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Deserts	are	changing	rapidly	due	to	urbanization	and	climate	change.	Although	human	
development	can	destroy	habitat,	it	can	also	create	novel	environments	that	organisms	
may	 use	 or	 adapt	 to.	 In	 this	 study	 we	 compared	 artificial	 ponds	 to	 natural	 oases	 to	
determine	 whether	 artificial	 water	 sources	 differ	 in	 the	 odonate	 communities	 they	
support,	 as	 odonate	 species	 are	 indicators	 of	 aquatic	 habitat	 quality.	We	 found	 that	
odonate	 community	 composition	 differed	 markedly	 based	 on	 water	 source	
characteristics	such	as	size,	human	presence,	aquatic	plant	presence,	and	substrate.	This	
clear	difference	in	odonate	species	composition	indicates	that	disturbed	water	sources	
support	different	communities	than	natural	springs	and	oases.	Our	results	may	be	used	
to	 inform	 development	 and	 management	 of	 artificial	 water	 sources	 to	 promote	
biodiversity	in	desert	ecosystems.	
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INTRODUCTION		

As	 humans	 have	 refined	 their	 ability	 to	
manipulate	 the	 natural	 world,	 human	
populations	in	the	desert	have	exploded.	In	
the	United	States,	the	population	increased	
at	 twice	 the	 rate	 in	 the	 Desert	 Southwest	
compared	 to	 the	 country	 as	 a	whole	 since	
1950	 (US	 Census	 Bureau).	 In	 order	 to	
support	 these	 expanding	 populations,	
desert	ecosystems	have	undergone	massive	
transformations.	 For	 example,	 human	
development	 has	 led	 to	 extensive	
community	 alteration	 and	 degradation	 of	
desert	ecosystems	in	the	Negev	Desert	and	
the	 Chinese	 desert	 steppe	 (Hawlena	 and	
Bauskila	 2006,	 Zeng	 2014).	 In	 Southern	
California,	 human	 impacts	 have	 led	 to	 the	
destruction	 of	 native	 plant	 communities,	
soil	 degradation	 and	 increased	 erosion	

(Lovich	 1999).	 Human	 development	 is	
currently	 producing	 large	 scale	 changes	 in	
the	 desert,	 threatening	 the	 integrity	 of	
these	complex	systems.	
Deserts	 are	 defined	 by	 their	 lack	 of	

precipitation;	 therefore,	 the	 few	 existing	
sources	of	water	are	especially	important	to	
desert	 ecosystems	 and	 biodiversity.	
However,	 climate	 change	 is	 beginning	 to	
alter	 important	 desert	 water	 sources	 and	
ecosystems.	 While	 desert	 plants	 and	
animals	 can	 withstand	 extreme	 aridity,	
some	 species	 may	 be	 approaching	 their	
physiological	 threshold	 due	 to	 climate	
change	 (Bachelet	 et	 al.	 2016).	 Deserts	 in	
Southern	 California	 are	 losing	 water,	
experiencing	 vegetation	 shifts	 and	 regional	
increases	 in	 temperature	 (Bachelet	 et	 al.	
2016).	 As	 deserts	 get	 hotter	 and	 drier,	
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remaining	 desert	 water	 sources	 must	 be	
conserved	to	support	life	in	the	desert.	
Desert	 oases	 are	 crucial	 water	 sources	

currently	 under	 threat	 from	 urbanization	
and	 climate	 change.	 These	 freshwater	
outcroppings	 from	 underground	 sources	
attract	 unique	 flora	 and	 fauna	 as	 well	 as	
people.	 Globally,	 climate	 change	 and	
human	 development	 have	 depleted	 oases	
that	 often	 support	 endemic	 and	 endangered	
species	(Fraser	and	Martinez	2002,	Bai	et	al.	
2014).	 For	 example,	 roughly	 two-thirds	 of	
Morocco’s	oasis	habitat	has	vanished	due	to	
rising	 temperatures,	 deepening	 drought,	
and	 spreading	 desertification	 in	 the	 last	
century	 (Pegna	 et	 al.	 2017).	 In	 addition,	
urban	 expansion	 into	 the	 Tarim	 Basin	 has	
detrimentally	 increased	 salinity	 levels	 and	
degraded	the	soil	of	its	oases	(Dilshat	et	al.	
2015).	 The	 disappearance	 of	 oases	 is	
alarming,	 creating	 a	 dire	 predicament	 for	
species	relying	on	their	fresh	water.	
However,	 human	 developed	 landscapes	

