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Assessing herbivore impact on a highly 
plastic annual vine
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Summary

Effective	biological	control	of	a	weed	population	requires	an	understanding	of	the	impact	of	herbiv-
ory	on	the	target	host	plant.	This	can	be	complicated	by	phenotypic	plasticity	in	response	to	environ-
mental	heterogeneity.	Polygonum perfoliatum	L.	[also	known	as	Persicaria perfoliata	(L.)	H.	Gross],	
an	invasive	annual	vine	accidentally	imported	from	Asia	to	the	Mid-Atlantic	region	of	the	USA	in	
the	1930s,	has	been	the	target	of	a	biological	control	program	since	1996.	In	2004,	a	Chinese	weevil,	
Rhinoncomimus latipes	Korotyaev,	was	approved	for	release	in	North	America.	Cage	studies	in	2005	
showed	that	P. perfoliatum	is	highly	plastic	in	its	response	to	light:	Individual	plants	grown	in	cages	
produced	over	2000	seeds	per	plant	in	full	sun	but	fewer	than	400	in	the	shade.	In	2006,	with	all	plants	
in	full	sun,	weevils	that	were	introduced	into	cages	early	in	the	season	suppressed	seed	production	for	
about	9	weeks,	but	plants	were	able	to	produce	substantial	numbers	of	seeds	late	in	the	year.	Further	
studies with plants under conditions more closely approximating the field situation (e.g. with compe-
tition	from	other	plants)	are	likely	to	show	a	greater	impact	of	weevil	herbivory	on	the	plants.
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Introduction
Mile-a-minute	weed	(MAM),	Polygonum perfoliatum	
L.	[also	known	as	Persicaria perfoliata	(L.)	H.	Gross]	
is	an	alien	invasive	weed	from	Asia	that	infests	natu-
ral	areas	in	a	variety	of	habitats	in	its	imported	range.	
This annual vine is a prolific seed producer and has be-
come	a	serious	problem	in	the	Mid-Atlantic	region	of	
the	 USA.	The	 North	American	 population	 is	 thought	
to	have	originated	near	York,	PA	 in	 the	1930s,	 prob-
ably	introduced	as	a	seed	contaminant	with	holly	seed	
imported	 from	 Japan	 (Moul,	 1948).	Although	 it	 was	
recognized	as	a	potentially	dangerous	weed	that	should	
be	eradicated,	no	action	was	taken,	and	the	weed	can	
now	be	 found	 from	Delaware	west	 to	Ohio,	 south	 to	
West	Virginia	and	north	to	Massachusetts.	A	biological	
control	program	was	initiated	by	the	US	Forest	Service	
in 1996. Over 100 insect species were identified on 
MAM	in	China,	including	several	that	appeared	to	have	
a	narrow	host	range	(Ding	et al.,	2004).	One	of	these,	
Rhinoncomimus latipes	 Korotyaev	 (Coleoptera:	 Cur-
culionidae),	was	 tested	on	plant	species	 in	China	and	
in	quarantine	 in	Delaware	and	found	 to	be	extremely	

host-specific (Price et al.,	2003;	Colpetzer	et al.,	2004).	
This	 insect	 was	 approved	 for	 release	 in	 the	 USA	 by	
the	US	Department	of	Agriculture’s	Animal	and	Plant	
Health	Inspection	Service	in	2004.

Eggs	of	R. latipes	are	laid	on	MAM	plants	and	hatch	
in	about	5	days.	Neonates	crawl	along	stems	and	enter	a	
node,	where	they	feed	internally	for	1	to	2	weeks,	after	
which	they	drop	out	of	the	stem	and	pupate	in	the	soil.	
Adults	emerge	about	1	week	later	and	feed	on	MAM	
leaves	and	terminals.	The	weevils	go	through	multiple,	
overlapping	generations	until	early	to	mid-September,	
when	egg	laying	ceases	(unpublished	data).	Adult	wee-
vils	overwinter	in	the	soil	or	leaf	litter.

