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Woodrats	are	ecosystem	engineers	that	can	increase	biodiversity	by	physically	changing	
the	 environment.	 In	 doing	 so,	 they	 alter	 landscapes	 and	 increase	 the	 number	 of	
microhabitats	for	other	organisms.	In	order	to	better	understand	woodrats’	role	in	their	
ecosystem,	 we	 surveyed	 big-eared	 woodrat	 (Neotoma	 macrotis)	 houses	 in	 Hastings	
Natural	History	Reservation	located	in	Monterey	County,	California.	For	each	house,	we	
determined	 its	 usability	 and	 measured	 its	 size.	 We	 found	 a	 26	 percent	 increase	 in	
population	density	after	a	70-year	period	with	no	difference	in	the	proportions	of	usable	
and	unusable	houses.	 Larger	house	 sizes	 and	more	usable	houses	were	 found	 in	high	
vegetation	 density.	Woodrat	 house	 sizes	were	 the	 largest	 and	 the	 vegetation	 density	
was	 the	 highest	 in	 the	 creek	 beds.	 As	 this	 study	 was	 conducted	 after	 the	 breeding	
season	 ended,	 this	 may	 have	 had	 an	 effect	 on	 the	 woodrat	 population	 density	 and	
proportions	 in	 their	 house	 usability.	 In	 addition,	 woodrat	 preference	 for	 dense	
vegetation	 in	 riparian	 areas	 influenced	 the	 house	 size	 and	 where	 their	 houses	 were	
found.	These	 findings	can	supplement	existing	knowledge	on	the	effects	of	ecosystem	
engineers	on	a	habitat,	while	also	improving	our	understanding	of	how	abiotic	and	biotic	
factors	change	an	environment.	
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INTRODUCTION		

Ecosystem	engineers	have	major	 impacts	
on	 the	 environment	 they	 inhabit	 (Jones	 et	
al.	 1997).	 Physical	 changes	 made	 to	 the	
environment	 can	help	 increase	biodiversity	
by	 altering	 surrounding	 landscape	 and	
increasing	microhabitats	(Jones	et	al.,	1997;	
Reichman	 et	 al.,	 2002).	 For	 example,	
beavers	 (Castor	canadensis)	physically	alter	
habitats	by	cutting	down	trees	and	building	
lodges	 that	 divert	 waterways	 (Jones	 et	 al.,	
1997).	 This	 change	 affects	 the	 distribution	
and	abundance	of	other	plants	and	animals	
(Jones	 and	 Shachak	 1997).	 Pocket	 gophers	
(Geomyidea)	 also	 physically	 alter	 habitats	

by	 digging	 extensive	 burrow	 systems	 and	
eating	 vegetation	 (Reichman	 et	 al.,	 2002).	
Their	removal	of	vegetation	and	creation	of	
underground	 pockets	 of	 space	 accelerates	
erosion.	
Woodrats	 (Neotoma	 spp.)	 are	 also	

ecosystem	engineers,	indirectly	benefiting	a	
variety	of	 species	 through	 the	construction	
of	their	houses	and	foraging	behavior.	They	
play	 an	 important	 role	 in	 the	 community	
dynamics	 of	 their	 environment.	 For	
example,	 the	 availability	 of	 abandoned	
woodrat	 houses	 can	 increase	 the	 species	
richness	 of	 small	 mammals,	 reptiles,	
amphibians,	 and	 invertebrates	 because	
they	 provide	 shelter,	 facilitate	 the	
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decomposition	 of	 plant	 material,	 and	
increase	 soil	 fertility	 by	 increasing	 the	
availability	of	nutrients	(Campos	et	al.	2019,	
Carey	et	al	1990,	Cranford	1982,	M’Closkey	
et	 al.	 1990,	Merritt	 1974,	 Vestal	 1938).	 As	
generalists,	 woodrats	 browse	 vegetation	
heavily	 and	 affect	 plant	 composition	
(McEachern,	 2005;	 Horton	 and	 Wright	
1944).	They	do	this	by	eating	tree	seedlings,	
which	 reduces	 canopy	 cover	 and	 provides	
more	 light	 to	 the	 understory	 over	 long	
periods	 of	 time	 (Gill	 and	 Beardall	 2001).	
They	are	also	a	vital	source	of	prey	for	many	
avian	 and	 mammalian	 predators,	 some	 of	
which	are	threatened	species	(Robin	2007).	
For	 example,	 the	 California	 spotted	 owl	
(Strix	 occidentalis),	 a	 species	 of	 concern	 in	
California,	 requires	 less	 area	 in	 habitats	
with	 high	 dusky	 footed	woodrat	 (Neotoma	
fuscipes)	biomass	(Carey	et	al.1990,	Zabel	et	
al.	 1995).	 The	methods	by	which	woodrats	
construct	 their	 houses	 is	 an	 important	
characteristic	 that	 makes	 them	 ecosystem	
engineers.		
	Woodrats	 construct	 their	 houses	 by	

