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In	seasonally	dry	areas,	artificial	water	sources	become	a	gathering	place	for	a	variety	of	
avian	 species,	 leading	 to	 interactions	 between	 birds	 whose	 niches	 otherwise	 do	 not	
overlap.	To	maximize	water	use	while	 reducing	negative	costs	associated	with	conflict	
and	 predation,	 birds	 adopt	 anti-predation	 behaviors	 and	 engage	 in	 differing	 levels	 of	
tolerant	and	conflict	interactions.	In	order	to	better	understand	how	birds	interact	and	
behave	at	artificial	water	resources,	we	examined	whether	species	and	flock	size	affect	
water	 use	 rate.	 In	 addition,	 we	 asked	 if	 interspecific	 and	 intraspecific	 interactions	
depended	on	species	size.	We	found	that	water	use	rate	differed	between	species	and	
decreased	as	flock	size	increased.	Overall,	birds	engaged	more	frequently	in	interspecific	
rather	than	intraspecific	conflicts.	Larger	birds	were	observed	to	display	more	dominant	
interactions	compared	to	smaller	species.	As	climate	change	intensifies	dry	seasons,	the	
importance	 of	 artificial	 water	 sources	may	 increase.	 Understanding	 bird	 communities	
and	 their	 interactions	 at	 artificial	water	 sources	 can	 help	 inform	us	 on	 how	 to	 better	
preserve	bird	populations.	
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INTRODUCTION		

Landscape	 resources	 such	 as	 water	
sources	are	often	unevenly	distributed	(Oki	
and	 Kanae	 2006).	 Arid	 environments	 often	
drive	 diverse	 assemblages	 of	 animals	 to	
congregate	 around	 limited	 water	 sources	
(Bock	 et	 al.	 2008).	 Birds	 are	 persistent	 at	
these	water	 sources	 due	 to	 their	 ability	 to	
forage	 over	 vast	 areas	 while	 maintaining	
flight	 proximity	 to	 water.	 Access	 to	 water	
enables	 birds	 to	 populate	 arid	 landscapes,	
and	 as	 these	 populations	 increase,	 water	
sources	 become	 hotspots	 of	 bird	 activity	
which	may	draw	the	attention	of	predators.	
Avian	 species	 around	 these	 water	 sources	
therefore	 exhibit	 anti-predation	 behaviors	

to	 maximize	 survival	 while	 minimizing	
negative	 consequences	 (Franz	 et	 al.	 2011).	
One	such	behavior	 is	forming	flocks	for	the	
purpose	of	defense	(Gaddis	1980).	Flocking	
provides	many	benefits,	 chief	 among	 them	
being	 that	 there	 are	 more	 eyes	 to	 detect	
predators	 and	 decreased	 individual	 chance	
of	predation	(Parsons	and	Baptista	1980).		
In	 addition	 to	 defending	 against	

predation,	 birds	 need	 to	 take	 into	 account	
interspecific	 (among	 species)	 and	
intraspecific	 (within	species)	 interactions	at	
water	 sources.	 Most	 studies	 of	 bird	
interactions	 focus	 on	 feeding	 behavior	
rather	than	water	usage	(Cleary	et	al.	2016).	
Water	 sources	 could	 represent	 natural	
behavior	 more	 accurately	 than	 artificial	
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feeders	 which	 exclude	 species	 with	
different	 diets.	 All	 species,	 regardless	 of	
diet,	 need	 access	 to	 water	 sources,	 which	
occur	 in	 concentrated	 locations	 on	 a	
landscape.	 Water	 sources	 are	 a	 gathering	
place	 for	 a	 variety	 of	 species,	 leading	 to	
interspecific	 interactions	 and	 competition	
for	 valuable	 resources.	 These	 interactions	
lead	 to	 ranking	 systems	 known	 as	
dominance	 hierarchies,	 which	 in	 turn	
determine	 resource	 access	 for	 individuals	
(Franz	2011).	
With	 all	 this	 in	 mind,	 we	 sought	 to	

understand	 how	 species	 and	 flock	 size	
affect	 water	 use.	 Based	 on	 past	 research	
done	 on	 group	 size,	 we	 hypothesized	 that	
individuals	 in	 larger	 flocks	 would	 have	 a	
higher	rates	of	water	use.	We	predicted	this	
because	 birds	 in	 larger	 flocks	 may	 have	 a	
lower	need	 to	be	 vigilant	 due	 to	 increased	
ability	to	detect	predators	(Goldman	1980).	
The	 second	 focus	 of	 our	 study	 was	 how	