The	 weevils	 have	 been	 reared	 at	 the	 New	 Jersey	
Department of Agriculture Phillip Alampi Beneficial 
Insect	Laboratory	in	Trenton,	NJ,	since	autumn	2004,	
and	in	2006,	more	than	20,000	weevils	were	reared	and	
released.	 Most	 releases	 occurred	 in	 New	 Jersey,	 but	
insects	 have	 also	 been	 released	 and	 have	 established	
at	sites	in	Delaware,	Pennsylvania,	West	Virginia	and	
Maryland.	Although	it	is	too	soon	to	assess	their	impact	
in the field, plant mortality has been observed in some 
areas	 where	 weevils	 have	 heavily	 defoliated	 MAM	
plants	in	New	Jersey.

To	gain	a	better	understanding	of	the	potential	im-
pact	of	the	weevil	on	P. perfoliatum,	experiments	were	
conducted	in	2005	and	2006	using	isolated	MAM	plants	
enclosed	in	weevil-proof	cages	with	various	levels	of	
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weevils	applied	at	different	times.	The	2005	experiment	
also	 addressed	 the	 question	 of	 whether	 seed-cluster		
consumption by birds or deer may have a significant 
impact	on	P. perfoliatum	seed	production.

Methods and materials
2005 Experiment

Controls	 consisted	 of	 single	 MAM	 plants	 com-
pletely	enclosed	 in	cages	approximately	2	m	 tall	 and	
0.9	m	square,	while	treatments	with	weevils	were	the	
same	but	with	20	weevils	per	cage	added	on	21	July.	
Cages	 open	 to	 birds	 were	 identical	 except	 with	 open	
tops,	and	cages	available	to	deer	browse	were	~1	m	tall	
with	open	tops.	No	R. latipes	were	present	in	this	area	
in	2005,	and	 therefore,	open	cages	were	not	exposed	
to	weevils.	All	cages	were	made	from	white	polyester	
netting	material	with	a	mesh	of	approximately	10	´	8	
cm	(BioQuip	Products,	Inc.,	Gardena,	CA,	USA),	with	
a	Velcro	opening	sewn	into	one	corner	and	supported	
by	 frames	 constructed	 of	 1.9	 cm	 diameter	 polyvinyl	
chloride	conduit	pipe.

Five	replicates	were	set	up	for	each	of	the	four	treat-
ments,	assigned	at	random	to	20	plants,	approximately	
4	 m	 apart,	 growing	 naturally	 at	 a	 site	 in	White	 Clay	
Creek	State	Park	near	Newark,	DE.	Other	plants	within	
~	0.5	m	of	the	plants	were	removed	on	6	June	and	again	
on	21	July	when	cages	were	installed.	Each	plant	was	
provided	 with	 a	 tomato	 support	 extended	 with	 three	
bamboo	poles	wrapped	in	wire	to	support	growth	of	the	
vine.	The	plants	were	about	1	m	tall	when	treatments	

were	applied.	Nylon	window	screening	was	placed	at	
the	 bottom	 of	 each	 cage	 to	 collect	 seeds	 as	 they	 fell	
from	the	plants.

The	number	of	seed	clusters	per	plant	was	recorded,	
and	 fallen	 seeds	 (achenes)	 were	 collected	 from	 the	
screening	each	week	and	counted.	Relative	plant	size	
and	 relative	 light	 exposure	 (full	 sun,	 partial	 sun	 or	
shade)	were	also	noted	weekly.	On	29	November,	after	
all	plants	were	dead,	the	remaining	plant	material	was	
collected	into	large	paper	bags,	left	to	dry	in	a	green-
house	for	2	weeks	and	then	weighed.