stacking	 twigs	and	small	branches	of	 trees.	
The	 location	 of	 their	 houses	 is	 strongly	
influenced	 by	 the	 presence	 of	 logs,	 tall	
shrubs,	 and	 large	 trees	 (Innes	 et	 al.	 2007).	
In	 a	 study	 that	 evaluated	 woodrat	
preference	over	a	wide	variety	of	vegetative	
communities,	 Bravo	 (2016)	 found	 the	
highest	 density	 of	 houses	 in	 riparian	
vegetation.	Together,	these	findings	suggest	
that	woodrat	habitat	preference	is	affected	
by	the	availability	of	food,	building	material,	
and	 vegetation	 density.	 A	 single	 woodrat	
occupies,	 maintains,	 and	 controls	 several	
houses	 within	 its	 territory.	 However,	 this	
territory	 frequently	 changes	 resulting	 in	
individuals	 abandoning	 some	 of	 their	
houses	 (Linsdale	 and	 Tevis	 1956).	 Each	
house	 represents	 the	 work	 of	 many	

generations,	 as	 the	 assemblage	 of	 houses	
supporting	 a	 woodrat	 population	 is	 in	 a	
continuous	 fluctuation	 between	
constructive	 and	 destructive	 forces.	
Therefore,	 an	 increase	 in	 a	 population	 of	
woodrats	is	dependent	upon	the	frequency	
at	 which	 established	 individuals	 construct	
and	maintain	houses.	For	example,	Linsdale	
(1956)	 found	 that	 8%	 of	 woodrat	 houses	
were	 allowed	 to	 become	 unusable,	 while	
48%	 were	 maintained,	 and	 10%	 were	
allowed	 to	 deteriorate.	 Additionally,	 rats	
constructed	an	average	of	11.6	houses	per	year.	
At	 Hastings	 Natural	 Reserve,	 Big-Eared	

Woodrats	 (Neotoma	macrotis)	are	 the	only	
woodrat	 species	 present	 (Cunningham	
2005).	 The	 population	 at	 Hastings,	 as	 well	
as	 its	assemblage	of	houses,	was	 the	 focus	
of	a	long	term	study	conducted	in	the	1950s	
(Linsdale	 and	 Tevis	 1956).	 Researchers	
found	 a	 total	 of	 163	 big-eared	 woodrat	
houses,	85%	(139)	of	which	were	usable.	In	
the	 five	 year	 period	 of	 Linsdale’s	 study	
(1956),	 the	 big-eared	 woodrats	 (hereafter	
referred	 to	 as	 woodrats)	 experienced	
severe	 disturbances,	 yet	 both	 the	
population	 and	 number	 of	 usable	 houses	
increased	 by	 46	 percent.	 There	 was	 an	
estimated	 total	 of	 51	 rats	 in	 their	 study	
area,	which	equates	 to	2,079	 rats	per	km2.	
The	purpose	of	our	study	was	to	determine	
if	 woodrat	 density	 changed	 since	 1952.	 To	
accomplish	 this,	 we	 compared	 the	
proportions	of	usable	and	unusable	houses	
found	in	Linsdale’s	study	(1956)	to	those	of	
the	 present.	 Given	 the	 resilience	 displayed	
by	the	woodrats	in	1952,	we	predicted	that	
both	the	population	density	and	proportion	
of	 usable	 houses	 would	 increase.	
Additionally,	 we	 examined	 the	 effects	 of	
vegetation	 density,	 house	 location,	 and	
house	 condition	 on	 the	 size	 of	 woodrat	
houses.	 We	 predicted	 that	 as	 vegetation	
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density	 increased,	 the	 house	 size	 of	
woodrats	 would	 increase	 (Lee	 and	 Tietje	
2005;	 Hamm	 and	 Diller	 2009).	 We	 also	
predicted	 that	 house	 size	would	 be	 largest	
in	 the	creek	beds	because	woodrats	prefer	
riparian	areas	 (Bravo	2016).	Understanding	
what	 factors	affect	 the	usability	and	house	
size	 of	 woodrats	 will	 contribute	 to	 our	
knowledge	 of	 how	 houses	 affect	 the	
environment	and	subsequently	biodiversity.	

