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Oak	 woodlands	 are	 in	 decline	 due	 to	 failed	 oak	 recruitment	 in	 California.	 Oak	
recruitment	is	heavily	impacted	by	vertebrate	herbivory	and	insect	infestation	of	acorns.	
Oaks	have	developed	chemical	defenses	such	as	tannins	to	protect	acorns	from	attack.	
Studies	 have	 explored	 infestation	 differences	 in	 red	 oaks	 but	 have	 not	 compared	
infestation	 between	 red	 oaks	 and	 white	 oaks.	 We	 explored	 how	 Cydia	 latiferreana	
(filbertworm)	 infestation,	 Curculio	 occidentalis	 (filbert	 weevil)	 infestation,	 and	 Sciurus	
griseus	nigripes	(western	gray	squirrel)	seed	predation	differed	among	two	white	oaks,	
Quercus	douglasii	(blue	oak),	Q.	lobata	(valley	oak),	and	a	red	oak,	Q.	agrifolia	(live	oak)	
in	 a	 Central	 California	 oak	 woodland.	 We	 collected	 1352	 acorns	 and	 recorded	 the	
presence	 and	 abundance	 of	 both	 boring	 insects.	 Additionally,	 we	 performed	 an	
experiment	 to	 determine	which	 acorns	 squirrels	 preferred	 to	 eat.	We	 found	 that	 live	
oak	 acorns	 had	 the	 highest	 presence	 of	 boring	 insects.	 Filbertworms	 were	 more	
commonly	found	in	live	oak,	while	filbert	weevils	were	found	equally	in	all	three	species.	
In	 live	 oaks	 when	 filbertworms	 were	 present,	 weevils	 were	 less	 likely	 to	 be	 present.	
Insects	overall	 infested	 larger	acorns	within	each	species.	Squirrels	preferred	blue	and	
valley	 acorns	 over	 live	 oak	 acorns.	 Our	 findings	 can	 provide	 insight	 into	 how	 the	
preferences	 of	 herbivorous	 vertebrates	may	 be	 impacting	 oak	 recruitment	 as	 well	 as	
indirectly	influencing	acorn	infesting	insects.	
	
Keywords:	 insect	 infestation,	 filbert	 weevils,	 filbertworms,	 acorn	 predation,	 oak	
recruitment	

	
INTRODUCTION		

Oak	 woodlands	 are	 failing	 to	 regenerate	
throughout	 California	 (Kueppers	 et	 al.	
2005).	 Regeneration	 is	 contingent	 on	 oak	
recruitment,	 the	process	of	acorn	dispersal	
and	 germination	 into	 saplings.	 Issues	 that	
contribute	 to	 failed	 oak	 recruitment	 are	
intensified	 competition,	 fire	 suppression,	
increased	climatic	variability,	and	herbivory	
(Kueppers	 et	 al.	 2005,	 MacDougal	 et	 al.	
2010).	 Acorn	 germination	 is	 a	 critical	 yet	

vulnerable	 step	 of	 oak	 recruitment.	 There	
are	 immense	 losses	 of	 acorns	 prior	 to	
germination	 due	 to	 many	 different	 factors	
such	 as	 burning	 in	 wildfires,	 insect	
infestation,	 and	 consumption	 (Olson	 and	
Boyce	1971).		
Vertebrate	 herbivory	 has	 been	 shown	 to	

contribute	 to	 mortality	 of	 acorn	 crops	
(Crawley	and	Long	1995).	It	was	found	that	
trees	with	low	acorn	crops	suffered	a	higher	
percent	 mortality	 than	 trees	 with	 large	
acorn	 crops.	 Oaks	 have	 several	 seed	
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predators	and	have	developed	mechanisms	
to	defend	themselves	such	as	seed	masting.	
Seed	masting	 is	 when	 oaks	 produce	 larger	
acorn	crops	than	their	annual	average.	Mast	
years	occur	in	different	cycles	depending	on	
the	 oak	 species	 (Sork	 1993).	 It	 is	
hypothesized	 that	 masting	 is	 used	 to	
overwhelm	 vertebrate	 predators	 with	 an	
abundance	 of	 food,	 allowing	 some	 acorns	
to	escape	consumption	and	germinate.	
	In	addition	to	masting,	oaks	have	evolved	

