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SUMMARY

	 Phlebotomine	 sand	 flies	 (Diptera:	 Psychodidae:	
Phlebotominae)	 are	 vectors	 of	 Leishmania	 parasites,	
etiological	 agents	 of	 leishmaniases	 in	 humans	 and	 other	
mammals	worldwide.	A	previous	study	showed	 that	at	 large	
biogeographical	 scales	 sand	 fly	 patterns	 of	 co-occurrence	
are	segregated,	indicating	that	sand	fly	communities	at	such	
scales	are	 likely	shaped	by	environmental	 factors	and	 inter-
specific	 interactions.	However,	 no	 study	 has	 addressed	 co-
occurrence	patterns	at	the	local	scale	of	disease	transmission.	
Here,	a	null-model	analysis	of	species	co-occurrence	patterns	
is	presented,	showing	that	at	the	local	scale	patterns	of	sand	
fly	species	co-occurrence	shift	from	a	segregated	structure	to	
random	when	comparing	a	forest	to	a	farmland.	These	patterns	
may	explain	the	ecological	fitting	of	sand	flies	with	regard	to	
the	choice	of	diurnal	resting	sites	in	transformed	landscapes,	
which	may	 impact	 the	 transmission	of	Leishmania	parasites	
by	 disrupting	 patterns	 of	 blood	 foraging	 across	 vertebrate	
hosts.

Key Words:	 Phlebotominae,	 Leishmaniasis,	 C-score,	 null	
models,	ecological	fitting.

Patrones de co-ocurrencia de especies de flebótomos a escala local: Diferencias 
entre áreas agrícolas y forestales

RESUMEN

 Los f lebotómos (D ip tera :  Psychod idae: 
Phlebotominae) son vectores de los parásitos Leishmania, 
agentes etiológicos de las leishmaniasis en el ser humano y 
otras especies de mamíferos a nivel mundial. Investigaciones 
previas demostraron que en escalas regionales las especies 
de angoletas se segregan, posiblemente por la influencia 
de factores ambientales e interacciones inter-específicas. 
Sin embargo, los patrones de co-ocurrencia no han sido 
estudiados a nivel local. Aquí se presenta un análisis de 
modelos nulos de patrones de co-ocurrencia que muestra 
que los patrones de co-ocurrencia de especies de flebotómos 
pasan de segregados a agregados cuando se compara un 
bosque con una granja. Tal resultado podría explicarse en el 
ajuste ecológico de los flebotómos con respecto a la selección 
de sitios de descanso diurno en paisajes transformados. 
Este ajuste ecológico podría impactar la transmisión de 
los parásitos de Leishmania al cambiar los patrones de 
alimentación sanguínea de los flebotómos con respecto a 
varias especies de hospedadores vertebrados. 

Palabras clave: Phlebotominae, Leishmaniasis, C-score, 
modelos nulos, ajuste ecologico.

INTRODUCTION

	 Sand	flies	 are	 vectors	 of	Leishmania spp., 
flagellates	which	cause	leishmaniases	in	humans	and	
other	mammals	worldwide.	Leishmaniasis	 foci	 are	
often	inhabited	by	several	sand	fly	species	(Jimenez	
et al., 2000; Rotureau et al., 2006; Salomon et al., 
2008). Although several studies have made the point 
that	in	environments	with	higher	vertebrate	diversity	
the likelihood of sustaining high overall prevalence 
of Leishmania infections across all hosts is reduced 
(Alexander	et al., 2001; Travi et al., 2002), little or no 

attention has been given to the community structure of 
sand	fly	vectors.	

 Patterns of species co-occurrence can be 
studied using null-model tests, a tool originally 
proposed	 to	 examine	 randomness	 in	 community	
assemblages	(Gotelli,	2000).	Nowadays,	null-models	
are considered to be pattern-generating models based 
on randomisation of ecological data or random 
sampling	 from	 a	 known	 or	 imagined	 distribution	
(Gotelli,	2000).	The	results	of	studies	using	null	models	
to	study	sand	fly	species	co-occurrence	patterns	at	large	



Bol. Mal. Salud Amb.36

Sand Fly local co-occurrence patterns

tests,	looking	at	published	data	from	sand	flies	captured	
at	resting	sites	in	two	transmission	foci	with	different	
degrees of human intervention, a farmland and a forest.