METHODS	

Our	study	was	conducted	from	November	
1–4,	 2020	 in	 Hastings	 Natural	 History	
Reservation	 located	 in	 Monterey	 County,	
California	 (36.3136°N,	 121.3542°W).	 The	
landscape	 consisted	 of	 mixed	 oak	
woodlands	 with	 a	 poison	 oak	 dominant	
understory,	 chaparral,	 native	 savannahs,	
and	 seasonal	 creeks	 (Hastings	 Natural	
History	 Reservation,	 2020).	 We	 surveyed	
woodrat	houses	 in	woodland	habitat	 along	
the	Hastings	Reservation	Road,	categorizing	
each	 house’s	 location	 as	 either	 on	 the	
roadside,	 creek	 bed,	 or	 hill.	 The	 GPS	
coordinates	 of	 each	 house	 were	 recorded	
using	 the	 Garmin	 GPSMAP	 64sx	 handheld	
GPS.	Then	we	used	google	maps	to	quantify	
the	 total	 area	 surveyed	 by	 drawing	
polygons	 around	 the	 GPS	 coordinates.	 The	
total	 area	 surveyed	 was	 used	 to	 calculate	
rats	 per	 km2.	 In	 the	 study	 conducted	 by	
Linsdale	 and	 Tevis	 (1956),	 rat	 abundance	
was	 proportional	 to	 the	 number	 of	 usable	
houses	 (36.7%).	 We	 used	 the	 same	
proportion	 to	 estimate	 the	 population	 of	
woodrats	 within	 our	 study	 area.	 This	
estimate	 was	 used	 to	 calculate	 population	
density,	 which	 was	 then	 compared	 to	 the	
population	 density	 of	 Linsdale	 and	 Tevis’	
(1956)	study.		

We	took	measurements	of	the	height	(h),	
length	(l),	and	width	(w)	of	each	house	and	
calculated	the	volume	using	the	formula	for	
a	 semi-ellipsoid	 (23(lwh)=v).	 Percent	 cover	
of	 leaves	 and	 bare	 ground	 was	 visually	
estimated	 within	 a	 4-meter	 radius	 of	 each	
house.	 Vegetation	 density	 was	 surveyed	
within	a	4-meter	 radius	of	 each	house	and	
categorized	 as	 low	 or	 high.	 A	 house	 was	
categorized	 in	 low	 vegetation	 density	 if	
visual	 percent	 cover	 for	 leaves	 and	 bare	
ground	 was	 over	 50%.	 If	 visual	 percent	
cover	 for	 leaves	and	bare	ground	was	49%	
or	 below,	 then	 a	 house	was	 categorized	 in	
high	 vegetation	 density.	 Houses	 were	
determined	 to	 be	 usable	 or	 unusable	 by	
criteria	 established	 by	 previous	 research	
(Linsdale	and	Tevis	1956,	Laudenslayer	and	
Fargo	1999).	An	unusable	house	was	either	
fallen	 apart	 and	 unfixable,	 or	 too	 small	 to	
be	 inhabited.	 A	 usable	 house	 was	 in	 good	
condition	 with	 indications	 of	 ongoing	
maintenance,	was	insulated,	and	had	clearly	
visible	tunnels	to	the	outside.	
JMP	 statistical	 software	 v14	was	 used	 to	

conduct	 all	 statistical	 analyses.	 We	 used	
ANOVAs	 to	 test	 the	 effect	 of	 vegetation	
density(high	 or	 low),	 house	 condition	
(usable/unusable)	 and	 location	 on	 the	
house	 size	 of	 woodrats.	 A	 χ2	 was	 used	 to	
test	the	effect	of	location	(creek	bed,	hill,	or	
roadside)	on	vegetation	density.		

