no significant difference between: 

a 455 suspension of human red cells (mean of 18.0 ergs) 

and a 50;.! suspension of human plasma (mean of 13.5 eiTs) 

over the range 0.25 — 0.35 mg (.^,ppendices 28 	29 ); or 

undiluted hamster plasma (mean of 32•4 eggs) and undiluted 

human plasma (mean of 33.4 eggs) over the range Q.25 — 

0-35 mg (Arij2endix 31 ). 

From these comParisionc, it is clear t:lat the marked 

difference in egg production following the ingestion of 

eaual weights of hamster and human blood results from 

differences in the red cell fractions of these bloods. 

The number of eiTs matured on the water soluble  extract  

of erythrocytes (EE). A given weight of a 45 solution of 

human EE produced-  significantly more e,7s than a 45 

suspelision of whole red cells (Appendix 32 ). 

Egg production following a meal of hamster or human 

EE (Appendices 33 ez 34) equalled that on the respective 

whole blood (7-Yig. 24). A mean of 60-3 eggs per female was 

matured following meals of 0.18 — 0.27 mg of hamster E.1 , 

but a mean of only 23.4 eggs Per female was matured on equal 

amounts of human EE; the difference was highly significant 

(Appendix 35 ). 

Ep- s mtured on 10 a 	(w v) human haemoraobin in no- m ra saline. 

Only 1 out of 13 females that had imbibed this solution 

matured more er17;:s than one would expect from an eaual 

weight of saline (Table 17). 

A.ddition of L — isoleucine to human blood. The addition of 
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Table 17. 

Eggs matured by L. longipalpis  at 25°C on weight of 10%(w/v) 

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

chick membrane.  

Weight of meal (mg.) 	No. of eggs  

	

0.321 	 1 

	

0.317 	 16 

	

0.312 	 0 

	

0.261 	 0 

	

0.241 	 0 

	

0.195 	 0 

	

0.169 	 1 

	

0.142 	 0 

	

0.142 	 0 

0.122 

	

0.114 	 0 

	

0.095 	 0 

	

0.020 	 0 

n=13 
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isoleucine to some bloods has been shown to increase 

the fecundity of moscuitoes feeding on them (Lea et al 195S). 

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

was tested. 6 females that had taken 0.28 - 0.39 mg of 

0.65 (w/v) I - isoleucine dissolved in a 75,, solution of 

human blood in physiological saline matured a mean of 34.2 

eggs (Appendix 36 ). Another 6 females that had taken an 

equal amount of similarly diluted blood that did not contain 

any added 1, - isoleucine matured a mean of 32.8 eggs 

(ppendix 37). The difference in egg production between 

the two groups was highly unsignificant (p = 0.9; t = 

0-126). 

ErTs matured on solutions of bovine serum albumen (BSA). 

Legs were matured on 10,I; solutions of BSA and essentially 

fatty-acid free ESA when these were imbibed through 

leached chick and parefilm membranes; in each case the 

linear regression coefficient for the number of eggs 

matured on the weight of solution imbibed was highly 

significant (_,-7,endices 38 - 40 ). 

There was no si-nificant difference between regression 

coefficients for the solutions that did and did not contain 

fatty-acids f p = 0.6; t = 0.57), or for the meals taken 

through the different membranes (p = 0.6; t = 0.57). (Fig. 

25 ). 

Er7S matured on Protein solutions of  different concentrtiona. 

The number of eggs matured by flies that had imbibed known 

weihts of an undiluted and a 50,,, solution of human plasma 

a:-ce shown 	2C. The eggs-matared/=1-v!ei':ht 
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FigQ275, Eggs matured by Llongipalpis females which had imbibed solutions of Bovine Serum Albumen. 
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of 50% and undiluted human plasma. 
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regression coefficients are significant for both meals 

(Appendices 23C; 41 ), but are not significantly 

different from each other (p = 0.2; t = 1-35). However, 

the mean number of eggs matured on 0.25 — 0.35 mg of 

undiluted plasma was 33.4, whereas it was only 13.5 for 

the 505 solution of plasma. The difference is significant 

at the 0-q.5 level (Appendix 42). 

There is a similar difference between the number of 

eggs matured on 105 and 55 (w/v) solutions of BSA 

(Appendices3R, 43 	44). Again, the numbei. of eggs 

matured was approximately halved for a 505 dilution i-Pig27. 

The number of eggs matured on a 205 (w/v) solution 

of bovine serum albumen was not proportional to the weight 

of meal imbibed (Fi. 28 ; Appendix 45). 

Er7gs matured on denatured Plasma protein. jig ;_;s were 

matured on a suspension of denatured human plasma proteins 

(mableic°,). It was not possible to draw any conclusions 

on the cluantitative effect of this suspension on egg 

production because it was not homogeneous. 

E7r71  matured on solutions  of amino acids. The number of 

eggs matured by flies that had imbibed these solutions 

across leached chick skins and parafilm "IT are shown in 

Table 19. The composition of these solutions is given in 

Section 2. 

The fertilit of er,Ts matured on artificial meals.  Of the 

eggs matured on the various diets offered only those 

resulting from meals of human haemolobin and amino acids 
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Fes. 27. The number of eggs matured by L.longipalpis females which had imbibed known weights of 

5% and 10% Bovine Serum Albumen. 
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Table 18. 

Eggs matured by L.longipalpis  at 25°C on weight of a 

suspension of denatured plasma proteins in 0.85% saline  

imbibed through a leached chick membrane.  

Weight of meal (mg.) No. of eggs 

0.287 18 

0.250 13 

0.380 13 

0.124 PLASMA 14 

0.229 SUSPENSION 10 

0.068 PLUS 8 

0.165 0.005M 13 

0.229 A.T.P. 10 

0.330 7 

0.295 8 

0.246 12 

0.123 6 

0.212 PLASMA 24 

0.317 SUSPENSION 23 

0.305 ALONE 14 
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Table  19. 

Eggs matured by L. longipalpis at 25°C 

on weight of amino acid solution imbibed. 

SOLUTION MEMBRANE WEIGHT OF NUMBER OF 
MEAL (mg.) EGGS 

Lea 1 Parafilm 'H' 0.130 10 

0.165 0 

Lea 1 Leached 
chick skin 

0.100 

0.050 

00 075 

0.062 

0.065 

0.044 

0.100 11 

Lea 2 Leached 
chick skin 

0.046 11 

0.058 10 

0.037 9 
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were never laid. For egg batches that were laid, 

observations during routine larval culture indicated that 

there were no major differences in fertility between 

treatments. 

THE NITE.B.Lq. OF EGGS JZATURED IN RE ATT ON  

TO FACTORS OTIIER THIJT FLOOD-MEAL . 

The wei7ht of a female at blood-meal.  

There was found to be a positive association between 

the weight of a female at the time when she took a blood-

meal (4 - 6 days after emergence) and the number of eggs 

that she matured on human blood. In two experiments the 

positive or negative deviation of each point from the e,-:s-

matured/meal-wei;-;ht regression line was calculated 

(kppendices 46': 47). lien the deviations were plotted 

against the females' nrefeed weights there was a highly 

significant Positive association between the two (Fig.29 

The regression coefficients were similar in each case 'b 

87.8 and b 	For these experiments groups of 

females with the widest Possible weight range were chosen. 

Factors a =)ectin7 the weiht of adult flies. Some flies 

were wei/rh d as 4th instrx larvae one day before they 

pupated, a -ain on their last day as pupae and once more 

on the day they emer'ed 	adults(Appe 	tf'; ). There 

was a significant, positive association between the weight 

of a fiy as an adult a d its wei ht at the end of the 

larval period. 	 3n ). 
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Fig. 29. 

For L.longipalpis, on two occasions (a and b), 

the effect of the female's body-weight 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 larvae were taken at random from 

a number of reain,-; pots and 30 placed in each of two 

clean pots, one of which was placed at 25°C and the other 

at 28°C. Liver powder was provided in excess. Adults 

from these pots were weighed on the day they emerged 

(10Tendix 49 ). The mean weight of those reared as larvae 

at 2E00 (0•324 mg) was significantly less than that of 

those reared at 25°C (0-3 3 mg). 

The effect of sucrose feeding on egg production. 

From emergence to blood-meal the mean weights of 

females that ::sere 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 

1% level. 

'Then the weight of a female fly at blood-meal (4 - 6 

da:,s, after emergence) was plotted against her weight at 

emergence there was found to be a significant, positive 

association between the two, whether sucrose or only 

water had been offered (Fig. 31, Table 20). A closer 

inspection of the plot for flies that had been offered 

sucrose (Fig. 31a ) showed that the points fell along 

two distirc regression lines, one of which was very 

similar to that for sucrose-del)-ived flies (b = 0.70) 

while the other approached 45°  (b = 0-95). 

-2o2- both -roups of flies - t-hose offered and those 

de-;',:fved of 1-5-i)c-L'ose - there was a hi[Thly significant 



169 
Table 20. 

Changes ih weight of female L.longipalpis between emergence 

and blood-meal. 

c 
"710 change 

FEMALES OFFERED WATER 
d 	e 

Weight at 	Weight at 

ONLY 
f 

5°0 change 

FEMALES OFFERED 30% SUCROSE 
a 	b 

Weight at 	Weight at 
emergence b. meal in weight emergence b.-meal in weight 

0.382 0.354 -7.33 0.344 0.236 -31.4o 

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 +4.76 0.294 0.241 -18.03 

0.338 0.322 -4.73 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 -27.42 

0.332 0.309 -6.93 

0.406 0.340 -16.26 

0.252 0.254 +0.79 

0.304 0.226 -25.66 

0.390 0.282 -27.69 

n=15 n=9 

Ea=3.220 	=4.553 Ec.-184.61 	Ed=3.105 Ee=2.349 Ef=-216.34 

a=0.348 13=0.304 c=-12.31 d=0.345 

Sa=0.052 
Sb=0.050 Sc=11.81 Sd=0.038 

e=0.261 	Y.-24.06 

Se=0.030 Sf=4.22 
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Fig. 31. 

Changes in the body-weights 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 0 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 matured 

and the weight of human blood imbibed (Appendix 50 ). The 

difference between the regression coefficients for each 

group was highly unsignificant (p = 0.9; t = 0-17), but 

for a given weight of blood significantly fewer eggs were 

matured by the flies that had been deprived of sucrose 

(Fig 32 ). 

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 human volunteer 2/3, 5/6, 11/12 and 15/16 days after 

emergence. The weight of each female at the time of the 

blood—meal, the weight of blood she imbibed and the 

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, 0.340 and 0.329 mg respectively). The number of 

eggs matured was proportional to the weight of „blood 

imbibed, but for a given weight of blood younger flies 

tended to mature more eggs than older flies (Fig 33. ). 

This difference was only significant 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 data to compare 

• quantitatively their performance with that of the other 

groups. 

The effect of temperature on egg production. 

Stock flies, reared. at 25°0 from eggs, took measured 
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Fim. 33. 
The number of eggs matured by L.longipalpis  

females of different ages which had taken known weights  

of human blood. 
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weights of human blood and were maintained in three 	ups 

at 28°, 25°  or 22•5°C. Al]. were placed over dilute 

sulphuric acid in sealed desiccators so that the ambient 

relative humidity was 	(Solomon 1951). Over the 

range tested, temperature had no effect on the eggs 

matured/meal—weight relp,tionship (Fig 34 ). 

In another experiment, flies which had fed on the arm 

of volunteer were placed without regard to the size of 

meal taken at 20°, 25°  or 30°C (All at 	RH). The 

number of eggs matured by each female was counted on the 

day she died (Table 21). Even after five dayssame of 

the females kept at 200  contained large amounts of 

undigested blood. The average number of er,;(.;s matured by 

this group was appreciably less than the averages rfitured 

by those kept at 25°C and 30°C. 

Temperature had a marked effect on the rate of blood 

digestion , as measured by noting (daily at 10.00 hrs) 

the first aupearance of the dark faeces resulting from 

red cell digestion (Table 22). The rate of digestion of 

human blood at 30°C was approximately double that at 20°C, 

Q10  = 2 (Fig. 35 ). 

The effect of humidity on er5,0.  production.  

At 25°C there was no appreciable difference between 

the number of eggs matured on a given weight of human 

blood by females of L. lonr;ipalpis kept at 955 PSI or 60;i 

PH (Fig. 36 ). 
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Table 21. 

The number of eggs matured by females of L.longipalpis  

at three different temperatures (95% RH.)  

30°C•(x) 25°C.(y) 

U.D. * U.D. * 

34 55 

27 43 

42 40 

40 43 

42 48 

40 46 

14 35 

25 32 

39 35 

39 45 

39 49 

55 48 

73 10 

43 49 

50 56 

* Dead within 3 days of the meal. 

y Still alive 5 days after the meal. 

20°C.(z)  

U.D. * 

U.D. 

42 

7+U.D. 7 

50 

17 

46 

3+U.D. y 

8+U.D. y 

65 

48 

42 

50 

24 

_ 

	

x=37.6 	3r---39.6 	z=28.7 

	

a=16.4 	a=15.2 	a=22.6 



TEMPERATURE 
No. IN 
SAMPLE 

MEAN TIME, t, TO 
EGESTION (HRS.) 

RANGE MEAN RATE OF 
DIGESTION (lft) 

30°C. 18 69.6 72 — 48 0.0144 

28°C. 11 67.7 72 — 65 0.0148 

25°C. 19 76.4 91 — 71 0.0131 

25°C. 14 74.4 96 — 72 0.0134 

25°C. 23 81.6 120 — 72 0.0123 

25°C. 7 96.4 105 — 71 0.0104 
_ 22.5°C. 6 112.3 138 — 91 0.0089 

20°C. 15 134.4 168 — 96 0.0074 

Table 22. 

The effect of temperature on the speed and rate of digestion of human blood by L.longipalpis  
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On those females not dir;esting  a blood-meal. 

Under optimal conditions (25°C; 955 :RH) 2 - 105 

of female Ti. lon7ipalpis failed to digest a blood-meal; 

all died within 3 days of taking the meal. In this respect, 

there was no marked difference between human aid hamster 

blood-meals - both within and between the lines of flies 

normally reared on one or the other hosts - or for other 

blood types. Table 23 shows the percentages of females 

of L. longipalpis of different ages (and under different 

physical conditions) that failed to digest fully a blood-

meal. 

On unmated females  and the number of _gf;s thev matured.  

Female pupae 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 

cages alongside those containing "mated" females and males. 

"Llated" and unmated females of the same age and from the 

same stock were fed on measured weights of human blood. 

On equal equal weights of blood there was nodifference in the 

number of eggs matured by females of each group (Fig 36X). 

All the egg-batches laid by "mated" females were fertile. 

Sand-fly species and egg productivity. 

In Table 24 are recorded the size of the adults 

(weight) and eggs (volume) of 3 species of neotropical 

sand-fly, and the approximate number of eggs matured by 

each on O-P mg of human blood. The egg statistics are 

means (and ranges) for 50 eggs from 5 females of each 
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Table 23. 

% females of L.longipalpis not fully digesting a blood-meal 

CONDITIONS BLOOD-MEAL 
AGE AT 
MEAL (DAYS) 

No. IN 
SAMPLE 

% FAILING TO 
DIGEST BLOOD 

Belo Horizonte strain - normal meal human blood 

95%R1I.,30°C. Human 4 - 6 16 6.3 
95%RH.,25°C. Human 4 - 6 49 7.0 
95%RH.,22.5°C. Human 4 - 6 25 18.1 

93%1111.120°C. Human - 6 14 35.7 
95%RH.,25°C. Human 2 - 3 21 4.8 

95%RH.,25°C. Human 11 - 12 18 16.7 

95%RH.,25°c. Human 15 - 16 19 52.6 
60%RH.,25°C. Human 4 - 6 11 9.1 

95Rhl.,25°C. Human 4-6 18 22.2 
-NO SUCROSE 

95%1111.,25°C. Hamster -6 43 9.2 

Cear strain - normal meal human or hamster blood 

95%RH.,25°C. Human 4 - 6 50 12.0 

95%RH.,25°C. Capuchin 4 - 6 23 8.7 
Monkey 

93%1111. , 23°0. Opossum 4-6 18 11.1 

93%1W. , 23°C . 3-toed 4-6 10 0.0 
Sloth 

95%RH.,25°C. Spiny Rat 4 - 6 14 0.0 
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CD 
SPECIES 

MEAN WEIGHT 
OF FEMALE 
AT FEED (mg.) 

MEAN NUMBER 
EGGS MATURED 
ON 0.2 mg. 
HUMAN BLOOD 

AGE OF EGGS 
(DAYS POST - 
OVIPOSITION) 
WHEN MEASURED 

MEAN LENGTH 
OF EGGS (mm.) 

MEAN WIDTH 
OF EGGS (mm.) 

MEAN VOLUME 
OF EGGS (=3.) 

• • 

Wild 0.140 32 0.341 - 	0.068 0.007 
L.yuilli (0.348-0.331) (0.070-0.065) 

Wild 0.179 38.6 1 0.429 0.074 0.010 
Ps.davisi (0.443-0.414) (0.086-0.071) 

Laboratory 0.308 28.1 1 0.359 0.086 0.011 
L.longipalpis (0.371-0.342) (0.092-0.084) 
(from Cear6) 

Laboratory 0.308 28.1 4 0.389 0.113 0.021 
L.longipalpis (0.399-0.377) (0.116-0.108) 
(from Ceara) 
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species; the e_';7:;s were measured the day after they had been- 

laid. 30 egcs of L. ion 	 were measured agr,in 3 days 

later to show the way they increased in volume after they 

had been laid. 

The egg was treated as a prolate spheroid of long axis, 
a, and short axis, b; its volume = 4/3 Ti a b2. 
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THE ':.TER-SOLUBLB YOT,K 77ROnINS OP I. longipalpis. 

Origin of yolk-protein homogenates :- 

Strain of TJ. loniPalpis 	Host 

Bobo Horizonte. 	man, laboratory hamster, 

Cear5-. 	man, laboratory hamster, 

PrOPCTIS sp., Cebus 

apella, Bradypus  

tridactirlus, Didelphis 

marsupial is. 

Pig. 37 shows the bands of water-soluble proteins 

usually demonstrated after the electrophoretic separation 

of yolk-protein homogenates in 7.5% polyacrylamide gels and 

staining in coomassie blue or naphthalene black 10B. Bands 

c, f and g were not always present, and other faint bands 

occasionally appeared. However, from a number of paired 

Separations (5 plus for each test homogenate) it was found 

that all the bands figured could be demonstrated in the 

extracts from the eggs of flies that had fed on any of the 

test animals. Other patterns were obtained 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. Further, there were no differences detected between 

the band-patterns obtained from the eggs of CearLi and Belo 

Horizonte strain flies. Plate ( 10 ) shows the results of a 

typical separation. 

As has been pointed out in similar studies n:Linitmore 
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Plate 10: Typical results for the electrophoretic 

separation of the water—soluble yolk 

proteins of L.longinalpis  eg7s. 
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Gilbert 1974) Protein bands with different mobilities do 

not necessarily represent different proteins, and those 

with the same mobility (from different preparations) are 

not always the same. I:oreover, as much as 105'; by weight 

of the water-soluble proteins in preparations similar to 

that used often fail to enter the gel (Clarke 1964); this 

was obviously the case in the present investigation, where 

one of the most intense bands (a) was near the origin. 

However, gel electrophoresis is a means of identify-

ing possible similarities or differences in Protein 

composition. Usually it is followed up by more sophisticated 

techniques which can identify the nature of individual 

proteins. In the present case it was decided not to do so, 

because the number of sand-fly eggs needed was prohibitive. 

• HOST PROTEIN IN THE EGG YOTJ( OF L. lonFiPalpis. 

No host antigens were demonstrated (by the micro-

immunodiffusion test) in the water-soluble extracts from 

the eggs of 	longiPalpis. All the controls were positive, 

showing that the antisera-  were active. 

THE PROTEIN CONmENT OF SOME YAMALIAN BLOODS.  

The Institute Evandro Chagas of Belem, Brazil, kindly 

carried out for me some tests to determine the red cell and 

protein concentrations in the blood of some of the mammals 

on which I fed sand-flies. These are set out in Table25 . 

Methods: haematocrit in Wintrobe tube. 

protein by the Greenberg test. 



HOST 

	

SERUM ALBUMEN 

	

SERUM GLOBULIN 	TOTAL SERUM 

BLOOD 	 HAEMATOCRIT (%) 	(g./100m1.) 

	

(g0/100m1.) 	PROTEIN (g./100m1.)  

tzs 
0 
0 

C. 

c+ 

1-45 
0 

0 
CD 

0 
CD 
C4 
cs7 

0 

a 

F-42 

CD 

PN 

C4 

0 

• 

0-17  

• 

0 

0 

CD 

Hamster 

	

52.0  + 3.6 	4.9 + 0.8 

Cebus apella 

	

47.2 + 4.7 	5.2 	1.2 

Human: 

Man 	 46.2 

	

5.0  - 3.8 

(52.0-36.0) 

Woman 	 40.6 

(46.0-35.0) 

* Normal Ranges 

0.9 + 0.4 	 5.8 + 0.3 

2.0 + 0.7 	 7.2 + 0.5 

3.0 - 2.6 	 8.0 - 6.4 
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DISCUSSION AND CONCLUSIONS. 

Autogeny: This term is used to describe the ability of 

insects to mature and lay eggs without protein ingestion, 

and was coinedj._ by Rdubaad (1929). It is a phenomenon 

that has been particularly noticed in certain strains of 

many blood-sucking insects (Engelmamn 1970), where it is 

of ecological significance in that eggs 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 9 strains of L. gomezi  

from Panama (Johnson 1961) have been reared autogenously 

in the laboratory. 

In the present work, a few eggs were matured by L. 

longipalpis fed only sucrose, but as no (fertile) eggs 

were laid, autogeny was not strictly demonstrated. Similar 

results have been obtained with many strains of P. papatasii  

(Dolmatova 1946), and therefore it appears that some 

populations of sand-flies have a latent capacity for 

autogeny. Control of autogeny in some insects is not solely 

genetic, e.g. larval and adult diets can have en important 

effect on its manifestation (TJea 1964). Thus it is perhaps 

significant that most of the present results refer to the 

first laboratory generation, i.e. the one closest to the 

wild stock. 

Blood di7estion  and 	c=otrophic cycle: The loss in 

female weight (at 25°C and 955 RN) foflowin:: a blood-meal 
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closely reflected the observed stages in blood—digestion. 

Thus for a human blood—meal as much as 405 of the meal—

weight was lost in the first hour. Drops of clear fluid 

were discharged from the anus during this period. These 

probably consisted almost entirely of water, for they did 

not gel or tan as later faeces did. L. longiDalpis does 

not continue feeding when fully engorged and then pass out 

blood straight from the mid—gut as some mosquitoes and 

lizard—feeding sand—flies do (Parrot 1922). Following the 

initial diuresis, there was a steady decrease in weight - 

so that some 605 of the meal—weight had been lost by 30 

hours, when white/yellow faeces first appeared. 'Vertebrate 

blood is hypotonic to the haemolymph 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 could be detected in the hind—

gut or oviposition (OP) tubes. Serum proteins cannot be 

detected in the blood—meal of 	longipalpis 36 hours after 

a meal (A.J. Leaney pers. comm.) and therefore it seems 

likely that most of the weight loss between 10 and 24 hours 

results from malpighian secretions rather than the egestion 

of blood—meal remains. 

There was little loss in the meal—weight during the 

middle third of digestion (30 — 50 hours) when the water 

requirements of the fl y seemed to be nearly balanced by 
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that available in the blood—meal. 

There was a dramatic decrease in weight between 52 

and 72 hours when the undigested/unabsorbed remains of the 

meal were egested; dark brown (haem—containing) faeces 

first appeared in the hind—gut and OP tube at this time. 

The initial diuresis following a hamster blood—meal 

was less rapid than that following a human one. Differ-

ences in blood—meal weight between the two groups can only 

account for 5% of this. The rate of diuresis might have 

an effect on egg production by concentrating the meal. 

Theodor (1936) carried out similar studies with P. 

papatasii and found that on the first day a clear fluid 

was passed, and one—half (at 23°C) to two—thirds (at 30°0 

of the 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 (Lester & Lloyd 1928) and Rhodnius (Maddrell 

1964) and Aedes (Boorman 1960). 

Gemetchu (1974) reported that tho peritrophic membrane 

in P. longipes only becomes a discrete envelope 24 hours 

after a meal, and then breaks down when the gut is 

evacuated on the sixth day. At the same temperature 

(25°  ± 1°C) digestion in I. longipalpis  takes only half 

this time, but it is interesting to note that the period 

of little weight loss occurs from about 24 hours to gut 

evacuation. Therefore, it would appear that protein 

digestion starts before the peritrophic membrane has been 

fully formed in :5. lonrd_palpis. 
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Adler & Theodor (1926) found that the digestion of a 

blood-meal by P. papatasii was a "relatively slow process", 

with erythrocytes remaining; intact in the gut for four days 

after a feed; haemolysis did not start until the third day, 

after which unaltered haemoglobin was passed in the faeces. 

The red cell count fell steadily in the blood-meals of I. 

longipalPis, and although some erythrocytes were still intact 

inhuman blood-meals after 3 days it does seem that this 

species can lyse red cells more easily than P. papatasii. 

No haemoglobin was detected in faeces, and in some females 

of L. longipalpis this protein was shown to stimulate egg 

maturation. 

The epithelium of the mid-gut of P. papatasii probably 

releases a powerful anticoagulant, and the salivary glands 

certainly do (Adler & Theodor 1926). Ythen dissected out, 

the blood-meal of L. longipalpis was easily broken up to 

form a nearly homogeneous suspension in physiological 

saline. There. was some agglutination but it was not 

pronounced. From these observations it would seem that L. 

longipalpis, too, has an anticoagulant. 

