
182

1	 Departamento	 de	 Biologia	Animal,	 Universidade	 Federal	 de	Viçosa,	
Viçosa,	MG	36570-000,	Brazil.

2	 Departamento	de	Fitopatologia,	Universidade	Federal	de	Viçosa,	Viçosa,		
MG	36570-000,	Brazil.

	 Corresponding	author:	E.G.F.	Morais	<elisangela.fidelisa@gmail.com.>
©	CAB	International	2008

Diclidophlebia smithi (Hemiptera: Psyllidae) 
a potential biological agent for  

Miconia calvescens

E.G.F. Morais,1 M.C. Picanço,1 R.W. Barreto,2 G.A. Silva,1  
M.R. Campos1 and R.B. Queiroz1 

Summary

Diclidophlebia smithi	 Burckhardt,	Morais	 and	 Picanço	 (Hemiptera:	 Psyllidae)	 is	 a	monophagous	
species	which	was	selected	as	possible	agent	of	biological	control	of	miconia,	Miconia calvescens	
DC.	 (Melastomataceae),	 a	native	plant	of	Central	 and	South	America	 that	has	become	an	aggres-
sive	invader	of	forest	ecosystems	in	French	Polynesia,	Hawaii	and	Australia.	The	objective	of	this	
work	was	to	study	the	biology	and	population	dynamics	of	D. smithi	in	Viçosa	and	Dionísio	(state	of	
Minas	Gerais,	Brazil)	from	June	2001	to	June	2002	and	from	February	2004	to	February	2005	and	
evaluate	injuries	caused	to	the	host	plant	and	occurrence	of	natural	enemies	of	this	psyllid.	Frequency	
distribution	of	 the	distance	between	 the	 antennae	 indicated	 the	 existence	of	five	nymphal	 instars.	
Colonies	of	the	psyllid	were	observed	throughout	the	year	in	Viçosa	and	Dionísio.	Population	peaks	
occurred	from	April	to	July	(winter:	a	period	of	low	temperatures,	drought	and	short	photoperiod	in	
this	region).	Nymphs	and	adults	were	observed	attacking	buds,	inflorescences	and	infrutescences	of	
M. calvescens	and	causing	damage	by	sucking	the	plant	sap	and	injecting	toxins.	Desirable	traits	such	
as	high	population	growth	rate,	easy	mass	rearing,	occurrence	throughout	the	year,	host	specificity,	
attack	to	reproductive	organs	and	potential	capacity	to	adapt	to	different	climatic	conditions	including	
those	similar	to	where	M. calvescens	invasions	are	occurring,	all	indicate	that	D. smithi	is	a	promising	
biological	control	agent	of	M. calvescens.

Keywords: classical	biological	control,	weed,	Hawaii,	population	dynamics.

Introduction
Miconia,	Miconia calvescens DC.	 (Melastomataceae)	
is	a	plant	native	from	Central	and	South	America	that	
became	 an	 aggressive	 forest	 ecosystem	 invader	 in	
French	Polynesia	and	Hawaii	(Meyer,	1996;	Csurhes,	
1997;	Medeiros	et al.,	1997;	PIER,	2002)	and	is	also	
becoming	 a	 cause	 of	 concern	 in	 Australia	 (Csurhes	
and	Edwards,	1998).	It	was	introduced	as	an	ornamen-
tal	 into	Tahiti	 in	1937	and	 slowly	 invaded	 the	native	
forests	and	now	dominates	65%	of	the	island	(Meyer,	
1996;	Meyer	 and	 Florence,	 1996;	Meyer	 and	Malet,	
1997).	Introduction	into	Hawaii	occurred	in	the	1960s,	
and	since	1992	it	has	been	included	in	the	list	of	nox-

ious	invasive	weeds	(Medeiros	et al.,	1997).	It	is	now	
regarded	as	one	of	the	hundred	worst	invasive	weeds	in	
the	world	(IUCN,	2007)	and	a	serious	threat	to	several	
large	tropical	forest	ecosystems	in	the	world,	particu-
larly	in	oceanic	islands	(Csurhes,	1997).