the	 proportions	 of	 interspecific	 and	
intraspecific	 conflicts	 differ	 between	
species.	 We	 predicted	 that	 there	 will	 be	
more	 interspecific	 than	 intraspecific	
conflicts,	 aligning	 with	 past	 research	 done	
on	 bird	 bath	 communities	 (Luborsky	 and	
Luborsky	 1994).	 Additionally,	 we	 predicted	
that	 species	with	 a	 larger	 body	 size	would	
display	more	overall	dominant	interactions,	
as	 past	 studies	 indicate	 that	 larger	mass	 is	
correlated	with	dominance	(Franz	2011).		

METHODS	

2.1	Site		

Our	study	took	place	November	7th-10th	
at	 Hastings	 Natural	 History	 Reservation	 in	
Carmel	Valley,	Monterey	County,	California.	
The	 landscape	 consists	 of	 mixed	 oak	
woodland,	riparian	forest,	native	savannah,	

and	 chaparral.	 In	 this	 area,	 natural	 water	
sources	are	 scarce	 in	 summer	and	 fall,	 and	
there	 are	 several	 artificial	 water	 sources	
throughout	the	reserve	

2.2	Experimental	Design	

We	 set	 up	 a	 GoPro	 HERO7	 Black	 at	 four	
artificial	water	sources,	two	spigots	and	two	
tubs,	 that	were	 frequented	 by	 a	 variety	 of	
bird	species	for	drinking	and	bathing.	Video	
was	recorded	for	a	period	of	two	hours	at	a	
time	 in	 the	morning	or	afternoon,	weather	
permitting.	 We	 later	 watched	 the	 footage	
to	 identify	 individuals	 by	 species,	 count	
conspecific	 flock	 size,	 and	 document	 their	
arrival	 and	 departure	 time	 from	 the	water	
source.	 To	 quantify	 water	 usage,	 we	
counted	 the	 number	 of	 times	 each	 bird	
dipped	 its	 head	 into	 the	 water,	 either	 to	
bathe	 or	 to	 drink.	 This	 number	 was	 then	
divided	 by	 the	 total	 time	 (in	 minutes)	 the	
bird	 spent	 at	 the	water	 to	 calculate	 water	
use	rate.	 Interactions	were	documented	by	
noting	 the	 species	 and	 flock	 size	 of	 each	
individual,	 and	 whether	 the	 interaction	
resulted	 in	 conflict	 (dominance	 or	
submission)	 or	 tolerance.	 Dominance	 was	
defined	as	an	 interaction	 in	which	one	bird	
displaced	 any	 number	 of	 other	 individuals.	
The	 displaced	 birds	were	 considered	 to	 be	
submissive.	 Any	 other	 interaction	 not	
resulting	 in	 displacement	 was	 considered	
tolerance.	 We	 excluded	 any	 species	 for	
which	 we	 did	 not	 observe	 at	 least	 20	
individuals,	and	at	 least	15	 interactions.	An	
exception	 to	 this	 was	 in	 the	 dominance	
hierarchy	 analysis,	 where	 we	 included	
interactions	between	our	 focal	 species	and	
any	species	they	interacted	with.		
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	2.3	Data	Analysis	

To	test	the	differences	among	species	and	
their	 water	 use	 rates,	 we	 ran	 an	 ANOVA.	
Linear	 regressions	 were	 used	 to	 test	 for	
relationships	between	flock	size	versus	rate	
of	 water	 use	 and	 total	 time	 spent	 at	 the	
water	 source.	We	used	a	 χ2	test	 to	analyze	
overall	and	individual	species	proportions	of	
interspecific	 and	 intraspecific	 interactions	
(conflict	 versus	 tolerance).	 All	 statistical	
analyses	 were	 conducted	 with	 JMP	 v.	
14.1.0.	