Concordance. Egg maturation and blood digestion were 

concordant in L. longipalpis, with fully matured (stage 5) 

eggs first appearing when the last of the blood-meal remains 

were egested. Dolmatova & Demina (1971) reported that 

parallel digestion of blood and maturation of eggs is the 

rule• for P. papatasii, P. serrenti, P. caucasicus and P. 

chinensis during the Russian summer. In the autumn, 

however, these species (which hibernate as larvae) 
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displayed "gonotrophic dissociation" i.e. eggs were not 

matured following a blood-meal. This phenomenon has been 

studied in mosquitoes and probably results from the 

inhibition of gonadotrophic hormone production by photo-

period and temperature (Clements 1963). 

Other species, too, do not always exhibit gonotrophic 

concordance. Adler & Theodor (1935) found that P. papatasii  

will often take a number of blood-meals between gonotrophic 

cycles, and Hertig & Johnson (1961) reported the same was 

true for several Panamanian sand-fly species. This 

probably reflects nutritional deficiencies in some 

- populations. 

Females of P. ariasi, collected in July 1974 from 

southern France, were unusual in that eggs were matured 

folJowing a blood-meal but only after a delay of 6 days. 

Chaniotis (1967) noticed a similar pattern of development 

in Californian sand-flies. 

OosOrption: The degeneration of a ce-ftain number of __egg 

follicles in each gonotro-chic cycle sems to be a normal 

occurrence in mosquitoes (Detinova 1949; Hosoi 1954) and 

many other insects (Engelmann 1970). Degeneration can 

occur when there is a shortage of nutrients and/or gona-

dotrophic hormone (Highnam & Hill 1969), or much later if 

the eggs are not laid (Roth & Stay 1962). The author's 

unpublished observations show that I. longiPalpis does not 

resorb fully matured eEgs under laboratory conditions. 

There are two phases of oocyte development in 

mosquitoes, the "initiation" phase when the oocytes in. the 
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newly--emerged female are brought to the resting state, and 

the "promotion" phase when the "resting" oocytes expand by 

forming yolk (Gillett 1956). The number of oocytes that 

reach the resting stage is determined by larval nutrition 

and adult angar/nactar feeding (Clements 1963). From a 

study of An. maculipennis.Detinova (1949) suggested that 

after a blood-meal only those. "resting" follicles proceed 

to develop which have a significantly low threshold of 

sensitivty.to the stimuli initiating oogenesis; if later 

on the material needed for "ripening" the eggs is not 

sufficient for all, theinsome of the maturing follicles 

degenerate. 

Dolmatova Domino, (1971) state that sand-flies 

(presumably P. aa,.:Las-Li) and Aedes differ from anophelines 

in that only those "resting" oocytes that will complete 

maturation ever start it. This is not true for I. 

longipalpis: It was shown that 14 hours after a human 

blood-meal more oocytes had passed out of.the resting_stage 

(1) and into stage 2 than eventually reached maturity. 20 

hours after a hamster blood-meal the number of oocytes to 

be matured had been sot.. 

As in mosquitoes, the number of terminal oocytes 

enterinthe resting stae (or rather, not.being resorbed 

before a blood-meal) depends on larval nutrition and adult 

sugar-feedin7, (see later) 

The "blood"-meal and egr-,  maturation: In most blood-sucking 

spec _es of insects the numbo of egs matured is determined 
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largely by the Quantity of food imbibed, e.g. Stonoxys, 

Haematopota, Rhodnius, Cimex and most mosquitoes (cited 

in jiggleworth 1965). Roy (1936) found that the number of 

eggs laid by Aedes aer7pti was roughly prorcortional to the 

size of blood-meal. Others showed that the number of eggs 

Matured by this species was proportional to the weight of 

human blood ingested over the range 0.1 - 2.9 mg CZoke 

et al .1956; Colless & Chellapah 1960). larger meals were 

taken but did not result in the maturation of any more eggs. 
Similarly, for Phlebotomus chinensis (Dolmatova 

Demina 1971) .and three North American species of sand-

flies (Cheniotis 1967) it was noticed that the larger egg 
batches resulted from the larger blood-meals, although no 

specific relationship was determined. In the present study, 
it was established that the number of eggs matured by I. 

longipalpis  was proportional to the weight of the meal 
imbibed. Even for the most efficacious meal (hamster blood) 

this relationship did not plateau, i.e. the flies never 

took more blood than was sufficient to mature a full egg 

batch (Ca. 130). The largest meals (Ca. 0.7 mg) seemed to 
fully stretch the abdomen. The relationship between the 

nutrient requirements of each egg, the r.,-pecies-specific) 

number of ovarioles per ovary and the maximum possible 

extent of at distension may make it physically impossible 

for L. longipalpis to "over-feed". Alternatively, the diet 

offered to the colonized 11. longipalpis  (as larvae and 
adults) might have been nutritionally deficient - obliging 
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 have host 

preferences, and suggested that the blood of some species 

of animals may be superior to that of others for egg 

production. later, Roy (1931) noted that the number of 

eggs laid by Anopheles stephensi fed human blood was only 

half that of those fed the blood of rat, guinea-pig or 

rabbit. For Ae aegypti Woke (1937) showed that signific-

antly.fewer eggs were matured on human blood than on rabbit, 

guinea-pig, frog, turtle or canary blood. 

Chaniotis (1967) noted that the sand-fly I. vexator 

matured a mean of 71 eggs when fed on a lizard but only 

63 when fed on a snake. This difference was not signific-

ant, and he attributed it to blood quantity not quality. 

In the present study, L. longipalpis was fed on 8 species 

of warm-blooded vertebrates. For each species, the number 

of eggs matured by a female was proportional to the amount 

of blood imbibed. ilhen tested, the regression coefficient 

for a particular host vise constant between generations of 

L. longipalnis, and for different individual hosts of either 

sex. Similarly for Ae. aeTyptil  Woke (1937) and 1oke et al  

(1956) found that egg production was constant for different 

individuals and that farting did not affect the blood's . 

efficacy. In this connection, the author has found that the 

egg production of I. lonalpis was not reduced when the 

blood meals Were taken from a humrn volunteer 3 hours after 
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he had donated a pint of blood (unpublished data). 

Broadly, the regression coefficients for the different 

hosts fell into three groups: the highest were for the 

rodents, Proechimys, and laboratory hamsteri which were 

significantly different from the lowest which were for the 

two monkey species. Intermediate were regression coeffic-

ients for mouse, opossum, three-toed slOth and man. 

It is usually dangerous, but always tempting, to 

interpret such results in terms of host •preferences and 

epidemiological significance. Mathis (1934) found that Ae. 

arg,enta-tus (= aegy-oti) laid 25 more eggs on human blood 

than on any other kind, and concluded that humans were 

sought preferentially by this species because their blood 

was more favourable for reproduction. 'A)ke (1937) showed 

that to the contrary Ae. =ILL (the yellow-fever vector) 
found huMan blood far less useful for egg maturation-than 

that of most other annals including turtle and frog! 

1. lonri_-oalpis collected from Belo Horizonte (DR) ca;Tle 

from a natural cave where the cricetid rodent, Cercomys  

cunicUlaris, and bats were common but human hosts were 

Infrequent (R. Killick-Kendrick pers. comm.). The strain of 

L. lon7i-oalpis from Ceara, however, was collected from under 

roof tiles (Yard 1974); man and dogs are their natural hosts. 

wever, egs -oroduction for both wp,s poor on huran blood 

compared with that of rodents. The results of feeding 

human-line and hamster-line females of the 7.!11 strain on no-r:- 

complem entary hosts do not cuggest that the colonization 

of thene strains had selected flies for hamste blood. Iost 
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adaptatanhas been reported for Mi. stephensi (Stahler 

Seely 1971) and for Culex  ripens (TicCray 	Schoof 1970). 

The effect on egg production of the blood of monkeys, 

man and rodents was surprisingly similar for Ae. aep7ypti  

(Woke 1937) and I. lonalPis. Fewest sgs were produced 

(per mg) on monkey blood; human blood we.s possibly slightly 

better; rodent blood was significantly better than either 

of the other two. This suggests that there are intrinsic 

differences between blood types which are more important 

than any differences in the efficiency of the digestive 

processes of these two - very different insect species. 
_ 

During my stay in -:Belem, Brazil, T  had honed to compare 

the egg Production of different sand—fly species when fed 

on preferred and other hosts. This was not achieved 

because of the disinclination of the local species to feed 

(experimentally) on any but their preferred hosts — see 

Section 1 and ':iard (1974). PsychodoDys davisi and L. 

y uilli did take measured weights of blood from one of their 

preferred hosts (man). 7Uith regard to the weight of the 

meal, Ps. davisi produced significantly more eggs than L. 

lonri_palpis. The relationship between the size of the 

adults and eggs, and the egg productivity of these sand—fly 

species shows that absolute egg production depends as much 

on species—specific characters as on the blood type. 

The results of the membrae feeds Show that L. 

lon;Tipalpis is able to mature eggs on both the red cell and 

plasma fractions of vertebrate blood. The egg production 

on blood—concentrations of these two fractions was additive. 
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That is, it was the concentration and not the total volume 

of the meal that determined the number of eggs that were 

matured. This was also shown by feeding different 

concentrations of sera and artificially rrepared bovine 

serum albumen. The "huffy" layer (white cells and platelets) 

was not fed to the flies, but the results suggest that it 

can only be of minor importance for egg maturation. 

The difference for egg production between human and 

hamster bloods was shown to result from differences in the 

red cells of the two hosts. From Table 25 it can be seen 

that the haematocrit values for hamster blood were gener-

ally higher than those for human blood. Red cell concen-

trations for the membrane feeds were 45% for both species. 

Thus the observed difference in their effects on egg 

production will be effectively greater for a comparision 

of whole bloods. Human red cells have a far greater 

sedimentation rate than those of hamster and other small 

mammals (Spector 1956). • This may have reduced their -- 

effective concentration in the membrane—feeds and/or the 

extent of their 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 was significantly greater than that on red cell 

suspensions. This difference exists for hamster cells 

(as well as human) and is too great to be explained in 

terms of cell sedimentation, for there was no significant 
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difference between egg production on heperinized hamster 

blood from a membrane and blood from the hamster. 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 within the period of agenesis. 

This is supported by the observation that red cells were 

still T.resent in the meal after the egg number had been set. 

The increase in egg production following a meal of 

lysed red cells compared with a cell suspension was dis-

proportionately-more for human blood (111-15) than for 

hamster blood (62.65) which supports the observation that 

hamster red cells are lysed at a faster rate than human. 

• However, even if all the human red cells in a blood-meal 

were lysed, the number of eggs produced (per mg-  of meal) 

would still be substantially less than that produced on 

hamster blood. This suggests a further chemical difference 

(for algensis - inducing substances) in red cell Contents. 

L. longipalpis matured eggs when fed a suspension of 

denatured proteins or a solution of the "essential" amino 

acids. Therefore, protein per se. is not essential for 

egg matuTation; polypetides, peptones and amino acids, i.e. 

the normal products of insect protein diEestion (1ffiggles-

worth 1965)•are sufficient. 

The significance of these results can best be discussed 

in relation to ,::hat is kno'm for mosquitoes, because no 

similar results have beer reported for other sand-flies, 

and other blood-suckin insects are too dissimilar. Thus 

the hemimetabolous families Cimicidae and Pediculidae have 
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gut symbionts that affect blood—digestion and nutrition. 

(Koch 1956), and Glossina ingests blood into the divert-

iculum not the mid—gut (Langley 1966). 

A series of experiments carried out this century have 

shown that the products of protein digestion are alone 

sufficient to stimulate egg maturation in mosquitoes. 

Fielding (1919) established that Ae. aegypti will lay eggs 

when fed on peptone—sugar solution. For Ae. elutus, the 

egg maturing factor was found to be in the stroma of the 

erythrocytes and in the cell—free serum of donkey blood, 

and-was not inactivated when the serum was heated at 10000 

for 1 hour (Yoeli 87, }der 1938). Ae. aegyipti laid eggs when 

- fed either the corpuscular or serous fractions of rabbit 

blood (Woke 1937), and when fed suspensions in saline of 

erythrocytes, sera, plasma albumen, horse haemoglobin and 

bacto—peptone (Greenberg 1951). Later, Dimond et al.(1956) 

and Singh & Drown. (1957) found that only amino acids were 

essential to stimulate egg maturation in Ae. aegypti.- 

Bellamy & Bracken (1971) showed that the number of eggs 

matured by C. pipiens depeded on the concentration of 

protein in the meal and not the volumetric size of the meal. 

L. longipalpis is similar in 

The origin of yolk proteins:  

all these respects. 

For mosquitoes, as for many 

other insects with polytrophic ovarioles 	the most import- 

ant source of yolk protein is the fat body, which synthes-

ises and secretes female—specific protein (or vitellogenins),. 

that are then absorbed by the oj;cytes-  in preference to other 

haemo1ym1)11 proteins (lia7edorn Judson 1972; Hagedorn 
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Fallon 1973; Rockstein 1973). There is good but circumst-

antial evidence that the blood-meal is the source of 

nutrients for yolk-protein synthesis in mosquitoes: Briegel 

(1969) demonstrated that after a blood-meal the level of 

free amino acids in C. pipiens fatip;ans increases rapidly 

and reaches a maximum within 24 hours. The results of 

several other studies on mosquitoes similarly indicated a 

peak of metabolites about 24 hours after a blood-meal (Fisk 

& Shambaugh 1952; O'Gower 1956; Hudson 1971; Thayer 1972). 

For L. lonPipalDis, the results of the immuno-diffus-

ion test and the fact that amino acids alone will initiate 

agensis suggest that host proteins do not usually enter 

the acytes without undergoing some degradation. That 

certain large molecules can enter the haemolymph and then 

the acyte was shown by detecting haemoglobin (or like 

compounds) in matured eggs. This indicates that yolk 

proteins are taken up by pinocytosis. Similarly, Wiggle-

worth (1943) noted that some parahaematin (a breakdown 

product of haemoglobin) is taken up by the yolk of the eggs 

of Rhodnius, but not by An. maculipennis or Ae. aegypti. A 

possible route for the uptake of large molecules from the 

gut into the haemocoel of sand-flies has been described by 

Gemetchu (1974); he demonstrated a ".... deep;,convoluted 

invagination of the basal cell membrane and basement membr-

anes"-  which formed ".... a duct-like extension of the 

haemocoel into the epithelium" of the mid-gut of a blood-fed 

P. longipes. 
1. Quoted in. Bellamy C-; Bracken, (1971). 
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ul-ther evidence that the process of yolk formation 

in L. lon7i-iealT)is is similar to that in no 	cones 

from the results of the sermration of yolk proteins exper-

iments. These indicated that the water soluble yolk-

proteins present in largest quantities are similar when 

different vertebrate bloods are the source of nutrients, 
which suggests that only certain proteins 	deposited in 

the yolk. It follows that the essential difference between 

• vertebrate bloods for egg production could be the suitab-

ility of the amino acid balance. 

As wet there is no explanation why the blood of some 

hosts is more favourable than that of others for agenesis 

in Mosquitoes. The difference does not lie between 

nucleate and anucleate red cells (Thke 1937), and the 

addition of nucleic acids to en artificial diet of amino 

acids fed to Ae. aegypti did not raise eug production 
(Dimond et al.1958). The most likely explanation is that 

the amino acid balance is Eore siAtable in the blood of 
some hosts than in others (Clements 1963). 

Both Greenberg (1951) and Le et al. (1958) found that 

the number of eggs laid by females of Ac. aegypti could 
be increased if li-isoleacine was added to their meals 

prepared- from red cells deficient in this. For L. 
lonf;ipalpis, however, the addition of L-isoleucine to 

diluted human blood did not increase egg production. This 
could reflect a specific difference between Ac. aer:71-Iti  

and L. lonipalpis, but is more likely to result from the 
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inadegucy, or otherwise, of the larval diet. 

From the results of the yolk-i7roteins investigation it 

vas postulated that the efficiency of different vertebrate 

bloods for egg production could depend on. the suitability 

of their amino acid balance. This is unlikely to depend 

solely on their gross protein content, which is comparable 

for most bloods (Spector 1956). Haemoglobin provides 

another example: it forms 90% by weight of the proteins 

in human red cells (Spector 1956) but as a suspension in 

saline it stirmlates the maturation of few eggs in females 

of L. longipalpis or Of lie. aegypti  (Greenberg 1951). 
obtained from 

The suitability of the amino acid balance )\ different 

meals for egg production could depend as much on the phys-

ico-chemical nature of the meal as its intrinsic composition. 

Thus it was shown that egg production became erratic when 

the concentration of bovine serum albumen solution was 

increased from 10% to 20%. There were also differences in 

the ability of L. longipaluis to obtain the nutrients 

contained in the fractions of different bloods. The 

proportion of females digesting a meal and maturing eggs 

was only less than 90% when the blood fraction was a 

suspension (in saline) of red cells (Table 26). This could 

have resulted from the inability of the sand-fly protease 

to lyse red cells when most of the complement had been 

washed off. Alternatively, protein/amino acids contained 

in the red cells may not have been recognised as food. Thus 

Shambaugh (1951.) found that after females of tee. aervpti 

had fed on a suspension of sheep erythrocytes in saline, 
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Table 26. 

% females of human—line L.longipalpis not digesting a meal 

taken 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. 

No. IN SAMPLE 
% FAILING TO 
DIGEST MEAL MEAL 

Citrated human blood 19 5.3 

45% suspension of human 
red cells in saline 

22 31.8 

45% extract of human 
red cells in saline 

18 0.0 

10%(w/v) human haemoglobin 
in saline 

13 0.0 

50% human plasma in saline 11 0.0 

Human plasma 12 0.0 

Heparinised hamster blood 13 8.0 

45% suspension of hamster 
red cells in saline 

18 66.7 

45% extract of hamster 
red cells in saline 

21 9.5 

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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protease activity was only a little higher than the residual 

level found in unfed mosouitoes; protease secretion was 

stipulated by the non-dialysable plasma proteins. Similarly 

• for Glossira morsitans protease secretion was stimulated 

by the serum and not the red cells of guinea-pig blood 

(Langley 1966). 

Some females of L. lonipalPis were able to diest 

suspensions of red cells, the proportion being higher for 

human than for hamster red cells. This seems to contradict 

the conclusion that the digestion of a meal of hamster red 

cells was more complete than that of a meal of human red 

cells. This need not be so if initiation and degree of red-

cell lysis in a meal are independent. 

he initiation of •oOcenesis: So far it has been assumed 

that the stimulus for o8genesis in L. lonp-iPalPis is the 

arrival of nutrients in the haemolymph. This is not 

necessarily so, for in many insects there are "token" 

stimuli. which do this (Rockstein 1973) 

It is unlikely, on the basis of what is known for 

mosquitoes, that oOgenesis in sand-flies. is triggered by the 

sensory perception of nutrients as they are imbibed. Thus,. 

females of Ae. aegypti (Larsen a Bodenstein 1959): and of C. 

Pipiens (Bellamy & Bracken 1971) mature eggs if a protein 

meal is given as an enema. Differences in host stimuli may 

affect aljensis in L. longipalpis by determining the size 

of the meal ingested, but it is unlikely that they have 

any direct effect, for egg production was unchaned when a 

protein meal was taken across an artificial. membrane rather 
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than from a living host. 

Gillett (1957) and Larsen & Bodenstein (1959) proposed 

that the sustained stretching of a mosquito's gut by a 

(blood—) meal is the token stimulus for the release of 

gonadotrophic hormone without which oggenesis cannot proceed. 

This has been accepted as proven by many authors (Clements 

1963; Jones 1968; Harris & Cooke 1969), but not by Bellamy 

es Bracken (1971). The evidence for the gut—distension 

theory is worth considering for it bears on several of the 

observations made for L. longipalpis. 

Recently, Gillett et al. (1975) have restated the Eut-

distension theory: The stimulus for gonadotrophic hormone 

release is distension of the mid—gut beyond a. threshold 

value; and. it is the adequacy or otherwise of the blood—

meal in stimulating hormone release that determines whether 

ovary development will follow, not the size of- the blood—

meal per se. This is an all—or—nothing theory; it does 

not propose to explain the quantitative nature of the 

 response. 

(Allett et al.(1975) give no figures for the weight 

of blood imbibed by the femalesof Le. aw7ypti they used, 

but state that ovary development was halted prematurely in 

83% of "half—feeders". This is not compatible with the 

findings of Woke et al. (1956). who showed that the of 

females not maturing eggs was 26% for those that took 1.0 — 

1-4 mg (half—feeds), 69(;: for those that took 0.5 — 0.9 ra['; 

and 90', for those that took 0.0 — 0.4 mg of human blood. 

Thus it would seem that the threshold for adeategat- 
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distension must be rather low. 

There is a critical period (up to 2 - 8 hours after 

the meal) during which the gonadotrorhic hormone must be 

liberated if agensis is to be initiated (Gillett 1957); 

Larsen & Bodenstein 1959). As Ae. aer7!-Pti shows rapid 

diuresis during the first few hours after a blood-meal 

(Boorman 1960), any process regulating agensis according 

to the degree of gat-distension would have to be highly 

uncritical. 

That gut-distension is not a "token7 stimulus for 

agensis in one strain of C. -pipiens was shown by Bellamy 

& Bracken (1971): Eggs were not matured when the mid-gut 

was expanded by sealing the anus and feeding sugars  r 

giving an enema of agar. However, eggs were matured when 

the enema contained protein, and when a solution of amino 

acids were injected into the haemocoel. They interpreted 

• these results as showing egg maturation as a direct response 

to nutrients, and speculated that "peaking" of nutrients 

in the haemolymph in the 24 hours following a meal set the 

ouantitative ovarian response. 

Eggs were matured by females of L. longipalpis which 

had imbibed only 0.0061 mg of hamster blood. Quantities of 

other bloods and artificial diets of less than 0.01 mg 

usually led to the maturation of eggs. L. lor-ipalpis and 

P. paPatasii (Theodor 1936), like Ae. ae-Irptiexhibit rapid 

1. By using standard weights it was shown that the 

microbalance used was accurate to x 0.005 TIT. 



212 

diuresis during the first few hours after a blood-meal. 

Therefore, if it occurs in sand-flies, the Eat-distension 

stimulus for o8genesis is highly uncritical, and for I. 

longiralpis operates at a very low threshold. Moreover, 

gut distension could not have had a quantitative effect 

on the o8genesis of L. lonr,,ipalris because this depended on 

the concentration of protein in the meal not on the meal 

size. 

Uhat reason is there to suppose that a "token" stimulus 

for the control of agenesis is necessary in blood-sucking 

mosquitoes and sand-flies? Usually a "token" stimulus 

mediated by the neuroendocrine system is the means by which 

a female insect ensures that agenesis only proceeds when 

there is (or will be) a.sufficiency of nutrients for her to 

complete a gonotrophic cycle and/or for larval nutrition. 

Examples are the arrest of o8genesis in Iertinotarsa fed 

on ageing rotato leaves, and abnormal egg production by the 

sugar-beet moth, ScrobiDalpa ocellatella, when it is not 

stimulated by the leaves of its host plant (cited in 

Rockstein 1973). 

Tn comparision, the blood-sucking mosouito or sand-

fly receives a single large meal of concentrated nutrients. 

As proposed, the "token" stimulus of Gut-distension will not 

provide it with any useful information as regards the 

quantity or quality of the meal, except that it is adequate 

in size or otherwise. Bat simply because the meal is 

immediate and nutrient-rich, control could be achieved more 
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efficiently if the neuroendocrine system responded directly 

to the nutrients once they had been absorbed into the 

haemolymph. 

All the elements of such a mechanism have been shown. 

Thus, protease release in the mid-gut of Ae. aegyrti is not 

under humoral control but is a direct response to protein 

in' the meal (Shambaugh 1954). • Eggs were matured by C. 

Pipiens when amino acids were injected into the haemolymph 

without distending the gut (Bellamy ez Bracken 1971), and 

by females of Ae. aeygDti when they ingested into the 

diverticulum amino acids from a cotton-wool pad (Dimond 

et al. 1956). 

The fact that some populations of mosquitoes (Clements 

1963) and sand flies (Lewis 1971) are autogenous is another 

piece of evidence to support the contention of Bellamy & 

Bracken (1971) that the initiation of oggenesis is a direct 

response to nutrients. The occasional autogeny recorded in 

this study suggests that the same is true for Y. lonr;ipalpis. 

Gillett et al.(1975) showed that for Ae. aegypti the 

gut must be distended beyond a threshold if the blood-meal 

is to be .retained. prom some of the present observations 

on I. longipalPis it is likely that gut or abdomen disten-

sion plays a part in ensuring that the blood-meal is 

retained. Thus, even though many females that had imbibed 

a suspension of red cells failed to recognise the meal as 

"food" and died without digesting it, all retained the meal 

in the mid-gut until the normal tiMe of digestion or death. 

However, the recognition of food (and the physiological 
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changes that follow) may also be sufficient to ensure the 

retention of the meal. Fost females that had imbibed a 

meal of saline through parafilm did not retain the meal 

for more than 24 hours. However, when the saline was 

taken through an already leached chick skin, the very small 

amounts of material that leached into it during the exiDer- 

. iment (the saline was not noticeably opaque by the end) was 

sufficient to stimulate egg production; after 24 hours 

these flies were still noticeably swollen. In this connect-

ion, Gemetchu (1974) observed that even a partial blood-

meal stimulated the production of a well-formed peritrophic 

membrane in P. longipes.  

Critical assessment of the membrane feedin7 technique. 