have	established	novel	water	sources	in	the	
desert.	 People	 living	 in	 deserts	 will	 often	
construct	 freshwater	 pools	 and	 introduce	
water-reliant	 plants	 in	 an	 attempt	 to	
increase	 mental	 wellbeing	 and	 property	
value	 (Spinti	 et	 al.	 2004).	 Similarly,	 ponds	
are	 often	 integrated	 into	 golf	 courses	 for	
increased	difficulty	and	aesthetic	value.	Golf	
courses	 have	 the	 potential	 to	 support	
wetland	 fauna	 and	 function	 as	 natural	
ponds,	 although	 they	 tend	 to	 increase	
homogeneity	 and	 can	 contain	 pollutants	
(Colding	 et	 al.	 2009).	 Communities	
supported	 by	 artificial	 water	 sources	
provide	 an	 important	 avenue	 for	 study,	
particularly	 in	 the	desert,	where	 they	offer	
highly	 contrasting	 habitat	 to	 the	
surrounding	area.	
California’s	 Sonoran	 Desert	 contains	 a	

range	of	water	 sources	 from	pristine	oases	

to	 highly	 manicured	 golf	 course	 water	
hazards,	 providing	 an	 opportunity	 to	 study	
desert	 ecosystems	 across	 a	 gradient	 of	
human	 development.	 The	 area	 is	 also	
representative	 of	 trends	 in	 urbanization	 in	
California	 deserts	 (Lovich	 et	 al.	 1999).	 The	
establishment	 of	 these	 artificial	 water	
sources	 in	 close	proximity	 to	 natural	 oases	
permits	a	strong	comparison.	
Odonate	 (dragonfly	 and	 damselfly)	

assemblages	 are	 indicators	 of	 biodiversity	
and	 ecosystem	 health,	 presenting	 an	
excellent	 study	 system	 to	 analyze	 the	
impacts	 of	 water	 source	 development	
(Sahlen	and	Ekestubbe	2001).	As	predators	
and	 prey,	 odonates	 play	 an	 important	 role	
in	determining	the	community	composition	
of	 ponds	 (Van	 Buskirk	 1998).	 Odonates	
spend	 most	 of	 their	 lives	 in	 aquatic	 larval	
stages,	 thus	 they	 are	 highly	 dependent	 on	
fresh	 water	 (Suhling	 et	 al.	 2004).	 Their	
distribution	and	abundance	are	affected	by	
a	 variety	 of	 environmental	 factors,	 such	 as	
water	 body	 size,	 vegetation,	 and	 substrate	
(McPeek	 2008).		 They	 also	 act	 as	 an	
indicator	 species	 for	 water	 quality	 due	 to	
their	 susceptibility	 to	 soluble	 pollutants	
(Colding	 et	 al.	 2009).	 Urbanization	 and	 its	
repercussions,	such	as	pollution	and	habitat	
destruction,	 have	 been	 shown	 to	 cause	
changes	 in	 dragonfly	 assemblages	
(Villalobos-Jimenez	et	al.	2016).	While	there	
has	been	research	on	the	effects	of	human-
made	 ponds	 on	 odonate	 abundance	 and	
diversity	on	other	continents,	little	is	known	
about	 the	 abundance	 and	 diversity	 of	
desert	 odonates	 in	 human-made	 ponds	 in	
California	(Osborn	and	Samways	1995).	
To	 determine	 the	 effects	 of	 artificial	 and	

natural	water	 sources	on	odonate	 function	
and	 biodiversity,	 we	 compared	 odonate	
communities	 across	 a	 gradient	 of	
development.	We	 examined	 the	 influences	
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of	 desert	 water	 source	 characteristics	
including	 size,	 development	 level,	 aquatic	
plants,	 and	 human	 use	 on	 odonoate	
community	 composition.	 We	 hypothesized	
that	 water	 source	 size	 would	 increase	
odonate	diversity	and	abundance	according	
to	 the	 species-area	 relationship	 (Connor	
and	 McCoy	 1979).	 We	 also	 expected	 that	
odonate	 communities	 would	 differ	 by	 the	
level	 of	 human	 development	 of	 the	 water	
source.	 Specifically,	 we	 expected	 that	
community	 composition	 would	 differ	 due	 to	
human	 use	 and	 aquatic	 plant	 presence.	
These	potential	differences	could	be	driven	
by	differences	in	odonate	species	life	history	
and	tolerance	to	introduced	conditions.	