RESULTS	

Overall,	we	observed	18	bird	species	and	
243	individuals	(Table	1).	After	applying	our	
inclusion	criteria,	we	analyzed	5	species	and	
a	 total	 of	 167	 individuals.	 The	 species	 that	
we	 included	 in	 our	 data	 analysis	 were	 the	
Lesser	 Goldfinch	 (Spinus	 psaltria),	 Golden-
crowned	 Sparrow	 (Zonotrichia	 atricapilla),	
White-crowned	 Sparrow	 (Zonotrichia	
leucophrys),	 Western	 Bluebird	 (Sialia	
mexicana),	 and	 Dark-Eyed	 Junco	 (Junco	
hyemalis).	Water	use	differed	by	species	(P	
<	0.001,	F	=	8.52;	Table	1,	Figure	1).	Lesser	
Goldfinches	 had	 the	 highest	 rate	 of	 water	
use,	 Western	 Bluebirds	 and	 Dark-eyed	
Juncos	 had	 the	 lowest	 rates	 of	 water	 use,	
and	 Golden-crowned	 Sparrows	 and	White-
crowned	 Sparrows	 had	 intermediate	 rates.	
Flock	size	had	no	effect	on	total	time	at	the	
water	 source	 (N=167,	 F	 =	 0.83,	 P	 =	 0.53).	
However,	 water	 use	 rate	 decreased	 with	
flock	 size	 (N	 =	 167,	 P	 =	 0.017,	 R2	 =	 0.032,	
Figure	2).	

Table	1.	Birds	observed	at	Hastings	Natural	History	
Reservation.	 In	 total,	 we	 observed	 18	 bird	 species	
and	 243	 individual	 birds	 over	 4	 days	 in	 late	 fall	 of	
2020.	 Mass	 is	 measured	 in	 grams	 (Sibley	 2015).	
Bolded	birds	were	included	in	our	analysis.		

	

	
Figure	1.	Effect	of	species	on	average	water	use	at	
Hastings	Natural	History	Reservation.	Abbreviations	
represent	 the	 following	 bird	 species:	 LEGO=	 Lesser	
Goldfinch,	 GCSP=	 Golden-crowed	 Sparrow,	 WCSP=	
White-crowned	 Sparrow,	WEBL=	Western	 Bluebird,	
DEJU=	Dark-eyed	Junco.	Observations	were	made	at	
artificial	 water	 sources	 in	 late	 fall	 of	 2020.	 Rate	 of	
water	use	was	calculated	by	counting	the	number	of	
times	birds	dipped	their	heads	into	the	water,	either	
to	 bathe	 or	 to	 drink,	 and	 dividing	 that	 by	 the	 total	
minutes	 spent	 at	 the	 water	 source.	 Water	 use	
differed	by	species	(N	=	177,	F	=	8.51,	P	<	0.001).	
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Overall,	 birds	were	more	 confrontational	
with	 other	 species	 than	 within	 species	
(Table	 2).	 Regardless	 of	 inter-	 or	
intraspecific	 interactions,	we	observed	that	
all	 species	 had	 higher	 proportions	 of	
tolerant	 behavior	 to	 conflict	 behavior:	
Lesser	Goldfinch	(37.50%),	Golden-crowned	
Sparrow	 (79.55%),	White-crowned	Sparrow	
(63.33%),	 Western	 Bluebirds	 (66.89%),	
Dark-eyed	 Junco	 (66.67%)	 (Figure	 3).	 The	
dominance	 ranking	 is	 as	 follows,	 in	
descending	 order:	 Western	 Bluebirds,	
Golden-crowned	 Sparrows,	White-crowned	
Sparrows,	 Dark-eyed	 Juncos,	 Lesser	
Goldfinches	(Figure	4).	
 

	
Figure	 2.	 Effect	 of	 flock	 size	 on	 water	 use	 at	
Hastings	Natural	History	Reservation.	Observations	
were	 done	 at	 artificial	 water	 sources	 in	 late	 fall	 of	
2020.	 Graph	 shows	 the	 relationship	 of	 flock	 size	
(number	 of	 birds	 of	 one	 species)	 to	water	 use	 rate	
(per	 minute	 per	 bird).	 Rate	 of	 water	 use	 was	
calculated	 by	 counting	 the	 number	 of	 times	 birds	
dipped	their	heads	into	the	water,	either	to	bathe	or	
to	drink,	and	dividing	that	by	the	total	minutes	spent	
at	the	water	source.	There	may	be	a	negative	effect	
of	flock	size	on	water	use	(N	=	177,	R2	=	0.032,	P	=	0.017).	

Table	 2.	 Proportion	 of	 inter-	 and	 intraspecific	
conflict	by	bird	 species	at	Hastings	Natural	History	
Reservation.	 Birds	 were	 more	 confrontational	 with	
other	species	than	within	species,	with	the	exception	
of	 the	 Lesser	 Goldfinches	 and	 Golden-crowned	
Sparrows	 which	 displayed	 inter-	 and	 intraspecific	
conflict	 behavior	 equally.	 Proportions	 of	 tolerance	
behaviors	are	not	included	in	the	table.	