Classical	biological	control	probably	represents	the	
sole	sustainable	alternative	of	control	for	invasive	mi-
conia	populations.	Studies	were	started	in	1995	in	Bra-
zil	aimed	at	finding	pathogens	to	be	used	as	classical	
biocontrol	agents	of	miconia.	Brazil	is	part	of	the	cen-
tre	of	origin	of	M. calvescens and	the	country	where	the	
type	material	of	the	plant	was	first	collected.	Surveys	
were	extended	to	Costa	Rica,	Dominican	Republic	and	
Ecuador.	Results	of	the	survey	in	Brazil	were	recently	
published	(Seixas	et al.,	2007).	Surveys	for	arthropod	
natural	enemies	of	M. calvescens in	Brazil	started	later		
in	 2001	 and	 concentrated	 in	 Viçosa,	 Dionísio	 and	
Guaraciaba,	 which	 are	 municipalities	 in	 the	 state	 of	
Minas	Gerais.	Over	70	species	of	arthropods	were	col-
lected	and	identified,	of	which	around	10	were	recog-
nized	as	having	potential	as	biological	control	agents	
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(Picanço	et al.,	2005).	This	included	a	newly	described	
species	of	psyllid	-	Diclidophlebia smithi Burckhardt,	
Morais	 and	 Picanço	 (Hemiptera,	 Psylloidea)	 (Burck-
hardt	et al.,	2006).

D. smithi is	a	monophagous	species	that	appears	to	
be	 widely	 distributed	 in	 south-eastern	 Brazil.	 It	 was	
found	 in	 Dionísio,	 Guaraciaba	 and	 Viçosa	 in	 Minas	
Gerais	 State	 and	Mangaratiba,	Angra	 dos	 Reis	 (Ilha	
Grande)	in	Rio	de	Janeiro	State.	Psyllids	are	small	sap-
sucking	insects	that	are	typically	highly	specialized	and	
either	monophagous	or	oligophagous,	often	having	the	
necessary	attributes	of	a	good	biological	control	agent	
(Hollis,	 2006).	 Nymphs	 and	 adults	 cause	 damage	 to	
their	host	plants	either	by	sap	sucking	or	 toxin	 injec-
tion.	This	often	leads	to	deformation	of	leaves	and	buds,	
necrosis,	premature	senescence	of	leaves	and,	in	some	
species,	 to	 the	 formation	 of	 galls	 on	 infested	 plants.	
Some	species	of	psyllids	are	also	known	to	function	as	
vectors	of	pathogenic	phytoplasms	and	bacteria	(Phyl-
lis	and	Leann,	2006).

Before	a	biological	control	candidate	can	be	further	
considered	for	use	in	a	classical	biological	control	pro-
gram,	a	series	of	studies	on	its	biology	are	regarded	as	
necessary.	These	 involve	 its	precise	 identification,	de-
velopment	of	methods	of	raising	it	under	controlled	con-
ditions,	host-range	evaluation,	elucidation	of	life	cycle,	
investigating	 its	 natural	 enemies	 and	 potential	 impact	
on	host	plant	among	others	(Julien,	1997).	This	report	
presents	 the	biology	of	D. smithi	 including	 life	cycle,	
population	dynamics,	a	description	of	damage	caused	to	
host	plants	and	the	occurrence	of	natural	enemies.

Materials and methods
Life cycle

This	study	was	performed	at	the	Laboratório	de	Ma-
nejo	Integrado	de	Pragas	of	the	Departamento	de	Biolo-
gia	Animal-Universidade	Federal	de	Viçosa.	Nymphs	of	
D.	smithi	were	brought	from	the	field	and	transferred	to	
young	potted	M. calvescens plants	kept	in	a	greenhouse.

To	determine	 the	number	of	 instars	during	 the	 life	
cycle	of	D.	smithi, 20	new	adult	couples	were	placed	on	
five	M. calvescens plants (four	couples	per	plant)	and	
left	there	for	egg-laying.	Thirty	nymphs	obtained	from	
the	eggs	were	placed	separately	on	young	field-collected		
miconia	leaves	plus	stem	and	maintained	with	the	base	
of	the	stem	immersed	in	water.