varying	 tannin	 concentrations	 to	 deter	
acorn	 predation	 (Smallwood	 et	 al.	 2015).	
Higher	 tannin	 concentrations	 have	 been	
shown	 to	 decrease	 acorn	 digestibility	 for	
many	 acorn	 predators	 such	 as	 squirrels.	
High	 tannin	 concentrations	 have	 been	
shown	 to	 cause	 negative	 physiological	
effects	 on	 vertebrate	 consumers,	 such	 as	
injury	to	gastrointestinal	tracts	and	liver	and	
kidney	 failure	 (Shimada	 and	 Saitoh	 2003).	
Although	 high	 tannin	 concentrations	
negatively	 affect	 acorn	 predators,	 they	
benefit	 oaks	 by	 allowing	 late-season	
germination	 success	 (Wood	 2005).	
However,	 acorns	 that	 last	 longer	 may	 be	
more	subjected	to	insect	infestation	(Koenig	
and	Faeth	1998).	
Oaks	 also	 exhibit	 defense	 mechanisms	

against	 insect	 infestations.	 Weevil	
infestations	 have	 been	 shown	 to	 decrease	
germination	 of	 acorns	 by	 60%	 (Lombardo	
and	 McCarthy	 2009).	 Some	 oaks	 can	
produce	 larger	 seeds,	 alter	 their	
germination	 schedules,	 and	 vary	 their	
tannin	concentrations	to	allow	germination	
despite	 infestation	 (Xiao	 et	 al.	 2007).	
Although	 tannins	 are	 generally	 used	 to	
discourage	 infestations,	 the	 high	 tannin	
acorns	 may	 offer	 protection	 against	
herbivores.	 It	 has	 been	 found	 that	 insects	
will	live	on	fruits	that	discourage	herbivores	
to	 avoid	 accidental	 consumption	 by	 fruit	

herbivores	 (Herrera	 1984).	 Despite	 high	
tannin	 contents,	 weevils	 have	 been	 found	
to	 infest	 different	 species	 of	 high	 tannin	
content	oaks	at	high	rates	(Xiao	et	al.	2007).	
This	 suggests	 they	may	 choose	high	 tannin	
acorns	 to	 avoid	 consumption	 by	 oak	
herbivores.	 However,	 studies	 have	 not	
compared	weevil	 infestation	 between	 high	
tannin	and	low	tannin	content	oaks.	
In	the	oak	woodlands	of	central	California	

Quercus	 douglasii	 (blue	 oak),	 Q.lobata	
(valley	 oak),	 and	Q.	 agrifolia	 (live	 oak)	 co-
occur.	Blue	and	valley	oak	are	members	of	
the	white	 oak	 clade;	 and	 live	 oak	 is	 in	 the	
red	oak	clade.	Red	oaks	have	higher	tannin	
concentrations	 within	 their	 acorns	 than	
white	 oak	 species	 (Pyare	 et	 al.	 1993).	 In	
addition	 to	 having	 differing	 tannin	
concentrations,	 the	 acorns	 of	 these	 oaks	
also	 have	 varying	 nutritional	 profiles	
(Koenig	 and	 Benedict	 2002).	 The	 live	 oak	
acorns	have	higher	lipid	contents	than	blue	
and	valley	oak	acorns.	The	two	insects	that	
commonly	infest	these	oaks	are	the	Curculio	
occidentalis	 (filbert	 weevil),	 hereafter	
referred	 to	 as	 weevil,	 and	 the	 Cydia	
latiferreana	 (filbertworm).	 In	 June	 to	
September,	 the	 weevils	 infest	 acorns	 by	
ovipositing	 eggs	 beneath	 the	 shell	 of	
acorns.	 The	 weevils	 hatch	 from	 the	 eggs	
and	develop	for	about	a	month,	consuming	
the	acorn	meat	and	producing	frass	(Plumb	
1979).	 When	 the	 acorn	 falls,	 the	 weevils	
chew	holes	 in	 the	 acorn	 shell	 and	 emerge.	
They	then	burrow	underground	where	they	
develop	 into	 adult	 weevils.	 In	 June	 to	
October,	 the	 filbertworms	 deposit	 their	
eggs	on	the	surface	of	the	acorn	shells.	The	
larvae	hatch	in	eight	to	ten	days	and	burrow	
into	 the	 acorn	 where	 they	 consume	 the	
acorn	meat	 and	 produce	 silk	 covered	 frass	
for	 two	 to	 four	 weeks.	 The	 filbertworms	
emerge	 when	 the	 acorns	 fall	 and	 pupate	
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underground.	 Weevils	 and	 filbertworms	
may	be	found	co-occurring	within	the	same	
acorn	of	each	of	our	focal	oak	species.		
In	 this	 study	 we	 explored	 how	 insect	

