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ABSTRACT	

Climate	 change	 negatively	 impacts	 biodiversity	 rates	 among	 species	 worldwide.	
Maintaining	 biodiversity	 is	 crucial	 to	 maintaining	 healthy	 ecological	 relationships	
including	 those	 between	 lizards	 and	 ticks.	 Lizard	 tick	 interactions	 are	 vital	 to	
understanding	how	disease	affects	a	landscape	because	lizards	act	as	an	incidental	host	
for	Lyme	Disease.	Researching	these	changes	are	vital	to	better	understand	how	disease	
ecology	 will	 affect	 natural	 environments	 in	 our	 future.	 Our	 study	 examined	 the	
relationship	 between	 lizards	 and	 ticks	 inhabiting	 the	 Angelo	 Coast	 Range	 Reserve,	
California.	This	study	focuses	on	the	lizard	tick	 load	and	how	it	can	be	used	as	a	proxy	
for	 the	 tick	 abundance	within	microhabitats.	 Through	 the	 understanding	 of	 tick-lizard	
interactions	and	how	abiotic	 factors	 can	 influence	 tick	microhabitat	preference,	 it	 can	
aid	in	reducing	the	knowledge	gap	of	understanding	the	disease	landscape	of	this	area.	
Although	 lizards	 were	 not	 a	 suitable	 proxy	 for	 tick	 abundance	 via	 tick	 drags,	 abiotic	
conditions	such	as	leaf	litter	and	soil	temperature	were	associated	with	higher	tick	loads	
on	lizards.	Road	and	edge	were	shown	to	have	a	higher	lizard	tick	load	than	the	riparian	
and	structure	microhabitats	suggesting	abiotic	conditions	within	the	area	are	considered	
an	optimal	intermediate	and	thus	more	preferable	to	ticks.	
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INTRODUCTION		

A	 central	 goal	 of	 disease	 ecology	 is	 to	
understand	 how	 pathogens	 are	 dispersed	
via	organismal	 interactions.	Reservoir	hosts	
are	 the	 principal	 sites	 that	 aid	 the	
development	 and	 growth	 of	 a	 pathogen	
(Talleklint-Eisen	 and	 Eisen	 1999).	 Through	
the	 detection	 of	 reservoir	 hosts,	
observations	 can	 uncover	 species	
interactions	 and	 their	 role	 in	 facilitating	 or	
limiting	 the	 transfer	 of	 diseases.	 When	 an	
organism	 (vector)	 transmits	 a	 pathogen	
between	a	reservoir	species	and	a	human	it	

is	 referred	 to	 as	 vector-borne	 zoonoses	
(Keesing	 and	 Ostfeld	 2012;	 Schmidt	 and	
Ostfeld	2001).	For	example,	West	Nile	virus	
is	 propagated	 through	 several	 bird	 species	
act	 as	 reservoirs.	 The	 virus	 is	 then	
transferred	 to	 mosquitoes	 that	 feed	 on	
those	 bird	 species,	 which	 act	 as	 vectors	 in	
transmitting	the	virus	to	humans	(Kilpatrick	
et	 al.	 2007).	 Knowledge	 of	 vector-borne	
diseases	 allows	 us	 to	 comprehend	 that	
pathogens	 are	 embedded	 in	 an	
interconnected,	 interspecies	 relationship	
(Keesing	and	Ostfeld	2012).	
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Lyme	 disease	 (LD)	 is	 a	 zoonotic	 disease	
that	 is	becoming	more	of	a	pressing	health	
concern.	 Between	 1992	 and	 2006,	 the	
number	of	 LD	 cases	 increased	101%	 in	 the	
United	States	(Bacon	et	al.	2008).	Similar	to	
other	 diseases,	 human	 influences	 such	 as	
climate	 change	 and	 forest	 fragmentation	
are	 altering	 both	 the	 ecology	 and	 disease	
dynamics	 within	 those	 ecosystems.	
Environmental	 changes	 influence	 tick	
reproduction,	growth,	and	survival	 through	
the	 alteration	 of	 temperature,	 leaf	 litter,	
and	 humidity	 (Ogden	 and	 Lindsay	 2016).	
Furthermore,	 environmental	 changes	 alter	
host	 species	 abundances	 through	 the	
decrease	 in	 competitors	 and	 predators.	
Small	 patchy	 habitats,	 created	 by	 forest	
fragmentation,	 have	 the	 highest	 rodent	
abundances,	 lowest	 vertebrate	 diversity,	
and	the	highest	LD	risk.		
Even	though	a	lot	is	known	about	LD	as	it	

