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Abstract:	76	
	77	
An	animal’s	life	success	is	determined	solely	by	its	fitness,	which	makes	choosing	a	78	

mate	one	of	its	most	important	life	decisions.	Natural	selection	plays	a	big	part	in	an	79	

animal’s	phenotype,	but	so	does	sexual	selection.	Even	 though	 females	are	usually	80	

thought	 to	be	 the	choosier	sex,	 in	many	species	or	seasons	males	are	also	choosy.	81	

Male	mate	preference	is	an	understudied	topic	compared	to	female	mate	preference	82	

and	 therefore,	 even	 less	 is	 known	 about	 the	 outcomes	 of	 a	 male’s	 prior	 mating	83	

experience’s	 influence	on	future	mating	experiences.	Therefore,	 I	dove	deeper	 into	84	

this	 topic	 with	 the	 highly	 studied	 species	 of	 butterfly,	 Bicyclus	 anynana.	 Bicyclus	85	

anynana	 males	 have	 shown	 a	 predisposed	 preference	 for	 females	 with	 no	 UV-86	

reflective	spots	as	opposed	to	two	UV-reflective	spots	on	their	hindwings.	Given	this	87	

preference,	 I	 designed	 a	 full	 factorial	 experiment	 to	 test	 how	 males	 allocate	88	

spermatophore	 to	 the	 preferred	 (0	 spot)	 and	 unpreferred	 (2	 spot)	 female	89	

phenotypes	in	a	second	mating.	Male	B.	anynana	have	a	cryptic	preference,	meaning	90	

they	give	a	more	attractive	female	a	higher	quality	spermatophore,	which	she	uses	91	

to	lay	more	eggs.	Therefore,	male	preference	was	to	be	assessed	by	the	number	of	92	

eggs	laid	by	the	second	mated	female.	However,	COVID-19	interrupted	these	plans.	93	

Due	to	the	restrictions	and	shutdowns,	 I	discontinued	this	project	and	switched	to	94	

analyzing	 the	 variation	 in	 ambient	 light	 observed	 when	 butterflies	 make	 mate	95	

choice	 decisions	 in	 field	 conditions.	 Light	 measurements	 were	 collected	 at	 three	96	

sites	in	Northwest	Arkansas	over	three	years	(2018-2020),	from	May	to	November	97	

in	the	morning,	noon,	and	evening.	These	data	were	tested	to	assess	whether	time	of	98	

day,	 site,	 season,	 and	 year	 had	 an	 effect	 on	 the	 total	 amount	 of	 light	 available,	99	
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wavelength	of	peak	intensity,	total	amount	of	UV	light	available,	UV	peak	intensity,	100	

and	wavelength	of	UV	peak	intensity.	I	found	an	effect	of	time	of	day	on	amount	of	101	

light,	with	noon	light	environments	receiving	the	greatest	amount	light	and	morning	102	

light	 environments	 receiving	 greater	 amounts	 of	 light	 than	 evening	 light	103	

environments.	 I	also	 found	an	effect	of	 season,	as	 there	was	a	decrease	 in	amount	104	

and	variation	of	light	as	the	year	went	on.	Lastly,	I	found	an	interactive	effect	of	time	105	

of	day	and	month,	as	noon	light	environments	decreased	in	brightness	and	morning	106	

light	environments	 increased	 in	brightness	as	 the	year	progressed.	These	 findings	107	

suggest	daily	and	seasonal	changes	in	light	could	serve	as	drivers	of	animal	behavior	108	

change.	109	

	110	

Introduction	111	

	 An	 animal’s	 life	 success	 is	 determined	 solely	 by	 its	 fitness,	 which	 makes	112	

choosing	 a	mate	 one	 of	 the	most	 important	 decisions	 of	 its	 life.	 Natural	 selection	113	

plays	a	big	part	in	an	animal’s	phenotype,	but	so	does	sexual	selection.	Reproduction	114	

includes	surviving	long	enough	to	reach	maturity	and	attracting	the	opposite	sex.			115	

	 Mate	 preference	 differs	 on	 a	 number	 of	 different	 parameters	 from	116	

appearance,	 age,	 pheromones,	 auditory	 cues,	 behaviors,	 and	 season	 (Liu	 et	 al.,	117	