METHODS	

2.1	Study	Site	

Research	 was	 conducted	 between	
November	 1–5,	 2019	 in	 and	 around	 Anza-
Borrego	 Desert	 State	 Park	 in	 northeastern	
San	 Diego	 County,	 California.	 The	 area	 is	
part	 of	 the	 greater	 Sonoran	 Desert	
ecosystem,	 which	 lies	 below	 300	 m	 in	
elevation,	 resulting	 in	 greater	 summer	
daytime	 temperatures	 than	 higher-elevation	
deserts.	 Average	 high	 temperatures	 in	
Anza-Borrego	Desert	State	Park	range	from	
41.9	 °C	 in	 July	 to	 20.5	 °C	 in	 December;	
average	 low	 temperatures	 range	 from		
24.3	 °C	 in	 July	 to	 6.3	 °C	 in	 December.	
Average	 precipitation	 ranges	 from	 12.7–
17.8	cm	per	year.	Several	natural	oases	are	
located	within	 the	 Sonoran	Desert,	 as	well	
as	 artificial	 bodies	 of	water	 in	 the	 form	 of	
golf-course	 ponds	 and	 other	 man-made	
water	sources.	These	diverse	water	sources	
offered	an	optimal	study	habitat	for	odonates.	

2.2	Study	Design	

To	 test	 the	 effects	 of	 water	 source	
development	on	odonate	 communities,	we	
chose	 nine	 water	 sources	 of	 varying	
development	levels	located	in	Anza-Borrego	
Desert	 State	 Park	 or	 the	 town	 of	 Borrego	
Springs	(Figure	1,	Table	1).	We	classified	our	
sites	 as	 undeveloped,	 intermediately	
developed	 or	 developed.	 Developed	 or	
artificial	 water	 sources	 were	 man-made,	
such	as	golf-courses,	with	little	resemblance	
to	 natural	water	 sources,	 both	 in	 terms	 of	
vegetation	 type	 and	 location.	 Intermediately	
developed	 sites	 were	 manmade,	 but	 had	
natural	vegetation	and	low	human	impacts.	
Undeveloped	 sites	 were	 natural,	 with	 very	
minimal	 human	 activity.	 Two	 of	 our	 sites	
were	 classified	 as	 undeveloped,	 four	 were	
classified	as	 intermediately	developed,	 and	
three	were	classified	as	developed.	

	

Figure	 1.	 Location	 of	 study	 sites.	 Research	 took	
place	 at	 nine	water	 sources,	 located	 in	 and	 around	
Anza	 Borrego	 Desert	 State	 Park,	 San	 Diego	 County,	
CA.	 Green	 sites	 are	 undeveloped,	 yellow	 sites	 are	
intermediately	 developed,	 and	 red	 sites	 are	
developed.	 The	 area	 inside	 the	 red	 line	 represents	
the	town	of	Borrego	Springs.	
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Table	1.	List	of	study	sites.		

We	 spent	 90	 minutes	 at	 each	 site	
conducting	a	point-count	of	 every	odonate	
in	 the	vicinity	of	 the	water	 source.	Using	a	
catch-net,	 we	 captured	 as	 many	 odonates	
as	 possible	 and	 identified	 them	 using	 the	
Dragonflies	 and	 Damselflies	 of	 California	
field-guide	(Manolis	2003).	The	area	of	each	
water	 source	 was	 calculated	 by	measuring	
the	 length	 and	 width.	 We	 walked	 the	
perimeter	of	the	water	source	and	recorded	
the	substrate	type,	such	as	mud	or	cement,	
the	 presence	 of	 aquatic	 vegetation,	 and	
whether	 there	 appeared	 to	 be	 regular	
human	usage	of	the	site.		