RESULTS	

	We	 surveyed	 a	 total	 of	 80	 woodrat	
houses	(Fig.	1).	Of	the	80	houses,	66	(82.5%)	
were	usable	and	14	(17.5%)	were	unusable.	
There	 was	 no	 change	 in	 the	 proportion	 of	
usable	and	unusable	houses	from	the	1952	
study	compared	to	our	study.	An	estimated	
24	 rats	 were	 present	 in	 our	 study	 area,	
equating	 to	 2,607	 rats	 per	 km2,	which	 is	 a	
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26	percent	increase	from	the	2,079	rats	per	
km2	 found	 in	 1952.	 Woodrat	 house	 sizes	
were	 larger	 in	 high	 vegetation	 density	
(N=80,	 F=8.14,	 p=	 0.0055;	 Fig.	 2).	 More	
usable	 houses	 were	 found	 in	 high	
vegetation	 density	 compared	 to	 unusable	
houses	(N	=	80,	χ2	=	6.31,	p	=	0.012;	Fig.	3).	

House	size	of	woodrats	was	largest	in	the	
creek	bed	compared	to	the	hill	and	roadside	
locations	(N	=	80,	F	=	9.36,	p	=	0.0002;	Fig.	
4).	 The	 creek	 bed	 had	 the	 highest	
vegetation	 density	 compared	 to	 the	
roadside	 and	 hill	 locations	 (N	 =	 80,	 χ2	 =	
23.00,	p	<	0.0001;	Fig.	5).	

 

 	
	

Figure	1.	Woodrat	house	 locations.	 The	 red	areas	on	 the	map	are	 the	areas	 that	were	 surveyed.	Each	woodrat	
house	is	signified	by	a	pin	within	the	area	surveyed	along	Hastings	Reservation	Road.	
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Figure	2.	Effect	of	vegetation	density	on	house	size.	
Vegetation	density	was	visually	estimated	within	a	4	
meter	radius	of	each	woodrat	house.	House	size	was	
calculated	 by	 taking	 length,	 width,	 and	 height	 and	
using	the	formula	for	the	volume	of	a	semi-ellipsoid.	
Error	bar	is	±1	SE	from	the	mean.	

	

Figure	 3.	 Effect	 of	 vegetation	 density	 on	 house	
condition.	 Houses	 were	 categorized	 as	 usable	 or	
unusable	 by	 criteria	 from	 previous	 research.	
Vegetation	density	was	visually	estimated	within	a	4	
meter	radius	of	each	woodrat	house.		

	

Figure	 4.	 Effect	 of	 house	 location	 on	 house	 size.	
Location	of	woodrat	houses	were	categorized	in	one	
of	 the	 three	 locations:	 creek	 bed,	 hill,	 or	 roadside.	
House	 size	 was	 calculated	 by	 taking	 length,	 width,	
and	height	and	using	the	formula	for	the	volume	of	a	
semi-ellipsoid.	Error	bar	is	±1	SE	from	the	mean.	

	

Figure	 5.	 Effect	 of	 house	 location	 on	 vegetation	
density.	 Location	 of	 woodrat	 houses	 were	
categorized	in	one	of	the	three	locations:	creek	bed,	
hill,	 or	 roadside.	 Vegetation	 density	 was	 visually	
estimated	within	 a	 4	meter	 radius	of	 each	woodrat	
house.

DISCUSSION	

Our	 prediction	 that	 there	 would	 be	 an	
increase	 in	 the	 population	 density	 of	
woodrats	 was	 supported	 despite	
disturbances	 of	 intense	 drought	 and	
increased	fire	frequency	within	California.	A	
possible	explanation	for	the	increase	is	that	

our	study	took	place	in	November,	just	after	
the	breeding	season	which	occurs	between	
February	 and	 September	 (Lee	 and	 Tietje	
2005).	 This	 would	 result	 in	 an	 increase	 in	
population	 size	 due	 to	 the	 recent	 birth	 of	
pups.	Our	prediction	that	the	proportion	of	
usable	woodrat	houses	would	increase	was	
not	 supported.	 Following	 the	 breeding	
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season,	 males	 occupying	 the	 same	 houses	
as	females	are	forced	out.	After,	most	adult	
males	 take	 up	 residence	 in	 an	 unoccupied	
house	or	build	new	houses	 throughout	 the	
fall	 and	 winter	 (Laudenslayer	 and	 Fargo	
1999).	 Many	 of	 the	 unusable	 houses	 that	
we	 observed	 appeared	 to	 be	 small	 but	
recently	 built,	 possibly	 explaining	 why	 our	
proportion	 of	 unusable	 houses	 remained	
consistent	with	that	of	the	1952	study.		
Our	 prediction	 that	 house	 size	 would	