A	daily	evaluation	was	made	of	 the	 following	pa-
rameters:	distance	between	the	antennae,	length	of	an-
tennae	and	length	and	breadth	of	thorax	at	the	level	of	
the	second	pair	of	legs.	Such	measurements	were	made	
with	the	help	of	a	dissecting	microscope	Leica	MZ75	
to	which	a	digital	camera	was	attached.	Sizes	were	ob-
tained	 through	 the	 analysis	 of	 photos	 taken	with	 the	
camera	 with	 the	 software	 Leica	 Qwin.	Additionally,	
body	sizes	of	40	adults	(20	females	and	20	males)	and	
of	20	eggs	were	also	measured.

Biometric	data	of	the	distance	between	the	antennae	
served	as	 the	basis	 for	 the	preparation	of	multimodal	
curves	of	frequency	distribution	aimed	at	determining	
the	number	of	instars	for	D. smithi. Values	of	distance	
between	the	antennae	were	plotted	on	the	abscissa	axis,	
whereas	the	frequency	of	occurrence	of	each	value	was	
plotted	 on	 the	 ordinate	 axis.	 Each	 peak	 in	 the	 curve	
would	then	correspond	to	an	instar	in	the	insect’s	cycle	
(Parra	and	Haddad,	1989).	Means	and	standard	devia-
tion	for	each	biometric	parameter,	as	well	as	for	the	du-
ration	of	each	stage,	were	calculated	after	the	number	
of	instars	was	determined.

These	experiments	were	conducted	at	20.4	±	0.3°C,	
relative	humidity	of	77.3	±	1.2%	and	daily	light	regime	
of	12.1	±	0.04	h.

Population fluctuation, injuries  
and natural enemies

Population	 density	 of	D.	 smithi	 was	 evaluated	 in	M. 
calvescens plants	 in	 Viçosa	 and	 Dionísio	 (state	 of	
Minas	Gerais,	Brazil).	Viçosa	is	at	649	m	of	altitude,	
20°45¢14²	 S,	 42°52¢53²	 W.	 Mean	 temperature	 was	
19.4oC	 and	 precipitation	 1221.4	 mm/year.	 Dionísio	
is	at	344	m	of	altitude	and	 is	 located	at	19°50¢34²	S,	
42°46¢36²	W.	Mean	temperature	was	23.2oC	and	pre-
cipitation	1003	mm/year.

Evaluations	were	made	during	two	different	periods	
of	 time,	first,	 from	June	2001	 to	June	2002,	and	sec-
ond,	from	February	2004	to	February	2005.	During	the	
first	period,	evaluations	were	made	at	3-week	intervals	
at	 the	 two	 locations	with	 a	 total	 of	 15	 evaluations	 at	
Viçosa	and	16	at	Dionísio.	During	the	second	period,	
evaluations	were	made	 at	 15-day	 intervals	 in	Viçosa	
and	monthly	at	Dionísio,	resulting	in	27	evaluations	in	
Viçosa	and	13	in	Dionísio.

Ten	M. calvescens plants	were	selected	randomly	in	
each	location,	and	the	following	plant	organs	(leaves,	
branches,	buds,	flowers	and	fruits)	were	evaluated	per	
plant	during	each	visit.	Number	of	nymphs	and	adults	
of	D.	smithi and	possible	predators	associated	with	the	
psyllid	 were	 recorded.	 The	 occurrence	 of	 D.	 smithi	
was	also	investigated	on	other	plants	surrounding	each		
M. calvescens	plant.	Comparisons	were	made	between	
attacked	and	healthy	organs	of	miconia,	particularly	for	
the	production	of	new	growth,	flowers,	fruits,	as	well	as	
the	development	of	plant	organs.	

Climatic	 data	 for	 Viçosa	 were	 obtained	 from	 the	
Estação	Climatológica	Principal	(INEMET/5o	DISME/
UFV),	whereas	those	for	Dionísio	were	obtained	from	
the	Estação	Climatológica	de	Ponte	Alta	belonging	to	
the	private	company	CAF	Santa	Bárbara	Ltda.