2.3	Statistical	Analysis	

We	 used	 linear	 regression	 to	 test	 the	
effect	 of	 pond	 size	 on	 Shannon-Weiner	
diversity	index	of	odonates.	An	ANOVA	was	
used	 to	 test	 the	 effect	 of	 development	 on	
Shannon-Weiner	 diversity	 index.	 A	
discriminant	 analysis	 was	 run	 to	 examine	
the	 similarity	 of	 odonate	 communities	
across	 developed,	 intermediately	 developed,	
and	 undeveloped	 sites.	 Other	 discriminant	
analyses	 tested	 the	 similarity	 of	 odonate	
community	between	sites	with	and	without	
aquatic	plants	and	regular	human	use.	JMP	
Statistical	 Software	 V.14	 was	 used	 to	
conduct	all	statistical	analysis.		
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RESULTS	

A	 total	 of	 137	 odonates	 were	 observed	 in	
the	field	study	(Figure	2).	Among	these	were	
five	species	 from	Zygoptera	 (damselflies)	 and	
four	 species	 from	Anisoptera	 (dragonflies).	
Of	 these,	 the	 species	 with	 the	 most	
representative	 distribution	 patterns	 were	
the	 vivid	 dancers	 (Argia	 vivida),	 familiar	
bluets	 (Enallagma	 civile),	 Rambur’s	 forktail	
(Ischnura	 ramburii)	 and	 variegated	
meadowhawks	 (Sympetrum	 corruptum).	
Vivid	 dancers	 were	 only	 found	 in	 the	 two	
natural	 oases,	 whereas	 familiar	 bluets	 and	
Rambur’s	forktails	were	only	found	in	more	
developed	 sites.	 Variegated	meadowhawks	
were	 found	 across	 all	 sites.	 Other	 species	
observed	included	the	neon	skimmer	(Libellula	
croceipennis),	 flame	 skimmer	 (Libellula	
saturata),	citrine	forktail	(Ischnura	hastata),	
common	 green	 darner	 (Anax	 junius),	 and	
blue-ringed	dancer	(Argia	sedula)	(Figure	2).	

Shannon-Weiner	 diversity	 increased	 with	
increased	 water	 source	 area	 (n	 =	 9,	 R2	 =	
0.79,	p	=	0.001,	Figure	3).	Additionally,	 the	
ANOVA	 of	 development	 level	 on	 Shannon-
Weiner	diversity	 index	found	no	effect	(n	=	
9,	F-ratio	=	0.292,	p	=	0.76).	
A	 discriminant	 analysis	 of	 our	 sites	 by	

odonate	 composition	 found	 distinct	
communities	 in	 developed,	 intermediately	
developed,	 and	 undeveloped	 sites.	 The	
model	 was	 able	 to	 correctly	 predict	 the	
development	category	of	each	site	based	on	
its	odonate	community	(Figure	4).	
Additional	 discriminant	 analyses	

demonstrated	 that	 odonate	 communities	
differed	 in	 response	 to	 the	 presence	 of	
aquatic	plants	and	the	presence	of	frequent	
human	 use.	 In	 each	 test,	 the	 model	 was	
able	to	correctly	categorize	each	site	based	
on	its	odonate	community.	
	

	
Figure	 2.	 Odonate	
abundance	 and	
species	 richness	 by	
site.	 The	 different	
species	 of	 odonates	
found	 at	 each	 of	 our	
sites,	 and	 the	
abundance	 of	 each	
species	 at	 each	 site.	
Sites	 are	ordered	 left	
to	 right	 from	 most	
developed	 to	 least	
developed	taking	into	
account	 factors	 such	
as	 cement	 cover,	
pond	substrate,	human	
use,	 and	 exotic	 plant	
presence.	
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Figure	 3.	 Effect	 of	 log	 area	 of	 water	 sources	 on	
Shannon	diversity.	The	effect	of	the	area	of	each	of	
our	 sites	 was	 positive	 on	 the	 Shannon-Weiner	
diversity	 index	 of	 odonates.	 The	 Shannon-Weiner	
diversity	index	was	used	to	account	for	both	richness	
and	 evenness	 of	 species	 present.	 Log	was	 taken	 of	
the	 area	 to	 account	 for	 the	wide	 variation	 in	water	
source	size.		

	
Figure	 4.	 Effect	 of	 site	 on	 Odonate	 communities.	
Discriminant	 analysis	 of	 our	 sites	 by	 odonate	
composition	 correctly	 predicted	 the	 development	
category	 of	 each	 site	 based	 on	 its	 odonate	
community.	Odonate	communities	differed	based	on	
low,	intermediate	and	high	development	level	sites.		