2006 Experiment
Thirty	cages	identical	to	the	tall	closed	cages	used	

in	2005	were	placed	over	isolated	P. perfoliatum	plants	
at	a	different	site	in	White	Clay	Creek	State	Park,	ap-
proximately	1000	m	away	 from	 the	2005	 site,	 on	19	
May	2006,	when	plants	were	about	30	cm	tall.	Cages	
were	at	least	4	m	apart	and	were	arrayed	along	the	edge	
of	a	meadow	in	a	randomized	complete	block	design,	
so	that	plants	in	the	same	block	had	similar	exposure	to	
sun	and	most	plants	were	exposed	to	full	sun	for	much	
of the day. There were six replicate cages each of five 
treatments:	early	high,	20	weevils	per	cage	added	on	26	
May; early low, five weevils per cage added on 26 May; 
late	high,	20	weevils	per	cage	added	on	23	June;	late	
low, five weevils per cage added on 23 June and con-
trol,	no	weevils	added.	Weevils	were	obtained	from	the	
Phillip Alampi Beneficial Insect Laboratory, Trenton, 
N.J.	Although	they	were	not	sexed,	they	were	assigned	
randomly	to	the	different	treatments,	and	spot	checks	at	

Figure 1. Effect	of	sun	exposure	on	total	numbers	of	seeds	produced	and	plant	dry	weights	(means	±		
SE)	for	single	Polygonum perfoliatum	plants	enclosed	in	cages	in	2005.	Means	with	the	same  
lowercase	or	uppercase letter are not significantly different (Tukey’s test on square-root 
transformed	data;	untransformed	means	and	standard	errors	are	shown).
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the	New	Jersey	laboratory	indicated	a	1:1	sex	ratio	in	
reared	weevils	(D.	Palmer,	personal	communication).

Cages	were	checked	weekly	for	presence	of	defolia-
tion,	number	of	weevils	that	could	be	observed,	pres-
ence	of	node	damage	and	weevil	eggs	and	number	of	
seed	clusters	per	plant.	Seeds	were	collected	from	the	
screen	 at	 the	 base	 of	 the	 cages	 each	 week	 beginning	
in	late	July	and	counted	in	the	laboratory.	Plants	were	
cut	off	at	the	base	on	15	November	and	left	to	dry	in	
paper	bags	 for	 several	weeks	as	 in	2005,	after	which	
they	were	weighed.

Statistical analyses
Data	were	transformed	by	square	root	(x	+	0.5)	to	re-

duced	heteroskedasticity	of	variance	residuals.	Trans-

formed	data	were	analyzed	using	two-way	analysis	of	
variance,	by	treatment	and	sun	exposure	in	2005	and	by	
treatment	and	block	in	2006.	Tukey’s	test	was	used	for	
mean	separation.	Non-transformed	means	and	standard	
errors are presented in figures.

Results
2005 Experiment

The	 total	number	of	 seeds	produced	by	 individual	
plants	varied	from	a	low	of	39	for	a	small	‘control’	plant	
(enclosed	in	a	closed	cage,	without	weevils)	growing	in	
the	shade,	to	a	maximum	of	3172	for	a	‘bird-exposed’	
plant	(i.e.	in	a	tall	cage	with	an	open	top)	growing	in	
the full sun. There were no significant differences by 

Figure 2. Effect	of	weevil	 treatments	on	cumulative	 total	number	of	 seeds	produced	
(means	±	SE)	during	A the first 9 weeks, and B	the	last	9	weeks	of	seed	col-
lection,	for	single	Polygonum perfoliatum	plants	enclosed	in	cages	in	2006.	
Means	with	 the	 same letter are not significantly different (Tukey’s test on 
square-root	transformed	data;	untransformed	means	and	standard	errors	are	
shown).	‘Late’	treatments	had	weevils	added	on	23	June,	and	‘Early’	weevils	
were added on 26 May; ‘Low’ treatments received five weevils per cage and 
‘High’	treatments	received	20	weevils	per	cage.
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cage	treatment	for	 total	number	of	seeds	(F3,2	=	2.90,		
P	=	0.0754),	plant	dry	weights	(F3,2	=	1.11,	P	=	0.3809)	
or	maximum	number	of	seed	clusters	counted	on	plants	
(on	29	September:	F3,2	=	2.74,	P	=	0.0858).	However,	
differences	in	all	of	these	parameters	were	highly	sig-
nificant by sun exposure (seed production, F3,2	=	41.10,	
P	<	0.0001;	plant	dry	weights,	F3,2	=	46.92,	P	<	0.0001	
and	 seed	 clusters,	 F3,2	 =	 11.41,	 P	 =	 0.0014).	 Plants	
grown	in	full	sun	averaged	over	2200	seeds	per	plant,	
while	those	in	full	or	partial	shade	produced	an	average	
of	300–600	seeds	per	plant	(Fig.	1).	Plant	dry	weight	
differences	 were	 even	 more	 dramatic	 and	 differed	
among	all	three	levels	of	sun	exposure	(Fig.	1).