Occurrence	 of	 parasites	 on	D.	 smithi	 was	 investi-
gated	on	branches	colonized	by	 the	psyllid	 that	were	
collected	at	 each	visit	 to	 the	 sites	 and	brought	 to	 the	
lab.	These	branches	were	left	in	plastic	boxes	with	thin	
meshed	screened	openings.	The	base	of	those	branches		
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was	 inserted	 in	 a	 layer	 of	 humid	 vermiculite	 over	
which	 a	 cardboard	 disk	 was	 placed	 separating	 the	
vermiculite	 from	 the	 upper	 chamber	 to	 avoid	 direct	
contact	of	the	insects	with	the	vermiculite.	Branches	
were	maintained	 for	3	weeks	 in	 the	 lab	under	 room	
conditions.	Appearance	of	parasitoids	was	evaluated	
at	2-day	intervals.

Population	fluctuation	curves	for	nymphs	and	adults	
of	D.	 smithi	were	 prepared	 for	 each	 of	 the	 localities	
(Viçosa	and	Dionísio)	for	 the	two	evaluation	periods.	
Information	about	the	phenology	of	M. calvescens	over	
time	 was	 also	 recorded.	 Curves	 of	 recorded	 rainfall,	
average	air	 temperature,	relative	humidity	and	photo-
period	were	also	prepared.

Results
Life cycle

Eggs	of	D. smithi	are	pale	yellow	when	laid	and	rap-
idly	darken	to	black	and	shiny.	They	are	elliptic	with	

one	 pointed	 end	 and	 a	 peduncule	 attaching	 it	 to	 the	
plant.	Its	length	is	0.24	±	0.009	mm,	and	its	diameter	is	
0.13	±	0.003	mm	(Table	1).

The	frequency	curve	of	the	length	between	the	an-
tenae	indicated	that	D. smithi	has	five	instars	(Figure	1).	
After	egg-hatching,	nymphs	of	the	first	instar	are	pale	
yellow	and	almost	transparent	and	become	black	with	
time.	Wing	pads	become	visible	during	the	third	instar	
and	third	and	fourth	instars	and	are	entirely	yellow.	In	
the	fifth	instar,	the	wing	pads,	as	well	as	the	last	seg-
ment	 of	 the	 abdomen	 and	 the	 head	 become	 brown.	
Body	and	antennae	length	are	given	in	Table	1.

Recently	emerged	adults	are	yellow	with	transparent	
wings	that	become	brown	a	few	minutes	later.	Females	
are	bigger	(1.99	±	0.04	mm	long)	than	males	(1.71	±	0.03	
mm	long;	Table	1).	A	female	can	lay	from	25	to	45	eggs	
during	its	lifetime	in	lab	conditions	(19	±	2°C).	Duration	
of	each	phase	in	the	life	cycle	is	presented	in	Table	1.

Nymphs	 of	 D. smithi	 secrete	 large	 quantities	 of	
whitish	filamentous	wax	 that	 can	 completely	 recover	
the	colony,	possibly	protecting	them	against	natural	en-
emies,	dehydration	and	rain.
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Figure 1. Frequency of distance between antennae in nymphs of Diclidophlebia smithi (Hemiptera: Psyllidae).

Table 1. Biometric	data	and	duration	of	stages	in	the	life	cycle	of	Diclidophlebia	smithi	(Hemiptera:	Psyllidae).

Life	stage Body Antenna Duration	(days)

Length	(mm) Width	(mm) Length	(mm) Distance	between	(mm)

Egg 0.24	±	0.009 0.13	±	0.003 									- 9.33	±	0.09
First	instar 0.26	±	0.003 0.16	±	0.003 0.12	±	0.005 0.12	±	0.003 3.09	±	0.06
Second	instar 0.32	±	0.007 0.20	±	0.004 0.14	±	0.006 0.15	±	0.002 3.76	±	0.25
Third	instar 0.42	±	0.006 0.25	±	0.003 0.19	±	0.010 0.20	±	0.002 5.13	±	0.44
Fourth	instar 0.63	±	0.025 0.36	±	0.010 0.35	±	0.016 0.26	±	0.003 4.50	±	0.42
Fifth	instar 1.00	±	0.021 0.48	±	0.009 0.50	±	0.011 0.34	±	0.005 7.09	±	0.34
Adult	(male) 1.71	±	0.03 0.60	±	0.008 0.60	±	0.011 								- 12.70	±	0.45
Adult	(female) 1.99	±	0.09 0.62	±	0.014 0.59	±	0.014 								- 12.00	±	0.36
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Population fluctuation, injuries  
and natural enemies

The	highest	degree	of	damage	caused	by	D. smithi	to	
M. calvescens	 happened	 at	 high	 colony	 densities	 on	
buds,	 flowers	 and	 fruits.	 In	 such	 situations,	 the	 buds	
and	 young	 leaves	 became	 distorted	 and	 yellow,	 and	
their	growth	was	hampered.