DISCUSSION	

Our	results	supported	our	prediction	that	
odonate	 communities	 differ	 based	 on	
development	 level.	 However,	 other	
environmental	 factors,	 such	 as	 pond	 size,	
did	 influence	 the	 odonate	 assemblages.	
Consistent	 with	 our	 expectations,	 larger	

water	 sources	 had	 higher	 Shannon-Weiner	
Diversity	 Index	 (Shannon	 diversity)	 scores	
(Fig.	 3).	 This	 species-area	 relationship	 is	 a	
fundamental	 tenet	 of	 ecology	 and	 was	
demonstrated	 to	 exist	 here	 in	 the	 Anza-
Borrego	 odonate	 community	 (Connor	 and	
McCoy	 1979).	 Developed	 sites,	 such	 as	 De	
Anza	 and	 Springs	 Resort,	 tended	 to	 have	
the	 largest	 water	 source	 areas	 and	
therefore	 greater	 species	 richness	 and	
abundance	 than	 the	 smaller	 natural	 seeps,	
such	 as	 Pena	 and	 Mtn.	 Palm	 Springs.	
Although,	 there	 was	 no	 difference	 seen	 in	
Shannon	 diversity	 scores	 between	 the	
developed,	 intermediately	 developed,	 and	
undeveloped	 communities	 in	 the	 ANOVA.	
The	 statistically	 equivalent	 Shannon	
diversity	 indices	 verifies	 that	 communities	
at	 the	 three	 development	 levels	 can	 be	
compared	despite	unequal	size	variation.	
General	 findings	 of	 this	 study	 supported	

the	 main	 hypothesis,	 which	 anticipated	
distinct	 odonate	 communities	 at	 water	
sources	with	varying	 levels	of	development	
(Figures	 2,	 4).	 These	 distinct	 communities	
signify	 that	 certain	 species	 of	 odonate,	 in	
particular	 vivid	 dancers,	 may	 specialize	 or	
rely	 on	 the	 natural	 springs,	 whereas	 other	
species,	 particularly	 familiar	 bluets	 and	
Rambur’s	 forktails,	 may	 seek	 out	 and	 take	
advantage	 of	 water	 sources	 created	 by	
human	 development.	 Therefore,	 greater	
Shannon	diversity	seen	at	 larger	developed	
and	 intermediately	 developed	 sites	 does	
not	necessarily	mean	these	sites	are	better	
for	 Anza-Borrego	 odonate	 diversity	 as	 a	
whole,	since	they	maintain	distinct	odonate	
communities	 (Figure	 4).	 The	 conversion	 to	
urban	habitat	supports	more	dispersive	and	
“weedy”	species	who	are	more	widespread	
than	 their	 native	 counterparts;	 leading	 to	
homogenization	and	decreased	biodiversity	
overall	 (Piano	 et	 al.	 2016)	 A	 similar	 study	
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found	 that	 butterfly	 species	 from	 pre-
developmental	 communities	 in	 Palo	 Alto	
were	 only	 seen	 at	 undeveloped	 sites	 (Blair	
and	Launer	1997).	Accordingly,	it	is	possible	
that	 the	 species	 we	 found	 only	 at	 our	
undeveloped	 oasis	 sites	 are	 more	
representative	 of	 the	 area’s	 original	
communities.	
The	 differences	 in	 odonate	 communities	

at	 sites	 with	 varying	 development	 levels	
could	be	driven	by	life	history	traits.	Certain	
species	 can	 better	 adapt	 to	 novel	 habitats	
while	others	are	more	specialized	and	need	
pristine	habitat.	From	our	 findings,	 familiar	
bluets	 appear	 to	 take	 advantage	 of	
urbanization,	 dispersing	 readily	 to	 highly	
developed	 and	 intermediately	 developed	
sites	 (Figure	 2).	 Familiar	 bluets	 are	 known	
to	 frequent	 artificial	 bodies	 of	 water	 and	
freshwater	 marshes	 heavily	 affected	 by	
human	 activity	 (Manolis	 2003).	
Alternatively,	 we	 observed	 natural	 oasis	
specialization	 in	 vivid	 dancers,	 which	
require	smaller	streams	and	seeps	to	breed	
(Manolis	2003).	Thus,	vivid	dancers	may	be	
more	susceptible	to	habitat	 loss	than	other	
generalist	 odonates.	 Variegated	
meadowhawks	were	found	at	all	nine	sites,	
and	 are	 a	 good	 example	 of	 a	 less	
threatened	 generalist	 species.	 These	
dragonflies	 are	 vagile,	 meaning	 that	 they	
are	 prone	 to	 high	 levels	 of	 dispersal	 and	
variances	 in	 habitat	 (Simpkin	 2000).	
Classifying	 these	 odonate	 species	 by	 their	
differing	 strategies	 can	 help	 us	 better	
understand	 their	 distribution	 and	
vulnerability	to	development.	
Additionally,	 environmental	 factors	 that	