1. The period between feeding and reweighing was as long 

as 15 minutes for some flies. As the rate of diuresis is 

not necessarily the same for all meals, there may have been 

considerable differences between actual and observed meal 

weights. 

On one occasion when this error was tested it was not 

found to be critical: The regression coefficients for eggs 

matured on meal-weight was not significantly different when 

engorged flies were Teighed 1 Minute and 20 minutes after 

they had fed on man. Foreover, similar regression coeffic-

ients for membrane feeds and host feeds were not signific-

antly  differ.ent. for any blood type. 

2. 	gone of the feeds were carried out over a 2 hour 

period. There must 1-Lave been some settlingof red cells in 
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the blood preparatiOns despite frequent shaking. However, 

the close similarity between natural and membrane feeds 

suggests that this could have only resulted in minor. 

inaccuracies. A magnetic stirrer would have improved the 

technique. 

For these reasons red cell suspensions were used for 

much shorter periods — never more than one hour. 

3. It has been assumed that the blood (or other meal) 

reaching the mid—gut of a fly was essentially similar to 

that in the feeder. There is evidence to support this 

assumption. 

The estimates of erythrocyte concentration in normal 

blood and that in the mid—gut of L. longipalpis 1 minute 

after feed were similar. Further evidence that mammal—

biting sand—flies do not filter red cells out of the meal 

was provided by Shortt•e4 Swaminath (1928), who concluded 

that the fascicle canal of P. argentipes allowed the passage 

of at least three red cells abreast. Prom its known habits 

and the structure of its mouthparts, L. longipalpis is a 

typical mammal—biting sand—fly; these normally have a wide 

fascicle canal (Lewis 1975). Yost fat cells (Lewis 1975) 

and the larger white cells (R.. Ashford pers.comm.) are 

probably the only constituents filtered out of a meal. 

4. The results of section 2 support the assumption that 

the proteinaceous solutions testod for their effect on egg 

maturation were ingested into the mid—gut, and were there-

fOre available for digestion.• 

k large -eroportion of the flies fed on the solution of 
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amino acids "lea 1" failed to mature eggs. This was not 

surprising because the meals were very small. Later, 

however, it was realised that a part of such solutions 

(containing 205 sugar) was often dispatched to the divert-

iculum. For the few feeds obtained, egg production on "Lea 

2", which contained less than 100 of sugars, ,as more 

consistent. This suggests that not all of the .measured 

meal of "Lea 1" was available for egg production. 

5. The plasma for these experiments was prepared by 

centrifuging heparinised hamster or citrated human blood, 

and therefore undoubtedly contained some red cells and their 

contents. Therefore, the contribution of plasma to egg 

production could have been overestimated. 

. 6. 	Sterile conditions are required in order to observe 

actual nutritional reouircments in insects. Such conditions 

were not maintained dux in„ these experiments, but every 

effort was made to limit microbial growth. 

The membranes were prepared from freshly killed or deep-

frozen chicks and used immediately. They should have been 

no less sterile than the shin of a living host. The feeding 

apparatus was cleaned in a surfactant to remove proteins 

(Decon 90 from IDH), washed several times ir boiling water 

and then .methanol to remove fats and amino acids, and heat-

dried at 200°C before use. ill solutions were prepared from 

refrigerated and/or desiccated ;;-use reagents, or blood 

freshl drawn from the host (hamster) or a sterile pack 

(human). 

Singh (73 Mrcr:yri (157) were able to rear the larvae of 
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le• ae,:vv)ti in aseptic conditions and thus determined the 

recuiremonts (larval and adult) for o8genesis. 

The conditions necessary for rearing sand-fly larvae do 

not loud themselves so cmsily to sterile technique. 

7. 	It has beer assumed that the ovaries respond 

ou_antitatively to changes in adult nutrition solely by 

naturing different numbers of eggs and not eggs of different 

size. This was not Proven, although the variation between 

the few egg batches meaunred was slight. According to 

Shanron Hadjinicalao (1941) the size of the egg does not 

vary with the size of the female in- Anopheles, but does vary 

considerably between species. Jon „coon  (1964) in a review 

of -reproductive processes and nutrition. in insects stated 

...."Tr contrast to the great flexibility in fecundity and 

fertility is the constancy of the egg dimensions under 

varying nutritional conditions". 

The number of e2;7s natured on two blood-meals: L. lon-,i2 is 

could only be kept alive after the first gonotrophic cycle 

by preventing oviposition. Therefore all the females 

taking a second feed (6 days after the first) contained 

fully matured eg;.::s. Iro eg[.:s were matured on the second 

real, although this was fully digested. 

Similarly Detinova (1953) found that the follicle 

anterior to a retained egg in An. maculipennis degenerates 

during the following gonotroPhic cycle. In this example, 

the retained eggs were laid with the next batch or recorbed. 

There is evidence that-L. lon-il-)alpis does not recorb 
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matured eggs (Unpublished data), but as at least a few of 

the retained errs are often passed into the oviducts 

(Section 4) it is surprising that there was not a small 

increase in the number of eggs matured. 

Body weir-lt  of  females of  Ii. 11n L12L1Pis and ,w7-; maturation: 

Christoehers (1960) found, from his (3,::n results and those 

of others, no suggestion of any close relation between the 

number of eggs and the size of the female of Ae. aegnpti. 

Other reports are contradictory: Barlow (1955) concluded 

that for Ae. hexodontus female body—weight was correlated 

more closely than meal—weight with the number of ergs 

matured. For Palay and Thstxalian colonies of Ae. aeg7Ptil  

Colless & Chellapah (1960) established that the number of 

ems matured depended emially on female body—weight and 

meal—weight. However, working with another colony of the 

same species ,Johe et al. (1956) could not find a statist-

ically signific-nt association between body—weight and the 

number of eggs matured. Similarly, no significant relation-

ship was found for C. sDlinarius (Shelton 1972). 

79ody—wefight as a measurement of female or fat—body 

size, may exet its eff ect on e:cg 7Toduction either at the 

"intiation" or "promotion" phase of oogenesis. Thus the 

number of acytes that reach the resting stage in the ovary 

of a mosquito can depend on the size of the ovary, which 

depends or. the Physic-1 size of the female (Cholless 

Chellapah (1960), the nutrition of the larva and the 

nutrition of the adult (Clenel:,ti3 1963). Me fat—od,y of 
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Ae. aegypti  synthesises yolk—protein (Hagedorn eT, Fallon 

1972) and therefore it is possible that stored reserves 

contribute directly to the maturation of resting stage 

-acytes; they may do this indirectly 	allowing the 

mosquito to use more of a blood—meal for egg maturation 

instead of for general metabolism. That a blood—meal can 

be used for general metabolism and not for egg maturation 

has been shown for mosquitoes (I°acDonald 1956) and suggest-

ed for P. papatasii (Adler & Theodor 1935). 

In the present study, it was shown that for sugar—fed 

females of L. longipalpis there is a small but significant, 

positive correlation between body—weight (at feed) and the 

number of eggs matured. This relationship is usually mask-

ed by that of meal—weight to egg production. 

There is evidence that for 	sand—fly species 

female body—weiht is governed by larval nutrition: Thus, 

the mean weights of female pupae increased after coloniz-

ation — almost certainly because the laboratory diet for 

larvae was better balanced than the natural one (Section 1). 

Further, the mean weight of females at emergence (which is 

proportional to the larval weight at the end of the feeding 

Period) was higher when they were reared as larvae at 25°C 

rather than 25°C;. at 28°C the metabolic rate' was higher and 

the feeding period shorter. 

however, as the. resti 	stage acytes in each ovary 

could not be counted it can only be speculated whether 

larval nutrition affects eg production in I. lon!:.ipalpis. 

In natural populations, variation in female body—weight as 
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a result of differences in larval nutrition are probably 

far greater. This variation could help, through its effect 

on egg  production, to co—ordinate the size of larval 

populations with food supply. 

The effect of sucrose feedinrt on  egg production: The weight 

of a L. longipalpis female at the time of blood—meal was 

proportional to her weight at emergence (4 — 6 days before))  

but those feeding on a sucrose solution lost little or no 

weight in this period, whereas the weight of those offered 	• 

only water fell by 245. The most likely explanation is that 

those. deprived of sucrose lost weight because food reserves 

in their fat bodies were utilized but not replenished. In 

this connection, Clements (1956) found that the fat body of 

• mosquitoes shrinks to almost nothing in the first few days 

of adult life, but later becomes massive from nectar feeding. 

Dolmatova (1946) reported a similar phenomenon in P. 

papatasii. 

Alternatively, it miht be argued that as sucrose-is 

a phagostimulant for sand—flies (Chariiotis 1975) the weight 

differences could simply reflect the amount of fluid 

imbibed by each group. However, for the weight differences 

involved (0.05 — 0.10 mg) the abdomens of sugar—fed flies 

would have been noticeably swollen; this was not so. It is 

also unlikely 

through failing to re-olenish their metabolic water — for 

females that have been kept without water will drink when 

damp filter paper is offered. 

that those offered only water lost weig ht 
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Sugar—feeding was not essential for agenesis in 

females of I.. lon7ipalpis. Unsworth 0; Gordon (1946).  

found the same to be true for laboratory—reared P. 

papatasii. 

The regression coefficients for eggs matured on 

weight of human blood—meal were the same for the groups 

offered and denied eucross, However, fewer eggs were 

matured (per mg of blood) by those which had been: denied 

sucrose, i.e. there was a more—or—less constant (not prop-

ortional) difference between groups. The constancy of this 

difference suggest that without a supply of carbohydrate 

before the blood—meal, females of L. longipalpis resorb 

some of the resting stagemOcytes in t}-..eir•ovaries. 

Presumably, in nature a female'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 female a.,ne an er:g production: '.:Jth increas-

ing age the mean weight of groups of females of L.1 riipalsois 

fell, even though sucrose had been offered from aaergence. 

Also, the number of eggs matured on given weight of 

hum en blood was less for older flies. T' at these differ-

ences were only significant for the smallest blood—meals 

suggests that they resulted from asorption in the 

"pronotion" phase and not the "initiation" phase of 

ooganesis. This also indicates t':• .t the fat—body reserves 
of the females do, in mart , influence egg production. 
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The effect of environmental factors on  egg production: 

Temperature affects a multiplicity of enzymatic reactions 

in insects and, as each has its own characteristics, the 

observed effect on egg production is the overall balance 

among them ('Agglesworth 1965). 

It is true for many insects (Engelmann 1970), and L. 

longipalpis is no exception, that the temperature limits 

for reproduction are much narrower than those for other 

activities. In its cave of origin, the strain of L. 

lonfipalpis from Belo Horizonte rarely encounters a daily 

temperature outside the range of 30°  to 18°C. In the 

laboratory, females survive for several days when kept 

at 18°C without sucrose, but agenesis is impaired at 

- temperatures of . 20°C or less. Between 22.5°  and 30°C the 

relationship between the number of eggs matured and the 

weight of blood imbibed was constant, but at 200± 100 soma  

of the females did not digest all the blood imbibed and 

therefore matured fewer eggs. 

By recordin the first appearance of the dark faeces 

that mark the end of digestion, the rate of digestion at 

these different temperatures wan estimated. These figures 

are very amrroximate because observations were Tlade only 

once a day (at 10.00 hrs). However, a trend appeared 

which indicates that the rate of digestion increases prop- 

orti onally with t e31-meratuf2e 	200 and 3000 there 

was a Q10  of about 2°0. This is of the sa::1.e order found 

for Ae. aeTy7)ti (7illiams 1956), fen. naculipennis (Shlenova 
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1938) and P. Papatasii (Doimatova & Demina 1971) for the 

temperature range 15°  to 35°C. For P. napatasii, however, 

the 010  relationship did not hold below 20°C - digestion '  

at 18° to 21.5C took twice as long as it did at 22° to 

25°C. Interestingly, temperate species of sand-flies are 

only active as adults when the daily temperature rises 

abbve about 20°C e.g. Rioux  et al. (1969) and Danatova 

Demina (1971). 

The effect of temperature on egg production throurh 

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 able to 

complete in her life. 

Humidity. In many insects a significant proportion of the 

total water loss occurs through the respiratory surfaces; 

during periods of active metabolism the spiracles are open 

and water loss increases (Edney 1957). Therefore, in dry 

environments one might expect the digestion of a blood-

meal to take longer - the oxygen supply being restricted by 

the insect's reluctance to open its spiracles. Observations 

on several Indian- species of Anopheles showed that during 

the hot dry months blood digestion took 2 - 3 days longer 

than it did in the more humid months (T,Tayne 1928). 

A slower rate of digestion p-,nd/or water imbalance 

resulting from a low humidity could reduce eggproduction. 

However, as pointed out by ingelmann (1970) unless the 

atmosphere has a very Thw humidity most blood-sucking 

insects obtain sufficient wa':or with their food . For 
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females of L. lon~ipalnis comp~eting digestion of the 

blood-meal the numbeT of eGGs natured (pel' mg of h~~an 

blood) was not affected at 25 0 C by hur!lidi ty .in the ranGe 

60~s - 955· j PJI. The effect of the atmosphere of 60~s IUI 

on eGg production \VEtS all-or-nothing - siQ.1ific8-Yltly 

more fenales failed to digest their blood-meala at 60~~ 

RiI compared VIi th 9 55~ RtLI. 

The egg production of a T'o:p1J~ation of-__ L-:;,.._;L_o_l ..... 1<_~ .... i ... lJ_a_J_-n .... ~_: .. _~: 

This 6epends, in part, on the proportion of females that 

digest t:·~.eir blood-meal, ,:vhich is inrl-uenced by environ-

mental factors, the physiological condition of fenalesand 

perhaps the nature of the meal. In the present study no 

host adaptatlon was observed but the % of fenales faj_ling 

to digest a blood-nee.l VlaD higher for those gro·ups that 

were deprived of sU8ar, kept at a 10VJ teHpe:catu~8 or not. 

offered a blood-meal \'Ii th.in 6 days of emergence. 

T'.'~atinG and eG{( maturation;. For the females of many her:~i-

metabolous insects m8,tir1C is 2. stimulus for eGg maturation, 

but for most holomet2.bolous species it affects oviposition 

t ' ..1-h It • r8. 118r lJ on oogenesl S (Eng81marm 1970). Aft er revi eVling 

this subj ect Clements (1963) conc11.J.c1ed that the evidence 

for the belief that some species of Ano-oheles 'Ni.l1 not 

mature egGs if "L1Thllated \"las inadeCJ.1J~ate; it ':.JPvG only ovi-

positj .. Ol1 the:t ·\.':[-1,S afi'ect~_;c3. by inDem~.!.n8.tion. T::ore roo9Dtly, 

hO"::070?::', 1:0010. /L Lea (1972) ftB,VC 0>0·::301: thnt the sperr".. of 
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Females of P. papatasii (Dolmatova 1942) and of three 

North American species of sand-flies (Chaniotis 1967) have 

been sham to mature normal-size egs when unmated, and 

there is circumstantial evidence that the same is true for 

I. gonezi and I. sangainarius in Panama (Johnson._ & Hertig 

1961). Unmated females Of L, longipalpis4  too, mature and 

lay normal-size eggs after a blood-meal. There may have 

been a tendency for the unmated females to mature more eggs 

than the mated for human blood-meals of less than 0.3 mg. 

Without any interference from males, unmated females may 

have been able to take sugar meals more regularly and not 

wasted energy in mating activities. Such- group inter-

actions have been reported for Drosophila melanogaster  

(Pearl 1932). 

Then seen, wild populations of L. lmmipalris have 

contained a good proportion of males (Killick-Kendrick 

at al. 1975). Yating occurs before, during or after a 

blood-meal in the laboratory. Thus unless male-density 

is a means of regulating population size it cannot be to 

the advantage of the relatively short-lived sand-fly to 

delay egg maturation until-  mating has occurred. 

In conclusion: In L. loni--)alpis, the digestion of the 

blood-meal and the maturation of the eggs are concurrent. 

The results of the present experiments support the idea 

that the blood-meal is the source of nutrients for vitell-

ogenesis, and tht the maximum number of acytes that can 

be matured depends on f7fmale body-weight, sugar-feeding and 
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.age. Egg maturation is normal within a wide •range of 

temperature (22.5o - 30°C) and humidity (W 100 RH), 

and does not depend on mating. 

The ingredients in the blood-meal esseL:tial for egg 

maturation are amino acids . The number of eggs natured 

. by a female is proportional to their concentration in the . 

meal. 

The red cell fraction of a blood-meal is digested less 

rapidly than the plasma which means that much of it is not 

made available for vitellogenesis. In this respect, there 

are differences between the red cells of hamster and 

human blood which may. explain in part the greater efficacy 

of - hamster blood for egg production. However, differences 

in the composition of the stroma of the two tyPes of cell 

account for some of this  superiority. 

For I. lonipalpis the quantitative effect of differ-

ent vertebrate bloods on egg production is surprisingly 

similar to that reported for the mosquito Ae. apq.vpti. 

Supported by the findings from artificial feeding experim-

ents, • this suggests that these blood-suckingnematocerans 

do not have nutritional needs for egg production. that can  

he met only by specific hosts. 

It is usually argued that the blood-sucking habit has 

been retained to supplement a poor larval diet (Downes 1958), 

but its retention would seem to -';.)e a positive advantage 

even. when larval nutrition is adequate. Blood-meals enable 

the female sand-fly to maintain its water-balance when the 

humidity is low (Theodor 1936), and being a concentrated 
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source of nutrients can provide for additonal egg batches 

without causing the fly to spend long periods away from 

the optiral environment - a humid nook where predators 

and violent fluctuations of temperature are rare. 
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SECTI:01,  FouR,: 

THE EIP-.7.:CT (YP -1HOTO=TOD Arrf.) OTITEJI 

EGG—TJATEG :BY 

IYYRODUCTION. 

The difficulty of inducing female sand—flies to lay 
most of their eggs and thereafter to survive sufficiently 

.long to begin a second gonotrophic cycle has long been 

recormised as the most serious hindrance to establishing 
a sand—fly colony (review, Unsworth (!?:: Gordon 1946). None 

of the reports of attempts to rear sand—flies have stated 

that this phenomenon is unnatural, but from the efforts 

made to improve oviposition success one might assume that 
it was thourzht so. 

Working. with P. papatasii, \-Taterson (1922) developed 

the method of confining engorged females in damp,earthen-

ware pots to provide both the humidity necessary for their 
survival, and a surface damp enough to stimulate egg—laying 
without trapping them on droplets of condensation. In a 

similar vein, Shortt et al.(1926) carefully regulated the 

physical conditions in vthich they maintained engorged P. 

argentipes and thereby induced many to pass through 2 or 

3 gonotrophic cycles. Adler a Theodor (1935) were similarly 

successful with P. papatasii. However, later workers have 

shown that a fine regulation of temperature and humidity 
are not sufficient to induce many other species to survive 

more than one gonotrophic cycle (Chaniotis. 1967; Foster 
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et al. 1970; Gemetchu 1972; ';:ard 1974). 

One of the commonest explanations for the "premature" 

death of female sand-flies is that egg-laying is "exhausting' 

(Newstead 1911; ':ihittingham .e; Rook 1923; Chaniotis 1967; 

Dolmatova & Denina 	In this connection, Chaniotis 

.(1975) has shown that for I. tranidoi sugar-fed females 

lay more eggs than those deprived of sugar. 

Often, attempts have been made to improve the ovi-

position performance of sand-flies by maintaining them in 

"natural" chambers containing pebbles, soil and faeces 

(Smith 1925; Unsworth & Gordon 1946; Najera 1949; Safyanova 

1964; Vattier-Bernard 1968; Foster at al.1970). From the 

knoWledge available of habitats where sTfld-fly larvae 

live, such conditions should be optimal for egg-laying. 

For example, Thittingham & Rook (1923) reported that P. 

papatasii females usually lay their eg7;s underneath pieces 

of earth, stones or insect remains. Similarly, Hanson 

(1961) collected Panamanian sand-fly larvae from the soil 

at the base of trees, and Perfil'ev (1968) records that 

sand-fly larvae have been found in Russia in the soil and 

faeces on the floor of rodent burrows. However, despite 

all the work that has been carried out only twice has it 

been. reported that naturgl chambers improved egg-laying 

success. Foster et al. (1970) found that engorged P. lonri_pes 

laid more eggs and lived longer after oviposition when they 

were kept in. cages (not vials or tubes) containing damp rots 

filled with organic materials. In "natural" chambers, 
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females of P. papatasii have survived for 4 gonotrophic 

cycles (Perfil'ev 1968). 

In the present study, some external factors that 

affect ego-laying by laboratory-reared h. loni-palris 

are described. Particular attention was paid to the effects 

of photoperiod. The influence of photoperiod on egg-laying 

does not seem to have been investigated before for sand-

flies, although its effect of entraining circadian egg-

laying rhythms has been well studied for Ae. aegvpti 

(Gillett et al. 1959; Haddow et al.1961) and other insects 

(raview, Engelmann 1970). 
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METHODS . 

The rearing methods and oviposition tubes have 

already been described in Section 1. Unless otherwise 

stated, females were fed on human blood and then maintain-

ed in carefully controlled conditions in environmental 

cabinets set at 25°± 1°0 and 12 hours light (06.00 — 18.00 

hrs 

In some early experiments the filter papers provided 

for oviposition were dampened with water daily from the 

day of the blood—meal. Later, water was only applied from 

the -4th day after a blood—meal; in this way fewer females 

were lost through trapping themselves on damp surfaces. 

For the photoperiod experiments, eggs were counted 

at 06.00, 12.00, 18.00 and 24.00 hours. A dark—red 

light was used when counting egg—lays during a dark period. 

A photoperiod of 13 hburs (22.00 — 09 00 hrs GMT) was 

chosen as that most close to the natural one in Belo 

Horizonte at the time of year when the experiments were 

carried out. Later, 18 hour photoperiods were us: d,so that 

the dark period was not interrupted even by dark—red light. 

RESULTS. 

Time of ovulation. 

4, 5 and 6 days after a human -blood—meal 12, 8 and 8 

(resPectively) females that had not ovinosited were killed 

and dissected to determille the location of the eggs they 

had matured. 
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'TIth one exception, the egs in females dissected 4 

days after a feed lay closely stacked in two discrete 

grou.ps. In contrast, many of the eggs in those females 

dissected 5 and 6 days after a feed were more loosely 

associated and often floated away singly once the abdomen 

had been opened. 

It is concluded that at 25°C many eggs were passed 

from the ovaries into the oviducts during the 48 hours 

after they had reached maturity. 

Fertilit7 of retained e- ;s. 

7 days after a human blood-meal 5 living females and 

5 females that had died in the preceeding 24. hours were 

dissected and the egcjs they contained set up in larval 

rearing Tots. All of these females had laid some eggs, 

and each egg batch was la ter found to be fertile. 

addition, 10 females which had not laid any eggs  were killed 

7 days after a blood-meal and their eggs similarly removed 

and set up to observe if they hatched. 

For the retained egg-batches from living flies, 0/54, 

2/33, 0/26, 0/15 and 0/40 eggs hatched. • For the retained 

egg-batches from dead flies which had laid some eggs, 0/9, 

0/27, 2/19, 0/42 and 0/21 eggs hatched. All of the retain-

ed eggs from females that had not oviposited failed to 

hatch. 

I,c_ost of the eggs dissected from all of these flies 

had tanned (to a dark brown) within 2 hours of their 

removal from the fly. In other experiments, too, it was 
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noted that most (often all) of the mature eggs -removed 

from flies which had been dead 1 — 10 days were tanned. 

similar rate of tannin has been observed for normally 

laid eggs. 

Notes on behaviour before and durinr,  ovipositon. 

During the first day in the oviposition tubes ngorged 

I. lon7ipalpis were noticeably active. It was at this time 

that many died after squeezing themselves between the 

dampened filter paper and the side of the tube. In the 

following 2 — 3 days most females remained inactive, either 

resting on the filter paper or inverted on the gauze top 

of. the tube. From the 4th day after a blood—meal (at 25°C) 

the gravid females became more active, and the first ea;s 

were laid. 

For females that survived at least 12 hours after 

the first egg had been laid, the following behaviour was 

observed Each egg was gently laid by the female squatting 

and drawing the tip of her abdomen forward over the damp 

surface as the egg was extruded; the female waited for 

at least several minutes before walking a short distance 

and laying another. The result was that eggs were widely 

scattered on any damp surface within the tube. 

Often, however, a female died shortly after the first 

egg had been laid. Sometimes she was found trapped on - a 

damp surface with a pile of eggs beside her, and more being 

rapidly extruded. At other times dead females were 

discovered with a small trail of attached eggs stretching 
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behind them like a string of sansa:;es. 

Indices of e-layini2 success. 

For many of the experiments to determine the effect 

of various factors on egg-laying there was no significant 

difference in the pro-oortion of females that laid at least 

some eggs. Nevertheless the mean number of eggs laid in 

different conditions -showed a wide variation. Therefore, 

the index of " of females laying" was not considered 

helpful. 

The use of "the number of eggs laid" as a way of 

recording the periodicity of egg-laying in different 

photoperiods was considered valid because the females 

concerned, had all taken large meals. However, the groups 

of females used for the other experiments showed a wider 

range of meal-weights. Thus although these experiments 

were carried out by randomly splitting otherwise uniform 

stock, there remained the possibility that an index of 

egg-laying success based on the absolute number of eggs 
of 

laid could depend on the chance selection/uneven blood- 

meal weights.• 

With these considerations in mind, the mean 5 of 

mature eggs retained by a group of flies was used as an 

index of.the unsuitability of different egg-laying condit-

ions. I;17..en tested in two different laboratory-reared 

generations (2 and 6) it was found that this index was 

independent of the number of eggs matured (Fig. 38), which 

confirmed its suitability. 
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These results refer to paired (i.e. controlled) 

exneriments; they are set out 	Table 27. The 	of 

eggs not laid" is a mean for all fenales in a group which 

survived to digest a blood-i'aeal; this includes those that 

failed to le,y any eggs. 