pertains	 to	 immunological	 responses	 in	
humans,	little	is	understood	about	how	tick-
feeding	 patterns	 differ	 between	
microhabitats	 along	 with	 their	 associated	
host	 communities	 (Burgdorfer	 et	 al.	 1982).		
These	 ideas	 are	 particularly	 important	 in	
respect	to	the	larval	and	nymphal	life	stages	
because	 they	 are	prone	 to	desiccation	 and	
are	important	in	relation	to	tick	abundance	
(Ogden	 et	 al	 2004).	 Given	 larval/nymphal	
sensitivities	 it	 would	 be	 expected	 to	 see	
them	 in	 areas	 with	 lower	 temperature,	
higher	humidity,	along	with	the	presence	of	
leaf	 litter	for	sanctuary	(Ogden	and	Lindsay	
2016).	 Information	 in	 regard	 to	 ticks	 and	
tick	 hosts	 with	 respect	 to	 microhabitats,	
especially	 those	 manipulated	 by	 humans,	
can	help	us	to	understand	how	humans	are	
interacting	with	 ticks	 in	 those	areas.	 These	
are	 also	 useful	 for	 understanding	 patterns	
of	LD	through	the	connections	between	ticks	
and	their	hosts	preferred	abiotic	conditions.		

In	 California,	 rodents	 are	 common	
reservoir	 hosts	 of	 LD	 with	 western	
blacklegged	 ticks	 (Scientific	 name)	 serving	
as	a	vector	(Talleklint-Eisen	and	Eisen	1999).	
LD	isn’t	present	in	the	tick	larvae	until	after	
they	 have	 fed	 on	 an	 infected	 host	 thus	
making	 LD	 transfer	 dependent	 on	 the	
probability	 of	 host	 infection	 (Schmidt	 and	
Ostfeld	 2001).	 Therefore,	 a	 deeper	
understanding	 of	 tick-host	 interactions	 is	
important	 for	 limiting	 human	 potential	 for	
contracting	these	diseases.	Our	study	aimed	
to	understand	patterns	of	pacific	coast	(SN)	
and	 western	 black	 legged	 (SN)	
larval/nymphal	 ticks	 and	 their	 hosts,	
western	 fence	 (SN)	 and	 alligator	 lizards	
(SN),	 abundances	 in	 both	 natural	 and	
anthropogenic	 microhabitats.	 These	
interactions	will	 provide	 insight	 on	what	 is	
regulating	tick	abundance	and	how	the	tick-
host	 relationship	 is	 changed	 when	 near	
human-altered	landscapes.	
Before	we	 conducted	 our	 study,	 we	 first	

set	off	with	a	goal	to	examine	whether	tick	
abundances	 vary	 between	 microhabitats	
and	does	 it	 correspond	 to	 the	 tick	 load	on	
the	 lizards,	 and	 are	 those	 relationships	
related	 to	 the	 microhabitat	 abiotic	
conditions.	We	 predicted	 that	 there	would	
be	 tick	 a	 correlation	 between	 the	 mean	
number	 ticks	 collected	 through	 tick	 drags	
and	the	mean	number	of	ticks	on	lizards	of	
the	corresponding	microhabitats.	However,	
if	 we	 observe	 more	 larval	 and	 nymphal	
ticks,	 the	abiotic	 factors	will	 be	 the	driving	
factor	of	variance	in	tick	abundance	and	tick	
load	on	hosts.	With	further	analyzation,	we	
also	wanted	to	see	how	larval/nymphal	tick	
load	 present	 on	 lizards	 changes	 between	
the	 microhabitats.	 With	 this	 question,	 we	
hypothesized	that	some	microhabitats,	such	
as	 meadow	 edges	 and	 riparian,	 will	 have	
lizards	 with	 higher	 tick	 loads	 because	 the	
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ticks	 will	 prefer	 the	 microhabitat	 abiotic	
conditions	 in	 combination	 with	 frequent	
presence	of	lizards.	