Nymph	 populations	 peaked	 from	April	 to	 June	 of	
2002	in	Viçosa,	coinciding	with	the	period	of	the	year	
when	 there	 is	 abundant	 new	growth.	 In	Dionísio,	 the	

population	 peak	 occurred	 in	 July	 of	 2004	 during	 a		
period	of	abundant	fruiting.	The	highest	values	for	pop-
ulation	densities	for	adults	occurred	in	the	first	year	of	
evaluation,	 in	July	2002,	during	a	period	of	abundant	
fruiting	and	flowering.	In	the	second	year	of	evaluation,	
the	peak	occurred	in	April	coinciding	with	the	end	of	a	
fruiting	period	when	new	growth	was	produced.	Those	
population	peaks	coincided	with	periods	of	cool	weather,		
short	photoperiod	and	drought	(Figures	2and	3).

The	only	predator	found	attacking D.	smithi	nymphs	
was	 an	 unidentified	 Syrphidae	 larva.	 It	 was	 seldom		
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found	 in	 the	 field,	 but	 it	 was	 observed	 to	 be	 a	 very		
voracious	predator.	No	parasitoid	was	obtained	during	
the	investigation	of	colonies	brought	from	the	field.	

Discussion
Psyllid	population	peaked	from	April	 to	June	indicat-
ing	that	the	density	of	this	insect	was	related	to	a	high	
abundance	of	food	such	as	buds,	flowers	and	fruits	that	
formed	during	 that	period.	Soft	 tissues	 are	of	 critical	
importance	 for	population	growth	of	 this sap-feeding	
insect.	 Similar	 connection	 of	 phenological	 states	 in	
plants	and	insect	population	density	was	also	observed	
for	other	 species	 in	 the	Psyllidae	such	as	Euphalerus 
clitoriae	 (Burckhardt	 and	Guajará,	2000)	Diaphorina 
citri	Kuway,	Diclidophlebia lucens (Burckhardt	et al.,	
2005)	and	Boreioglycaspis malaleucae	Moore	(Burck-
hardt	 and	Guajará,	2000;	Tsai	 and	Liu,	2000;	Burck-
hardt	et al.,	2005;	Center	et al.,	2006).

The	highest	population	densities	of	D. smithi also	co-
incided	with	periods	of	cooler	air	temperatures,	shorter	
photoperiods	 and	 lower	 rainfall	 levels.	 	Air	 tempera-
ture	emerged	as	the	climatic	factor	that	had	the	high-
est	influence	on	population	density.	High	temperatures	
may	harm	 the	development	 of	D. smithi,	 particularly	
when	relative	humidity	is	low.	This	was	also	observed	
for	other	Psyllidae	such	as	Euphalerus vittatus Craw-
ford	 on	Cassia fistula	 L.	 (Fabaceae)	 and	E. clitoriae 
(Burckhardt	 and	Guajará,	 2000)	 on	Clitoria fairchil-
diana Howard.	 (Fabaceae)	 (Sahu	 and	Mandal,	 1999;	
Gondim	Junior	et al.,	2005).	Air	temperature	is	one	of	
the	most	 important	 factors	 interfering	with	 establish-
ment,	proliferation,	dispersal	and	impact	of	organisms	