The post-ovilosition lonE,,evities have not been set out 

because they were always low '(1 - 5 days) and varied with-

groups as much as they did between treatments. 80 — 90(;,; 

of all females died within 24 hours of ovirosition. 

The effect of photoperiod on e7.-lain7. 

The effect of. photoperiod on the periodicity of egg-

laying is set out in Table 28. Each exreriment has been 

given a number so that the effect of photoperiod on the 

• duration of egg-laying (Table 29) and the distribution 

(in time) of egg-laystFigs. 39 - 42) could be set out 

without repeated reference to the conditions experienced 

by the preimagines and prefeed.  adults. Therefore, Table 

29 and Figs 39 - 42 should be used with reference to Table.  

28. All these results refer only to eggs laid by females.  

in the first 6 hour period of egg-laying. This has been. 

done deliberately, because relatively few eggs were laid 

after the first spell, and those few were likely to have 

been laid involuntarily by dying females. 

For e=periment 11, many of the eggs laid in the day 

quarter 10.00 - 24.00 must have been deposited before the 

start of the dark period (at 22,00 hrs) because they 



were well—tanned. at 24.00 hours. 	
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lAth reference to Table 28 the relative effects of 

different photoperiods on the periodicity of egg—laying 

can be tested by comparing the total 	of eggs laid in 

each 6 hour observation period with the even—distribution. • 

value of 255. ,ssuming a binol distribution, the 

standard deviation (S.D.) for each readig is given by 

n = total number of observations (Dailey 1968). In 
------- 

the present situation S.D. = 25 X  75 = 4.3. Therefore, 
N 100 

the 95  confidence limits are ± 8.8, i.e. any percentage 

outside of the range 16.25 — 338 is significantly 

different from the expected mean of 255. • 

The rlean 5 of eggs r.ot laid by the groups of flies 

experiencing different photoperiods varied frOT±1 750.1. to 

44.9 ;T.% There was no obvious pattern: Thus, a mean of 44•9+ 

15-6 of matured eggs were retained by 22 flies - ovipositing 

in a regular 24 hour cycle (Experiment 11a), and a mean 

of 35'6+ 142;,:,  of matured eggs were retained by 28 flies, 

ovipositin arthmically (Experiment 12(b)). 

Af---  
Ea  where p = 5 value expected, 	.. (100 — p) and 
n 
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EXPERT 
-MENT CONDITIONS TREATMENTS 

No. OF 
FEMALES 
TESTED 

MEAN % OF 
EGGS NOT LAID 
(RANGE 0-100 
FOR ALL) 	. 

+ 	95% 
CONFIDENCE 
LIMITS 

POST-FEED 
LONGEVITY 
(DAYS) 

+ 	RANGE 
(DAYS) 

1. 25oC.,70%Rll. 
4 - 6 days old 
at blood-meal. 

30% sucrose 
all life 

19 47.5 * + 	19.4 9.5 (4 --15)  

Watered from 
blood-meal. 

No,sucrose 
all life 

16 83.4 * + 	17.1 6.5 (4 - 11) 

2. 
_ o 

25 C.,70%R11. Sugar all life 15 38.6 * + 	19.5 8.5 (4 - 12) 
4 - 6 days old 
at blood-meal. 
Watered from 
blood-meal. 

No sugar 
all life 

13 76.2 * + 	12.1 6.0 (4 - 10) 

3. 4 - 6 days old 30°C. 	(loop.H. 15 + 	22.2 4.5 
at blood-meal. (80%1111. 14 r( 8:5)  + 	22.0 7.5 (3 - 11

) 
 ) 

Watered from 
blood-meal. 25°C. 	(100%1111. 15 48.3 6.0 (4 - 8) 
Sugar all life. 13 20.9)* + 	16.2 5.0 (4 - 8) 

r6

5%RH. 
SORH. 16 34.5)* ± 	17.1 7.0 4 - 15) 
0m. 14 49.0 ± 	22.7 10.5 5 - 16) 

20°C. 	(1000.11. 
(80%R.H. 

12 
11 

5756.: 

24.1 
23.0 

11.0 
12.5 

- 15) 
7 - 16) 

(6opm. 9 
62.1* 

* + 	19.8 11.0 9 - 15) 



( Hamster 	18 
blood—meal 

Human 
	13 

( blood—meal 

38.4 

34.0 

  

MEAN % OF . 
No. OF EGGS NOT LAID -+ 95% 	POST—FEED 
FEMALES (RANGE 0-100 	CONFIDENCE LONGEVITY + RANGE 
TESTED FOR ALL) 	LIMITS 	(DAYS) 	(DAYS)  

P 
EXPERI 
—MENT CONDITIONS 

fJ 

TREATMENTS  

 

4. 	25°C.,95PH.( Age at brbod—meal: 
Sugar all life. ( 2 — 3 days 	20 
Watered from 	( 4 — 6 days 	12 
Ath, day after ( 11 — 12 days 	15 
bloodmeal. 	( 15 — 16 days 	9 

'p
a T

IL
IT
4

U
09

  

	

26.4 
	

+ 15.7 
	

5.0 
	

(4 — 11) 

	

27.0 
	

+ 16.7 
	

7.0 
	

4 — 11) 

	

36.2 
	

+ 19.5 
	

4.5 
	

4 — 6) 

	

64.4 
	

+ 31.2 
	

4.5 
	

4 — 5) 

_ 
25

o 
 C.0)41E. 

Sugar all life. 
All females 
4 — 6 days old 
at blood—meal. 
Watered from 
4th.day after 
blood—meal. 

6. 	25°C.,1005RH. Sugar 
all life. All females 
4 — 6 days old at 
blood—meal. Watered 
from 4th. day after 
blood—meal. 

+ 18.0 
	

6.0 
	

(4 — 8) 

± 20.2 
	

5.5 
	

(4 — 8) 

± 24.8 
	6. 0 	 _ 

+ 16.8 
	

5.0 	 — 7) 

+ 18.5 
	

7.0 
	

(5 11) 

Oviposition 
surface: 
White filter 	14 

	
28.6 

paper. 
White filter 	13 

	
33.9 

paper impregnated 
with rabbit faeces. 
Rabbit faeces. 15 	37.0 



+ 23.6 

+ 18.8 

+ 15.7 

8.0 

10.5 (7 .- 14) 

( 

 

MEAN % OF 
No. OF EGGS NOT LAID + 95% 	POST—FEED 
FEMALES (RANGE 0-100 	CONFIDENCE LONGEVITY + RANGE 

TREATMENTS TESTED FOR ALL BUT y) 	LIMITS 	(DAYS) 	(DAYS)  

H 
• EXPERI 
O —MENT CONDITIONS  

■J 

7. 	25°0.400PM. 
Sugar all life. 
All females 4-6 days 
old at blood—meal. 
Watered from 4th. day ( 
after blood—meal. 

•

pa
nu

T I
.u

oo
  

Mated — 	11 	37.1 * 
fertile 
eggs laid 

Unmated 
	

14 	80.0 * 

8. 	25°C.,l00%RH. 
Sugar all life. 
All females 4-6 days 
old at blood—meal. 
Watered from 4th. day 
after blood—meal. 

Mated — 	17 	32.9 * 
fertile 
eggs laid 

Unmated 
	

17 	62,7 * y 	+ 12.2 
(30,3 — 100.0) 

9. 	25°C.,1005,RH. 	( Mated — 	12 	34.5 
Su 4r all life. 	( fertile 
All females 4-6 days ( eggs laid 
old at blood—meal. 
Watered from 4th. day UnMated 	8 	65.7 
after blood—meal, 

+ 24.7 

+ 24,5 MEI 

-r- 
O 



28°C 909 I 
84.7 0 5.9 9.3 

28°C —1 611 
691 8.2 0 22.7 

26.5°C 453 
42.0 0.2 0 57.8 

26.5°C 1,214 

63.7 7.8 10.1 18.6 

26.5°C 963 
35.2 18.7 23.1 23.0 

6 2.5°C 

REMEMBI 	 

a 	26.5°C 

10 

b 	
(  
(26.5-

„  
C 

a 	(26.5°C 

11 

_ 
b 	(26.5°C 

(26.5°C 

MIZE= 	 

-...;4+4,•!ace,kg 

I 	 

1 
	I 

28°C 

28°C 

26.5°C 

26.5°C 

1 virleSTM  

EXPER— CONDITIONS FOR PREIMAGINES 	CONDITIONS FOR PREFEED ADULTS 
IMENT  

24 6' 12 18 24HR. 

CONDITIONS FOR•POSTFEED ADULTS TOTAL 
EGGS 

24 	6 	12 	18 	24HR. LAID 24 6 12 18 241iR. 

% OF TOTAL EGGS LAID 
IN EACH QUARTER 

Table 28. The effect of photoperiod on the periodicity of egg—laying by L.longipalpis. 

1. time of feed. 



EXPER— CONDITIONS FOR PREIMAGINES 
INTENT 

CONDITIONS FOR PREFEED ADULTS 	CONDITIONS FOR POSTFEED ADULTS TOTAL 
EGGS 
LAID, 24 	6 	12 	18 2411R. 24 	6 	12 	18 	2411R. 	24 	6 	12 	18 	24flIt. 

% OF TOTAL EGGS LAID 
IN EACH QUARTER 

ONCE 
a (26.5°C 

( 

752 1 1 amMll 26.5°C 	 26.5°C 
22.6 	11.1 	13.1 	53.3 

12 ( 

b 
(  
(26.5°C 1,003 1 1 26.5°C 26.5°C 

14.9 	12.6 	36.6 	361 

a r6.5°C 26.5°C 	 26.5°C 926 1 
17.0 	16.2 	56.1 	11.0 

13 ( 

( 
b (26.5-C 26.5°C 	 26.5°C 	MEM11. 820 1 

10.3 	24.2 	9.4 	46.6 

Table 28, continued. 
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EXPERIMENT 

No. OF 
FEMALES 
TESTED 

NUMBER OF 6-HOUR PERIODS FROM FIRST TO LAST EGG-LAY 

1 	2 	3 	4 	5 	6 - 	7 	8 	9 

10 a 

b 

27 

18 

12 

10 

3 

1 

1 

3 

3 

1 

3 

2 

1 

0 

2 

1 

1 

0 

o. 0 

0 
11 a 18 18 0 0 0 0 0 0 0 0 0 

b 36 22 6 7 0 1 0 0 0 CD 

c 32 25 4 1 2 0 0 0 0 0 

12 a 21 19 0 0 0 0 2 0 0 0 

b 24 23 1 0 0 0 0 0 0 0 

13 a 32 21 5 0 1 3 0 0 0 0 

b 28 13 9 4 2 0 0 0 0 0 
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Fig. 59. Distribution of en- —lays for Experiment 10.  

(See Table 28 for details.) 
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fig. 42. Distribution of egg—lays for Experiment 13. 

(All oviposition filter—papers watered 96 hours after 

blood—meal. (12.00,Day 0) Sec Table 28 for details.) 
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Ovulatior, the process by which a matred em is 

passed out of the ovary into the oviduct, can be depend-

ent on an external stiymlus, like the ne - d for impregnation 

in Glossina; in many insects, however, the eggs are set 

free in rapid succession as they reach maturity (+aggles-

worth 1(:)65). Ovulation in L. longipal7i s follows shortly 

after the eggs are matured, and is larr:;ely independent of 

mating; the eggs are not normally fertilized until shortly 

before they are laid. 

Yost reports of eg-laying by sand-flies have failed 

to distinguish between ovulation and oviposition, e.g. 

Thittingham Rook (192n, TInsT7orth 	Gordon (1946), 

Chaniotis (1967), Foster et al.(1970), ,ard (1974). They 

have tacitly assumed that the difficulty with which 

laboratory-reared sand-flies lay their eggs results from 

an environment unfavourable for oviposition. The effect 

on eg-laying success of ovulation and other internal 

Processes could be a profitable stud;j. For exampleisome 

I. lonr4ipalPis females laid strings of eggs laid end-to-end; 

Foster et al. (1970) observed the same for P. lonFiPes. 

The accessory gland secretions may have been unusually 

glutinous in these instances and thereby prevented normal - 	 v 

• ovirosition. 

Some external factors were shown to have an effect on 

egg-le:ying success of I. lo=ipalis.  In 2 out of 3 

experiments, unmated females rtined a significantly 
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higher pecentr:e of eggs than mated females. The virgin 

females of Dirtera often retain 27ost of the eggs they 

Eature (review, Tngelmann 1970), although one notable 

exception is the Tiagos strain of Aedes aeypti (Gillett 

1956). Infertility is a factor that has not been consider-

ed before when the egg-laying performance of sand-flies has • 

been examined. For the strain of I. lonr7iPalpis from Belo 

Horizonte 5howeVer,it can only have been of minor importance 

(see Section 1). 

On several occasions it has been suggested that many 

sand-fly females fail to survive after the first gonotrophic 

cycle because egg-laying is an exhausting process (Whitt--

ingha:m & Rook 1923; Chaniotis 1967; Dolmatova )emina 

1971). There is some evidence to support this view. 

Chaniotis (1975) has shown that females of I. traridoi 

laid significantly fewer eggs when they were deprived of 

sugar. Similarly, the percentage of eggs retained by I. 

lonrfipalpis was significantly higher for groups of flies 

deprived of 305 sucrose. T?urther, there may have been a.  

tendency (not significantl for old (_1.5 - 16 days)I. 

longipalpis females to retain a higher percentage of eggs, 

• than younger flies, pjid for the younger, sugar-fed .flies 

to have a higher post-feed longevity. The finding that 

the 5 of mature eggs laid by a female is independent of the 

number of eggs She matures, seems to contradict the 

eXhaustion hypothesis. This could be a misleading result, 

however, for it is possible that many of the larger egg-

lays come from dying flies; the last-minute extrusion of 
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eggs by dying sand-flies is 7:03-.:Iin.iscent of the raid 

ovii)osition of decapitPted or "shocked"  roscluitoes (Cleents 

1963). 

The othmup. physical conditions for egg-layi-ng y 

lonipalpts females were a temperature of 2500 and a high 

humidity° Siilar -results have been recordd for P. 

papata.sii (Adler e; Theodor 1935) and 2. lonipes (Gemetcha 

1972) . As discussed, earlier these conditions probably 

relate to those occurrinr,: in the humid nooks where enorged 

sand-flies are believed to rest (':hittingham & Rook 1923; 

linsorth & Cordon 1946). Under eYperjmelrl-,aa conditions, 

there was a suggestion that an atmosphere of 0.5c; 	miOit 

have been better than one of 10C ,  T.TH for egg-laying by TA, 

lonFipalpis. Thairically, it has bean found that 955 is 
the o3)timuM }HI for the routine, mass culture of this species; 

the slight saturr7tion deficiency compensates for any excess 

dampening of the OVi TOO cition filter-rapers, crhich commonly 

occurs uhan large numbers of flies are bein handled. 

• Even under optimum physical conditions, sugar-fed 

11..lorgipPlnis females often failed to lay many of their 

eggs, as did many females of P. paPatasii.  (Doimatova 

Demina 1971), L. veYxiator (Chaniotis 1967), P. loni-nes 

(Poster et al.1970; Gemetchu 1972) and .1-J. traPidoi (Chaniotfis 

1 975). Rorsand-flies, "premature"  death and :poor oviposit-

ion success may not be an unnatural occurrence; it is not 
ircopatible with the fact that a species is a known vector 

of leishmaniasis because the females of several vector 

species have been shown to suck blood more than once in a 
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gonotroTpic cycle (Adle (?; Theodor 1935; Johnson (7: Hertig 

1961; Gemetcha 1972). la)reover, since Foster et al. 

(1970) and Thrd (1974) have shown that the woesence of 

granules in the accessory glands is not a certain indicat-

ion of a ?warous condition doubt has been thrown on the 

belief that many species pass through more then one 

gonotrophic cycle in nature. 

Some send-fly populations have been induced to rass 

through 2 or more gonotrophic cycles in the laboratory: 
TJp to 50 of wild-caught F. arrientipes did so (Shortt et al. 

1926); and P. PaPatasii females have been reported as not 

infrequently laying 4 egg batches (Perfil'ev 1968). The 

reasons for these successes are unclear. 

Recognising that the female sand-fly probably recluires 

a number of oviposition stimuli, many workers have prov-

ided mixtures of soil and faeces, often in large breeding 

chambers, to simulate natural breeding sites (review, 

Unsworth J: Gordon 1946; Hajera 1949; Safyarova 1964; 

Vat:tier-Bernard 1968; Foster et al. 1970). In such condit-

ions it is lways difficult to count the number of eggs 

that have been laid. However, only Poster eta  l. (1970) 

has claimed that these more natural oviposition environ-

ments benefit egg-laying and post-oviposition survival. In 

the present study, the provision of rabbit faeces or filter-

Papers impregnated with rabbit faeces did not improve the 

egg-laying success of L. lonipalpis held in glass vials. 

7.7ard (1974) showed that females of the Ceara strain of 
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I. loralDis laid significantly more cgs'.hon. the ,:11-d.te 

filter—paper on which they ovi-oosited was folded to 

s:iLlulate the cracks ond crevices in which tbey na.turally 

12-9-  their ei5S. Sinilar e7)eriments have been carried out 

with the BeaoHorizonte strain of I. lorripanis, but the 

worth of corrugated pavers 	for this 

strain (A.J. Ieaney -Ders.comm). 

For the first day after a blood—meal, L. loncji-nis 

females held in glass vials were active. In nature they 

are probably seezing,a resting site during this De7i.od 

(cf. the relocation of tagged flies described in Section 5). 

The need for en engorged female to spend some time after a 

blood—meal searching for resting sites might be a "drive" 

that is not being satisfied in laboratory conditions. • 

However, when I. lonfd.-palpis females have be 7:3n. kept in 

rearing cages for 1-4 days after a blood—meal mny have 

died and the others have not laid any more eggs than normally 

reared flies (Unpublished data; and A.j. Leaney pers.comm.). 

The effect of Dhotoperiod  on  ep'—laying by L. lonipalpist 

There were no significant differences between the • 

over0,11 percentages of matured eggs that were successfully 

laid by groups of females held in different photoperiods. 

Further, none of the photoperiods significantly improved 

the post—oviposition longevity over that obtained using 

routine rearing methods. 

Although the oviDosition success of L. loniDall-ds was 

not altered by photoperiod, the periodicity of egg—laying 

was markedly affected. Significantly more eggs were laid in 
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day-quarters containinL: dark spells compared with those 

of continuous light. Also, when one half of a 'catch of 

flies was fed 12 ho--is after the other half, the last group 

to be fed showed a peak of egg-laying 24 hours and not 12 

hours after the first; in both cases the peak coincided 

with the period of darkness between 24.00 hr and 06.00 hr. 

Egg-laying was acyclical when females were kept from 

emergence in constant light. In contrast, for those main-

tained after a blood-meal in regularly alternating periods 

of 13 hours light and 11 hours dark, egg-laying was cyclical, 

with peaks in the dark periods. That most peaks in the cycle 

started just before a dark period strongly suggests that 

these were not solely a direct response to darlmess; an 

endogenous, circadian rhythm is indicated, although more 

results will have to be obtained to confirm this. 

The results for females kept in 18 hour photoDeriods 

are eauivocal, but suggest several points which should 

be clarified by further experiments using larger samples. 

Thus, when females were kept all their lives in an 18 hour 

photol)eriod there was a tendency for egg-laying to be 

cyclical. This tendency was less noticeable when flies 

were reared as preimagines and pre-feed adults in continuous 

light. These results suggest that the cyclical egg-laying 

rhythm can be strengthened if it is entrained over a longer 

period. 

There was a llorm.,1 distribution of egg-lays when 

females 7-ere kept in constant light all their lives. Tn 
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comparision, females kept in constant light except for one 

6 — hour peiod of dark (4 days aft(?r the blood—meal) laid 

their eggs in a more cyclThal fashion. 53.3 of their eggs 

• were laid between 18.00 hr and 24.00 hr on successive days, 

during the day--quarter when the solitary dark period had 

been given. Unfortunately, no firm conclusions can be drawn 

from this result because the peak of the normal distribution 

of egg—laying by the females kept in continuous light 

happened to coincide with the day—quarter 18.00 — 24.00 hr 

(see Pig. 41). 

Undoubtedly, the results of the photoperiod experiments 

described here are less.conclusive than they might have been 

because man; y of the eggs were laid involuntarily. Until a 

method is devised for keeping L. lonr..ipalpis females alive 

beyond the first gonotrophic cycle the full significance of 

photoperiod for egg—laying is unlikely to be discovered. 
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FIELD WORT'.  

During the period when I was working for this thesis, 

I was also able to investigate the behaviour of sand-flies 

in field conditions. The aspects of sand-fly behaviour 

studied were those that have a particular relevance to the 

epidemiology of leishmaniasis. 

In 1971 - 72 there was an outbreak of Bala-Azar (K-A), 

or visceral leishmaniasis, in the foothills of the Apennines 

near Bologna, in the province of iriilia-Romagna, Italy 

(Pampiglione et a1,1974a). Not only was the epidemic 

unprecedented (60 cases were reported, of which 13 were 

fatal) but the form of the disease was unusual (Pampiglione 

et al.1974b). 

Foreign scientists of various disciplines were invited 

by Professor Pampiglione of Bologna University to visit the 

region to study the surviving cases and the probable vectors. 

A team from Imperial College Field 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 data on sand-fly distribution, 

prevalence and behaviour in July and September 1973 (Killick-

Kendrick et a1.1975). 

It was discovered that P. pErniciosas, the suspected 

vector of K - A in Italy (Corradetti 1962) was virtually 

absent from the region. Only P. perfiliewi was a potential 

vector in 1973. Two reports out-lining the results and 

recommendations arising fro' the visits were submitted to 
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the administration of Emilia-Romagna (ApT)andix 56 ). 

An entirely different investigation of sand-fly 

behaviour was carried out in Paril State, Brazil, in 1974. 

The specific aim 	to identify the places in the forest 

where anthropophilic sand-flies rested during the day so 

that engorged females could be collected. These were to 

be preciPitin7tested to identify their hosts - the poten_-.  

tial forest reservoirs of human leishmeniasis. 
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OW miTP R=.'STTTM SITES OF ANTFROPOPFTIIC SUTD- 

FLIS Tr 'ARA SiAT 	BP:\ZTL. 

IYTRO-DUCTIOY. 

Teishmaniasis is a major health problem for the poor 

of Amazonian Brazil (Lainson & Shaw 1973). Extensive 

epidemiological investigations have been made to ideptify 

the Phlebotomid vectors and vertebrate reservoirs of the 

several forms of this disease fou2:01 in Par;, State (Lainson 

e; Shaw 1968; Shaw & Laiuson 1968; 'Ward et al  1973; ':yard 

1974). 

Human and animal baits have been used to study the host 

prefere:aces of the common sand-flies (including known vectors 

of leishmaniasis). However, a more direct way of associat-

ing sand-flies with their hosts is to sorecipitin-test the 

blood-meals of engor:-ed sand-flies collected from their 

natural resting places. In the re w World this has been 

successfully achieved in Panama by Tesh et alX1971; 1972). 

Such studies are particularly important when they identify 

the natural host preferred by anthropophilic sand-flies, 

and thereby indicate possible reservoir hosts of human 

leishmaniasis. 

Using catching techniques similar to those eiaployed in 

Pa Hama, Ward (1974) collected large numbers of sand-flies 

from.their diurnal resting sites in the forests of Para. 

Unfortunately, only a handful 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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anthroT)ophilic sand-flies in Para not only by continuing 

Ward's collections but also by following and searching 

for marked flies. An ultra-violet spot-light was used to 

detect flies dusted with fluorescent powders - a technique 

that has been used in similar ecological studies on 

mosquitoes (Zukel 1945; Pal 1947). 
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STUDY AREAS.  

Fig 43 shows the locations of the study areas. 

Forests near Belem.  

Sand-flies were collected in the Utinga Forest and 

adjoining forests in the grounds of the Institute de 

Pesquisas e ExperimentaA-o Agropecuarias do Norte 

(I.P.E.A.N.) situated 4 Km to the east of Bel6m. 

The area is part of the Amazonian river flood plain 

and has an elevation of only 12 - 20m above sea level. 

4/5th of the annual 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. 

- Elevation and drainage 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 have "stilt" roots 

or large buttresses. Igapo (or moor swamr) forest covers 

the poorly drained inland areas, which are water-loggedby 

rain for all but the driest.months. Mature tropical rain-

forest, the "Terra-firme", is found only on the better 

drained river terraces. Much-of this has been felled and 

has been replaced by secondary growth or capoeina(Richards 

1966). 

Much of the present work was carried out in the "terra-

firme" forests, where anthroporhilic sand-flies are most 

numerous (Ward 1974). The main features of this type of 

forest. are the three vegetation storeys (at about 1.5, 20-0 
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Fig.43. Location of study areas in Para state, Brazil. 
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and 35-0 in), a closed canopy and a very high density of 

tree species. I. any of the trees have trunks of moderate 

or small diameter, with long, unbranched boles and 

relatively small crowns. Ground cover is sparser and 

epiphytes are fewer than they are in the wetter forests. 

A layer of leaf litter (rarely deeper than 3 - 4 era) is 

present all the year (Richards 1966). 

In and around Belgm there is little seasonal variat-

ion in temierature (a daily range of 18°C to 27°C), 

humidity (daily range of 705 to 98  PJi) or the length of 

daylight (05.30 hr - 18.30 hr local time), 

Serra Norte (Serra dos Cara-as). 