2010)(Ryan,	1992)(Nieberding	et	al.,	2012).	Which	sex	has	the	stronger	preference	118	

and	 is	more	 choosy	 is	 another	 factor.	 Males	 or	 females	 can	 be	 the	 choosy	 sex	 in	119	

different	species	and	 in	some	cases	even	 in	different	seasons	(Prudic,	 Jeon,	Cao,	&	120	

Monteiro,	 2011).	 Knowing	 the	 preferences	 of	 both	 males	 and	 females	 of	 a	121	

population	can	help	predict	trends	and	changes	in	phenotype.		122	
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	 Not	much	is	known	about	male	preference	and	resource	allocation	after	a	first	123	

mating	 in	 most	 animal	 species,	 including	 most	 insects.	 One	 study	 on	 male	 mate	124	

preference	 in	 the	 cricket,	 Gryllus	 bimaculatus,	 showed	 males	 did	 not	 show	 a	125	

preference	 in	the	first	mating,	but	became	more	choosy	as	they	continued	to	mate	126	

(Bateman	&	Fleming,	2006).	These	results	suggest	that	males	may	not	have	enough	127	

resources	to	allocate	as	they	continue	mating,	and	therefore	start	to	choose	higher	128	

quality	 females	 over	 time.	 However,	 this	 experiment	 did	 not	 assess	 the	 effect	 of	129	

mating	on	males	 that	have	an	 innate	preference,	and	only	 tested	 the	patterns	of	a	130	

SLSL	 (small,	 large,	 small,	 large)	 and	 LSLS	 (large,	 small,	 large,	 small)	 body	 types,	131	

instead	of	testing	the	same	phenotype	twice.		132	

	 The	male	butterflies	 of	Pieris	rapae	and	Pieris	brassicae	 give	more	 insight	 on	133	

the	 effect	 of	 experience	 on	 preference	 by	 examining	 successive	 ejaculates	 from	134	

polyandrous	 and	 monandrous	 males.	 It	 was	 found	 that	 monandrous	 males	 were	135	

limited	in	nutritious	ejaculates	and	polyandrous	males	successively	had	high	protein	136	

content	and	quality	 in	nuptial	gifts	(Bissoondath	&	Wiklund,	1996).	Another	study	137	

took	 these	 findings	 a	 step	 further	 to	 relate	mating	 systems	 to	 the	protein	 content	138	

inside	 the	spermatophore.	These	results	 found	that	 increased	degree	of	polyandry	139	

in	 pierid	 and	 satyrid	 male	 butterflies	 produced	 higher	 quality	 spermatophore,	140	

including	higher	protein	content	and	higher	ejaculate	mass	(Bissoondath	&	Wiklund,	141	

1995).	These	studies	further	show	the	value	of	nuptial	gifts	to	females	and	therefore	142	

making	it	a	costly	gift	for	monandrous	males	who	have	been	shown	to	have	a	limit	143	

on	the	quality	of	their	spermatophore.	This	would	provide	support	to	the	hypothesis	144	

that	males	will	become	choosier	as	they	continue	to	mate.		145	
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	 Bicyclus	anynana	(Figure	1A)	make	a	perfect	 test	 subject	 to	assess	whether	146	

male	mate	preference	is	influenced	by	a	prior	mating	experience	because	they	are	a	147	

highly	studied	species	with	a	known	predisposed	male	preference.	Bicyclus	anynana	148	

alternate	by	season	on	which	sex	is	the	choosy	sex	(Prudic	et	al.,	2011).	In	the	wet	149	

season,	 resources	 are	 plentiful	 so	 females	 become	 the	 choosier	 sex.	 In	 the	 dry	150	

season,	resources	are	limited	so	females	use	males’	spermatophore	as	a	meal	due	to	151	

its	 high	 nutrition	 (Karlsson,	 1998)	 (Prudic	 et	 al.,	 2011).	 This	 makes	 nuptial	 gifts	152	

costly	for	the	males	and	desired	by	the	females,	which	results	in	male	preference	in	153	

the	dry	season.	154	

	 Just	like	in	many	other	species,	extensive	studies	have	been	done	on	female	155	

preference	 in	B.	anynana,	but	male	preference	 is	 largely	unexplored	(Robertson	&	156	