acorn	 infestation	 proportions	 differed	
among	 oak	 species	 and	 acorn	 sizes.	
Specifically,	 we	 tested	 if	 weevils	 and	
filbertworm	 abundance	 varied	 among	 oak	
species	 and	 acorn	 sizes.	 We	 hypothesized	
live	 oaks	 would	 overall	 have	 the	 highest		
presence	 of	 both	 insect	 species,	 blue	 oak	
would	 have	 intermediate	 insect	 presence,	
and	 valley	 would	 have	 the	 lowest	 insect	
presence.	 We	 reasoned	 this	 would	 occur	
because	live	oak	has	the	highest	tannin	and	
lipid	 content,	 blue	 oak	 has	 intermediate	
tannin	and	lipid	content,	and	valley	oak	has	
the	 lowest	 tannin	 and	 lipid	 content.	
Furthermore,	 we	 predicted	 that	 western	
gray	 squirrels	 (Sciurus	 griseus	 nigripes)	
would	prefer	valley	and	blue	oak	acorns	 to	
live	 oak	 acorns	 because	 live	 oak	 acorns	
have	higher	tannin	content.	We	additionally	
predicted	 that	 the	 proportion	 of	 insect	
infestation	would	be	higher	in	larger	acorns	
because	 there	 would	 be	 more	 available	
food	 resources.	 Finally,	 we	 predicted	 that	
cohabitation	 between	 weevils	 and	
filbertworms	would	be	more	common	in	the	
larger	blue	and	valley	acorns	because	there	
would	be	more	food	and	space	available.	

METHODS	

2.1	Study	Site	

This	 study	 was	 conducted	 at	 Hastings	
Natural	 History	 Reservation,	 a	 2,500-acre	
UC	 Natural	 Reserve	 in	 Monterey	 County,	
California.	 The	 climate	 during	 summers	
reaches	 temperatures	 over	 38	 degrees	
Celsius,	 while	 the	 winters	 have	 occasional	
snowfall.	 The	 reserve	 primarily	 consists	 of	

south-facing	 slopes	 that	 are	 covered	 in	
chaparral,	oak	woodlands,	and	savanna.	All	
data	 was	 collected	 during	 the	 week	 of	
November	5–11,	2020.	