Purther studies were made in the northern hills of 

the Serra dos Carajas, a pert of the Brazilian Shield. 

This area is endemic for Leishmania braziliensis (Ward 

et al.1973; Lainson et al.1573). Since 1970 about 20 

human cases of this disease have been rerorted annually 

from the area (Dr: R. Lainson, pers.comm.). 

At altitudes of 300 - 500 m, the iron-rich laterite 

of the range au-nports a tall (30 - 45 m), montane rain-

forest similar to the "terra-firme" forests of the lowlands. 

However, it is considerably drier and less humid than the 

"Terra-firme" of the Belem area, especially between June 

and September when it has a distinct dry season. There is 

little seasonal fluctuation. in temTnerature. 
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For these studies 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 1:7ard (pers.comm). 

The species composition of each focus was determined. 

Female sand-flies, mounted in Berlese fluid, were identified 

from the morphology of their spermathecae and foreguts 

(Lewis 19710. 

The capture of sand-flies from human bait.  

Men worked in pairs. One man stripped down to the 

waist and exposed his legs from below the knees. The other 

remained fully-clothed and caught (in plastic vials) all 

female saad-flies that fed on his partner. Following Shaw 

et al.(1972), I have treated the catch made by each pair 

in one hour as representing "2 man-hours". 

Usually, both men were seated 20 - 30 cm above the 

ground, and, at night, each kept his electric torch switched 

on for the whole catching period. 

Daytime collections of resting sand-flies.  

An open-bottomed cage (Chaniotis et a1.1972; Ward 1974) 

was used to trap sand-flies resting on leaf-litter or 

herbaceous plants on the forest floor. The cage was 

constructed of fine, nylon gauze covering a wooden frame 

(1.0m x 0.5 x 0.5m). Plants and leaf-litter covered by the 

trap were agitated with a stick, and any insects disturbed 

were aspirated from. the gauze of the cage where they came 
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to rest. 

The surfaces of shrubs and trees were gently tapped to 

disturb restin7 insects vilich were collected with a pooter. 

Usually, tree trunks were sear ched only to a-height of 2.0m. 
Above this level few anthropophilic sand-flies have been 

captured in Para (Shaw et el. 1972; "ard 1974) 

A wide-nozzled, battery operated aspirator of the type 

.described by Preitas et al. 1966 was used to "vacuum" over 

tree trunks and above leaf-litter as it was disturbed with 

a stick. 

Invesations  with  fluorescent ila-rkers. 

Engorged snd-flies were collected at night from bulaan 

and 'animal baits, and were dusted with a fine, coloured 

. Powder1  that fluoresced in ultra-violet (u-v) light. kfter 
their release they were detected with a powerful u-v snot-

light2  ar)d followed, or later sought, in attempts to find 

their resting .claces. 

Freshly engorged females were captured in 6-0 x 2.0 cm 

snap cap vials. One in four was retained for identification. 

The others were sprayed with fluorescent powder from a fine 

Pasteur pipette introduced through the gauze top of each 

tube. la,,rLed flies were released on the ground near the bait 

within an hour of their capture Flies damaged during the 

1. "Flare" fluorescent :i=ts by Industrial Colours Titd., 

London. S.7.6. 

2. By P.W. Allen Co., London NI TYA; a 125 watt mercury 

discharge lamr, peaking at 365nm. 
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marking were not used further. 

The u—v shot—light was powered by a portable petrol 

generrtor, sum lied with 30m of flex. At night, marked 

flies could be detected up to 10m from the spotlight. By 

day, the range of detection was .only 2m. 

The fluorescent powders used were ZnS based, and 

had an average particle size of 5,A4 They were only 

slightly hygroscopic and adhered well to sand—flies. Thus 

after 7 days dusted sand—flies kept in dry or damp tubes 

in the laboratory could be detected in the field as easily 

as freshly dusted individuals. 

The suppliers advertized these powders as being non-

toxic to mammals and "other animals". In the laboratory, 

dusted blood—fed sand—flies (of the species_ studiedin the 

field) survived and produced fertile egzs as successfully 

as undusted controls. 
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RESULTS. 

I have followed the classification of Theodor (1965) 

but have adopted the genus PsychodoPYrus(lamgabeira 1941)) 

as advocated by Forattini (1971), for those sand-flies 

previously placed in the subgenus of that name by Theodor. 

The capture of sand-flies from human bait. 

"Terra firme" forest (Elocambo), near Belem. From March to 

June 1974, 476 sand-flies were captured in 72 man-hours. 

360 of these were identified, viz: Ps. davisi (86%), 

Lutzomyia yuilli (9%), Ps.paraensis (3%) and other species 

(2%). 

Serra dos Carajs (17th - 26th September 1974.)Captures 

from human baits were made at four altitudes along a 30 Km 

stretch of track cat (by the Meridional Yining Co.,). . through 

the montane rain-forest clothing one of the hills of the 

Serra T orte (Fig 44). 

In both weeks of this investigation catches were Made, 

at each of the four locations for one 2 hour period in the 

morning (approximately 10.00 hr - 12.00hr local time) and 

in the evening (approximately 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 floor of the forest was reached. During a 2 

hour catching period a pair of men stationed themselves for 

hour spells in two spots, 20m apart, near the end of each 

path. . 
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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 occasion 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 recorded in 

Table 30. 

Daytime collections of resting sand-flies. 

"Terra firme" forests, near Belem. 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 searching. 

98 L. antunesi, 48 L. dendrophila, 39 L. romezi and 

14 L. shannoni were collected from the larger, 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 were gravid, while 2 female 

L. dendrophila and 6 female L. gomezi contained partly-

digested blood-meals. 

Serra dos Caralas. No sand-flies were found in leaf-litter 

or on the trees. 

Investigations with fluorescent markers. 

"Terra firme" forest (Mocambo) near Belem. 

121 
135 (95q of sand-flies caught and marked in this forest 

during'the period of these e7,:periments were Ps. davisi. 



Table  30. 

Phlebotomid sand—flies captured during September 1974 on human bait in the Serra dos Caraj6s  

CATCH—SITE: A 

19/9 20/9 

B 	C 

17/9 	23/9 	16/9 22/9 

D 

18/9 24/9 TOTAL 

TOTALS OBTAINED 

BY WARD (1973) DATE OF CATCH: 

SAND—PLY 
SPECIES 

L.sp.260.43 2 7 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 7 116 0 57 0 7 192 3,431 



270 

Only this species was recaptured. Other species identified 

in the samples were Ps. Daraensis (10), L. dendrophila (3) 

and I. brachyphalla (1). Specimens of L. ;smith - disting-

uished from other species by their white thorax and smaller 

size - were also taken from human 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 that had fed on 

human bait in the evening (19.30 hr 22.30 hr) or early 

morning (03-30hr - 05.30 hr) were marked and followed on 

release. All immediately-  flew a short distance (0.5 -

a-Om) and settled either on leaf-litter or 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 a 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. This flight lasted for about 10. minutes 
during which she would halt for short intervals, either on 

the ground or on vegetation. Liost females flew 6 - 10 m 

from the release roint, but one female was observed to travel 

20m. In the morning, especially near dawn, the marked sand-

fly would fly at a height of 0.5m or less, 4nd rarely 

travel more than 5m. 

The site at which the female finally came to rest was 

always within in of the ground, and was usually at ground-

level on leaf-litter. Each site was marked and the fly 

observed at 15 linute intervals. (Constant surveillance 
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with the u-v beam was found to disturb the females at this 

stage). Within 3 hours the majority of females had been 

lost. A few were seen to crawl under dead leaves on the 

ground. 4 of these were recaptured. All were Ps. davisi. 

Detailed results are given in Table 31. 

Searching for marked sand-flies. Each batch of sand-flies 

released in the above experiments had been marked with a 

powder of a different colour. For the three nights 

following their release, the marked flies were sought in an 

area of 20m radius centred on the release point. Each night's 

search lasted for 3 hours. Tree trunks, saplings and the 

lower canopy were scanned with the u-v spotlight. Next, 

ground vegetation and leaf-litter were carefully examined. 

Finally, saplings, shrubs and leaf-litter were agitated and 

cigarette smoke was blown into animal burrows to disturb 

resting sand-flies. However, none of the marked flies was 

found again. 

On two occasions batcPes of marked flies were released 

but not followed. Then 6, 21 and 45 hours after release 

they were sought using the u-v spotlight. Only 2 of the 162 

marked sand-flies were recaptured. Both were Ps. davisi. 

They were found, 21 hrs after release, 18 cm above the 

ground on the leaves of one of the common herbs, Piper sp, 

and only 3m from the release point. 

Capoeira forest, near  

In September 1974, 1. flaviscutellata was captured with 

a box trap desined by Ward (1974). The hamster-baited trap 



DATE TIME OF 
RELEASE 

NO.FLIES MARKED 
AND RELEASED 

NO. FOLLOWED TO 
1st RESTING SITE 

NO FOLLOWED TO 
2nd RESTING SITE 

NO. WITH KNOWN 
LOCATION 3HR AFTER 
RELEASE 

26.3.74 22.00hr 10 10 4 2 Ps.davisi 

23.4.74 22.30hr 20 20 9 0 

27.4.74 22.00hr 25 25 11 0 

11.5.74 04.30hr 25 25 19 0 

18.5.74 05.30hr 20 20 20 2 Ps.davisi 

TOTAL NO. 100 100 63 4 

Table  31. "Recapture" of tagged, engorged sand—flies in Mocambo Forest, near Belem. 
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was placed on the forest floor in the early evening and 

the captured, blood-fed females were collected, marked 

and released on the following morning. Marked flies were 

sought 12 and 36 hours after their release. 3 of the 12 

females marked were recaptured 12 hours after their release. 

All were found on leaf-litter within 2m of the release point, 

and were later identified as L. flaviscutellata. 

Yontane rain-forest (altitude 700m), Serra dos Carajs.  

Between 21.00 hr and 23.00 hr 25th September, 1974, 

100 engorged sand-flies were taken from human 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 under leaf-litter near the release point. 9 of 

these were recaptured and identified as L. sp 260.43 (near 

anduzei), the species biting man in the larest numbers 

in this locality in September 1974. 

No marked flies were found in a search from 22.00 hr 

to 24-00 hr on 26th September. 
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DISCUSSION AID COECLUSIONS.  

The capture of sand-flies from human baits. 

"Terra firme" forests, near Belem. The species captured 

were those most commonly caught by Ward (1974), and 

occurred in approximately the same proportions as they did 

in his catches. 

Montane rain-forest, Serra dos Caraj6s. During a visit to 

this region in December 1970/January 1971, Ward et a1 (1973) 

captured 3,431 female sand-flies from human bait in 50.75 

man-hours. In September 1974, however, only 192 felale sand-

flies were similarlz,  taken in 32.0 man-hours (Table 30 . 

This excludes the 100 flies used for the marking experiment). 

The enormous difference in results reflects the paucity 

of sand-flies of the genus Psychodopyous during the second 

survey. Ward et al.(1973) found that Ps. wellcomei formed 

65 j of the total catch off man, and that other species of 

Psychodopygus accounted for another 295, i.e. a total of 

3,266 flies. In September 1974 only 7 specimens of Ps. 

wellcomei and 25 other Psvchodopygus were taken. In contrast, 

similar numbers of sand-flies of the genus Lutzomyia were 

taken off man in both surveys, and L. sp 260.43 (near 

anduzei) predominated on each occasion (Table 30). 

From the exochorionic sculpturing of their eggs ':;ard 2. 

Ready (1975) suggested that the preimaginesof Psvchodopygus  

spp are adapted to wet conditions. Ward et al. (1973) expressed 

the belief that the lopul tion dmsit7T of L. flaviscutellata 
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(and porhaDs other species of sand—flies). was not so much 

governed by the "mount of rainfall but more by the degree 

of saturation of the top—soil in which the Dreimagines are 

assumed to live. Thus it is likely that the dry soils of 

the Serra dos Carajas in September 1974 did not favour the 

breeding of Psvchodow.gus spp. The large catches in 1970/ 

1971, however, were made at the begininning of the wet 

season when the soils were damp. 

The Serra dos Carajas has a distinct dry season from 

mid—May to mid—September. Daring this time it is likely 

that adult PSvchodoDyFus are inactive or uncommon, and that 

the populations survive mostly as aestivating preimagines. 

Nevi  World sand—flies have been recorded entering dormancy 

(Burin dry seasons) as eggs or 4th instar larvae (Lindquist 

- .1936; Johnson e; Hertig 1961; lard Killick—Kandrick 1974). 

The seasonal occurrence of Psvehodopygus spp.in the 

Serra dos Carajas would limit the period when man is open 

to fresh inoculation with leishmaniasis. Unfortunately, 

no monthly analysis of the cases recorded from this area 

has yet been made. 

Perhaps LutmILL1 spp, too, aestivate or remain 

quiescent during dry spells in the Serra dos Caraj5os — for 

it is interesting that only 5 of a total of 292 sand—flies 

caught in the present survey were taken in the dry, first 

week (Table 30). Only 9.6 mm of rain had fallen from 4th 

September to the end of that first week; but then 18.4 mm 

fell on the night 19th/20th September (Aendix 55). Perhaps 
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the increased moisture in the top-soil stimulated adult 

flies to emerge from aestivating pupae. Alternatively, 

the rain itself may have activated quiescent adults. 

On the resting sites of anthropophilic sand-flies in Par. 

Approximately 124,000 sand-flies have been collected 

in Par from their daytime resting places on tree trunks 

and in animal burrows (Damasceno et al.1949; Nery-Guimaraes 

et al 1966; Ward 1974). With few exceptions, the species 

found have been those that bite man infrequently, e.g. 

L. dendrophila, L. antunesi and L. Fomezi, or (more usually) 

not at all, e.g. L. rorotaensis and L. tuberculata. Only 

rarely h4ve blood-fed females been found. 

Reports from Para of anthropophilic sand-flies 

captured away from human or animal baits are few. Prom 

August 1942 to April 1945 Damasceno et al.(1949) collected 

119,107 sand-flies of 54 species from tree trunks and 

animal burrows. Only 9 of these were of species known to 

bite man ardently, and 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. paraensis (including 4 with blood-meals) and 3 female 

Ps. sp. near squamiventris (including 1 with a blood-meal) 

were the only representatives of strongly anthropophilic 

species. 

Only :lard (1974) has reported collections of s7md-flies 

from leaf-litter in Para.. He made intensive collections 

but found only 25 males and 5 females, Ps. davisi and Ps. 
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paraensis were the species most commonly found in the "terra 

firme" forests near Bele-m. 

At first sight, it is puzzling that so few anthrop-

ophilic sand-flies have been found at rest in Para. Large 

numbers have been collected in the forests of Belize 

(Williams 1965, 1970; Dibney 1968), and in Panama Chaniotis 

et al)(1971b) have captured as many 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 anthropophilic sand-flies from three localities. 

I believe that the significant difference between Para: 

and the other two regions is the species composition of the 

common man-biters. Of the sand-flies that attack man in 

ParE, those of the genus Psychodopygus predominate both in 

numbers and species (Shaw et a1,1972; Ward et al.1973; Ward 

1974). Thus, in the "sand-fly season" in the Serra dos 

Carajas Ward et a1 (1973} recorded that 920 of the sand-flies 

biting man were species of Psychodopygus. Similarly, the 

figure is 80 - 900 in the forests near Belem (Ward 1974). 

In comparision, the sand-flies caught biting man in Belize 

and Panama are fairly equally divided between the genus 

Lutzomyia and Psychodopygus (Williams 1965; Johnson et al. 

1963; Ohaniotis et al.1971a). 

Prom the experience of the investigators in Panama and 

Belize one would not expect to find engorged Psychodopyaus  

easily or in great numbers. Thus, of the 1,750 blood-meals 

of anthropophilic sand-flies that have been precipitin- 
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tested in Parana, only 102 have core from -PoIrchodonwus spp 

(Tech et a1.1972). In 	Disney (1960 collected 147 

female Ps. LEypensis from leaf-litter. However, only 5 

contained blood-meals (pers. comm.). 

Therefore, when one considers where anthropophilic 

sand-flies nay be restin::: in the forests of Par, one is 

really considering the whereabouts of species of 

Ea-choilolaan2. 

 

The evidence available from Par and else-

where in the Kew 7or-jd might suggest that they spend most 

of their life cycle at or near ground level. 

In Thelize, Ps. nanamensis (the most abundant species 

of ibis r:enus there) is the -..rincipal man-bitiw; sand-fly 

at '[round level (1illias 1965). 'Jillians (1970) found 

only one at rest above c,round level, and all 147 females 

collected by Disney (1968) care from leaf-litter on the 

forest floor. 

Ps. pessona arid Ps. panamensis are the principal men-

biters at ground level in Panama (Johnson et al.  1963; 

Chaniotis et al. 19'71a). The extensive investigatiors of 

Chaniotis et al.(1972) showed that these species rest 

almost exclusively on low green plants and leaf-litter: 

they collected only 1/2, 557 Ps. pessoana and 1/170 Ps. 

panamensis in other micro-habitats. Also in _Panama, Hertig 

et al. (1960) flushed Ps. rananensis and Ps. bisDinocus  

from green leaves within a few feet of the [.;round, and 

Johnson C;, Hertig (1961) reported that Ps. ':lanamensis was 

often collected under leaf-litter. 
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Evidence that the ground layer is the breeding site 

of Psychodopvus spp. 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 females only on low vegetation and leaf-litter. 

In Belize and Panama, many Psychodopygus have been • 

taken in castor oil traps baited with a vide range of 

animals, but only rarely when the traps have been set 10m 

or more above the ground (Disney 1966; 1968; Thatcher 1968; 

Williams 1970). 

The information from Para, also associates Psychodopygus  

spp. with the forest ground layer. They come to human 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 a1,1975; Ward 1974). 

The present attmpts to collect engorged, anthropophilic 

sand-flies from their diurnal resting places in- Para have 

been no more successful than previous ones, and only bear. 

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 blood-meal. If this.yis so, then the 

inability of Ward (1974) and myself to find large numbers 

of engorged Ps. davisi (in an area where this species bites 

man in large numbers) may result from the flies hiding in 

ground fissures and/or being widely dispersed. Alternatively, 

they may be resting in the canopy, where searches have not 

been made. 
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Alliams (1970) rrovided evidence that in 7, elirze 

PsychodoyrTus spp. do rest in the canopy, and that this 

may be their preferred roting plae between blood-r,eals. 

1,any female Po7chodoP=2s were caught at niTht in light 

traps sot at 25ft and 40ft above the r;round while few 

were taken at ground level. Yilliams (1970) therefore 

considered that the females found under leaf-litter daring 

the day were recently emerged adults or females near ovi-

position. Similarly, Christensen etal. (1972) found 

that the numbers of female Ps. paamersjs caught in li;ht 

traps in eastern Panama were 18 tines greater at 35m than 

. 3m. 'Jerking elsewhere in 2anama,•Chaniotis et al. (1971b) 

also reported large numbers of Ps. pa=ensis attracted to 

light traps set in the Canopy. 

The results of the investigations of 7:ard (1974) and 

the author in Para seem to suport Williamst bypothesis. 

Thus, in a "terra firme" forest (i.Iocambo) near jelem where 

2s davisi bites man in large numbers, only 2 males and 2 

(unengorged) females have been captured at ground level 

during the day. Further, fluorescent marking experiments 

showed that engorged females of this species could be 

found on low vegetation only up to 21 hours after a blood-

meal. 

It is suggested that many of the females that feed 

in the early or middle parts of the night (and have been 

recorded making flights at 3m or more above the ground) 

remain on or near the grodnd while they reduce (by diuresis) 

the volume of their blood-meal and then seek shelter in the 
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canopy later in the night. In contrast, those feeding  

late in the night (and recorded as never flying very far 

above the ground) might delay their ascent till the 

following night. 
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PI AL OBSERVATIOFS. 

Attempts were made to rear several sand-fly spccies in 

the laboratory but only L. lonipalpis was established. This 

species presented only one major rearing problem., which was 

concerned with egg-laying. Few females survived beyond the 

first gonotrophic cycle, and during routine culture 50%, 

on average, of the eggs they matured were not laid. 

The effects of photomeriod on egg-laying by sand-flies 

was investigated for the first time; in part, this was done 

in the hope of improving the egg-laying success of L. 

longiT)alpis. Photopeliod was Shown 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- 

commented on the poor egg-laying performance of laboratory-

reared sand-flies. This has not always been. improved by 

providing near-natural conditions, e.g. Unsworth & Gordon 

(1946), In view of the many unsuccessful attempts to find 

an oviposition chamber suitable for sand-flies and the 

uncertainty as to whether many species commonly survive more 

than one gonotrophic cycle in natxre, 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 was diapause. The effects of temperature on the 

diapause of P. papatasii have already been investigated 

(Theodor 1934; Safyanova 1964), but surprisingly, photoperiod 
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has not been considered. This lack of knowledge has 

prompted the author to continue his studies on sand-

flies by investigating the diapause of T:lediterranean 

species. 

Several species could not be reared because the 

females refused to take blood-meals in the laboratory. 

Field studies in Italy and Brazil indicated some of the 

complexities of sand-fly blood-feeding behaviour. Care-

ful field observations will have to be made if such species 

are to be reared successfully. In comparison, L. 
longipalpis presented no feeding problems, and human 

breath was sufficient to stimulate females to probe warm, 

artificial membranes. 

An interesting finding was that the stimulus for 

gorging in I. longipalpis was significantly different 

from that in many other haematophagous insects: kTP was 

shov,in not to have any effect on gorging, which was 

probably stimulated by blood salts and/or the mechanical 

bending of the labium as the sand-fly probed. Further, 

in contrast to the findings for mosquitoes (review Clements 

1963), it was the manner of feeding rather than the nature 

of the food which determined whether a given meal was 

dispatched to the mid-gat or the crop. 

A Ireliminary investigation indicated that compared 

with some mosquitoes (Lee 1974) the fascicle of I. 

longipalpis females is not well-endowed with chemoreceptors. 

In view of the differences between the gorging behaviour 

of this sand-fly and mosquitoes a detailed study of the 

innervation, rcrphology and fine structure of the fascicular 
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sensilla is called for. 

The investigation of egg maturation showed that inthis 

aspect of its biology I..lonr:ipalPis is remarkably similar 

to many mosquitoes. For example, for Moth it is the weight 

of i?rotein in the "blood"-meal that determines the number 

of eggs that are matured, and not the volume of the meal; 

a meal of amino acids alone is sufficient to initiate 

vitellogenesis; and the number of eggs matured depends not 

only on the size of the meal ingested but also on the nature 

of the host blood, and to a lesser degree on augar-feeding 

and the weight of the fly. Such points have often been 

overlooked by those experimenting with sand-flies. Thus, 

the muTher of eggs laid by a female has been used as an 

index of egg-laydng success ('Jard 1974; Chaniotis 1975), 

but this is meaningless unless the host and meal-size (among 

other factors) are standardized. 

The mechanism by which oogenesis is initiated in blood-

sucking ilematocera is not well understood. The willingness 

with which L. lone-ilL1p12 ingests unnatural solutions 

through membranes makes it a more suitable subject than. r? e. 

aeg7rti for an investigation of this problem. 

The identification of the host renge of man-biting 

sand-flies is of paramount importance. when investigating 

the epidemiology of leishmaniasis. In the forests of Para, 

(Brazil), however, it has proved to be virtually impossible 

to find engorged, man-biting sand-flies (,:fard 1974). The 

results of the author's marking and release experiments 

suggested that they may be resting in the forest canopy. 

This possibility is now being investigated by Dr. R.D.7ard 

of the ellcome Parasitology Unit, Belem, 3Par. 
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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 25°C. 

FEMALE PUPAE 

1 9 17 	GENERATION 

MALE PUPAE 

1 9 17 

0.610 0.583 0.784 0.710 0.572 0.528 0.545 0.567 

0.700 0.603 0.738 0.756 0.431 0.470 0.600 0.636 

0.615 0.489 0.755 0.764 0.476 0.483 0.584 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 0.544 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 

0.474 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 o.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 

n= 	115 	 16 	14 
	

33 
	

24 
	

9 
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APPENDIX B. The effect of female body-weight on the weight 
of blood imbibed from man by females of L.longipalpis. 

INDEPENDENT (x) 
Weight of female at 
time of blood-meal 

DEPENDENT (y) 
Weight of blood 

(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 0.380 
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 
0.359 0.429 
0.330 0.392 

n = 26 

2x=8.010 

x=0.308 

(I:02=64.160 

bc =2.550 

y=10.700 

S=0.411 

(y)2" =114.490 

y =4.530 

	

Yxy=3.350 
	

b=0.625 

Ixly=85.700 
	

Sb=0.065 

t=2.72 

	

p=0.020 
	

df=04 



1. 20. 60. 

0-605 18-8 27.8 

0.548 31.6 43•1 

0.221 19.0 37•1 

0'342 42.1 

0.283 32.9 39'6 

0°250 ' 	24.8 34°8 

0.582 33'2 45°4 

0.187 17*1, 28'9 
0.357 25-8  31'7 
0'595 26.1 37°8 
0.353 19.0 22"1 
0'610 36.7 46.4 
0.547 15.9 40.2 

0.457 41.6 46'2 

0.316 20.6 35'5 

0•149 18.8 24'2 

0.596 •••• 40'8 

0.353 0.00 41.1 

0.434 45.9 

Time after 
meal imbibed 
(mins). 
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APPZ2TDIX  

- 
Decrease in the weight of female L. longipalpis at 

25°C after engorgement on human blood as a.of the /0 

weight of meal. 

Generation 19/22; 

Weight of meal(mg) Decrease in wt of female/ 
Wt of meal (%). 



0.359 

0°39ri- 	". 