METHODS	

The	location	of	our	study	was	the	Angelo	
Coast	 Range	 Reserve,	 which	 sits	 on	 the	
South	 Fork	 of	 the	 Eel	 River	 in	 Mendocino	
County,	 Northern	 California.	 Our	 research	
was	 conducted	 from	May	 8,	 2019	 to	 May	
12,	 2019.	 We	 performed	 our	 research	 at	
three	 sites,	 Fox	 Creek	 Lodge	 meadow	
(39°44'30.5"N	 123°37'57.0"W),	 South	
meadow	 (39°44'21.5"N	 123°37'51.3"W),	
and	 White	 House	 meadow	 (39°44'49.9"N	
123°38'08.3"W)	 where	 both	 lizards	 and	
ticks	 were	 present	 (Figure	 1).	 The	
microhabitat	 categories	 within	 our	 sites	
were	 meadow	 edge,	 road,	 structures,	 and	
riparian.	Meadow	edge	was	considered	the	
habitat	 where	 the	 forest	 meets	 the	
meadow.	The	road	was	the	service	road	for	
the	 reserve.	 Structures	 were	 human	made	
buildings	at	the	Fox	Creek	Lodge,	and	White	
House	 meadow.	 Riparian	 was	 considered	
the	 grassy	 area	 and	 cobble	 bar	 near	 the	
south	fork	of	the	Eel	River	(Figure	1).		
At	 each	 site	 we	 conducted	 five	 50	 m	

transects	 in	 each	 microhabitat	 where	 we	
performed	 tick	 drags	 and	 collected	 abiotic	
measurements	 from	 9-12	 p.m.	 In	 addition	
to	this	we	also	collected	lizards	at	each	site	
between	1–3	p.m.	During	our	tick	drags,	we	
used	a	weighted	sheet	to	survey	one	meter	
on	 both	 sides	 of	 the	meter	 tape	 checking	
for	 ticks	 at	 0	 m,	 25	 m,	 and	 50	 m.	 Leaf	
litter	height,	grass	height,	soil	temperature,	
and	soil	samples	were	also	collected	at	0	m,	
25	m,	and	50	m.	To	measure	soil	moisture,	
we	took	the	initial	mass	of		the		sample,	let	

	

Figure	1.	Angelo	Coast	Range	Reserve.	 	The	reserve	
is	 located	 at	 42101	 Wilderness	 Lodge	 Rd,	
Branscomb,	 CA	 95417,	 in	 Mendocino	 County.	 	 The	
reserve	 contains	 a	 section	 of	 the	 south	 fork	 of	 the	
Eel	 River.	 	 It	 is	 managed	 by	 the	 University	 of	
California,	 Berkeley.	 The	 area	 pictured	 is	 restricted	
to	a	northern	region	of	the	reserve	off	the	south	fork	
of	 the	 Eel	 River	 and	 Fox	 Creek.	 The	 northernmost	
meadow	 is	 the	 White	 House	 meadow	 it	 contains	
structure	 microhabitat	 (indicated	 by	 house	 icon).	
The	Fox	Creek	lodge	site	is	in	the	middle,	where	road	
(indicated	by	a	 line),	 riparian	 (indicated	by	an	oval),	
and	structure	microhabitat	(indicated	by	house	icon)	
are	 located.	 The	 same	 notation	 is	 present	 on	 the	
southernmost	site,	the	South	meadow.	

the	 samples	 dry	 out	 until	 the	 change	 in	
mass	stabilized		(around	6	hours)	and	used	
the	 change	 in	 mass	 to	 find	 the	 percent	
moisture	in	the	soil.	
Lizard	tick	load	data	was	collected	in	each	

microhabitat	 by	 capturing	 lizards	 with	 a	
noose	 on	 a	 fishing	 pole	 or	 by	 hand.	 The	
lizard	 communities	 in	 those	 areas	 were	
composed	 of	 alligator	 (Elgaria	
multicarinata)	 and	 western	 fence	
(Sceloporus	 occidentalis)	 lizards.	 When	
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Figure	 2.	 Ticks	 attached	 to	 lizard.	 These	 are	
examples	of	a	tick-infested	alligator	lizard	(top)	and	a	
western	fence	lizard	(bottom).	There	are	ticks	visible	
in	and	behind	the	ears,	as	well	as	on	the	side	for	the	
alligator	lizard.	

examining	 the	 lizards,	 we	 counted	 the	
number	 of	 ticks	 present	 (Figure	 2).	
Afterward,	 the	 lizards	 were	 marked	 with	
yellow	 nail	 polish	 to	 avoid	 recapture	 and	
released.	
All	 statistical	 analyses	 were	 conducted	

using	 JMP	 14	 statistical	 software.	 We	
performed	one-way	ANOVAs	to	understand	
the	relationship	between	the	varying	effects	
of	 our	 abiotic	 data	 on	 tick	 load.	 Tukey-
Kramer	 post-hoc	 tests	 were	 used	 to	 study	
the	variance	between	abiotic	conditions	on	
tick	 load	 within	 each	 microhabitat.	 Finally,	

we	examined	the	effect	of	tick	loads	on	tick	
density	(m2)	by	using	a	linear	regression.		