Monteiro,	 2005)(Prudic	 et	 al.,	 2011)(Westerman	 &	 Monteiro,	 2013).	 A	 previous	157	

study	showed	that	male	Bicyclus	anynana	have	a	cryptic	sexual	preference,	meaning	158	

they	 will	 mate	 with	 the	 females	 regardless	 of	 phenotype,	 but	 will	 give	 more	159	

spermatophore	to	the	female	that	they	find	more	attractive	(no	UV-reflective	spots),	160	

which	 subsequently	 lay	more	 eggs	 (Siebemorgen,	 in	 prep).	 	However,	 as	males	 in	161	

this	species	mate	multiply,	it	is	unclear	if	this	cryptic	preference	is	maintained	over	162	

time	and	across	multiple	matings.		163	

	 There	 are	 three	most	 likely	possible	outcomes	of	 this	 experiment.	One,	 the	164	

first	 mating	 does	 affect	 the	 second	 mating.	 In	 this	 case,	 results	 would	 show	 the	165	

preferred	phenotype	introduced	second	(2	spot,	0	spot)	 laying	more	eggs	than	the	166	

preferred	phenotype	introduced	twice	(0	spot,	0	spot).	Another	result	would	be	the	167	

unpreferred	phenotype	 introduced	 second	 (0	 spot,	 2	 spot)	 laying	 fewer	 eggs	 than	168	
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the	unpreferred	phenotype	introduced	twice	(2	spot,	2	spot).	A	second	outcome	is	169	

that	the	 first	mating	has	no	effect	on	the	second	mating.	 In	this	case	the	preferred	170	

phenotype	 females	 would	 lay	 more	 eggs	 than	 the	 unpreferred,	 regardless	 if	 the	171	

preferred	phenotype	was	presented	first,	second,	or	twice.	A	third	outcome	is	that	172	

all	of	the	treatments	will	result	in	the	same	average	number	of	eggs	laid,	suggesting	173	

males	do	not	show	preferences	for	a	certain	phenotype	in	a	second	mating.	Any	of	174	

these	 outcomes	 contribute	 new	 insight	 to	 preference	 of	 polyandrous	 male	 B.	175	

anynana	 and	 give	 insight	 to	 how	 males	 partition	 resources	 after	 a	 prior	 mating	176	

experience.	177	

	178	

Materials	and	Methods	179	
	180	
Study	animal	and	husbandry	181	
	182	
	 Bicyclus	anynana	 is	 a	 sub-tropical	 African	Nymphalid	 butterfly	 species	 that	183	

has	 been	 reared	 in	 laboratory	 conditions	 since	 1988	 (Westerman	 &	 Monteiro,	184	

2013).	The	population	at	the	University	of	Arkansas	was	started	from	thousands	of	185	

eggs	from	a	population	in	Singapore	in	2017.	The	adult	butterflies’	diet	consists	of	186	

mashed	bananas,	while	 the	 caterpillars	 feed	on	young	Zea	mays	 plants.	Butterflies	187	

are	 kept	 in	 a	 climate	 controlled	 greenhouse	 at	 27˚C,	 80%	 humidity,	 and	 13:11	188	

light:dark	 cycle.	B.	anynana	 is	 seasonally	polyphonic	 in	morphology	 and	behavior,	189	

and	these	conditions	ensure	a	wet	season	butterfly.	All	butterflies	were	kept	in	large	190	

(0.6096	 x	 0.6096	 x	 1.2192	meters)	 pop-up,	 net	 cages	where	 rearing,	mating,	 and	191	

feeding	takes	place.	192	

Experimental	design	193	
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	 This	 experiment	 tested	 male	 mate	 preference	 of	 female	 hindwing	 UV-194	

reflective	spots	after	a	first	mating.	Four	treatment	groups	were	set	up.		In	the	first	195	

treatment	a	male	was	mated	with	 the	preferred	phenotype	 twice	 (0	 spot,	0	 spot).	196	