0.586 

9•127 

0'415 

22 

42.3 

37.8 

45.7 

381.9 	7-836.500 

- 58.023 

22 

REGRESSION ANALYSIS. 

N 

,22 

2_9°127 

- 0°415 

'83°300 

4.255 

INDEPENDENT (x) 

Weight of meal (mg )  
DEPENDENT  

Decrease wt'female/wt of 
meal (%) after 60 mins'. 

	

Y 
	

836.5 

	

5 
	

38.023 

	

(ZY)2 	699 1732•25 

	

2 	
32,893'59 

g xy = 358.327 

2. Ay = 7,634°736 

p = 	'0.020 
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A1PP1-;I.IDIX  2. 

REGHi3SIOE ANAIYSTS. 

Eggs matured at 2500 on weight of blood imbibed from 

male hamster. 	Generation 3; 

from BH. 

INDEPENDENT (x) 

WelPht of meal '(mg.) 

Hamster line; L.:lonp;ipalliis 

• DEPENDENT. 	(y) 

No. of egE7s. 

0.392 76 

0.510 92 

0.440 80 

0.363 66 

0.058 

0.361 78 

0.045 18 

0.033 20 

0-056 16 

0.382 68 

0.463 97 

0.470 96 

0.244 
65 

0.453 85 
0'288 70 

0.201 49 

0.444 59 
0.122 36 

0.382 51 

0.234 25 

0.384 45 



0.438 
0.444 

23 

x = 7.207 
0.313 

(ix)2' 51.941 

2.797 

xy = 486.249 

2x-Sy 9,527.654 

0.001 

1,322:00 

° 57.478 
1,747 684.000 

90174.000-  

b = 133.586 
Sb 14.751 
t = 6.649 

df 21 

42 
59 
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.APPETIDIX 3. 

• "REG-I1:!;SSION ANALYSIS.  

Eggs matured at 25°C on .weight of blOod imbibed from 

'male hamster. Generation 7; hamdter line; L. longipal-pis 

''from 

INDEP1STDENT (x) 

Weight of meal (mg). 

DEPEND.ENT .  (y) 

No.of eggs. 

0.373 96 

0.605 101 

0.030 17 

0.27-8 64 

0.6184 55 

0.224 82 

0.551 90 

0.310 - 61 

0.325 90 

0.202 60 

0.565 114 

0.422 50 

0.311 57 

0.600 70 

0.096 22 

06.085 25 

0.138 27 

0.212 25 

n = 18 



5.508 

0.306 

Cgx) 2  = 30 338 

ae 248 

xy 412°191: 

2:4y =6,091.804 

	

y 	11056992 

S77 

 

61.444 

	

5.7y ) 2 	1,1223 218 304 

y 	a:.375,357s.981 

131 •008 

746 

• 244 

f 
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APPENDIX 4. 

REGRESSION ANALYSIS. 

Eggs matured at 2500.on.weight of blood imbibed 

from .male hamster. Generation 8; human line; L. longipalpis  

from B.H. 

INDEPENWNT (x) 

Weight of meal (m 

DEPETTDENT (y) 

No. of eggs. 

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 81 

0.032 22 

0.497 76 

0.128 38 

0-131 45 

0.111 35 

n = 19 



	

x 	= 	5-377, , 

0-283 

	

(1x)2 	= 	28.912 

	

x2 	2-426 

	

`y 	453.324 

xilly = 5,973.879 

0.001 
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APPENDIX  5. 

REGRESSION ANALYSIS. 

Eggs.matured_at 25°C on weight of blood imbibed from 

man. Generation 2; human—line; L. lwagipnllois from BH. 

iDEPENDENT ( ) 

Wight of meal (mr.,) 

DEPENDENT (y) 

N; of eg9;s. 

0-063 24 

0•088 15 

0-103 23 

04.152 23 

0226 28 

0.263 39 

0-303 40 

0.321 31 

0.327 37 

0.328 43 

0-347 41 

0.353 38 

0392 47 

0.396 42 

0.402 50 

0.440 62 

0-458 57 

0.467 44 

04'510  62  

n =-- 19 



5.938 

0.313 

35.260 
, 2.173 

747.000 

39.326 

558.,009..0007  

32,539.000 
_ 

xy = 	262.367 	b 	91-•199 

2y 	4 -,35..686 	Sb 	5.602 

	

t 	9.165 

	

L0.001 	df 	17 
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APPENDIX 6. 

REGRESSION ANALYSIS. 

e7,-.gs matured at 25°C on weight of blood from man. 

Generation 3; hamster-line; L. longipalpis from B.H. 

INDEPENDENT. 

Weight of meal 

(x) 	DEPENDENT (y) 

(mg) 	NO: of eggs. 

0.353 37 

0.337 43 

0.349 45 

0.370 41 

0.425 48 

0.230 30 

0.249 36 

0.361 45 

0.531 50 

0.458 52 

0.145 33 

0-300 52 

0.326 52 

0.131 25 

0.077 17 

Y. x 

15 

. 4642 '5Zy 606-000 

R = 0.309 40.400 

( -/x)2  . 21.548 367,236.000 

-x2  = 1.655 y2 26,064.000 



7 
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APPENDIX 7.  

REGRESSION ANALYSIS. 

tEggs matured at 2500 on weight of blood imbibed 
from man. Generation 9; human—line;t 1,0 lopzipalpis from 

INDEPENTENT (x) 

Weight of meal (mg) 
DEPENDENT (y) 

No. of ems._ 

0.666 65 

0.542 46 
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 
0.270 34 

17 
7.803 	y = 	826.000 



(`a.x)2 

a 

= 

Q. 459 

60 • 887, 

4.035 

416.047 
(1. 

( 
y) 2 

y2 - 

682 

..3 

48.588 

276 •000 

503 *189 

81 • 486 

	

6;445'278 	 :7.745 

7 • 081 

	

0.001 	 15 
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APPENDIX 8. 

REGRESSIOT'T AYALYSTS. 

Eggs matured at 25°C on weight of blood imbibed from 

male mouse. Generation 9; human—line; L. longipaliDis.  

from BH. 

INDEPENDENT (x) 

Veirtt of meal (mg) 

DEPENDENT (y) 

No. of eggs. 

0.454 57 

0.420 83 

0.652 81 

0.282 39 

0.537 93 

0.482 80 

0.393 59 

0.138 36 

0.568 70 

n = 9 
x = 

X = 

(2x)2  = 
l.x2 

3.926 

0.436 

15.413 

1.904 

2  y = 	598.000 

66.444 

((y)2  = 357,604-000 

2Y2  = 42,946.000 

Xxy = 	280.964 	b = 	105.251 

	

2.-;ay = 2047.748 	8b = 	12.130 

	

t = 	3.792 

	

0.010 	df = 	7 
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APPENDIX  9. 

'REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight of blood imbibed 

froirf man. Generation 7; 

INDEPENDENT (x) 
Weight of meal (mg). 

L. longiipalpis from Ceara. 

DEPENDENT (y)  
No. 	of '6A-gs. 

0.156: 22 

o X383 32 

0'481-  52 

0.543 53 

0.422 34 

0.441 43 

0.389 33 

0.177 40 

0.193 31 

0.414 47 

0.494 51 

0.507 52 

0.406 44 
0.277 24 

0.324 29 

0.209 30 

0.400 43 

0.220 39 

0.076 15 

0.351 34 

0.185 24 

n = 21 



x = 	7-048 - 	--My = 	7.720  

0.336 	y 	36.760 

),:, 	.497674 	,...(...g. Y. 	595 9844.000 -, 
2 •724- 	. 	y2 	305,770 000 ,..,     

y 283,148 

5,441.056 

66.990 

6.410 

6• 260 

0.001 - 	19 
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APPENDIX  10., 

.P. ,t-USSTOU ANALYSIS. 

Eggs matured at 25°C on iieight of blood imbibed 

frbm a woman.'Generation 7; 

INDEPENDENT.(x) 

Weight of meal (110 

longipalpis from Cear5.. 

DEPENDENT (y) 

NO. 	of 	eg,0,.s. 

0.489 31 

0.319 57 

0.559 50 

0.559 47 

0.210 29 

0.735 71 

0.302 41 

0.120 20 

0.174 21 

0.554 52 

0.297 34 

0.200 24 

0.425 40 

0.496 37 

0.283 25 

0.224 35 

n = 16 

2x 	5.946 
	

y = 
	614.000 

R= 	0.372 
	

i • = 
	38.375 



35-55 
2-678 

258.24? 

3, 650:844: 

0.001 
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.APPENDIX 11. 

REGRSSIO ANALYSIS. 

Eggs matured at 25°C on weight of blood imbibed 

from a male squirrel monkey, Saimiri sciureus. 

Generation 9; L. longipalpis  from Ceara. 

ITTDEPENDENT (x) 
Wei ht of meal (mg) 

DEPT DENT (y) 
No. of eggs. 

0,480 32 

0.384 31 

0.645 40 

0.545 42 

0.537 42 

0.137 14 

n = 6 

	

Jr..x = 	2.728 

	

R = 	0.455 

(27x)2  7°442 

Ex2 	1.398 

	

a xy = 	100.426 

	

2,x2.Y = 	548.328 

0.010 

y = 201. 000 

	

7 = 	33. 500 

	

(gy) 2  = 	403401.000 

	

E.  y2  = 	73309 -,no 

b = 57.200 

Sb = 4'050 

5.650 

df = 4 



321 

APPENDIX 12: 

R5G.USSION (MALYSTS.  

Eggs matured at 25oG on weight of blood imbibed 

from a male capuchin monkey 

Generation 8; I. lon,P-ipalpis 

, Cebus apella. 

from CeaT6.. 

INDEPNDENT (x) 	• DEPENDENT (y):  
Weight of meal (ms) 	No. of eggs. 

0'525 41 

0'567 30 

0'580 37 

0'601 36 

0'615 40 

0'353 33 

0'174 21 

0.579 35 

0'320 • 26 

0'389 • 27, 

0'210 29 

0'557 44 

0.470 41 

0'485 36 

o'631 43 

0'157 24 

0'155 22 

0'281 22 

0'278 12 

n = 19 
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APPENDIX l3. 

REGRESSION ANALYSIS. 

Eggs matared,at 25°C on'weight of blood imbibed from 

female opossum, Didelphis marsupialls. 

Generations 8/9; L. longipalpis from. Cearg:. 

INDEPENDENT (x) 	:DEPENDENT (y) 
Weight of meal (mg) 	No. of egp:s. 

0-21_0 50 

0-454 54 

0.632 76 

0-050 2 

0.436 60 

0.244 35 

0-016 0 

0.239 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 



5755 

0 288 

• 33.240 

2.470 

299.•16 

4 456.35 

773.000 

38.650 

597,529.000 

40,497.000 

94.48 

13.760 

6-17 

18 



zy2 = 

b = 

Sb = 

t = 

df = 

217,156.000 

79.720 

9.347 

5.580 

8 
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APP EN-OIX 14. 

REGRESSION 111Al1YSIS. 

Eggs matured at 25°C on weight of blood imbibed 

from a female three-toed sloth, Bradypus tridactylus. 

Generation 7; L. longiDalpis from 

INDEPENDENT (x) 
Weight of meal (mg) 

DEPENDENT (y) 
No.of eggs. 

0.186 47 

0.557 69 

0.301 37 

0.700 72 

0.247 51 

0.371 50 

0.040 8 

0.553 64 

0.056 30 

0.337 38 

10 

	

3.348 	Z Y _ 	466.000 

	

0.335 	7 = 	46.600 

	

11.209 	(Zy)2  251,128.000 

1.548 

axy = 	1,560.168 

ExZy 	190.057 

0.001 
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APPENDIX 15.. 

REGRESSION ANALYSIS.  

Eggs matured at 25°C on weight of blood imbibed • 

from a female and male Proechimys sp. 

Generation 7/9; L. longipalpis from Ceara. 

INDEPENBENT(x) 

Weight of meal (mg) 

DEPENDENT (y) 

No.of eggs. 

0.361 50, 

0.411 64 

0.191 27 

0.504 80 

0.578 76 

0.267 66 

0.405 82 

0.548 79 

0.130 28 

0.373 68 

0.422 73 

0.366 63 

0.251 32 

0.247 39 

• 14 

	

x = 5.504 	"My 

• 0.361 	7 

	

(x)2  = 25.540 	(ay)2 
 

• 2.051 	xy2 

827.000 

59.070 

• 683,929.000 

• 54,073.000 
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APPENDIX 16. 

REGRESSION ANALYSTS. 

Eggs matured at 25 C on weight of blood imbibed 

ftom man. 

Wild-caught Ps davisi.  
to 

INDEPENDENT (x) 
Weight of meal (mg) 

DEPENDENT (y) 
No of eggs. 

0.236 48 

0.243 44 

0.166 58 

0.148 55 

0.263 26 

0.169 38 

0.199 55 

0.208 18 

0.119 15 

0.113 27 

0.141 34 

0.183 24 

0.193 42 

0.139 29 

0.164 26 

0.192 45 

0'191 45 

0.124 43 

0'173 48 

0.174 37 



0.136 

0.160 

y 

• y 

= 

= 

33 

60 

22 

:3.834 

0.174 

850,000 

38.636: 

14.700 : (Y0 722,500.000 

0.702 36,326.000 7, 

149.557 41.9 

3,258.900 :13.1 

,=. 0.57 

not significant • .df 20 



	

5: xy = 	43.573 

	

T..x.Zy = 	335.925 

n = 8 

	

5?..x. = 	- 1.493 	2y = 	225.000 

	

R = 	0.187 	 g = 	28.125 
ax)2 

	

2.229 	(Ly)2  = 50,625/000 

2..x2  = 0.302 

68.696 

7.939 

	

t = 	1 312 

p = not significant. 	df = 	6 

ay2  = 

b = 

Sb = 

6,843.000 
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APPENDIX 17  

REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight (<0.300 mg) of 

blood imbibed from man. 

Generation 7; L. longipalpis from CeaA... 

INDEPENDNT.(x) 
Weight of meal (mg) 

DEPENDE.TT (y) 
No. of eggs. 

0.156 22 

0.177 40 

0.193 31 

0.277 24 

0.209 30 

0.220 39 

0.076 15 

0.185 24 



APPENDIX 18 

Eggs matured on <0.300 mg of blood imbibed from 

man. 

x 	y 

L. lonipalpis, Ceara strain. 	Ps. davisi. 

327 

21x = 225.000 

28-125 

Sx = 8.576 

n = 8 

Comparision of means: 

t = 2.053, 	p =  

= 850.000 

y = 38.640 

Sy = 12.882 

n . 22 

0.05 for df = 26. 

Size (mg) of females at time of meal. 

x 

L. lonapalpis, Ceara strain. 

IL x = 2.464 

R = 0.308 

= 0.041 

n = 8 

Range = 0.361 — 0.242 

y 

Ps. davisi. 

ily = 3.939 

7  = 0.179 

Sy  = 0.032 

n = 22 

0.232 — 0.133 
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APPENDIX 19 

REGRESSION. ANALYSIS.  

Eggs matured at 25°C on weight of human blood imbibed 

from arm of volunteer. 

Generation 19; human-line;.,L. longiljalpis from El., 

	

INDE.PEUENTV(X1 	DEPENDENTty) 
Weight of meal -(mg) after - 	No.of eggs. 

1 min(xl) 	20 mins(x2) 	 (x3 )  

., 
0.605 	0.491 	-0 437 	47 

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 

0.595 	0.440 	0.370 	41 

0.353 	0.286 	0.275 	28 

0.610 	0.386 	0.327 	46 

0.547 	0.460 	0.327 	44 

0.457 	0.267 	0.246 	33 

0.316 	0.251 	0.202 	25 

0.149 	0.121 	0.113 	22  

n = 15 	15 	15 	15.  



-Y 	3.667 
• - (>,-Y)2  = 255,025.000 

Z y2  -_-_, 19 ,1.39-000. 

0;252 

14.266 

1.082 
141:458 

1;907.385 

• 6• 664 

5 -,929 
0.001 

13 

6.060 4'443 	3.777 	y 	505.000 

	

0.404 	0.296 

	

36.724 	19'740 

	

2.839 	1516 
xY 	230  • .?77 	167.455 

= 3,060.3 2,243.715 

	

67-793. 	89.379: 

	

5•124 	6;451 

	

8.273 	6.,196 

	

0.001 	,0.-001 

13 



	

57. y = 	466.000 

	

= 	33.286 
(gy)2 

2 y 

=217,156.000 

.-- 16,374.000 

n = 14 

= 3.350 

0.239 

11.223 

0.853 
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APPTTDTX 20. 
!-- 

REGRESSION  ANALYSIS. . 

Eggs matured at 25°C on weight of human blood (CPD) 

imbibed ;  through leached chick membrane. 

Generation 20; human-line; 

INDEPENDENT (x) 
Weirdat of meal (mg). 

L. longipalpis from B.H. 

D3PENDENT (y) 
No. of eggs. 

0.354 53 

0.340 45 

0.277 35 

0•277 35 

0.204 35 

0.214 39 

0.141 32 

0.269 30 

0.159 29 

0.229 31 

0.239 28 

0.214 27 

0.168 24 

0.265 23 



= 	115.827 

2 = 1,561.100 

0.020 
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APPENDIX 21. 

REGRESSION ANALYSIS.  

E7s matured at 250 on weight of heparin-treated 

hamster blood imbibed through leacher: chick membrane. 

Generation 22, human-line; L. longipalpis from B.H. 

INDEPENDENT (x) 
Weip-ht of meal (mg) 

DEPENDENT (y) 
NO. 	of eg;,7s. 

0.140 15 

0.340 64 

0.358 53 

0.424 77 

0.372 86 

0.134 42 

0.222 73 

0.381 73 

0.463 92 

0.250 77 

0.397 86 

0.252 62 

= 	• 12 

5:x 	. 	3.733 -1Y = 800.000 

J7 	0.311 Sr-  = 66.667 

(2x)2 	13.935 
(z
y) 

 2 
= 640,000.000 

S. x2 	= 	1.292 a, y2 = 58,510.000 

axy 	= 	266.843 b = 137.221 

xy = 	2,986.400 °I) 16.463 

t = 3.017 

p 	0.020 df 10 
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APPENDIX 22.  

Eggs matured at 25°C on weight of human blood (CPD) 

imbibed through parafilm 91" membrane. 

Generation 20; human-line; L. longipalpis from B.H. 

Weight of meal (mg) No. of eggs. 

0.594 54 

0.430 35 

0.343 39 

0.307 37 



332 

APPENDIX 23. 

REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight of 50% (v/v) human 

plasma in 0.85% saline imbibed through leached chick 

membrane. Generation 23; human-line; L. longipalpisfrom 

B.H. 

INDEPENDENT (x) 
Weight of meal (mg)  

0.098 

0.274 

0.482 

0.292 

0.262 

0.348 

0.440 

0.460 

n = 8 

= 2.656 

x = 0.332 

(1.x)2  
a  x2 

= 7.054 

0!997 

2-xy = 45.510 

11.)(2.y = 329-344 

P = 0.020 

DEPENDENT (y) 
No. of eggs 

7 

13 

21 

10 

18 

13 

17 

25 

	

= 	124,000 

	

= 	15.500 

( may)2  = 15,376-000 

ay2  = 2,166.000 

	

b = 	37.757 

	

b = 	3.280 

3.904 

	

df = 	6 
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APPENDIX 24. 

REGR:!:SSION ANALYSIS.  

Eggs matured at 25°C on weight of 450 (v/v) suspension 

of human red cells in 0.85% saline imbibed through leached 

chick membrane. 

Generation 20/23; human-line; 

INDEPENDENT (x) 
Weight of meal (mg) 

L. longipalpis from B.H. 

DEPENDENT (y) 
No.of eggs. 

0.333 24 

0.214 16 

0.261 12 

0.345 20 

0.'304 16 

0.426 18 

0.496 30 

0.490 35 

8 

2.869 

0.359 

8.231 

1.104 

2.xy 	66.010 

2:1X-ty = 490.599 

P = 0.020 

= 171.000 

7 = 	21.375 

(ay)2  =29,241.00o 

y2  = 4,081.000 

b 62.470 

Sb = 4.712 

t = 3.631 

df = 6 



APPENDIX 25. 

Eggs matured at 2500 on weight of hamster plasma 

imbibed through belly skin of hamster. 

Generation 8; human-line; L. longipalpis from B.H. 

INDEPENDENT (x) 	DEPENDENT (y) 

Weir-ht of meal (mg) 	No.of eggs. 

0.383 	 31 

0.074 	 11 

0.474 	 44 

0.404 	 45 

0•437 	 46 

0.435 	 53 

0.376 	 49 

n = 7 

	

g, x = 	2.583 	 Z.y- = 	279.000 

	

R = 	0.369 	3" = 	39.857 

	

(ix)2  = 	6.672 	(Z y)2  = 77,841.000 
2. y2 

	

x2  = 	1.062 	= 12,369.000  

334 

axy = '13.304 
2-7ZY = 720.657 

p = not significant 

Sb = 

t = 

df = 

94.982 

18.196 

1.723 

5 



335 
APPENDIX 26. 

Eggs matured at 25°C on weight of hamster plasma 

imbibed through leached chick membrane. 

Generation 22, human—line; L. longipalpis from B.H. 

INDEPENDENT (x) 

Weight of meal (mg) 

DEPENDENT (y) 

No.of eggs. 

0.295 32 

0.273 42 

03338 30 

0.391 33 

0.364 31 

0.395 37 

0.310 27 - 

0.303 31 

n = 	8 

2.669 	= 263.000 

0.334 
	

y 
	

32.875 
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APPENDIX 27. 

REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight of 45% (v/v) 

suspension of hamster red cells in 0•85c/,  saline imbibed 

through leached chick membrane. 

Generation 23; human—line; L. longipalpis  from B.H. 

INDEPENDENT (x) 	DEPENDENT (y) 

Weight of meal (mg) 	No.of eggs. 

	

0.158 	 28 

	

0.338 	 50 

	

0.411 	 59 

	

0.439 	 54 

	

0.920 	 63  

n = 5 

	

51x = 	1.866 

0.373 
ax.)2 

	

 = 	3'482 

x2  0.771 

	

axy = 	102.039 

	

2:x y-  = 	473.965 

p 	0.010 

= 

= 

254.000 

50.800 

(RY)2  = 64,516.000 

gy2  = 13,650.000 

. 96.613 

Sb = 3.950 

t = 6.690 

df = 3 
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APPENDIX 28. ‘.) 

Eggs matured on weight of meal imbibed for range 

0.250 - '0.350 mg. 

HUMAN BLOOD. 

Weight of meal (mg) 	(b) No. of ego;s. 

1 a. = 
a = 

Sa 

0.265 

0.269 

23 

30.  

0•277 35 

0-277 35 

0.340 45 

1.430 = 168.000 

0.286 = 33.600 

gb)2  = 28,224.000 

,-132  = 5,904'000 

0.031 Sb 8.050 

50% HUEAN PLASMA IN 0'85% SALINE 

(c) Wei -ht of meal (mg) (d) No. of eg ,s.  

0.262 18 

0.274 13 

0.292 10 

0.348 13 

4 
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APPITDIX 29. 

Eggs matared on weight of meal imbibed for range 

0.250 - 0.350 mg. 

HUMAN BLOOD 

(a) Weight of blood (mg) 	(b) No. of eggs. 

	

0.265 	23 

	

0.269 	30 

	

0.277 	35 

	

0.277 	35 

	

0.340 	45 

n• = 5 

	

a = l.430 	Zip = 168.000 

	

g = 0.286 	b = 33.600 

(2b)2  .2824.000 

2.71)2  = 5,904.000 

	

Sa = 0.031 	Sb = 	8.050 

45% HD AN RED CELLS IN 0.85% SALINE 

c) ';Tei,;ht of blood (mg) 

0'333 

0.261 

0.345 

0.304 

(c) No. of eggs. 

24 

12 

  

20 

16 

 

n = 4 

    



1°244 

6 . 0°311. 

S0 	 0°037 

Comparison of b and d: 

p 	0°01; • t = 4.67; df 
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APPENDIX 30  

, 	• 
Eggs matured on weight of meal imbibed for range 

0,330 — 0520 mg. 

4% (171/0 HAMSTER RED CELLS IN 0.85% SALINE 

(a) Weight of meal (mg) (b) No.of eggs 

0'338 50 

,0'411 59  
0'439 54 

0'520 63 

= 4 

2 a = 16708 

a = 0'427 

Sa  = 0'075 

b = 	226.000 

56.5 

(.F.b)2  = 51,076.000 

b2  = 12,866.000 

Sb 	5.686 

• 455 (77[1v) HUM II RED CELLS IN 0.85% SALINE 

(c) Weight of meal (mg) 	(d) No.of e,g . 

0.333 	24 

0.345 20 

0.426 18 

0.496 30 

0.490 35 

5 



2.090' 

0.418 

127.000 

25.400 

16 129.000 

3 425■000,_ 

7.057 

Comparison of lo and d: 

7.12; 
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APPENDIX 31  

Eggs matured on weight of meal imbibed for range 

0•250 - 0•350 mg. 

HAMSTER Plana 

(a) 	Weight of meal 	mg) 	(b) p-o.of eggs. 

0.295 32 

0.273 42 

0.338 30 

0.310 27 

0.303 31 

n 

Za = 
.. a = 

1.520 

0.304 

Zb 

b 

. 

= 

162 

32.4 

(2b)2  = 26,244.000 

b2  = 5,378.000 
Sa = 0.024 Sb = 5.683 

HUMAN PLASia 

(c) 	Weight of meal (mgi (d) No. of eggs 

0.257 32 

0.255 32 

0.282 36 

0.284 26 

0.332 41 
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APPENDIX 32 

Eggs mailtred on weight of meal imbibed for range 

0.200 — 0.3% mg: 

45%'(;m/v) HUNAN E.E. 