RESULTS	

Mean	 lizard	 tick	 loads	 of	 western	 black	
legged	 tick	 and	 Pacific	 Coast	 tick	 were	
greatest	 in	 road	 microhabitats	 (μroad=	
33.36),	 followed	 by	 edge	 (μedge=21.84),	
riparian	 (μriparian=11.14),	 and	 structure	
(μstructure=4.21)	 (Figure	 3A).	 	 One-way	
ANOVA	 analysis	 revealed	 that	 there	 are	
significant	 relationships	 between	
microhabitats	 (R2=	 0.279,	 F=	 6.216,	 p=	
0.0012;	N=	52).	The	Tukey-Kramer	post-hoc	
test	 further	 characterized	 similarities	
between	 road	 and	 edge,	 and	 between	 the	
riparian	and	structure	microhabitats.		
Comparing	 abiotic	 conditions	 across	

microhabitats,	 it	 was	 revealed	 that	 the	
highest	 tick	 loads	 (33.4	 ticks)	 was	 present	
under	 0.846	 cm	 of	 leaf	 litter,	 temperature	
of	19.7°C,	9.22%	soil	moisture,	and	16.7	cm	
of	 grass.	 Litter	height	differed	 substantially	
between	 microhabitats	 (N=	 84,	 F=	 6.0540,	
p=	 0.0009)	 (Figure	 3B)	 where	 the	 highest	
amount	 of	 leaf	 litter	 was	 observed	 in	 the	
edge	 (average=	 1.83	 cm)	 followed	 by	 the	
riparian,	 road,	 and	 structure.	 Temperature	
differed	 between	microhabitats	 (N=	 84,	 F=	
13.3209,	p<0.0001)	(Figure	3C).	The	highest	
temperatures	 occurred	 in	 the	 structure	
habitat	with	a	mean	temperature	of	19.7°C,	
followed	 by	 edge,	 road	 and	 riparian.	 Soil	
moisture	 did	 not	 differ	 between	
environments	(N=	84,	F=	0.7256,	p=	0.5396)	
(Figure	3D).	Grass	heights	differed	between	
environments	(N=	84,	F=	3.7155,	p=	0.0148)	
(Figure	 3E).	 The	 highest	 grass	 height	 was	
seen	in	riparian	and	edge	microhabitats	at	a	
mean	 height	 of	 25.3	 cm.	 The	most	 similar	
grass	 heights	 occurred	 among	 edge	 and	
structure	microhabitats.	
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Figure	3.	Microhabitat	comparisons	between	average	lizard	tick	 loads	(A)	and	average	abiotic	conditions	(B-E).	
(A)	The	 graph	 shows	 the	 relationship	 between	 the	mean	 tick	 loads	 present	 at	 the	 different	microhabitats.	 Bars	
represent	+	1	S.E.M	(N=	52,	F=	6.2169,	p=0.0012).	(B)	The	graph	shows	varying	average	leaf	litter	height	based	on	
microhabitat	 (N=	84,	F=	6.0540,	p=	0.0009).	 (C)	The	graph	shows	the	varying	average	temperature	(ºC)	of	soil	 in	
each	 microhabitat	 (N=	 84,	 F=	 0.7256,	 p=	 0.5396).	 (D)	 The	 graph	 shows	 varying	 percent	 soil	 moisture	 in	 each	
microhabitat	(N=	84,	F=	0.7256,	p=	0.5396).	(E)	The	graph	shows	varying	average	grass	height	in	each	microhabitat	
(N=	84,	F=	3.7155,	p=	0.0148).	

There	 was	 no	 correlation	 between	 ticks	
per	m2	and	lizard	tick	load	(R2	=	0.0007,	N=	
4,	 F=	 0.001,	 p=	 0.97)	 (Figure	 4).	 We	 were	
not	 able	 to	 use	 this	 as	 a	 proxy	 for	 finding	
tick	abundance	within	each	microhabitat.		

DISCUSSION	

There	 is	 a	 relationship	 present	 between	
the	 tick	 load	 on	 lizards	 in	 relation	 to	 the	
various	 abiotic	 conditions	 of	 the	 different	
microhabitats.	 Based	 on	 our	 results,	 there	
appears	 to	 be	 a	 more	 complex	 dynamic	
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occurring	 rather	 than	 linear	 trends	 (Figure	
3).	 Our	 study	 found	 that	 the	 highest	 tick	
load	 is	 present	 in	 the	 road	 microhabitats.	
Conditions	 such	 as	 leaf	 litter	 height	 and	
temperature	 showed	 an	 interesting	
variation	where	the	highest	tick	abundance	
wasn’t	 present	 in	 the	 highest	 leaf	 litter	 or	
the	 lowest	 temperatures.	 Specific	 abiotic	
factors	 within	 each	 microhabitat	 are	 likely	
more	 suitable	 to	 ticks	 in	 a	 nymphal	 and	
larval	 stage,	 such	 as	 intermediate	
temperature	 and	 leaf	 litter	 (Ogden	 and	
Lindsay	2016).		
Contrary	 to	 our	 hypothesis,	 ticks	 per	 m2	