in	 new	 areas	 of	 distribution	 (Baker,	 2002).	 High	 air	
temperatures	cause	a	high	mortality	of	nymphs	and	a	
reduction	in	egg-laying	for	female	psyllids	because	of	
abnormal	development	of	ovaries	(Mehrnejad	and	Cop-
land,	2005;	Stratopoulou	and	Kapatos,	1995;	Liu	and	
Tsai,	 2000).	Adult	 Agonoscena pistaciae Burckhardt	
and	 Lauterer	 (Hemiptera:	 Psyllidae)	 had	 maximum	
rates	of	egg-laying	in	lab	conditions	at	20°C	and	a	re-
duction	in	ovary	development	when	temperatures	were	
above	30°C	(Mehrnejad	and	Copland,	2005).	High	air	
temperatures	can	also	reduce	survival	and	longevity	of	
psyllids	as	observed	for	Trioza hirsuta	Crawford	(He-
miptera:	Psyllidae) which	had	a	 longer	period	of	sur-
vival	for	adults	at	25°C	(Dhiman	and	Singh,	2003)	and	
D. citri,	for	which	the	ideal	temperature	is	around	20°C	
(Liu	and	Tsai,	2000).

Rainfall	 also	 influences	 population	 density	 of	 D. 
smithi. Rain	 can	 cause	mortality	 through	mechanical	
impact	on	individuals	and	can	remove	individuals	from	
their	host	plant	or,	in	the	case	of	nymphs,	remove	the	
wax	cover	that	protects	them	(Center	et al.,	2006),	ex-
posing	them	to	adverse	environmental	conditions.	Rain	
may	harm	psyllid	mating	and	movement,	leading	to	a	
reduction	in	population	growth.	Photoperiod	may	have	
an	indirect	effect	on	this	insect’s	populations.	Periods	
of	adverse	environmental	conditions	do	not	appear	to	
represent	a	significant	obstacle	for	this	psyllid	species	
since	 colonies	 of	D. smithi	 recover	 readily	 after	 un-
favourable	periods,	and	colonies	are	 seen	 in	 the	field	
throughout	the	year.

Knowledge	about	effects	of	climate	on	a	potential	
biocontrol	 agent	 is	 of	 critical	 importance	 in	 order	 to	
estimate	its	chance	of	success	and	to	choose	the	correct	
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Figure 3. Climatic data: precipitation, relative humidity and photoperiod in Viçosa (a) and Dionísio (b), state of Minas 
Gerais, Brazil, 2001–2002 and 2004–2005.



187

Diclidophlebia smithi (Hemiptera: Psyllidae) a potential biological agent for Miconia calvescens

plant-lice	(Hemiptera,	Psylloidea)	from	Brazil	associated	
with	Miconia calvescens	 (Melastomataceae).	Mitteilun-
gen der Schweizerischen Entomologischen Gesellschaft	
79,	241–250.

Center,	 T.D.,	 Pratt,	 P.D.,	 Tipping,	 P.W.,	 Rayamajhi,	 M.B.,	
Van,	T.K.,	Wineriter,	S.A.,	Dray	Jr.,	F.A.	and	Purcell,	M.	
(2006)	 Field	 colonization,	 population	 growth,	 and	 dis-
persal	of	Boreioglycaspis melaleucae	Moore,	a	biological	
control	agent	of	the	invasive	tree	Melaleuca quinquenervia		
(Cav.)	Blake.	Biological Control	39,	363–374.

Csurhes,	S.M.	(1997)	Miconia calvescens,	a	potentially	inva-
sive	plant	in	Australia’s	tropical	and	sub-tropical	rainfor-
ests.	 In:	Meyer,	J.Y.	and	Smith,	C.W.	(eds)	Proceedings 
of the First Regional Conference on Miconia Control.	Pa-
peete,	Taiti,	pp.	72–77.

Csurhes,	S.M.	and	Edwards,	R.	(1998)	Potential environmen-
tal weeds in Australia.	Queensland	Department	of	Natural	
Resources,	Coorparoo,	Australia,	208	pp.

Dhiman,	S.C.	and	Singh,	S.	(2003)	Some	ecological	aspects	
of	 Trioza hirsuta	 Crawford	 (Homoptera:	 Psyllidae):	 A	
pest	 of	 Terminalia tomentosa.	 Journal of Experimental 
Zoology India	6,	373–376.

Gondim,	M.G.C.,	Jr.,	Barros,	R.,	Silva,	F.R.	and	Vasconce-
los,	G.J.N.	 (2005)	Occurrence	and	biological	 aspects	of	
the	clitoria	tree	psyllid	in	Brazil.	Science Agriculture	62,	
281–285.