2.2	Observational	Study	

We	collected	a	total	of	1352	acorns	from	
three	different	oak	species	(Quercus	lobata,	
Q.	 agrifolia,	 Q.	 douglasii).	 We	 sampled	 15	
trees	for	each	oak	species,	totaling	45	trees.		
Acorns	 were	 sampled	 by	 haphazardly	
choosing	acorn-bearing	trees	of	each	of	the	
three	 oak	 species.	 We	 then	 randomly	
collected	 30	 acorns	 from	 the	 ground	
beneath	each	tree.	
We	 recorded	 the	 length	 and	 width	 of	

each	acorn	and	noted	the	number	of	insect	
holes	 visible	 on	 the	 acorn	 shell.	 Using	
shears	 and	 tweezers,	 we	 dissected	 each	
acorn	 to	 examine	 evidence	 of	 insect	
presence.	 Insect	 presence	 was	 defined	 as	
the	 presence	 of	 frass	 or	 physical	 insect	
larvae.	If	physical	insect	larvae	were	absent,	
we	 accounted	 for	 the	 fact	 that	 they	 may	
have	 already	 emerged	 by	 counting	 the	
presence	 of	 frass	 as	 insect	 presence.	 If	we	
saw	larger	frass	with	silk,	we	classified	it	as	
filbertworm	 presence.	 Additionally,	 if	 we	
saw	 densely	 packed	 frass	 without	 silk	 we	
classified	it	as	weevil	presence.		

2.3	Experimental	Study	

To	determine	squirrel	preference	for	acorns	
of	 different	 oak	 species,	 we	 performed	 a	
choice	 trial	 experiment.	 We	 gathered	 36	
acorns	 from	 a	 blue	 oak,	 36	 acorns	 from	 a	
valley	 oak,	 and	 39	 acorns	 from	 a	 live	 oak.	
We	chose	two	different	 locations	based	on	
proximity	 to	 squirrel	 colonies.	We	 conducted	
four	 trials	 in	which	we	haphazardly	set	out	
piles	of	acorns	of	all	 three	oak	species.	We	
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used	 camera	 traps	 to	 record	 the	 order	 in	
which	the	acorns	were	taken.	

2.4	Statistical	Analysis	

For	 all	 statistical	 analyses	 we	 used	 JMP	
Pro	14.	We	used	width	as	a	proxy	for	size	in	
our	 analyses	 because	 length	 and	 width	
were	correlated	(N	=	1350,	R2	 	=	0.437,	p	<	
0.0001).	 To	 test	 the	 effects	 of	 oak	 species	
and	 acorn	 width	 on	 insect	 presence	 we	
used	a	χ2	test.	To	analyze	the	effects	of	oak	
species,	 acorn	 width,	 and	 weevil	 presence	
on	filbertworm	presence	we	used	a	χ2	test.	
Additionally,	we	analyzed	the	effects	of	oak	
species,	 acorn	 width,	 and	 filbertworm	
presence	on	weevil	presence	using	a	χ2	test.	
To	 test	 whether	 squirrels	 preferred	 acorns	
from	 particular	 oak	 species,	 we	 used	 a	
ranked	Wilcoxon	test.	

RESULTS	

In	 total,	 we	 surveyed	 1352	 acorns	 in	 45	
different	 trees	 and	 found	 24.5%	 infested	
with	 insect	 parasites	 (Figure	 1.).	 The	
proportion	 of	 insect	 presence	 was	 highest	
in	live	oak	acorns	(Table	1;	Figure	2.).	Across	
all	 oak	 species,	 wider	 acorns	 had	 more	
insects	present	 (Table	1;	 Figure	3.).	 In	blue	
and	valley	oaks,	weevils	were	more	likely	to	
be	present	when	filbertworms	were	present	
(Table	 1;	 Figure	 4.).	 	 In	 live	 oaks,	 weevils	
were	 less	 likely	 to	 be	 present	 when	
filbertworms	were	present	(Table	1;	Fig.	4.).	

Table	 1.	Summary	of	 χ2	 statistics	 for	 three	models	
testing	 effects	 on	 insect	 presence,	 filbertworm	
presence,	 and	 weevil	 presence.	 The	 first	 model	
includes	 the	effects	of	oak	 species	 and	acorn	width	
on	 insect	 presence.	 The	 second	model	 includes	 the	
effects	 of	 oak	 species,	 acorn	 width,	 and	 weevil	
presence	 on	 filbertworm	presence.	 The	 final	model	
includes	the	effects	of	oak	species,	acorn	width,	and	
filbertworm	presence	 on	weevil	 presence.	 Asterisks	
indicate	significant	treatment	effects	(*P	<	0.05;	**	P	
<	 0.001;	 ***P	 <	 0.0001)	 (ninsect	 =	 1349,	 nfilbertworm	 =	
1352,	nweevil	=	1352).	