The	second	treatment,	a	male	was	mated	with	the	preferred	phenotype	first	and	the	197	

unpreferred	 phenotype	 second	 (0	 spot,	 2	 spot).	 The	 third	 treatment,	 a	 male	 was	198	

mated	with	the	unpreferred	phenotype	first	and	the	preferred	phenotype	second	(2	199	

spots,	 0	 spots).	 The	 fourth	 treatment,	 a	 male	 was	 mated	 with	 the	 unpreferred	200	

phenotype	 twice	 (2	 spot,	2	 spot).	All	 females	used	 in	 this	experiment	were	2	 spot	201	

females,	 and	 all	 females	 received	 testers	 enamel	 glossy	 black	 1147	 paint	 on	 their	202	

hindwings	 to	eliminate	any	preference	 for	paint	or	effect	on	 female	behavior.	The	203	

female’s	wings	were	either	painted	to	cover	the	UV-reflective	spots		(0	spot	females)	204	

or	 painted	 next	 to	 the	 UV-reflective	 spots	 (2	 spot	 females)	 on	 their	 hindwings.	205	

Females	were	painted	as	2-day	old	 females	and	given	a	day	 to	rest	before	mating.	206	

Since	 all	 females	 were	 the	 same	 and	 only	 painted	 to	 look	 different,	 the	 only	207	

difference	among	the	females	were	the	manipulated	hindwings.	208	

	 Immediately	following	emergence,	males	were	put	in	their	own	isolated	cage	209	

with	 plastic	 barriers	 around	 the	 net	 cage	 to	 prevent	males	 from	 learning	mating	210	

preferences	from	other	males.	A	three-day	old	painted	female	was	put	in	a	three-day	211	

old	male’s	cage	and	given	8-10	hours	for	copulation.	After	the	first	mating,	the	first	212	

mated	females	were	taken	out	of	the	cage	and	frozen	for	future	analysis.	Males	were	213	

then	given	two	days	until	the	second	copulation	with	another	three-day	old	female.	214	

After	 the	second	mating,	 the	male	was	 taken	out	of	 the	cage	and	 frozen	 for	 future	215	

analysis,	while	 the	 female	was	given	a	corn	plant	 for	egg	 laying	 (Figure	1B)	and	a	216	
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mashed	banana	for	nutrition.	Females	were	given	a	week	to	lay	eggs,	and	then	eggs	217	

were	counted	in	order	to	observe	any	effect	on	the	number	of	eggs	laid.		218	

	 	219	

	

Figure	1:	A)	B.	anynana	male	and	female	during	copulation.	B)	B.	anynana	eggs	laid	on	a	
corn	plant	(photos	by	Anderson).	
	220	

	 Egg	laying	data	from	20	females	per	treatment	was	used	in	this	study.	First	221	

mated	females	were	frozen	and	those	eggs	were	not	counted.		222	

Ethical	Note	223	

	 B.	anynana	population	 in	 the	 lab	was	maintained	by	 the	guidance	of	USDA-224	

APHIS	Permit	#P526P-17-00343	and	#P526P-20-00417.	All	caterpillars	were	given	225	

corn	plants	ad	libitum	to	feed	on	and	all	butterflies	were	given	a	mashed	banana	and	226	

dampened	cotton	to	receive	water	ad	libitum.	All	butterflies	used	in	this	experiment	227	

were	disposed	of	humanely	either	by	natural	death	or	by	freezing.	Frozen	butterflies	228	

were	placed	in	individual	glassine	envelopes	and	placed	in	a	-30	degree	C	freezer	for	229	

future	analysis.		230	
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Statistical	Analysis	231	

	 Analysis	 was	 done	 to	 compare	 the	 results	 of	 the	 number	 of	 eggs	 counted	232	

from	the	second	mating,	using	either	an	ANOVA	(parametric)	 followed	by	a	Tukey	233	

Test	or	a	Kruskal-Wallis	test	(nonparametric)	followed	by	a	Steel-Dwass	Test.	234	

	235	

--------And	then,	COVID-19	happened-------	 	 	236	

	 The	 first	 data	 point	 was	 about	 to	 be	 collected	 when	 the	 University	 of	237	