METHODS

Data

	 After	the	examination	of	the	Web	of	Science	
and	PubMed	only	two	studies	had	detailed	local	data	on	
sand	fly	species	co-occurrence	suitable	for	the	analysis	
with	null-model	tests,	one	in	a	farmland,	the	other	in	a	
forest.	Sand	flies	from	a	farmland	focus	were	collected	
in	Camerino,	a	hill	town	in	the	Marche	region	of	Central	
Italy, using sticky traps and aspirator hand collection 
(Bongiorno	et al.,	2003).	The	insects	were	sampled	bi-
weekly	over	two	four-month	periods	(June-September	
of	2000	and	2001)	in	a	variety	of	sand	fly	diurnal	resting	
sites,	which	included	two	kennels,	a	sheep	pen,	a	stable,	
a	chicken	house,	a	multi-species	pen	(chicken,	sheep,	
etc)	and	drainage	openings	within	crevices	of	the	walls	
of	a	human	dwelling.	Sand	fly	species	collected	from	
all	resting	sites	in	this	study	are	summarized	in	Table	I.	
Sand	flies	from	the	Forest	focus	were	collected	at	Limbo	
Field	Station	which	is	located	about	8	km	Northwest	
of Gamboa, Panama using aspirator hand collection 
(Chaniotis	et al.,	1972).	Samples	were	taken	during	a	
period	slightly	longer	than	two	years	(1969-1971),	no	
information	was	reported	on	the	sampling	frequency.	
Sand	fly	species	collected	from	all	resting	sites	in	this	
study	are	summarized	in	Table	II.	

Null Model Tests

 To test the null hypothesis that sand fly 
species co-occurrence at the local scale of transmission 
is	 random,	C-scores	 (Stone	&	Roberts,	 1990)	were	
calculated	using	the	data	shown	Table	I	and	Table	II.	

Resting
Site

Species
Kennel A Stable Chicken		

House Sheep	Pen Multi-species	
Pen Kennel B Wall	Crevi-

ces

Phlebotomus 
perniciosus 1 1 1 1 1 1 0

P. perfiliewi 1 1 0 1 1 1 0

P. papatasi 1 1 1 0 1 1 0

P. mascittii 0 1 1 0 0 0 0

Sergentomyia 
minuta 1 1 0 1 0 1 1

Table I. Old World sand fly species occurrence across resting sites in an agricultural area. Species 
presence/absence is denoted by 1/0.

biogeographical	scales	(encompassing	ecological	life	
zones	and	altitudinal	gradients)	revealed	these	species	
to	be	more	clustered	 than	expected	at	 random.	This	
supports	the	hypothesis	that	large-scale	sand	fly	species	
distribution is probably determined by the environment 
and	inter-specific	interactions	(Chaves	&	Añez,	2004).	

	 However,	It	is	still	unclear	what	patterns	of	
sand	fly	species	co-occurrence	exist	at	the	local	scale;	
Do species tend to be clustered around some kind of 
habitat?,	Are	they	associated	with	specific	habitats	that	
exclude	other	species,	or	Are	these	patterns	completely	
unstructured/random?. This information can be very 
useful	for	targeting	vector	control	measures,	allowing	
specific	 habitats	 to	 be	 treated	 with	 insecticides	
or rendered unsuitable through environmental 
modification.	 Similarly,	 it	 is	 not	 known	whether	
large	scale	landscape	transformation	affects	sand	fly	
co-occurrence patterns at the local scale. Patterns 
of species co-occurrence at the local scale could 
change	with	landscape	transformation	and	impact	the	
dynamics of Leishmania spp. parasite transmission, 
given differential access to reservoir and incidental 
hosts	(Chaves	et al., 2008). Also land use change can 
modify the composition of the vector community. 
Sand	fly	species	with	 large	“ecological	fitting”,	 i.e.,	
species	with	 the	 ability	 to	 use	 new	or	 transformed	
habitats	without	 the	 need	 for	 adaptation	 (Janzen,	
1986), can dominate communities that used to be very 
diverse	before	land	use	change.	It	can	be	expected	that	
undisturbed	environments,	like	forests,	when	compared	
to	transformed	landscapes,	like	farmlands,	would	have	
communities	that	are	more	structured	with	regard	to	
their	specificity	 in	use	of	 resting	sites,	which	are	of	
great importance for leishmaniasis transmission risk, 
given	the	limited	dispersal	of	these	insects	(Morrison	
et al.,	1993).	In	the	present	study	patterns	of	sand	fly	
species	co-occurrence	are	analyzed	using	null-model	
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Table II. New World sand fly species occurrence across resting sites in a forested area. Species 
presence/absence is denoted by 1/0.