	

	
Figure	 1.	 Map	 of	 trees	 sampled.	 Trees	 were	
sampled	 at	 Hastings	 Natural	 History	 Reservation.	
Circle	diameter	represents	the	relative	proportion	of	
acorns	 with	 insect	 (Curculio	 occidentalis	 and	 Cydia	
latiferreana)	presence.	Colors	represent	tree	species	
where	blue	is	blue	oak	(Quercus	douglasii),	brown	is	
valley	 oak	 (Q.	 lobata),	 and	 green	 is	 live	 oak	 (Q.	
agrifolia).	 The	 smallest	 circle	 represents	 3%	 of	 the	
acorns	 having	 insect	 presence	 while	 the	 largest	
represents	75%	of	the	acorns	having	insect	presence.	

75% 3% 

Percent Insect 
Presence 
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Filbertworms	occurred	 in	64%	of	 the	331	
acorns	 with	 insect	 presence.	 Filbertworms	
had	the	highest	proportion	of	infestation	in	
live	 oak	 acorns	 (Table	 1;	 Figure	 2.).	 Acorn	
width	had	different	effects	on	the	presence	
of	filbertworms	across	oak	species	(Table	1;	
Figure	5.).	In	valley	oaks,	wider	acorns	were	
more	 likely	 to	 have	 filbertworms	 (Table	 1;	
Figure	5.).	For	blue	and	live	oaks,	there	was	
no	 effect	 of	 acorn	 width	 on	 filbertworm	
presence	(Table	1;	Figure	5.).	
Weevils	 were	 present	 in	 35%	 of	 the	 331	

acorns	that	had	insect	presence.	There	was	
no	 difference	 in	 weevil	 presence	 between	
the	oak	species	(Table	1;	Figure	2.).	In	each	
species	of	oak,	weevil	presence	was	higher	
in	acorns	with	larger	width	(Table	1;	Figure	6.).		
Squirrels	 tended	 to	 prefer	 blue	 oak	

acorns,	 followed	by	valley	oak	acorns,	then	
live	oak	acorns	(nblue	=	36,	nvalley	=	36,	nlive	=	
39,	χ2	=	33.50,	P	<	0.0001).	

	

Figure	 2.	 Number	 of	 acorns	 with	 various	 insect	
presence	 in	 different	 oak	 species.	 Overall	 insect	
presence	 (filbertworms	 plus	 weevils)	 and	
filbertworm	presence	were	highest	in	live	oak	acorns	
at	 Hastings	 Natural	 History	 Reservation.	 Weevil	
presence	 did	 not	 differ	 among	 oak	 species.	 Colors	
represent	 tree	 species	 where	 blue	 is	 blue	 oak	
(Quercus	douglasii),	brown	 is	 valley	oak	 (Q.	 lobata),	
and	 green	 is	 live	 oak	 (Q.	 agrifolia)	 (ninsect	 =	 1349,	
nfilbertworm	 =	 1352,	 nweevil	 =	 1352,	 d.f.insect	 =	 2,	
d.f.filbertworm	=	2,	d.f.weevil	=	2,	χ

2
insect	=	77.19,	χ

2
filbertworm	

=	 20.93,	 χ2weevil	 =	 2.11,	 pinsect	 <	 0.0001,	 pfilbertworm	
<0.0001,	pweevil	>	0.05).		