Sa = 0.32 

(b) No. of eggs  

17' 

36 

41 

37. 

35 

25 

24 

30 

32 

	

b = 	277.000 

	

= 	30.778 

= 76,729.000 

	

2b2  = 	8,985.000 

	

Sb  = 	7.579 

(a) Weight of meal (mg)  

0.-240 

0.230 

0.235 

0.250 	• 

0.302 

0.241 

0.298 

0.203 

0.264  

n = 9 

2.259 

a = 0.251 

45% Wv) HUTIAN RED CELLS IN 0.85% SALINE 

(c) Weight of meal (mf) 	(d) No. of eggs 

0°333 	24 

0.214 16 

0.261 12 

0.345 20 

0.304 16 

n = 5 





342 
APPENDIX 33  

Eggs matured at 25°C on weight of 45% solution of 

the water soluble extract of hamster red cells imbibed 

through leached chick membrane. 

Generation 21; human-line; L. longipalpis from B.H. 

Weight of meal (mg) 	No. of eggs. 

	

0.242 	65 

	

0.258 	73 

	

0.283 	51 

	

0.182 	56 

	

0.343 	78 

	

0.322 	84 

	

0.215 	45 

	

0.257 	74 

	

0.215 	52 

	

0.306 	74 

	

0.285 	75 

	

0.198 	59 

	

0.222 	58 

	

0.255 	67 

	

0.262 	54 

	

0.270 	61 

	

0.325 	58 

	

0.318 	61 

n = 18 
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APPE!TDIX 34. 

Eggs 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. longipalpis from B.H. 

Weight of meal 	No: of e,-7:s. 

0'240 	17 

0.356 	28 

0.195 	19 

0.180 	19 

0.150 	29 

0.230 	36 

0.130 	34 

0.235 	41 

0.250 	37 

0.152 	27 

0.302 	35 

0.241 	25 

0.298 	24 

0.172 	36 

0.203 	30 

0.264 	32  

n = 16 
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APPENDIX 35. .. 

Eggs matured on weight of erythrocyte extract 

imbibed for range 0.180 

(a) Weight of meal (mg) 

— 0°270 mg. 

E.E. 

(b) 	No. of eggs 

0.180 19 

0.195 19 

0•203 30 

0°230 36 ,  

0.250 37 

0.241 25 

0.235 41 

0-264 32 

0.240 17 

n,= 9 

	

,= 2.034 
	

5Lb 

	

a-  = 0.2.26 	b 

b 

x b2  

Sa 	0.028 	Sb 

SE 

256.000 

28.444 

65,536.000 

7,906.000 

8.833 

2.940 



Weight of meal (mg)  . 

0.198 

0.215' 

0.215 

0-182 

0.22 

0.242 
0.255 

0.257 

0.258 

0.262 

Sc 	0.028 

Comparison, of b and d: 

603.000 

d. = 	60.300 
( a)2 	3633609•0oo 

d2  = 375145.000 

Sd 	9.334 

SE ,  = 	2.950• 

n = 10 

2.310 

0.231 

p = 	 '7.43; df = 17 
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APPENDIX 36. 

imbibed through leached chick 

Generation 20; human-line; 

Weight of meal (mg) 

membrane. 

I. longipalpis 

No. 	of e,c7gs. 

0.295* 22* 

0.366 32 

0.344* 30* 

0.335* 33* 

0.312* 31* 

0.380* 42* 

0.438 45 

0.252 23 

0.398 26 

0.278 34 

0.355* 39* 

0.395 35 

n = 12 

* for weight of meal 0'280 - 0'390 mg 

	

91.x = 2.021 	 197.000 

	

= 0.337 	7 	32.833 

Sx 	0.030 	(l y)2  = 	38,809'000 

2:y2  . 6,719'000 

	

S = 	7'083 

Eggs matured at 25°C on weight of 75% human blood 

from B.H. 
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APPENDIX' 37. 

Eggs matured at 25°C on weight of 0.65 (w/v) 

L-isoleucine in 755 human blood imbibed through leached 

chick membrane. 

Generation 20; human-line; 

Weight of meal (mg) 

L. longipalpis from B.H. 

No. of eggs. 

0.444 26 

0.282* 23* 

0.470 63 

0.465 43 

0-428 48 

0.344* 41* 

0.388* 55* 

0-365* 38* 

0.344* 29* 

0.136 5 

0.300* 19* 

n 	11 

* For weight of meal 0.280 - 0.390 mg 

"x = 2-023 

= 0.337 

8x  = 0.039 

	

y = 	205.000 

	

= 	34.167 

(2y)2 42,025.800 
2  y2 	7,881-000 

S = 13.242 
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APPENDIX 38. 

REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight of 10% (w/v) bovine 

serum albumen in 0685% saline imbibed through leached 

chick membrane. 

Generation 23; human—line; 

INDEPENDENT (x) 

Weight of meal_img) 

L. longipalpis from B.H. 

DEPENDENT (y) 

NO.of eggs. 

0.399 15 

0.537 29 

0.443 17 

0.253 23 

0.367 23 

0.443 29 

0.391 15 

0.117 7 

0.562 37 

0.484 25 

n = 10 

3.996 

0.399 

15.968 

1.755 

220.000 

= 	22.000 

(ZY)2  = 48,400.000 

2  y2 5,522.000 

	

xy 	95.774 
	

b 
	

49.759 

	

Ry 	879.120 
	

Sb = 	6.029 

t= 	3.280 

P = 	06020 
	

df 
	

8 
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' • APFT,T.DIX 39 

RZriRESSION ANALYSIS. 

Eggs  matured at 95°C on weight of 10%(w/v) bovine 

serum albumeA in 0.85,; saline imbibed through parafilm 

'Y' membrane. 

Generation-23; human—line; L. longiDalpis  from BH. 

IND!CPENDNT (x) 

Weight of meal  (mg) 

DEPENDENT (y) 

No. of egr;s 

0.012 

0.077 

0.105 

1 

10 

9 

0.131 14 

0.078 11 

0.142 

0.455 31 

0.357 30 

0.432 29 

0.365 23 

0.296 22 

0.103 13 

0.062 11 

n = 13 

Mx = 2.615 y = 213.000 

7 = 0.201 y = 16.385 
ax)2  6.838 cz y)2 45,369.000 

x2  0.817 Z y2 4,585.000 



xy = 	 59.968 

axly 	556.569 
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APPENDIX 40. 

InGRS3I0K MTALYSIS. 

Eggs matured at 25°C on weight of 105 (w/v) fatty-

acid free bovine serum albumen in 0.85% saline imbibed 

through parafilm 'TV and leached Chick membrane. 

Generation_23; human-line; L. longipalpis from B H 

Parafilm 
IM' 

INDEPENDENT (x) 	DEPENDENT (y) 
Weight of meal (mg) 	No. of e„ is. 

	

0.315 	27 

	

0.235 	 23 

	

0.046 	 8 

0.258 	 13 

0.448 	35 

Leached 	0.387 	 23 

chick 	0.376 	 30 

membrane.; 	0.301 	 16 

0.459 	 40 

0.503 	 23 

0*475 	 42 

0.271 	23 

0.309 	24 

13 



0.002 

x  4-381 
DC 0.337 

(ix)2  = 19.193 
Xx2  6 ,e1—• 

xy = 121.837 
xZy 1 432.587 



n = 10 

= 

Y. = 

(ix)2 = 

%x2 

2.473 

0.247 

6.116 

0.635 

	

flxy = 	80.921 

SlEy.  = 793.833 

	

P ::: 	0.050 

350 
APPENDIX 41  

REGRESSION ANALYSIS. 

Eggs matured at 25°C on weight of human plasma 

imbibed through leached chick membrane. 

Generation 20; human line; L. longipalpis from B.H. 

IN 	(x) 
	

DEPENDENT (y) 
Efleht of meal (mg) 	No of eggs  

0.332 	 41 

0.232 	37 

0.282 	36 

0.242 	32 

O.255 	32 

O.257 	32 

0.213 	31 

O.239 	30 

0.284 	26 

0.137 	24 

b = 

Sb = 
t = 

df = 

321.000 

32.100 

103,041.000 

10,531.000 

66.870 

3.938 

2.575 

8 
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APPENDIX 42  

Eggs matured on weight of human plasma imbibed for 

range 0.250 - 0!350 mg. 

HUMAN PLASMA 

(a ) Weiht of meal (mg) (b) No. of eggs 

0.257 32, 

0.255 32  

0.282 36 

0.284 26 

0.332 41 

5 
= 1.410 b = 167.000 

a = 0.282 = 	33.400 

(fib) 2  = 	27.889 

=5;701.000 

Sa = 0.031 Sb  = 	5.550 

SE = 	2.480 

50% HUMAN PLASMA IN 0.85 

(c) 	Weight of meal() (b) No. of eggs 

0'262 18 

0'274 13 

0.292 10 

0.348 13 

4 



.`; 

1.176 	54.000 

06'294 	a. 	13.500 

=-2,916.:000 

d2  

0.038 	sd  = 	3.317 

SE = 1.660 
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APPENDIX 43  

REGRA'SSION AnLYSIS.  

Eggs matured at 2500 on weight of 	(w/v) bovine 

serum albumen in 0.85 saline imbibed through leached 

chick membrane. 

Generation 23; 	human—line; 

TNDEPK.DENT (x) 
Weight of meal (mg) 

L. lonrripalpis from B.H. 

DEPENDENT (y) 
erv7s. 

0'282 8 

0'113 1 

0'359 14 

0•392 11 

0'389 14 

0.120 9 

0'085 1 

0.266 12 

0'141 2 

0.442 13 

0.440 9 

0.406 7 

0.292 13 

0.389 10 

n 	= 14 

x = 4'116 y = 124.000 

0'294 y = 8.857 

(x)2  = 16.941 (Z y)2  = 15,376.000 





353 
APPE7DIK 44. 	!-) 

Eggs matured on 0.350— 0.450 mg of bovine serum 

albumen solution (in 0.85,5 saline) imbibed. 

100 (w/v) SOLUTION 

(a) Weight of meal (mg,) 	(b) No;of eggs 

0.399 15 

0.443 17 

0.367 23 

0.443 29 

0.391 15 

=. 5 

	

= 2.043 	2.b = 	99.000 

	

= 0.409 	= 	19.800 

	

(b)2  = 	9,801.000 

	

b2  = 	2,109.000 

	

= 0.034 	Sb  = 	2.469 

57!, (vr/v) SOLUTION 

(c) Weight of meal (mg) 	(d) No. of ems 

0.359 14 

0.392 11 

0.389 14 

0.442 13 

0.440 9 

0.406 7 

0.389 —la- 

7 
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APPENDIX 45  

Eggs matured at 25°C on weight of 20% (w/v) bovine 

serum albumen in 0.852-L saline imbibed through leached 

chick membrane. 

Generation 23; human—line; 

INDEPENDENT (x) 

Weight of meal (mg) 

L. longipalpis from B.H. 

DEPENDENT (y) 

No. of eggs 

0.233 9 

0.186 3 

0.243 8 

0.117 11 

0.079 14 

0.065 28 

0.131 1 

0.148 21 

0.207 18 

0.298 7 

0.152 10 

0.299 19 

0.300 18 

0.335 19 

= 14 
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The association of female weight at blood-meal and 

the number of eggs matured for I. longipaMpis fed' on 

human blood. 

Weight of female at Deviation from eggs  

blood-meal (mom 	matured/blood weight 

regression 
(CAICULATED) 

0.330 2.19 

0.354 5.30 

0.238 .410.20 

0.406 +10.36 

0.313 + 5.92 

0.266 + 4.61 

0.352 - 2.58 

0.322 +9.29 

0.348 - 1.92 

0.373 +10.70 

0.270 4 0.47 

0.326 - 1.02 

0.295 - 1.25 

0.270 - 4.22 

0.309 - 3.21 

0.340 + 1.01 

0.254 -7- 	1.49 



xy 
a 

3.77 

0•26 

0.266 

0.282 

19 

X 
	5'91 

0•31 

= 34.98 

1.88 

7 15'56 

- 10'55 

0.83 

0•04 

0.69  

899'28 

87'75 

5.90 

t 	2'97 

17 0.010 
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The association of female weight at flood-meal and 

the number of eggs matured for L. longipaJ s fed on 

human blood. 

Wei ht of female at Deviation from eggs 

blood-meal,(mg) matured/blood weight 

regression 

0.345 + 	7.5 

0.339 3.8 

0.384 2.8 

0.352 1.7 

0.277 3.4 

0.353 + 	3.2 

0.375 1.6 

0.240 9.1 

0.280 3.4 

0.298 2.3 

0.346 1.4 

0.319 5.0 

0.323 0.4 

0.278 5.1 

0.401 2.5 

0.446 + 	11.1 

0.418 4.4 

0.286 9.4 

0.359 6.7 

19 



C-42 

0°34 

x) = 41-22 

2x2  = 	2.22 
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APPENDIX 48 

The weights of individuals of L. iongipalpis  at 

different stages of development. 

x 
Weight of 4th instar Wei_ght of pupa a 

y 
Weir-;ht of female 

1A-a a day before dtl.y_before on day of 

pupation emergence emergence 

0.730 0.653 0.428 

0.698 0.650 0.359 

0.753 0.700 0.405 

0.632 0.507 0.341 

0.735 0.634 0.400 

0.640 0.567 0.320 

0.689 0.582 0.352 

0.742 0.632 0.336 

0.730 0.632 0.352 

0.710 0.607 0.394 

0.703 0.605 0.332 

0.706 0.592 0.398 

0.754 0.643 0.392 

0.732 0.690 0.376 

0.689 0.664 0.414 

0.790 0.663 0.429 

0.729 0.630 0.430 

0.727 0.620 0.402 

0.710 0.597 0.364 

0.796 0.688 0.454 

n = 20 



'.! 
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APPENDIX 49  

Wet weights of adult females of L. lon,7ipalpis on day 

of emergence When the larvae were reared at 28°C and 25oC. 

• 

 

x 

   

 

At 28°C At 2500  

0°347 

0.436 

0.385 

0.364 

0.419 

0.423 

0.383 

0 4C; 

0°342 

0.393 

0.400 

0.402 

0.416 

0-453 

0°368 

0°415 

0°346 

0°375 

 

0.296 

0.367 

0.283 

0.350 

0.350 

0.335 

0.320 

0.330 

 

   

     

n = 9 	n = 18 
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FEMALES OFFERED 

30 0 (w/v) sucrose all life 

INDEPENDENT (x) 
	

DEPEITDENT (y) 
Weight of meal (mg) 
	

No.of eggs. 

0-477 	, 55 

0'342 ' 	45 

0.378 33 

0.362 52 

0.243 36 

0.380 48 

0.454 48 

0.373 52 

0.509 54 

0.482 64 

0.330 ' 	39 

0.088 14 

0.255 30 

0.368 38 

0.337 36 

0.417 48 

0.196 27 

0.320 22 

0.464 '41 

= 	19 

= 	6.775 a y = 782 

,.. 	2.620 a  y2, , 35,018 

n 

2x2  

x7/ = 298.670 



x 
2..x2 

Mxy 

b = 	93.5 

P = 	0.001 

= 6'163 

.2'358 

201.270 

-5,. 	2 y .  

517 

18,261 

df. 

.1- 7.12 

17 

97-16 

0.001 

FEMALES OFFERED ONLY 'WATER 

TNDEPENDENT (x) 

Weight of meal (mg)  

0-349 , 

0.317 

°'!0•523 

0.182 

.0-442 

“).378 

'0.495 

0.061 

0.202 

0.074 

.0.436 

0.392 

0.271 

0.375 

.0-209 

0.506 

0.473 

.07248 

0.230 

DEPENDENT (y) 

No.of eggs; 

35 

0 

45 

41 

23 

20 

• 22 

40 

37 

32 

23 
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Number of eggs matured on weight of human blood 

imbibed by 2 - 3 day old L. longipaluis. 300 (w/v) sucrose 

offered from emergence. 

z x 
Weight of female-- Weight of blood No. eggs matured 
at blood-meal (mg) imbibed (mg) 

0.367 0.361 BLOOD NOT DIGESTED 

0.414 0.444 46 

0.380 0.530 48 

0.332 0.536 51 

0.413 0.472 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 

0.477 0.271 47 

0.316 0.602 63 

0.468 0.152 35 

0.353 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. longip 1pis. 305 (w/v) sucrose 

offered from emergence. 

z 
Weight of female 

x 
Weight of blood 

y 
No .eggs matured 

at blood—meal (mg imbibed (mg) 

0.442 0.270 . BLOOD NOT DIGESTED 

0.395 0.563 60 

0.394 0.224 37 

0.373 0.702 53 

0.342 0.221 34 

0.354 0.186 37 

0.345 0.460 53 

0.347 0.558 57 

0.319 0.453 49 

0.455 0.408 42 

0.475 0.313 37 

0.415 0.342 38 

0.427 0.418 42 

n = 12 

= 	0.387 

0.049 



362 

APPENDIX 53  

Number of eggs matured on weight of human blood 

imbibed by 11 - 12 day old L. longipalpis. 305 (1 rIT) 

sucrose offered from emergence. 

z x y 

EfiElt.L91122alp Weight of blood No.of eggs matured 

at blood-meal(mg) imbibed (mg) 

0.322 0.370 BLOOD NOT DIGESTED 

0.365 0.460 DITTO 

0.371 0.302 DITTO 

0.380 0.537 51 

0.332 0.448 43 

0.315 0.710 49 

0.342 0.348 40 

0.328 0.452 30 

0.371 0.610 60 

0.385 0.475 48 

0.304 0.198 17 

0.326 0.269 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 

15 

= 0.340 

S = 0-034 
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APPENDrk.54  

Number of eggs matured on weight of human blood 

imbibed by 15 - 16 day old L. lonrcipalpis 	eo/v) 
. 	• 

sucrose offered from emergence. 

z 

Weight of female Weight of blood 	1To.eggs matured 

at blood-meal(m) imbibed (mP;) 

0.341 0.459 BLOOD NOT DIGESTED 

0.283 0.359 DITTO 

0.378 0.470 DITTO 

0.337 0.683 DITTO 

0.379 0.318 DITTO 

0.290 0.100 DITTO 

0.335 0.226 DITTO 

0.427 0.378 DITTO 

0.313 0.587 DITTO 

0.326 0.477 DITTO 

10 

E = 0.3e x = 0.406 

S 	= 0.044 S = 0.169 

0.374 0.466 65 

0.316 0.275 33 

0.277 0.560 50 

0.338 0.475 45 

0.347 0.305 55 



0.295 

0.261 

0.300 

0.350 

9 

0.318 

0.037 

0.353 

0.146 
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Appendix  55. 

A record of temperature and humidity in the Serra dos CarajAs 

(Brazil) during September 1974.  (Courtesy Dr. J. Texeira) 

RAINFALL (mm.) DATE(Sept.1974) 
TEMPERATURE, 

o
C. 

MAX. 	MIN. 

01 	day 27.5 21.5 
01 night 26.0 21.0 
02 day 28.0 21.0 
02 night 26.0 22.0 
03 day 27.0 22.0 
03 night 24.0 20.0 
04 day 25.0 20.0 
04 night 26.0 20.5 
05 day 27.0 21.0 
05 night 26.5 21.5 
06 day 27.0 23.0 
06 night 24.5 21.5 
07 day 27.0 21.0 
07 night 26.0 21.0 
08 day 27.0 21.0 
08 night 25.0 20.0 
09 day 28.5 21.0 
09 night 27.0 21.5 
10 day 27.5 21.5 
10 night 26.5 21.0 
11 day 30.0 21.0 
11 night 28.5 21.5 
12 day 29.0 21.5 
12 night 28.0 22.0 
13 day 27.0 20.5 
13 night 26.0 22.0 
14 day 28.0 22.0 
14 night 26.0 18.5 
15 day 26.5 20.5 
15 night 26.0 21.5 
16 day 28.0 21.5 
16 night 25.5 22.5 
17 day 27.0 22.0 
17 night 26.0 22.0 
18 day 28.0 22.0 
18 night 27.0 21.5 
19 day 27.5 22.0 
19 night 26.0 22.0 
20 day 23.0 21.0 
20 night 24.0 20.5 
21 day 27.0 21.5 
21 night 25.5 21.0 
22 day 27.0 21.5 
22 night 25.0 22.0 
23 day 26.5 22.0 
23 night 25.0 21.5 
24 day 27.5 22.0 
24 night 26.0 22.0 
25 day 27.0 23.0 
25 night 26,5 22.0 

0.0 
0.0 
0.0 
0.0  
9.2111_ 
154 
0.0 • 
0.0 
0.0 
0.0 
14 .21 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
12. 01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
13.41 
0.0 
0.0  

15.:d 
3.01  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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p-oendi 56. 

Unpublished reports of fieldwork carried out in 

Emilia—Romagna, Italy, during the summer of 1973. 

The author played a major role in the work 

described in the second report and collaborated fully 

in that set out in the first report. 
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R. KILLICK-KENDRICK 

P.D. READY 

and T. KILLICK-KENDRICK 

Imperial College, 

Field Station, 

Ashurst Lodge, 

Ascot, Berl:5., 

England. 

Distribution: 

%/Professor S. Pampiglione, Bologna University 

Dr. B.E.C.Hopwood, Wellcome Trust, London 

Professor T.R.E.Southwood, Imperial College 

Professor P.C.C.Garnham, Imperial College 

Dr. P.F.L. Boreham, Imperial College 

Dr. C. Manson-Bahr, Hospital for Tropical Diseases, London 



Contents 

Summary 

Background 

Objectives 

Observations 

Conclusions 

Recommendations 

4dolowledgements 

Page 

2.  

3.  

3. 

4.  

5.  

7-

9. 
References 10.  

Appendix 1: map showing collecting sites 11.  

Appendix 2: list of collecting sites 12.  

Appendix 3: collecting methods 14.  

Appendix 4: host preferences of P.perfiliewi 15.  

Appendix 5: biting activity of P.perfiliewi. 21. 



Summary 

In July 1973, an investigation was made of the sandflics 
in the south of the province of Emilia-Romagna, Italy, where 
there had been an outbreak of kala-azar in 1971-72. Only one 
species, P.perfilicwi, was found. It was widespread and 
abundant in domestic situations and in fields and woods. In 
natural conditions it was shown to feed on 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 dawn. Engorged females were collected and a laboratory 
culture initiated. 

From its distribution and habits it could be suspected of 
being a vector in Emilia-Romagna. Confi.rmat•ion of its susceptibility 
to Leishmania is necessary before a conclusion can be reached. 
Similar studies are planned on P.perniciosus, the assumed vector 
of kala-azar in other parts of Italy. 

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 conditions 
such as in 1971 without knowing the vector and reservoir hosts. 

2. 



Background 

In 1971-72 there was an outbreak of visceral leishmaniasis 
in the region of Emilia-Romagna, Italy. 60 cases were diagnosed and 
13 patients died. During the previous 50 years, only 4 autochthonous 
cases of the disease had been reported in the region. The outbreak, 
which has been described by Pampiglione and colleagues (Ref. 1), 
differed from typical Mediterranean kala-azar in that: (i) a high 
proportion (60%) of the patients were adult men: (ii) in some 
patients the disease was rapidly fatal: (iii) from serological 
studies there is evidence of asymptomatic cases: and (iv) there is 
a strong suggestion 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 memory. One explanation of the outbreak is that this abnormal 
weather led to changes in the numbers and behaviour of the sandflies 
which altered the man-fly contact. Another is that tho drought affected 
the behaviour of an as yet unknown reservoir host and the parasite was 
thus brought closer to man. Both changes may have occurred (Ref. 1). 

In 1972, a team led by Professor A. Coluzzi collected 4,777 
sandflies in the area and identified 4 species, viz.: Phlebotomus 
perfiliewi (5!% of the catch), P. perniciosus (4.8%), P.papatasi 
(0.1%) and Serpentoyia minute (41%) (Ref. 2). From indirect evidence 
of the distribution of leishmeniasis and sandflies, it is generally 
assumed that in Italy the vector of kala-azar is P.perniciosus, and 
that of cutaneous leishmaniasis (seldom seen in Emilia-Romagna), 
P.perfiliewei (e.g. Ref. 3). P.papatasi, though a vector of visceral 
and cutaneous leishmaniasis in other parts of its range, has not been 
implicated in Italy. S.minuta feeds predominantly on reptiles and is 
nowhere suspected of being a vector of leishmaniasis of mammals, 
including man. However, a closely related species, S.nrpaklensis, 
from the Middle East and western USSR is thought to be important in 
the maintenance of cpizootics of cutaneous leishmaniasis of rodents; 
it occasionally bites man. 

Control measures taken in rmilia-Romagna include: (i) diagnosis 
and prompt treatment of cases; (ii) destruction of foxes end, in 
selected instances, of dogs; and (iii) spraying houses in the 
affected area with insecticides. 

Objectives 

th- 4nv4fetien 	Pe-efeesoe s, !1 seliglionc,  of tho Catteara 
di Parasitologia, Universits di Bologna, we spent the menth of 



July, 1973, in Emilia-Romagna studying the biology of the 
sandflies. Our aim was to gather data on their distribution 
and behaviour. (especially biting habits), and to establish 
laboratory colonies of any sandflies suspected of being involved 
in transmission. We hope to be able to compare the susceptibilities 
of different flies to Leishmania in the laboratory, and evaluate their 
potential as vectors of kala-azar. 

Observations 

During the period July 9th-31st we collected 3,680 sandflies 
from 8 sites in the northern foothills of the Apennine range 
(see map, appendix 1). We have so far identified 2,500 specimens 
(500 9?, 2,000 66). All were P.perfiliewi. Methods of collection 
are listed in appendix 3. 