does	 not	 correlate	 to	 ticks	 per	 lizard.	 We	
are	not	able	to	use	this	data	as	a	proxy	for	
tick	 abundance	 in	microhabitats	 (Figure	 4).	
Ticks	 on	 lizards	 are	 primarily	 in	 the	 life	
stages	 of	 larvae	 and	 nymph	 whereas	 ticks	
that	 we	 picked	 up	 on	 our	 tick	 drags	 were	
mainly	adults.	Lizards	are	a	host	that	move	
through	 leaf	 litter	 and	 low-lying	 grasses	
where	nymph	and	larval	ticks	spend	most	of	
their	 time	 to	 avoid	 desiccation.	 Adult	 ticks	
are	not	prone	to	desiccation	and	are	able	to	
live	 in	 the	 taller	 grasses	 in	 warmer	
meadows	 where	 larger	 mammals	 traverse	
(Ogden	and	Lindsay	2016).	Adult	stage	ticks	
do	not	occur	on	 lizards	and	are	more	 likely	
found	during	 tick	 drags	 in	 drier	 conditions,	
which	corresponds	to	our	 findings	 (Lane	and	
Loye	1989).	Another	reason	why	there	was	a	
low	 abundance	 of	 tick	 during	 our	 tick	 drags	
could	 be	 due	 to	 the	 tick	 population	 being	
heavily	 skewed	 towards	 the	 miniscule	 egg,	
larval,	and	nymph	life	stages	(Uspensky	1995).		
Further	 research	 needs	 to	 be	 done	 to	

better	understand	how	the	cycle	of	vector-
borne	 disease	moves	 through	 a	 landscape.	
Researching	at	various	times	of	year	may	

		
	

Figure	 4.	 Comparison	 of	 ticks	 per	 area	 and	 ticks	
per	 lizard.	 a	 linear	 regression	 was	 used	 to	 see	 the	
correlation	 between	 average	 abundance	 of	 ticks	
found	 on	 our	 tick	 drags	 compared	 to	 the	 average	
abundance	 found	 on	 lizards	 per	 microhabitat	
(represented	 by	 differentiating	 colors	 in	 legend).	
Transects	 with	 0	 ticks	 caught	 were	 excluded.	 (𝑅!=	
0.0007,	N=	4,	F=	0.0016,	p=	0.9721).	

	

change	 the	 dynamic	 of	 disease	 flow	 based	
on	not	only	tick	life	cycles	but	reservoir	host	
cycles	 as	 well.	 In	 addition	 to	 researching	
seasonality	 of	 reservoir	 hosts,	 it	 is	
important	 to	 note	 their	 abundance,	 what	
diseases	 they	 are	 carrying,	 as	 well	 as	 how	
they	 interact	 with	 the	 ticks	 within	
microhabitats.	 It	 is	 vital	 to	 understand	 this	
in	 order	 to	 stop	 the	 spread	 of	 harmful	
diseases	 to	 humans,	 livestock,	 and	 even	
domesticated	animals	 (Jongenjan	2007).	By	
decreasing	fragmentation	of	forests,	we	are	
not	only	able	to	increase	the	dilution	effects	
of	animals	like	the	western	fence	lizard	and	
alligator	lizards,	but	we	are	able	to	facilitate	
natural	 predator-prey	 interactions	 and	
decrease	 the	 number	 of	 reservoir	 hosts.	
This	will	create	a	natural	and	healthy	balance	
of	disease	transmission	within	habitats.		
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As	 the	 effects	 of	 global	 climate	 change	
and	 urban	 encroachment	 on	 natural	
landscapes	are	continuing	to	be	studied,	we	
are	 learning	 more	 about	 how	 human	
implications	 are	 shaping	 various	
environments.	With	fluctuating	temperatures	
and	 weather	 patterns	 we	 expect	 to	 see	 a	
shift	 in	 disease	 ecology	 which	 may	 vary	
between	 habitats	 as	 well	 as	 within	
microhabitats	 (Ogden	 and	 Lindsay	 2016).	
Furthermore,	 such	 changes	 will	 have	
profound	 implications	 on	 the	 trophic	
interactions	 between	 organisms	 and	 how	
they	adapt	to	disease	fluctuations.	
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