Hollis,	 D.	 (2006)	Australian	 Psylloidea:	 jumping	 plantlice	
and	lerp	insects.	Systematic Entomology	31,	199–200.	

IUCN.	International	Union	for	Conservation	of	Nature.	100	
of	 the	World’s	Worst	 Invasive	Alien	 Species.	Auckland	
Invasive	species	specialist	group.	Available	at:	www.iucn.
org/places/medoffice/invasive_species/docs/invasive_
species_booklet.pdf,	accessed	29	January	2007.

Julien,	M.H.	(1997)	Success,	and	failure,	in	biological	control	
of	weeds.	 In:	 Julien,	M.H.	and	White,	G.	 (eds)	Biologi-
cal Control of Weeds: Theory and Practical Application.	
ACIAR	Monograph,	 9.	Canberra:	Australian	Centre	 for	
International	Agricultural	Research,	pp.	9–15.

Liu,	Y.H.	and	Tsai,	J.H.	(2000)	Effects	of	temperature	on	bi-
ology	and	life	table	parameters	of	the	Asian	citrus	psyllid,	
Diaphorina citri	Kuwayama	(Homoptera:	Psyllidae).	An-
nals of Applied Biology	137,	201–6.

Medeiros,	A.C.,	Loope,	L.L.,	Conant,	P.	and	Mcelvaney,	S.	
(1997)	Status,	ecology,	and	management	of	the	invasive	
plant,	Miconia calvescens DC	(Melastomataceae)	 in	 the	
Hawaiian	Islands.	Bishop Museum Occasional Papers	48,	
23–36.

Mehrnejad,	M.R.and	Copland,	M.J.W.	 (2005)	The	seasonal	
forms	and	reproductive	potential	of	the	common	pistachio	
psylla,	Agonoscena pistaciae	(Hem.,	Psylloidea).	Journal 
of Applied Entomology	129,	342–346.

Meyer,	 J.Y.	 (1996)	Status	of	Miconia calvescens	 (Melasto-
mataceae),	a	dominant	invasive	tree	in	the	Society	Islands	
(French	Polynesia).	Pacific Science	50,	66–76.

Meyer,	J.Y.	(1998)	Observations	on	the	reproductive	biology	
of	Miconia calvescences	DC	(Melastomataceae),	an	alien	
invasive	tree	on	the	island	of	Tahiti	(South	Pacific	Ocean).	
Biotropica	30,	609–624.	
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time	of	the	year	for	its	introduction	into	the	field.	In	the	
case	of	D. smithi	as	a	biocontrol	for	M. calvescens,	the	
ideal	time	of	the	year	would	be	a	period	of	lower	rain-
fall	levels	and	cooler	air	temperatures	and	when	there	
was	plenty	of	new	growth.

The	attack	of	D. smithi	to	buds	of	M. calvescens	is	
likely	to	effect	plant	development	through	starvation	of	
such	new	organs	of	photoassimilates	brought	in	the	sap.	
The	mass	of	wax	filaments	appear	to	have	a	deleterious	
effect	on	the	formation	of	normal	flowers	and	fruits.	If	
seed	production	is	affected,	the	impact	might	be	impor-
tant	since	M. calvescens relies	entirely	on	seeds	for	its	
dispersal	(Meyer,	1998).	In	the	case	of	citrus	attacked	
by	D. citri,	a	reduction	on	seed	setting	has	been	dem-
onstrated	(Michaud,	2004).	More	detailed	impact	stud-
ies	are	presently	being	performed	for	D. smithi on	M. 
calvescens.

Features	of	D. smithi such	as	it	being	relatively	eas-
ily	amenable	 to	mass	 rearing	under	controlled	condi-
tions,	its	occurrence	in	the	field	throughout	the	year,	the	
fact	that	it	attacks	the	reproductive	organs	of	the	plant,	
its	high	host	 specificity	 (discussed	elsewhere)	and	 its	
ability	to	adapt	to	a	range	of	climatic	conditions	indi-
cates	that	it	has	good	potential	as	a	classical	biological	
control	agent	to	be	used	against	M. calvescens.	
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