	

Figure	 3.	 The	 effect	 of	 acorn	 width	 on	 insect	
presence	 in	 three	 oak	 species.	 Overall	 insect	
presence	(weevils	and	filbertworms)	occurs	in	wider	
acorns	 for	 all	 three	 oak	 species	 at	Hastings	Natural	
History	 Reservation.	 Colors	 represent	 the	 presence	
or	absence	of	insects	where	grey	is	absent	and	black	
is	 present.	 Error	 bars	 represent	 +	 1	 S.E.	 (n	 =	 1349,	
d.f.	=	2,	χ2	=	14.78,	p	<	0.001).	

	

Figure	 4.	 Effect	 of	 filbertworm	 presence	 on	 the	
percentage	of	acorns	with	weevil	presence.	 In	blue	
oaks	(Quercus	douglasii)	and	valley	oaks	(Q.	lobata),	
weevil	 (Curculio	 occidentalis)	 presence	 is	 higher	 in	
acorns	 with	 filbertworm	 (Cydia	 latiferreana)	
presence	at	Hastings	Natural	History	Reservation.	 In	
live	 oaks	 (Q.	 agrifolia),	 weevil	 presence	 is	 lower	
when	filbertworms	are	present.	Colors	represent	the	
presence	 or	 absence	 of	 filbertworms	where	 grey	 is	
absent	and	black	 is	present	 (n	=	1352,	d.f.	 =	2,	 χ2	=	
17.52,	p	<	0.001).	
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Figure	5.	The	effect	of	acorn	width	on	 filbertworm	
presence	 in	 three	 oak	 species.	At	 Hastings	 Natural	
History	Reservation,	filbertworm	(Cydia	latiferreana)	
presence	 occurs	 in	 wider	 acorns	 for	 valley	 oak	
(Quercus	 lobata).	 Filbertworm	 presence	 occurs	 in	
smaller	 acorns	 for	 blue	 oak	 (Q.	 douglasii)	 and	 live	
oak	 (Q.	 agrifolia).	 Colors	 represent	 the	 presence	 or	
absence	 of	 filbertworms	 where	 grey	 is	 absent	 and	
black	 is	 present.	 Error	 bars	 represent	 +	 1	 S.E.	 (n	 =	
1352,	d.f.	=	2,	χ2	=	9.54,	p	<	0.05).	

	

Figure	 6.	 The	 effect	 of	 acorn	 width	 on	 weevil	
presence	 in	 three	 oak	 species.	 At	 Hastings	 Natural	
History	 Reservation,	 weevil	 (Curculio	 occidentalis)	
presence	 occurs	 in	 wider	 acorns	 in	 all	 three	 oak	
species.	Grey	bars	represent	absence	of	weevils	and	
black	 bars	 represent	 weevil	 presence.	 Error	 bars	
represent	+	1	S.E.	 (n	=	1352,	d.f.	 =	2,	 χ2	=	9.17,	p	<	
0.05).	

DISCUSSION	

Insect	larvae	were	most	commonly	found	
in	 live	 oak	 acorns.	 We	 believe	 this	 is	
because	 they	 have	 the	 highest	 tannin	
content	 (Koenig	 and	 Faeth	 1998).	 We	
postulate	 the	 higher	 tannin	 concentration	
may	 defend	 the	 larvae	 from	 herbivorous	
predators	such	as	squirrels.	Squirrels	do	not	
like	 to	 consume	 high	 tannin	 acorns	 due	 to	
bitterness	 (Pyare	 et	 al.	 1993).	 We	 believe	
insects	 may	 have	 adapted	 to	 infest	 higher	
tannin	content	acorns	to	avoid	being	eaten	
by	 herbivores.	 This	 is	 corroborated	 by	
Herrera	 (1984)	who	 found	 that	 frugivorous	
insects	avoid	ripe	fruits	that	are	more	likely	
to	 be	 eaten	 by	 herbivores.	 This	 idea	 is	
further	 supported	 by	 our	 finding	 that	
squirrels	 chose	 to	 collect	 valley	 and	 blue	
oak	 acorns	 over	 live	 oak	 acorns.	
Additionally,	 it	 has	 been	 found	 that	 lipids	
are	crucial	for	corn	earworm	(Heliothis	zea)	
larvae	development	(Schiff	et	al.	1988).	We	
believe	 that	 filbertworms	 and	weevils	may	
have	similar	needs	and	thus	prefer	 live	oak	
acorns	 because	 they	 have	 higher	 lipid	
content	 (Koenig	 and	 Faeth	 1998).	 Even	 if	
filbertworms	 and	 weevils	 are	 deterred	 by	
high	 tannins	 in	 acorns,	 larval	 lipid	 needs	
may	 counteract	 the	 deterrence	 caused	 by	
negative	 effects	 of	 tannins.	 However,	 this	
can	only	be	examined	through	further	study.	
Interestingly,	 filbertworms	were	 found	 in	