2006 Experiment
Total	seed	production	did	not	differ	by	treatment	in	

2006	(F4,5	=	1.03,	P	=	0.4175).	However,	there	was	a	
significant difference in the cumulative total number of 
seeds produced during the first 9 weeks that seeds were 
collected	 (24	 July	 to	 17	 September:	 F4,5	 =	 3.77,	 P	 =	
0.0213), with significantly more seeds produced on the 
control	plants	and	the	late	low	plants	than	on	the	early	
high	 plants	 (Fig.	 2A).	 Differences	 by	 treatment	 were	
not significant for total numbers of seeds produced 
during	the	last	9	weeks	(F4,5	=	1.08,	P	=	0.3938;	Fig.	
2B)	or	plant	dry	weights	(F4,5	=	0.18,	P	=	0.9455).	All	
treatments	in	2006	averaged	more	than	2600	seeds	per	
plant.

Discussion
The	 2005	 study	 revealed	 the	 extreme	 plasticity	 of	 P. 
perfoliatum	 under	 different	 conditions	 of	 light	 expo-
sure.	Plants	grown	in	full	sun	were	more	than	ten	times	
larger	and	produced	more	than	six	times	as	many	seeds	
as	plants	grown	in	shade.	Similar	results	were	obtained	
by	 Sultan	 and	 Bazzaz	 (1993),	 who	 found	 very	 large	
differences	in	fruit	and	plant	biomass	produced	by	Po-
lygonum persicaria	L.	under	different	light	regimes	in	
the	greenhouse.	These	differences	apparently	swamped	
any	 that	may	have	occurred	due	 to	minor	 feeding	on	
seed	clusters	by	deer	or	birds	in	the	open	cages	or	by	
weevils	added	to	the	cages	in	July	in	2005.

In	 2006,	 seed	 production	 was	 almost	 completely	
suppressed	 between	 late	 July	 and	 mid-September	 in	
plants	with	early	application	of	weevils	at	the	high	level	
(20	 weevils	 per	 plant).	 However,	 all	 plants	 produced	
numerous seeds in October, resulting in no significant 
difference	 by	 treatment	 in	 total	 seed	 production	 over	

the	season.	 In	 this	experiment,	 the	caged	plants	were	
unusually	 large	 and	 robust,	 as	 most	 were	 growing	 in	
full	sun	and	had	minimal	competition	with	other	plants.	
Further	studies	on	MAM	plants	under	conditions	more	
closely approximating the field situation, especially 
with	competition	from	other	plants,	are	likely	to	show	
a	 greater	 impact	 of	 weevil	 herbivory	 on	 the	 plants.	
Based on observations in the field, where large weevil 
populations	have	developed	and	plants	 are	 subject	 to	
normal	competitive	stress,	complete	seed	suppression	
and	plant	mortality	can	occur.

As	with	many	invasive	plant	species,	MAM	plants	
showed	 an	 impressive	 ability	 to	 recover	 from	 severe	
insect	 damage.	 Nevertheless,	 under	 conditions	 where	
weevil	 populations	 grow	 exponentially	 over	 several	
years,	the	insect	may	be	able	to	act	as	an	effective	bio-
logical	control	agent.
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