increase	 as	 vegetation	 density	 increased	
was	 supported	 as	 our	 results	 show	 that	
vegetation	density	was	positively	correlated	
with	 house	 size.	 This	 result	was	 consistent	
with	 past	 studies	 stating	 that	 woodrats	
preferred	to	construct	their	houses	in	dense	
vegetation	 as	 this	 provided	 more	 building	
materials	 (Lee	 and	 Tietje	 2005;	Hamm	and	
Diller	2009).	Additionally,	 larger	houses	were	
more	likely	to	be	usable	which	explains	why	
more	 usable	 houses	 were	 found	 in	 high	
vegetation	 density	 compared	 to	 unusable	
houses.	 The	 creek	 bed	 location	 comprised	
the	highest	vegetation	density	compared	to	
the	 roadside	 and	 hill	 locations	 which	
supports	why	house	sizes	of	woodrats	were	
largest	 in	 the	creek	bed.	The	abundance	of	
building	 materials,	 as	 well	 as	 protection	
from	predators	provides	an	ideal	habitat.	
As	 ecosystem	 engineers,	 woodrats	 are	

vital	 constituents	 within	 woodlands	 that	
increase	 biodiversity	 by	 increasing	
microhabitats	(Jones	et	al.,	1997;	Reichman	
et	 al.,	 2002).	 They	 also	 affect	 other	
organisms	 by	 increasing	 soil	 nutrients	
(Campos	 et	 al.	 2019).	 Additionally,	
information	 on	 the	 population	 size	 and	
distribution	of	woodrats	within	Hastings	can	
be	 applied	 to	 other,	 more	 vulnerable	
woodrat	 species	 that	 inhabit	 similar	
environments.	 One	 example	 is	 the	 Key	
Largo	 woodrat	 (Neotoma	 floridana	 smalli),	

which	 is	 classified	 as	 endangered	 and	 can	
be	 found	 in	 a	wide	 range	 of	 habitats	 from	
deserts	to	rainforests	(McCleery	et	al.	2006).	
A	 potential	 extension	 of	 this	 study	 could	

be	 to	 conduct	 house	 counts	 during	mating	
season,	 as	 houses	 would	 be	 occupied	 by	
male-females	 pairs	 which	 may	 have	 an	
effect	 on	 the	 proportions	 of	 usable	 and	
unusable	 houses	 observed	 (Laudenslayer	
and	 Fargo	 1999).	 It	 would	 also	 be	
interesting	to	entirely	recreate	the	Linsdale	
and	Tevis	 (1956)	woodrat	study	 in	order	to	
gain	 an	 updated	 understanding	 of	 house	
counts	 across	 the	 entire	 reserve.	
Additionally	 it	would	be	beneficial	 to	begin	
long-term	 monitoring	 of	 woodrats.	 This	
would	 help	 gain	 insight	 on	 their	 behavior	
during	 breeding	 season	 as	 well	 as	
throughout	 the	 rest	 of	 the	 year.	With	 this	
information	 we	 can	 better	 understand	 the	
mechanisms	 that	 drove	 the	 population	
increase	 since	 the	 establishment	 of	 the	
Hastings	 Natural	 History	 Reservation	 in	
1970.	 This	 highlights	 the	 importance	 of	
protecting	 areas	 and	 establishing	
reservations	 to	 minimize	 the	 effects	 of	
human	 disturbance	 on	 species	 such	 as	 the	
big-eared	 woodrat.	 This	 designation	 may	
have	 minimized	 habitat	 disturbance	 and	
allowed	 the	 woodrat	 populations	 to	 grow.	
By	understanding	the	activity	and	density	of	
woodrats,	 we	 can	 gain	 a	 better	
understanding	of	how	ecosystem	engineers	
affect	their	habitats.	
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