greater	proportions	in	live	oaks,	but	weevils	
were	 found	 in	 almost	 equal	 proportions	
across	 oak	 species.	 This	 pattern	 may	 be	
explained	 by	 the	 species’	 differing	 life	
histories.	Within	 an	 acorn	 growing	 season,	
only	 one	 generation	 of	 weevils	 are	
oviposited,	 while	 filbertworms	 have	
multiple	generations	(Koo	et	al.	2003).	Due	
to	the	filbertworm	having	a	quicker	lifecycle	
they	grow	and	 consume	acorns	 faster,	 and	
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thus	 they	 may	 be	 outcompeting	 weevils.	
Further	studies	could	explore	if	this	pattern	
is	 due	 to	 temporal	 variation	 since	 there	 is	
contradicting	 research	 showing	 that	weevil	
presence	 is	 higher	 than	 filbertworm	
presence	(Lewis	1991).		
Overall,	 the	 insects	 we	 observed	 were	

infesting	 smaller	 acorns	 (live	 oak)	 at	 a	
higher	 rate	 than	 larger	 acorns	 (blue	 and	
valley	 oak).	 However,	 within	 each	 oak	
species	 the	 insect	 abundance	 is	 higher	 in	
the	 larger	 acorns.	 This	 could	 be	 because	
bigger	acorns	have	more	available	 food	 for	
larvae.	We	believe	 that	 infestation	may	be	
greater	in	live	oak	acorns	since	they	provide	
the	most	protection	 from	acorn	herbivores	
because	of	the	high	tannin	content	(Koenig	
and	Faeth	1998).		
We	 found	 complex	 interactions	 between	

plant	 defense	 mechanisms,	 the	 indirect	
effect	 of	 oak	 herbivores,	 and	 insect	
infestation.	 We	 believe	 that	 vertebrate	
herbivory	 by	 squirrels	 has	 caused	
filbertworms	and	weevils	to	adapt	to	infest	
acorns	 with	 higher	 tannin	 contents.	 An	
additional	 driver	 may	 be	 that	 high	 tannin	
acorns,	 like	 the	 live	 oak,	 have	 high	 lipid	
contents	 that	 are	 beneficial	 to	 larval	
development.	Since	we	found	that	live	oaks	
had	 a	 much	 greater	 infestation	 than	 any	
other	 oak	 species	 we	 examined,	 they	may	
be	 more	 at	 risk	 of	 failed	 oak	 recruitment	
because	 weevil	 infestations	 decrease	 the	
germination	 ability	 of	 acorns	 by	 60%	
(Lombardo	 and	 McCarthy	 2009).	 Oaks	
producing	acorns	with	high	tannins	may	be	
putting	 themselves	 at	 risk	 of	 increased	
insect	 infestation.	 Having	 a	 clearer	
understanding	 of	 infestation	 cycles	 and	
being	 able	 to	 predict	when	 and	what	 oaks	
will	 become	 infested	 can	 allow	 us	 to	
implement	 measures	 to	 prevent	
infestations.	Our	findings	can	also	help	with	

understanding	 how	 the	 preferences	 of	
herbivorous	 vertebrates	 may	 be	 impacting	
oak	 recruitment	 as	 well	 as	 indirectly	
influencing	acorn	infesting	insects.	
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