vary	 with	 urbanization	 could	 have	 been	
responsible	 for	 the	 shifts	 in	 odonate	
communities	 across	 Anza-Borrego’s	
developmental	 gradient.	 Our	 study	
determined	 that	 the	 odonate	 communities	

at	 sites	 with	 aquatic	 plants	 and	 sites	
without	 differed.		 A	 German	 study	 found	
similar	 results;	 aquatic	 vegetation	 was	
shown	 to	 be	 the	 main	 determinant	 of	
odonate	 species	 present	 in	 their	 system	
(Goertzon	 and	 Suhling	 2013).	 Regular	
human	 use	 of	 the	 areas	 around	 the	water	
sources	 also	 led	 to	 differences	 in	 odonate	
community.	 Increased	 human	 presence	
from	 land-use	 changes	 has	 been	 shown	 to	
reduce	 odonate	 richness	 (Cuevas-Yáñez	 et	
al.	 2017).	 These	 factors	 are	 important	 to	
monitor	 in	 order	 to	 preserve	 odonate	
communities.	
In	 order	 to	 determine	 best	management	

techniques	 for	 maintaining	 natural	
dragonfly	 diversity,	 further	 study	 on	 their	
habitat	 preferences	 is	 warranted.	 Previous	
experimental	 pond	 manipulations	 have	
found	specific	temperatures	and	pond	ages	
provide	 optimal	 conditions	 for	 other	
invertebrates	with	aquatic	nymph	and	flying	
adult	 life	 stages,	 and	 similar	 studies	 could	
be	 informative	 for	 dragonfly	 conservation	
(Walton	 et	 al.	 1990).	 Manipulating	
environmental	 factors	 such	 as	 pond	
substrate,	 depth,	 vegetative	 communities	
and	fish	presence	could	provide	insight	into	
odonate	preferences	(Osborn	and	Samways	
1995).	 Future	 studies	 could	 also	 examine	
water	 quality	 in	 desert	 water	 sources,	
particularly	 on	 golf	 courses.	 Golf	 courses	
have	been	known	to	use	pesticides	and	are	
influenced	 by	 other	 pollution	 sources,	
limiting	 their	 potential	 to	 support	
invertebrate	 communities	 (Colding	 et	 al.	
2009).	Odonates	provide	a	good	metric	 for	
water	 source	 health,	 therefore	 improving	
artificial	 oases	 conditions	 for	 them	 will	
likely	 improve	 the	 conditions	 for	 other	 life	
relying	on	these	water	sources,	such	as	the	
endangered	 peninsular	 desert	 bighorn	
sheep	 (Ovis	 canadensis	nelsoni)	 (Villalobos-
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Jimenez	et	al.	2016).	Since	odonates	act	as	
water	 quality	 indicators,	 comparing	 water	
chemistry	 data	 with	 odonate	 communities	
may	 reveal	 which	 chemicals	 are	 most	
detrimental	 to	 aquatic	 invertebrates	
(Villalobos-Jimenez	 et	 al.	 2016).	 These	
results	 could	 provide	 guidance	 for	 future	
designs	 of	 artificial	 water	 sources	 in	 order	
to	support	odonate	and	oasis	reliant	species	
conservation	in	the	Sonoran	Desert.	
Preserving	 the	 presence	 and	 general	

functions	 of	 oases	 is	 critical	 to	 desert	
biodiversity	(Gampel	et	al.	2011).	However,	
artificial	water	sources	present	a	clear	area	
where	improved	management	and	planning	
can	 reduce	 species	 loss.	 As	 climate	 change	
increases	 aridity	 and	 urbanization	
fragments	habitats,	providing	water	sources	

that	 can	 ease	 the	 transition	 is	 integral	 to	
maintaining	desert	ecosystem	survival.	

ACKNOWLEDGMENTS	

We	want	 to	 extend	 our	 gratitude	 to	 the	
Steele/Burnand	 Anza-BorregoDesert	
Research	 Center	 doi:10.21973/N3Q94F	 for	
providing	 a	 facility	 to	 conduct	 and	 analyze	
our	research.	This	research	would	not	have	
been	 possible	 without	 the	 support	 and	
guidance	 of	 Tim	 Miller,	 Krikor	 Andonian,	
and	 Reina	 Heinz.	 We	 would	 also	 like	 to	
thank	Mr.	Athene	Cunicularia	 Jr,	Dr.	 Lanius	
Ludovicianus,	Prof.	Geococcyx	Californianus	
III,	 and	 Ms.	 Aphonopelma	 Eutylenum	 for	
watching	over	us	in	the	field.	