 
 

	
Figure	3.	Proportion	of	interaction	types	by	species	
at	 Hastings	 Natural	 History	 Reservation.	
Abbreviations	 represent	 the	 following	 bird	 species:	
LEGO=	 Lesser	 Goldfinch,	 GCSP=	 Golden-crowned	
Sparrow,	 WCSP=	 White-crowned	 Sparrow,	 WEBL=	
Western	 Bluebird,	 DEJU=	 Dark-eyed	 Junco.	
Observations	were	done	at	artificial	water	sources	in	
late	 fall	 of	 2020.	 Proportions	 of	 different	 observed	
interactions	(dominance,	tolerance,	and	submission),	
regardless	 of	 whether	 they	 were	 inter-	 or	
intraspecific,	 for	 each	 species	 included	 in	 our	
statistical	 analysis.	 Dominance	 is	 an	 interaction	
where	 one	 bird	 displaces	 any	 number	 of	 other	
individuals,	 which	 are	 considered	 submissive.	
Tolerance	represents	any	non-conflict	interaction.	All	
species	had	higher	proportions	of	 tolerant	behavior	
when	 compared	 to	 dominance	 and	 submission:	
LEGO	 (37.50%),	 GCSP	 (79.55%),	 WCSP	 (63.33%),	
WEBL	(66.89%),	DEJU	(66.67%).	
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Figure	 4.	 Percentage	 of	 interspecific	 conflicts	 by	
species	 at	 Hastings	 Natural	 History	 Reservation.	
Abbreviations	 represent	 the	 following	 bird	 species:	
LEGO=	 Lesser	 Goldfinch,	 GCSP=	 Golden-crowed	
Sparrow,	 WCSP=	 White-crowned	 Sparrow,	 WEBL=	
Western	 Bluebird,	 DEJU=	 Dark-eyed	 Junco.	 Red	 =	
dominance,	 blue	 =	 submission.	 Dominance	 is	 an	
interaction	where	one	bird	displaces	any	number	of	
other	 individuals,	 which	 are	 considered	 submissive.	
Observations	 were	 made	 at	 artificial	 watering	
sources	in	late	fall	of	2020.		

DISCUSSION	

Our	 results	demonstrated	 that	water	use	
differed	among	species,	which	matched	our	
hypothesis.	 We	 predicted	 that	 these	
differences	 would	 occur	 due	 to	 different	
flock	sizes	among	species.	Overall	flock	size	
was	 negatively	 correlated	 with	 water	 use	
rate,	 which	 contradicts	 our	 prediction	 that	
larger	 flocks	 would	 have	 a	 higher	 use	 rate	
due	 to	 reduced	 predator	 stress.	 Individual	
time	 spent	 at	 the	 water	 source	 did	 not	
differ	based	on	flock	size.	This	indicates	that	
each	bird	was	drinking	 less	 in	a	 larger	flock	
compared	to	a	smaller	flock.		
Our	finding	that	birds	drank	less	if	part	of	

a	 larger	 flock	 suggests	 a	 flocking	 behavior	
trade-off:	birds	are	willing	to	sacrifice	water	
use	 to	 increase	 their	 survival.	 Flocking	
provides	the	benefits	of	increased	predator	
detection	 and	 avoidance,	 at	 the	 cost	 of	
decreased	 individual	 access	 to	 necessary	
resources	 (Parsons	 and	 Baptista	 1980).	
Flocking	birds	must	share	resources,	but	the	
benefits	 must	 outweigh	 the	 costs	 of	

reduced	 access	 to	 those	 resources,	 or	
flocking	behavior	would	not	be	maintained	
(Franz	et	al.	2011).	
Another	approach	to	maximizing	benefits	