Resting Site

Species

Tree	Trunk
Green	
Plants

Leaf	
Litter

Animal 
burrows

Tree	
hollows0.0	m	

0.6	m
0.6	m	
2.0	m 5 m 9 m 15 m

Lutzomyia trinidadensis 1 1 1 1 1 1 1 1 1

L. shannoni 1 1 1 0 0 0 1 1 1

L. ylephiletrix 1 1 1 1 0 1 1 1 1

L. trapidoi 1 1 1 1 1 1 1 1 1

L. vespertilionis 1 1 1 1 0 0 0 1 1

L. ovallesi 1 1 1 1 1 0 1 0 0

L. camposi 1 1 0 0 0 0 1 1 1

L. arborealis 1 0 1 0 0 0 0 0 1

L. cruciata 1 1 1 1 1 0 1 0 0

L. panamensis 1 0 0 0 0 1 1 0 1

L. pessoana 1 0 0 0 0 1 1 1 1

L. sanguinaria 1 0 0 0 0 1 1 1 1

Brumptomyia sp 1 0 0 0 0 0 1 1 1

L. rorotaensis 0 1 1 1 1 0 0 0 0

L. dysponeta 0 1 0 0 0 0 0 0 1

L. micropyga 0 1 1 1 1 0 0 0 0

L. puntigeniculata 0 1 0 0 0 0 0 0 1

L. undulata 0 1 0 0 0 0 0 0 1

L. serrana 0 0 1 0 0 0 0 0 1

L. olmeca 0 0 0 0 0 1 1 1 0

L. gomezi 0 0 0 0 0 1 1 0 1

L. rubidula 0 0 0 0 0 0 1 0 1

L. triramula 0 0 0 0 0 0 1 1 1

L. aclydifera 0 0 0 0 0 0 0 1 1

L. vesicifera 0 0 0 0 0 0 0 1 1

L. carpenteri 0 0 0 0 0 0 0 1 0

L. runoides 0 0 0 0 0 0 0 1 1

L. nordestina 0 0 0 0 0 0 0 1 1

L. saulensis 0 0 0 0 0 0 0 1 1

L. aragaoi 0 0 0 0 0 0 0 1 0

L. barrettoi 0 0 0 0 0 0 0 1 0

L. insolita 0 0 0 0 0 0 0 1 0

Warileya nigrosacculus 0 0 0 0 0 0 0 1 1

L. dasymera 0 0 0 0 0 0 0 0 1

L. hansoni 0 0 0 0 0 0 0 0 1
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(2003).	In	addition,	it	can	be	argued	that	comparing	New	
and	Old	World	sand	fly	communities	to	study	the	use	
of	resting	sites	is	sound.	For	example,	similar	patterns	
of decreased diversity in agriculturally transformed 
landscapes have been reported across gradients 
of	 habitat	 intervention,	 as	well	 as	 the	widespread	
microhabitat	usage	by	the	most	common	sand	fly	species	
(Travi	et al.,	2002;	Warburg	et al., 1991). At the local 
scale of transmission, patterns changed from segregated 
in	the	forest	to	random	in	the	farmland,	a	trend	which	
probably	 is	 linked	 to	 the	expansion	of	 the	disease	 to	
multiple	hosts	following	environmental	modification.	
This phenomenon has been partially studied in the 
Neotropics,	where	the	extraction	of	selected	tree	species	
at	a	site	in	the	Amazon	forest	did	not	change	the	rate	of	
infection	in	Sand	Flies	following	a	logging	event	that	
led	to	the	reduction	of	reservoirs	(Pessoa	et al., 2007). 
Although in the forest site both Lutzomyia trapidoi 
(Fairchild	&	Hertig)	and	Lu. trinidadensis	(Newstead)	
were	present	 across	 all	microhabitats	 their	 densities	
were	low	in	some	of	them	(Chaniotis	et al., 1972). Thus, 
the	homogenization	of	the	environment	can	favor	the	
contact	between	most	host	species	and	sand	fly	species	
like Lu. trapidoi and Lu. trinidadensis. The latter can 
be	explained	by	the	“ecological	fitting”	(Janzen,	1985)	
of	 those	 sand	fly	vector	 species,	 i.e.,	 their	 ability	 to	
be	present	everywhere	and	to	exploit	hosts	that	likely	
were	associated	with	other	sand	fly	species	that	have	
a diminished ability to contact several mammal host 
species.	The	 fact	 that	 farmland	 sand	fly	 species	 can	