	

REFERENCES	

Bachelet,	D.,	Ferschweiler,	T.,	Sheehan,	J.,	Strittholt,	
J.	 2016.	 Climate	 change	 effects	 on	 southern	
California	 deserts.	 Journal	 of	 Arid	 Environments	
127:17–29.	

Bai,	 J.,	 Chen,	 X.,	 Li,	 L.,	 Luo,	 G.,	 Yu,	 Q.	 20014.	
Quantifying	 the	contributions	of	agricultural	oasis	
expansion,	 management	 practices	 and	 climate	
change	 to	 net	 primary	 production	 and	
evapotranspiration	 in	croplands	 in	arid	northwest	
China.	 Journal	 of	 Arid	 Environments	100–101:31–
41.	

Blair,	R.,	and	Launer,	A.	1997.	Butterfly	diversity	and	
human	 land	 use:	 Species	 assemblages	 along	 an	
urban	 gradient.	 Biological	 Conservation	 80:113–
125	

Colding,	 J.,	 Lundborg.,	 Lundborg,	 E.,	 Andersson,	 E.	
2009.	Golf	 courses	 and	wetland	 fauna.	Ecological	
Society	of	America	19:1481–1491.	

Connor,	 E.,	 and	McCoy,	 E.	 1979.	 The	 Statistics	 and	
Biology	 of	 the	 Species-Area	 Relationship.	 The	
American	Naturalist	113:791–833.	

	

Cuevas-Yáñez,	 K.,	 Benitez,	 Mariana.,	 Rocha.,	 M.,	
Córdoba-Aguilar,	 A.	 2017.	 Large-scale	 human	
environmental	intervention	is	related	to	a	richness	
reduction	 in	Mexican	odonates.	Revista	mexicana	
de	biodiversidad.	88:664–673.		

Dilshat,	 A.,	 Abdulkeyum,	 A.,	 Zhou,	 XD.,	 Xu,	 Z.L.,	
Wahap,	 H.	 2015.	 Study	 on	 the	 expansion	 of	
cultivated	 land	 and	 its	 human	 driving	 forces	 in	
typical	 arid	 area	 oasis:	 a	 case	 study	 of	 Charchan	
Oasis	in	Xinjiang.	Area	Research	and	Development	
34:132–136.	

Fraser,	 J.,	and	Martinez,	C.	2002.	Restoring	a	Desert	
Oasis.	Endangered	Species	Bulletin	27:18–19.	

Garbati	Pegna,	F.,	Bartolini,	P.,	El	Rhaffari,	L.,	Fahim,	
S.,	Bonaiuti,	E.,	Le,	Q.B.,	Zucca,	C.	2017.	Sustaining	
Moroccan	oasis	agricultural	 system	through	small	
mechanization	inputs.	CUCS	Milano	2017.	

Hawlena,	 D.,	 and	 Bouskila,	 A.	 2006.	 Land	
management	 practices	 for	 combating	
desertification	 cause	 species	 replacement	 of	
desert	 lizards.	 Journal	of	Applied	Ecology	43:701–
709.	



  
 

 

CEC Research | https://doi.org/10.21973/N35W97    Fall 2019 9/9 

Jackson,	 J.K.,	 and	 Fisher,	 S.G.	 1986.	 Secondary	
production,	 emergence,	 and	 export	 of	 aquatic	
insects	 of	 a	 Sonoran	 Desert	 stream.	 Ecological	
Society	of	America	67:629–38.	

Jobbagy	 Gampel,	 E.G.,	 Nosetto,	M.D.,	 Villagra,	 P.E.,	
Jackson,	 R.B.	 2011.	 Water	 subsidies	 from	
mountains	 to	 deserts:	 their	 role	 in	 sustaining	
groundwater-fed	 oases	 in	 a	 sandy	 landscape.	
Ecological	Society	of	America	21:678–694	

Lovich,	 J.,	 and	 Bainbridge,	 D.	 1999.	 Anthropogenic	
degradation	 of	 the	 Southern	 California	 desert	
ecosystem	and	prospects	for	natural	recovery	and	
restoration.	 Environmental	Management	 24:309–
326.	