while	 reducing	 negative	 costs	 involve	
nonconflicting	 interactions.	 Our	 results	
showed	 that	 birds	 preferred	 tolerant	
interactions	 regardless	 of	 whether	 the	
interaction	was	within	 or	 amongst	 species.	
In	 general,	 conflict	 leads	 to	 unnecessary	
energy	 expenditures,	 potential	 injury,	 and	
increased	 chance	 of	 predation	 due	 to	
reduced	vigilance	(Franz	et	al.	2011).	When	
conflict	 did	 arise,	 we	 found	 three	 of	 our	
species	(White-crowned	Sparrows,	Western	
Bluebirds,	 Dark-eyed	 Juncos)	 had	 higher	
rates	 of	 interspecific	 conflict	 than	
intraspecific	 conflict,	 which	 matched	 our	
predictions.	 Two	 of	 our	 species	 (Lesser	
Goldfinches,	 Golden-crowned	 Sparrows)	
had	 equal	 amounts	 of	 conflict	 within	 and	
amongst	 species.	 When	 looking	 at	 conflict	
between	 species,	 we	 observed	 that	 that	
larger	 birds	 displayed	 more	 dominance,	
aligning	with	our	original	predictions.	Lesser	
Goldfinches	 and	 Dark-eyed	 Juncos,	 the	
smallest	 birds	 in	 our	 study,	 did	 not	 display	
any	dominance	over	other	species.	Golden-
crowned	Sparrows,	Western	Bluebirds,	and	
White-crowned	 Sparrows,	 which	 are	 the	
largest	species	with	roughly	the	same	mass,	
had	 the	 highest	 proportions	 of	 dominance	
interactions	 (Sibley	 2015).	 This	 correlates	
with	other	studies	showing	that	larger	birds	
displace	others	at	feeders	more	successfully	
(Francis	et	al.	2018).	
Lesser	 Goldfinches	 were	 found	 to	 have	

the	 largest	 proportion	 of	 conflict	
interactions	 (Table	 2).	 We	 observed	 them	
exclusively	 at	 water	 spigots,	 which	 only	
have	 room	 for	one	bird.	 This	 limited	 space	
could	 have	 led	 to	 an	 increased	 level	 of	
conflict	 compared	 to	 the	 larger	 water	
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sources	 used	 by	 the	 other	 four	 species.	
Since	 we	 noticed	 their	 preference	 for	
spigots,	we	believe	that	future	studies	could	
examine	 how	 species	 compositions	 vary	
based	 on	 different	 types	 of	 artificial	 water	
sources.	 This	 can	 inform	 us	 on	 how	 to	
manage	these	sources	in	arid	landscapes	as	
future	dry	 seasons	are	prolonged	 (Fu	et	al.	
2013).	 Smaller	 birds	 like	 goldfinches	 may	
have	 preferences	 for	 spigots	 because	 they	
are	 less	 visited	 by	 larger	 bird	 species	
(Abarca	 et	 al.	 2007).	 Longer	 term	
observations	 may	 reveal	 differences	 like	
these	 which	 can	 help	 inform	 decisions	 on	
which	 artificial	 water	 sources	 best	 support	
certain	bird	species.	
Another	factor	that	may	affect	dominance	

is	 seasonal	 territoriality.	 Our	 study	 took	
place	in	late	fall	when	birds	are	not	mating,	
but	 further	 studies	 could	 examine	 the	
effects	of	breeding	 seasons	on	 interactions	
at	 water	 sources.	 Breeding	 birds	 are	more	
territorial	 which	 could	 potentially	 increase	
conflicts	 and	 change	 the	 proportions	 of	
inter-	and	intraspecific	behaviors	(Wingfield	
and	Hahn	1994).	However,	spring	may	have	
more	 natural	 water	 sources	 compared	 to	
fall,	 which	 may	 balance	 out	 the	 effect	 of	
increased	competition	due	to	territoriality.		
Additionally,	 studies	 could	 test	 whether	

tolerant	interaction	proportions	increase	or	
decrease	 with	 fewer	 available	 water	
sources	 in	 the	 habitat.	 In	 the	 case	 of	 our	
study,	 the	 water	 sources	 were	 stable	 and	
reliable.	 If	 they	 were	 ephemeral,	 like	 rain	
puddles,	 it	 is	 possible	 that	 there	would	 be	
more	competitive	behavior	to	secure	access	
to	 these	 temporary	 resources.	 Comparing	
years	with	more	or	 less	precipitation	could	
provide	 insight	 on	 how	 bird	 community	
interactions	 might	 change	 as	 the	 climate	
fluctuates.	 Decreased	 rainfall	may	 increase	
reliance	on	artificial	water	sources	for	birds	

in	 arid	 environments.	 It	 is	 therefore	
imperative	 that	 we	 understand	 how	 bird	
species	 interact	 and	 behave	 at	 these	
sources.	 Our	 results	 provide	 insight	 into	
how	 avian	 water	 use	 is	 affected	 by	
community-level	interactions.		
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