Domestic sites  

Numerous P.perfiliewi were collected in a stable of a house 
(site 1, appendix 2) which had been sprayed in April, 19739 . Only 
few sandflies were taken from inside the house. Female P.perfiliewi — — 
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 the latter locality, one of 
the highest man-biting rates of any sandfly ever recorded was observed. 
Both houses had 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 500 m., 200_m. 
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-been acquired 
away from houses. Hunting and farming expose man to the bites of 
silvatic sandflies which may have become infected by feeding on wild 
mammals. We therefore collected from three silvatic sites, each more 
than 1 km. from the nearest house (sites 2, 4. and 5). In all three 
Polcrriliewi was abundant. There appear to have been no collections 
of P.pe7Frgewi from such sites in previous work. 

Biting preferences of P.perfiliewi 

Tent traps and oiled trays (see appendix 3) were baited with 
a variety of marlmals and set at several. places to determine which 



animals P.nerfiliewi will feed on in natural conditions, and to 
discover which were preferred hosts. The flies fed on the field 
mouse (Sylvaemus sylvaticus), the hare (Leptis capcnsis), the rabbit 
(Oryctolagus cuniculus),'Ale beech marten (Martcs foina), the fox 
(Vulv,es vulpes) and the dog (Canis fnmiliaris) (see appendi:z  
In addition, flies were seen to feed readily on man and cattle. 
No fed females were taken from traps baited with voles (Pitymys savii) 
or the domestic cat (Felix catus). No observations were made on 
sheep, goats or pigs. An unusually high proportion of female flies 
took blood from the hare (20%) and the rabbit (15%). From the few 
experiments we had time to undertake, 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 are 
not present). 

Conditions in which P. perfiliewi attacks man 

In all sites, at altitudes ranging from 90 to 500 m., P.perfiliewi 
attacked man in a remarkable variety of weather conditions. Light winds 
did not prevent attack, although there was a suggestion that in such 
conditions the movement of the flies was restricted to a level close to 
the ground. Females fed readily on man at temperatures ranoing from 
14°C to 25°C. Humidity seemed not to affect biting activity and we 
were attacked at R.H. from 50 to 100%. Light rain did not deter 
biting. 

Biting activity of P.perfiliewi 

P.perfiliewi 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 are 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 mart throughout the night. Peak biting activity was at 
03.00-03.15 hrs when 118 flies probed on the bait - an unusually high 
number. During the eleven 15-minute collecting periods (total time 
Achrs) 1i62 probing flies were taken. 

In other localities when man-biting catches of engorged females 
were made for 1 hour from about 22.00-23.00 hrs 40-60 flies were 
commonly collected. These fed females provided eggs with which the 
laboratory culture was initiated using the methods described by 
Killick-Kendrick and colleagues (Uef. 4). 

Conclusions 

Since we oronni- ored only P,psrciliewi -hi  the placos stndied; 



our conclusions mu,A bolimit(-fl to a provisional assessment of this 
species alone. It is likely 1.h at other inan-bitinc; sr,nflies will bD 
found at other times of the year and that wc were collecting when the 
population of P.perfiliewi was approaching a peak. 

The picture of P.perfiliewi is of an abundant, widely distributed 
species with opportunistic feeding habits. It will take blood from a 
variety of wild animals - sone of which could be reservoir hosts -
and is a persistent and determined nan-biter. 

From its distribution and habits P,perfiliewi could be a vector 
of kala-azar in Emilia-Romagna. The Italian subspecies (P.p,porfiliewi) 
is a known or suspected vector of visceral leishmaniasis in Greece and 
Macedonia, and another subspecies (P.n.trancaucasicus) is a vector in 
Azerbaidzan, USSR (Ref. 5). However, it should not be assumed that 
this fly was responsible for the Italian outbreak unless the susceptibility 
of P.perCiliewi from Emilia-Romagna to Leishmania is demonstrated 
experimentally or Leishmania infantum is isolated from a naturally 
infected fly. 

6 - 



7. 

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 leishmaniasis, sandflies 
are a serious pest in the area studied; spraying may be considered 
desirable on these grounds alone. 

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 places, by spraying all 
stables, pigsties, henhouses and rabbit hutches whenever the construction 
lends itself to such a measure. 

'The presence of small numbers 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 was no spraying 
while we were in Emilia-Romagna, we did not see how it was done. 

Russian workers, who have much experience of controlling 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 
away from walls and removing dust from surfaces to be 
sprayed; 

(iii) • 

(iv)  

insecticide should be sprayed on walls from the floor to 
the ceiling, on frames and sills of doors and windows, on 
a 1 metre strip of the ceiling along the walls and above 
lights, on the back of furniture and pictures which are 
against walls, and on the lower parts of chairs and tables; 

occupants should be encouraged to keep sprayed surfaces 
free from dust with soft brushes or rags, and should 
understand that rough cleaning or re-painting will remove 
the insecticide; 

spraying in the open air should. be done in dry, windless 
weather towards the end of the day as the heat subsides. 



8. 

A sage dose-rate of DDT for mammals is 1-2 gms active compound 
per metre` which, according to the 1963 W.H.O. Report of The Expert 
Committee on Insecticides, should remain active against sandflies 
for up to 2 years. Russian workers suggest respraying every 30-40 
days throughout the season, but we believe this to be uneconomic in 
Imilia-Romagna. The large populations of flies away from houses will 
not be controlled by house-spraying. 

It is generally thought that sandflies do not become resistant 
to insecticides. Different species do, however, 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 annually to 
test the susceptibility of the sandflies to DDT. 

It is therefore RECOMMENDED that: 

the interiors of  houses, stables and other structures housing 
domestic animals should be sprayed with DDT in June of each  year, 

(ii) the occupants should be advised how to  prepare their houses for 
spraying and how best to maintain the activity afterwards; 

(iii) the susceptibility of the sandflies to insecticides should be 
monitored. 

2. Future studies 

Although spraying can be expected to control domestic transmission, 
the danger of infections being acquired away from houses remains - and 
may, indeed, be the most likely place of transmission to man in Emilia-
Romagna. Until the vector is discovered and its habits known, and the 
source of infection is discovered (probably a wild animal or - and this 
seems less likely - the domestic dog), the only effective control measure 
is to continue with the swift recognition of cases and prompt treatment. 
If the causes of the outbreak are to he understood and steps taken to 
ensure there are no more outbreaks, an intensive study of the sandflies, 
of reservoirs of infection and of strains of the parasite is desirable. 

From the point of view of pinpointing the vector, it is PECOMETZDED 
that: 

cultures of P,perfiliewi and P.nornicious be of:tablihed in 
the lalloratov and 	ef:ry,arison h  r.-a0o cf their miseertibilities 
to strains of Leishmania from natients. 

This work has been started and will continue in collaboration 
with the worls.,rs in Bologna. For thif3 and other work it is 
essential that now strains of the parasite be isolated from 
patic-nts. In our view, 1.. 1•4 s 	.t  	must be given high pr5ority. 
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(ii) studies on the distribution and habits of P.perniciosus be 
made. 

'In September, 1973 one of us (P.D.R.) will attempt to 
find this fly and undertake a study similar to the one on 
P.perfiliewi. It is regrettable that there appear to be no 
records of the precise places from which Poperniciosus was 
collected in 1972, ner of the time of year that it was found. 
This information would greatly help future work. 

(iii) flies be  dissected and examined for the presence of Leisbmania. 

This should perhaps await an assessment of the 
-susceptibilities of P.perfilic!i and P.perniciosus to 
Leishelania in the laboratory. Parasites from wild-caught 
flies should be established in culture and laboratory 
animals, so that they nay be compared with strains isolated 
from man or reservoir hosts. 

(iv) bloodmeals of engorged wild-caught flies be collected from 
fields and woods, and the source of blood identified. 

Dr. P.F.L.Boreham of Imperial College, Ascot, England 
has kindly agreed to identify the bloodmeals. New techniques 
for collecting fed flies in other than domestic sites may 
have to be devised, e.g. the provision of artificial resting 
places. Such methods would be an important new contribation 
to the field study of sandflics. 
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Site Number 	Locality 	 Nature, of collecting site 	Trapping methods 

2 

Casa Dcatuzzi and adjacent house, 
Vedriano. Via Gitanari 

Near Ca Paderna, off via Gitanari 

Cattle-sheds, farmyard, rabbit-
hutches, chicken-houses, inside 
houses. 

The wooded bottom of a dry 
valley (of Rio di Paderna) 

Sticky traps, tent traps, 
catches from man and catt' 

Light/CO2  sticky traps, 
Disney traps, catches frog 
man. 

3 	Nontecalderaro. Villa of 
	

Garden, and inside house. 	Catches from man 
Dr. A.Parenti 

5 

7 

Duzzola, Casalecchio Del coati, 
Via Malvezza 

Casalecchio Del Conti, 
off Via Luogo 

Casa Ortolani, 
Via Del Poggio 

.Casa Rastignnno, 
Zona Valley 

Faenza 
Villa of Dr. M.  

Wooded hillside and stubble field 

Dry, rocky river-bed and 
surrounding woods of Rio 
Della Varone 

Hillside orchard and garden 
of a Villa 

Farmyard, rabbit-hutches, 
chicken-houses 

Garden 

Light/CO, sticky traps, 
nisney tr4:'aps, catches 
from man 

Light/CO
2 sticky traps, 

Disney traps, catches 
from man. 

Catches from man, collccti 
of fed fcmal,l's from 
resting sites 
Catches from man,collecti 
of fed females from 
rtino sitos. 

A catch from man 



Appendix 3. 

Collecting methods 

1. Tent Tron (after RiOuX) 

Two, 2 metre poles support a pegged tent of mcsguito-netting 
(2 metres long, and 1 metro wide at its base, whence it narrows to 
a point). Sandflies gain entry to the bait-animal within through a 
framed opening (60 cm x 30 cm) at ground level; trapped flies are 
collected with an aspirator from the top of the tent. 

2. Modified Disney Trim , 

A caged animal is placed 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 Dioxifle SLiELLIEEp (after Ilioux) 

A paper lantern containing a dim white light and solid carbon 
dioxide attracts sandflies, which become stuck to the trapts cantor-oil-
impregnated walls. 

4. The collection with tube or aspirator of female sandflies  attracted 
to bait animals. 	

a. 

5. Searching for engorged  females  in their  resting sites. 

14. 

/-Th 



Appendix 4. 

Host preferences of P.perfiliewi. 

15. 
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Appendix 5. 

Biting activity of P.perfiliewi. 
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2. 

Summary  

In September 1973 the investigation of sandflies in the 
south of Emilia-Romagna started by R. Killick-Kendrick et al 
(Ref.1) in July was continued. 

Once again Phlebotomus perfiliewi was found to 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 nepligable. 

It is recommended that DDT should be sprayed in domestic 
situations in September as well as in June. Field studies on 
sandfly biology should continue. 



3. 

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-Azar (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 51da, 114n; 
P.perniciosus le). The trapping techniques used are described in 
the first report (Ref.1). 

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 (Appendix 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. 



4. 

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 (50-100%) 
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.perfiliewi found in July 
were recorded from 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 
some 4°C to 5°C below July temperatures (Appendix 4 ). 

4. Biting activity of P.perfiliewi  

Dusk heralds the first biting P.perfiliewi, which 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 (Uef.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. 



Comparing our findings with those of Prof.A.Coluzzi (Ref.3) 
Elperniciosus was 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. P.perfiliewi  

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. Thus, 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 only. 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 sandflies 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 dangerous to humans and animals. In certain 
years when the survival of sandflies is not favoured applications of 
DDT could be totally unnecessary. 

5- 



6. 

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 I  

The study area, Emilia-Romagna Province. Numerals refer 
to the sites visited in September 1973. Site 15, in the Province 
of Modena, is not shown. 



rn 

,2_-__C.9,),_—_coi 	
r,...,..„9/4Tyliiv 	_.)..........,,,.,.....,„_ 	,,,,,,,, 	1 	 . 	4...) 	, 

' 	IN\ 4 i ;.--N, 	...,. 	z 
•-,-.,,, '4; 	--Y1a7,:-..'----•.i1 	 / ilt 

	

, s',,,.',1);;,..rai'a I( \ 'C' -\ •-%-- - ------,,,,,..,----1;r3" ( 	 'S / t' ' • - 
1 , ;,'‘.C.,',...„--. 	N ‘ 	l' 	. 	 (U/'U 	4-',-,-",t' 	- '.?1;i. 	,1 	:: 

 

\    	''  
, 	'7, 	-."%■:K Tr:::',',t,o ;;! 	 - Zr_ ,:,,D,/ ' 

, 	--0._.. 	); 	..,,,,, 2z, 

-------.,„.;:_:;i:,,,,, , 	d"io / 6,  ' Fiorentina 
. _,,,,,/,-:p:---c:---..—Tr•--i.4--t,-.-.:.----- 	_)„,..,. / 	\ I 	1 ...... , 	 s • ..- --...„ 	- 	,.,,,, 

i ,', - 	',-, 

• (-(:\ 

Jr,/ 

	

`----. 	;J., 	....se., 
-- 	 .i.."3.,.).7.,c.sc...3,:,,, , 2, 	l'-c:;. -le; va \ ,,,,-2,-,.B,s,';>?),,adcro,3 7i;‘,'  

....11'.!) ir' 

. II, 	
).:..'<'4,ga'''`i,:-.:'"-=,---=,/,C 

.,,,.....7....H 	 ,:,......,,A...-."  ..":7.---_,,,11. ' 	 ''''''''' : 
i‘eano.. 	

':IVEGI',Ic,(,4' .  ....„,6"../1-; rd.  no  
.'7,- ,-.)../- y,:.1c.n6..-;.. 	‘,...., .. 

	. 	/ 	- 	• / , 

  ..

9/.:„..47j' SUdd N.b./'" ---i\---nselice  c: 
. ).:06,0vo, 

-,-,..,  

.,, , , • 	, .„ 

	

'-._‘' 	/--?--,q,  ,, .-„,,r,f0,,,,,;:-:' 

8T.  ;•,H. S.:irnardino 

..//c" ='  

-..,.., -.. , ,.... L.  
-, 

ca.,,,....„ 	 LO 	„.,,,./ifiegu'cit,?,,,•0:".„,  	./ viiia // 
''''''>' forl-eoal 	 -----,..• 	. 	: ; i ' 

( 7 	,/ 	
1 ip_irotum, 	 ;(, 	' 	 .5,... .P.:=1 :,rr1 Ze,10;z1,,1;6"/ ,/',--,..„ , . .„!.,,,, ...,.;,.,,,,,,,____., 

' 	9..--.;.• "0  Ganzamgo 	/ ii-'97:1"r''0' ''',,-4•,-;-,.'-'...../..., 

	

. 	y 
sand7.5, 	 )) AO, 	' ' 

/ 	 ,/ ? 	
C :--.1,. - 	; 	. it  

	

 / 	i!,..., 
.. 	.f.617,ESO 	/7 / ' 1 1. 3/. 

, -.. . . .. 	 ,o; 	4, Alqdicina;-;,- 	- I' 1 	1 4 -  
• 'Te..it -•(.` --' 

	

-_,. 	7/:11 P01710 
' ' 11/' 	U 	' 	Cr .•.7 ,..,1t..;.,,  / 	i,  9 I 	

,;,' .(/..' ,,...„srusi,..;:: ,.7,:76: „.,,.. 	•,,,„_ 

,;,• i 

--- / • , 	. ;:,/, ) 	' 	Imo.,?e 
it
f 	" • 7a .. ' 

	" ? ''/. 51‘A,-..',.?•-R,"/ 4 6 	/I, 	 ,-,--„--,., . ,-,,•• //.-...- ,- ' ic.,  
, 	„...,,,, , 	t, 

%' 

	

	
it i 	

0, , ,/ sr s...... 0 // 

_.„..,-,,„,...../, --7—.....--,i,:,,,, 	,E ,  ,. 	 ? 	 ZOli7bard' ill'  '.-/ ;I //5'''1:;;-";‘ 	11  rt/:'*   . 	Q3 	' ', 	 e 	, ..,  
' 'PC Cc/O__//: . ,,,--_, ___/ 	/ 

,I east. 'J.. ..,IV :•,.-,--,,--.±',f-----------;!-----,,,„ 	 / ..-.,,,.• .....r., 	,,,/, v,y, 	
/„.. • 	.— . 

l, ,,..,. il } '  

" ,%/ S 	e.,/ sass() ,,,, ,-,Tegi , 
rty,70 ,; 	',,,' .,::5 P 	 ', -....,„Ji  	/..' 	.101 (la 
- ' 7...,,...„.....0(.(' ,:::. 	.,,. 	,  !71a-  Cantj 

rdar'.._/,   ?2::-  '-‘;'V'  na, --'-'---3 f7C% 	 4. 	,,, ,,,,,.: / 1.7---\__, (7-'.:----/ p.;1:,...,01.. ,  
, .,,.. 

,/- 	 01,V /i 	,<"" t . % ' 	— , 	../'‘,,.3  ' 
 

"•,',/ , . 	../.2:/i,:-------,...i.35 . 6 , ,', :."., ,z ,  p 	,/, , 	&,.,,..c-.5,;:).„,,- -,./7 ,...'i  

/;;;;,--.,_..- .)) 	. 	.4 ••.=,t,--,s,=i5,,•;• 	 ; 

•*1 	Q /,,;,..:  
(,,\,,,:ii,••,,,•,s'.,.(Zisicsgt.,,e. 	,i.,;  , 	1/S.,-71,,3:rs,,,,  , 

.=71.ounq-7.,•=,  
,..)."•.•'? / 	7c 	 - .v 	`-'••••':••,-. f -? ----'''', 

	

ola 	
i ,"...1,,,  ...., 

. 	/ 	 V 

qii=cja 	
;( I 	„y• 	• 

,....... 	. 

''...,-''' ' 	
-- 

,, ii  ,., :•. •. .. i'l„.7.1 , ; 	:•,,,.;: '2).1. u.- :,.:: 
fi' bC:'.0!:;,!• , ..,'. ,-c ,....CesW6c 

• S.11 	 .._

► 

' 	 1i:" i r. vab '- eh-; .n......,. It ---- - ; 
. 	' 1...\\ 

,4!..-.-),',.• .-. 	t_ 39;  ._  
,oli.  ei - 	'-'4  aggio if 

.f"...., 	
,..S.311!;.iiiiPa 	.. 	 i 	L,  

, 0  
- --- 

../ 	.,. 	 ./ 	, .. . 1  ,1 	 ./ • 
' r  ' "'g. " 	• t,1u.S.,31;01;k;::, 	, a ----,T)  jritigna,,i/n' a  .T.'c,- -%-par,.3 1 	• 	•,..'• 	•\ 

-Jr--.."----- i- ):.-A„.. 	,•=• ! 	• 	';' 	' 	• ', , )11-1=Tv-cata,e. je  shr:so, 41 	',, •:,-; 	i(  ' ... 	.,; 	• ''  r, ::.:-',-...CO:•.,1( 1, 

(' 	96.6  ''., 
idor,,'!-oacut.o )[„/ 

•-;ilsilics,:.•••• •/; ': • 

ki \.,,_.c ,5,....sarnpf) - ): 	 , 
''._›.-_,I....'r'e:::::0uti.i.c.,, 
'fif-07-(q 	---;".  id. form3I,N v;,- 

.,.. 
I , I 

	

! ji V., 	,, ..„..__.‘, 	,.•,,..., 0., ..--,--...., A r•-•,---, .,...),. 

_,_--------: 

	

„\....,„: .,...,,I i  ,.„ 	..,,c,,,„,,,,:)....„.- „i 	
VZ 	IMO 

- / ,/,-- . 	 • 	_.-...! • , 	• '-'-'- frac 5; ,7 ,2L,?____,,.(i 7  ,---' ' \ 	/I: >--;%--- --•- / 	•,:,.. ii ,• f-r?, -k: i: / 	s . • 	'N-r_-----, 	• 
eCroi:,•, 	4,/2 	'21 	ze=7,-:•.■ • 	1.. ,, 	 ,-, .. / . 	PiEl/e c 	----;'--7.-;,, 

z2.../11,q; LIS C ,.. 	,-'1",,,I.?,(J..ONE 	4 , . 	li 	. `...oate,.-..).'-,zio. 

	

i.-.- ' 7' / 	. Ltvcr..(2,,;73179 IT - \\_,,,,-. 1  

	

,P - I 	' , - ---:=C1' 7 ' ,-A---6-in--on to 	.•:- 
2 9 --""'vl 	s, A ,icir.e0,)) PC, flt ice,11.--,..-  

,.....-- 
1/a '3 	.1 ,I LL---,-"' .,• •'• 	'• 

	

„%. 	.,...,-, 	...,,, ,.• 	..., .- 	,.„ 	.-..„-..• 	......„--,•-•----:- --,,• - 	X. ''' ----- 

el 	i r • ,.• 
 

. 
„•-;.4"•,,,,  ...‘7) 	:T-'-,• , ...).3tu• 	 -/ 8.:-.:.s ;-• 

''''.-• 	543  . 
Lolano 0,jj'''''' ■I 	' ‘,..• 	',,, 	..,,, ..\ ,... .,, , ../..k1VEGGIO Ad M 0.;,,II 	, 	• 	,,..- - -,, 	 ,-,--',.- 

'' 	 `' 

1; 	• )) ',. 	 •,,,,,,7sr.',.ao.71 .=.,=  T. 	(--;.„,...„. 
' = • 	- 	' ' ,t. P  , S. _., 	 . 	k.., 4: S i'le,'E't,',..00 	/ 	i„r':-". 	/ 

	

UL:eri.:::,,,,:, 	...7 

‘%. 

-,e%ej  (V3 -; 
„ 

or>,  ra' 

• 
9/7 'IT..  • 

M. ECE"•:;\. 
,V 

NZA. 

A; 



Appendix 2  

10. 

List of Collecting Sites. 



Locality (altitude) Site Number 

1 

2 	Ca Paderna, off via 
Gitanari (90 metres) 

Cattle-shed Casa Bertuzzi, Vedriano. 
via Gitanari (330 metres) 

4 Few Light/CO2  sticky 
traps, catches from 
man 

Wooded hillside and 
stubble field 

Duzzola, Casalecchio Dei Conti, 
via Malvezza (90 metres) 

5 Absent Light/CO2  sticky 
traps 

Dry, rocky riverbed, 
and surrounding woods 
of Rio della Varone 

Casalecchio Del Conti, off via 
Luogo (140 metres) 

7 

Absent 

Absent 

Catches from man 

Catches from man, 
search of resting 
sites 

Hillside orchard and 
garden of a Villa 

Farmyard, rabbit-
hutches, chicken-
houses 

Casa Ortolani, via Del Poggio 
(240 metres) 

Casa Rastignano, Lena Valley 

*Numerous 20+ in 2 hrs Few < 5 in 2 hrs 
Common 5-20 in 2 hrs 	 Absent 0 in 2 hrs 

Nature of collecting 
site 

The wooded bottom of 
a dry valley (of Rio 
di Paderna) 

Trapping 
Methods 

Catches from man 
and cattle 

Catches from man 

*Abundance of 
P.perfiliewi  

Numerous 

Absent 

The sites on this page were visited in July 
as well. 



Catches from man and 
cattle, search of 
resting sites 

Light/CO
2 
traps, catches 

from man, search of 
resting sites 

Light/CO2  traps, catches 
from man, search of 
resting sites 

Light/CO2  traps, catches 
from man, search of 
resting sites, Disney 
traps 

Light/CO2  traps 

Light/CO2  traps, search 
of resting sites 

Light/CO2  traps, search 
of resting sites 

Absent 

Numerous 

Common 

Numerous 

Few 

Few 

Few 

Site Number locality (altitude) 

Panico (75 metres) 

Nature of Collecting 
site 

Cattle-shed, farmyard, house 

10 Casa Tonioli Pidne, 
Nr. Pontecchio (350 metres) 

Cattle-shed, chicken-houses 
out-buildings and house 

11 Casa Lambertini via Iola, 
Monte Donato (200 metres) 

Cattle-shed, chicken-houses 
rabbit hutches, and away from 
farm 

12 ea Nova, Monte del Re, 
Nr Dozza (237 metres) 

Animal houses and farm house 

13 Casa Ferrari San Martino Chicken-houses, farmyard 
(75 metres) 

14 Casa Prati, via Liberta Animal houses, garden 
Pianoro (200 metres) 

15 Casa Cornia, Festa, Nr.Marano 
Vignola, Province of Modena, 

Animal houses, farmyard, 
farmhouse 

(350 metres) 

Trapping Methods 	Abundance 
of 

P.perfiliewi  



Appendix 3  

The abundance of P.perfiliewi in July and September using 
different trapping techniques. 



14. 

Trapping Technique 
	July 	September 

	......goymmagowa■•■■ 

Light/CO2  sticky-trap 

Man-bait 

Disney trap 

Tent trap 

Search of resting places 

0.1 

	

10.3 	0.3 

	

4.4 	0.0 

9.4 

	

1.9 	 0.4 

Abundance is expressed as number of sandflies caught per location 
per trap-hour. 



Appendix 4 

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 17.50c 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 	22.00hr 	Minimum 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 22.2°C 21.5°C 19.0°C 
(23.0-22.0) 	(23.0-20.0) 	(22.0-18.0) 



• 1, 

17. 

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°0 for 
different periods (from 1 to 6 months). 

It is important to obtain female flies so that the susceptibility 
of this species to strains of Leishmania can be tested. 

1.KILLICK-KENDRICK, R., LEANEY, A., AND READY, P.D. (1973). 
A laboratory culture of Lutzomyia to 	Trans.R.Soc. 
trop.Med.Hva., 67 (4), 434. 