rest across all suitable sites may indicate their ability 
to forage on blood from all hosts in the farmland, 
when	compared	to	the	forest	where	some	species	are	
strongly	restricted	to	specific	microhabitats.	This	finding	
precludes interventions based on the idea that the disease 
will	disappear	with	the	primary	forest	(Chaves	et al., 
2008), and favors measures directed at avoiding contact 
with	vectors.	However,	more	ecological	studies	on	sand	
fly	microhabitat	and	its	relationship	to	blood	foraging	
are	needed	to	determine	whether	the	choice	of	resting	
places	is	influenced	by	environmental	conditions	that	
may vary across other elements of the local landscape 
of transmission like climate.
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Null-model	tests	for	C-scores	were	carried	out	using	the	
program	Co-Occur	(Ulrich,	2006).	The	null	models	were	
fixed–fixed,	i.e.,	row	and	column	sums	of	the	original	
matrix	were	 preserved.	This	 algorithm	was	 chosen	
because of its good statistical properties, including 
the	low	frequencies	of	type	I	and	II	errors	when	tested	
against	random	and	structured	matrices	(Gotelli,	2000).	
The	random	matrices	were	created	using	a	sequential	
swap	 algorithm	 (Gotelli	&	Entsminger,	 2003).	Null	
model	tests	were	done	using	5000	randomizations	of	
the original dataset. If the C-score value of the dataset 
was	 significantly	 larger	 than	 the	 one	 obtained	with	
the	randomizations,	species	are	considered	to	be	non-	
aggregated.	When	 a	C-score	 is	 significantly	 smaller	
species	 are	 aggregated	and	when	 the	 two	values	 are	
similar	 co-occurrence	patterns	 are	 random	 (Stone	&	
Roberts, 1992). Further details about null models and 
C-scores applied to the community ecology of vectors 
are presented in Chaves et al.	(2010).

RESULTS 

	 Results	for	the	null	model	tests	are	shown	in	
Table	III.	The	C-score	null-model	test	for	the	sand	fly	
community structure in the farmland corresponded to 
that	expected	under	random	conditions,	i.e.,	without	
differences	 between	 the	 expected	 value	 and	 the	
simulations. The C-score null-model test for the sand 
fly	community	structure	in	the	forest	was	segregated,	
with	the	expected	value	being	significantly	higher	than	
the value obtained by simulations. 

DISCUSSION

	 Studies	on	sand	fly	ecology	are	very	scarce	
when	 compared	 to	 studies	 on	 other	 vectors	 like	
mosquitoes	or	kissing	bugs.	Although	 it	would	have	
been	ideal	to	study	local	patterns	restricted	to	either	New	
or	Old	World	sand	flies,	this	information	has	not	been	
published	for	any	given	site	with	the	high	level	of	detail	
presented by Chaniotis et al.	(1972)	and	Bongiorno	et al. 

Dataset C-Score Mean	±	variance	of	
simulated	C-scores P

Farmland 1.600 1.532	±	0.023 n.s.

Forest 2.240 1.841	±	0.337 0*
n.s.	not	significant	(P>0.05), 
*	statistically	significant	(P<0.0001)

Table III. C-score values for phlebotomine sand 
fly communities across several resting sites in a 
farmland and a forest area.
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