Manolis,	 T.	 2003.	 Dragonflies	 and	 Damselflies	 of	
California.	UC	Press,	Berkeley,	California.	

McPeek,	 M.	 2008.	 Ecological	 factors	 limiting	 the	
distributions	 and	 abundances	 of	 Odonata.	 In	
Cordoba-Aguilar,	 A.	 “Dragonflies	 and	Damselflies:	
Model	 Organisms	 for	 Ecological	 and	 Evolutionary	
Research.”	Oxford	University	Scholarship.	

Osborn,	 S.,	 and	 Samways,	M.J.	 1996.	 Determinants	
of	 adult	 dragonfly	 assemblage	 patterns	 and	 new	
ponds	in	South	Africa.	Odonatologica	25:49–58.		

Piano,	 E.,	 De	Wolf,	 K.,	 Bona,	 F.,		 Bonte,	 D.,	 Bowler,	
D.,	 Isaia,	 M.,	 Lens,	 M.,	 Merckx,	 T.,	 Mertens,	 D.,	
Kerckvoorde,	 M.,	 De	 Meester,	 L.,	 Hendrickx,	 F.	
2011.	 Urbanization	 drives	 community	 shifts	
towards	 thermophilic	 and	 dispersive	 species	 at	
local	and	landscape	scales.	Global	Change	Biology	
23:2554–2564.	

Sahlén,	G.,	and	Ekestubbe,	K.	2001.	 Identification	of	
dragonflies	 (Odonata)	 as	 indicators	 of	 general	
species	richness	in	boreal	forest	lakes.	Biodiversity	
and	Conservation	10:673–690.	

	

Simaika,	 J.P.,	 Samways,	 M.J.,	 Frenzel,	 P.P.	 2016.	
Artificial	ponds	increase	local	dragonfly	diversity	in	
a	 global	 biodiversity	 hotspot.	 Biodiversity	 and	
Conservation	25:1921–1935.		

Simpkin,	 J.L.,	 Britten,	 H.B.,	 Brussard,	 P.F.	 2000.	
Effects	 of	 habitat	 fragmentation	 and	 differing	
mobility	 on	 the	 population	 structures	 of	 a	 Great	
Basin	 dragonfly	 (Sympetrum	 corruptum)	 and	
damselfly	 (Enallagma	 carunculatum).	 Western	
North	American	Naturalist	60:320–332.	

Spinti,	J.,	Hilaire,	R.,	VanLeeuwen,	D.	2004.	Balancing	
landscape	 preferences	 and	water	 conservation	 in	
a	desert	community.	HortTechnology	14:72–77.		

Suhling,	 F.,	 Martens,	 A.,	 Schenk,	 K.,	 Padeffke,	 T.	
2004.	 A	 field	 study	 of	 larval	 development	 in	 a	
dragonfly	 assemblage	 in	 African	 desert	 ponds	
(Odonata).	Hydrobiologia	528:75–85.	

U.S.	 Census	 Bureau,	 1950	 through	 2010	Censuses;	
V.2016	Population	Estimates.	

Villalobos-Jimenez,	G.,	Dunn,	A.M.,	Hassall,	C.	2016.	
Dragonflies	 and	 damselflies	 (Odonata)	 in	 urban	
ecosystems:	 A	 review.	 European	 Journal	 of	
Entomology	113:217–232.		

Van	 Buskirk,	 J.,	 and	 Yurewicz,	 K.L.	 1998.	 Effects	 of	
predators	 on	 prey	 growth	 rate:	 relative	
contributions	 of	 thinning	 and	 reduced	 activity.	
Oikos	82:20-28.	

Walton,	W.E.,	Tietze,	N.S.,	Mulla,	M.S.	1990.	Ecology	
of	 Culex	 tarsalis	 (Diptera:	 Culicidae):	 factors	
influencing	 larval	 abundance	 in	 mesocosms	 in	
Southern	 California.	 Journal	 of	 Medical	
Entomology	27:57–67.		

Zeng,	Z.,	Bi,	J.,	Li,	S.,	Chen,	S.,	Pike,	D.,	Gao,	Y.,	Du,	W.	
2014.	 Effects	 of	 habitat	 alteration	 on	 lizard	
community	 and	 food	 web	 structure	 in	 a	 desert	
steppe	 ecosystem.	 Biological	 Conservation	
179:86–92.	

 