Arkansas	 shutdown	 due	 to	 COVID-19.	 Therefore,	 I	 discontinued	 this	 project	 and	238	

switched	 to	 analyzing	 the	 variation	 in	 ambient	 light	 used	 when	 butterflies	 make	239	

mating	choice	decisions	in	nature.	240	

	241	

Light	Measurement	Collection	242	

	 This	project	analyzed	irradiance	data	taken	from	Chesney	Prairie	and	Stump	243	

Prairie	 in	 Siloam	Springs,	 and	Woolsey	Prairie	 in	 Fayetteville,	measured	 for	 three	244	

years	 and	 still	 ongoing	 (2018,	 2019,	 2020)	 from	 May	 to	 November.	 Irradiance	245	

measurements	 were	 taken	 every	 two	 weeks	 1	 hour	 after	 sunrise,	 1	 hour	 before	246	

sunset,	and	at	solar	noon	from	May	to	November	in	2018	and	August	to	November	247	

in	 2019	 and	 2020.	 In	May	 through	 July	 in	 2019	 and	 2020,	 data	 points	were	 only	248	

taken	at	solar	noon.	Data	collection	was	altered	after	2018	due	to	the	observation	of	249	

wing	color	change	in	Junonia	coenia	(the	common	buckeye	butterfly),	which	was	the	250	

focal	 species	 of	 the	 larger	 study.	 At	 each	 site	 there	were	 five	 sampling	 points.	 At	251	

each	 sampling	 point,	 three	 irradiance	 measurements	 were	 taken	 using	 an	 Ocean	252	

Optics	 Jaz	 Spectrometer,	 which	 were	 then	 averaged	 using	 a	 pipeline	 in	 R.	 This	253	
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resulted	 in	 a	 sample	 size	 of	 3,057	 measurements	 over	 three	 years.	 Data	 were	254	

analyzed	 to	 statistically	 test	 for	 an	 effect	 of	 time	 of	 day,	 site,	 season,	 and	 year	 on	255	

amount	of	light	available,	wavelength	of	peak	intensity,	amount	of	UV	light	available,	256	

UV	peak	intensity	and	wavelength	of	UV	peak	intensity.	257	

	258	

Data	Processing	259	

	 I	began	analysis	of	the	data	by	sorting	and	renaming	excel	data	sheets	in	260	

order	for	all	of	the	files	to	follow	a	standard	naming	format	as	well	as	compiling	all	261	

data	into	an	accessible	folder	to	make	it	easier	to	input	and	analyze	in	R	Studio.	R	262	

version	3.6.3	and	R	Studio	version	1.2.5033	were	used	for	analyzing	data.		263	

	 I	began	analyzing	data	in	R	Studio	by	running	a	pipeline	to	read	and	compile	264	

the	data	into	a	large,	analyzable	data	frame.	For	this	code,	I	used	multiple	R	265	

packages.	I	downloaded	readr	to	help	read	data.	I	used	the	library	data.table	to	266	

organize	data	sets,	and	libraries	hyperSpec	and	colorSpec	to	help	read	and	analyze	267	

the	data	with	spectral	properties	from	the	spectrometer.	Next,	I	used	photobiology,	268	

photobiologyWavebands,	and	photobiologyInOut	to	read	data	from	spectrometers	269	

and	calculate	irradiances,	fluence	rates,	transmittance,	reflectance,	absorptance,	and	270	

absorbance	of	spectral	data.	I	used	the	library	pavo	to	analyze	and	organize	color	271	

from	spectral	data.	I	used	knitr	as	a	general-purpose	tool	for	dynamic	report	272	

generation.	The	libraries	dplyr,	tidyr,	stringr,	and	lubridate	were	added	to	help	273	

manipulate	data.	I	used	dplyr	for	shortcuts	for	subsetting,	summarizing,	rearranging,	274	

and	joining	data	sets.	Tidyr	includes	tools	that	help	change	the	layout	of	data	sets.	275	

Stringr	includes	tools	for	regular	expressions	and	character	strings.	Lubridate	276	
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includes	tools	that	make	working	with	dates	and	times	easier.	I	added	ggplot2	to	277	

help	visualize	data	by	making	graphs,	and	used	ggspectra	for	additional	annotations,	278	

stats	and	scales	for	plotting	light	spectra	with	ggplot2.		279	

	 Using	these	libraries,	I	averaged	the	data	sample	points	and	created	a	loop	to	280	

extract	five	variables	from	3,057	different	files	to	make	one	large	data	set.	The	five	281	

variables	included	mean	area	under	the	curve,	mean	wavelength	of	peak	intensity,	282	

mean	area	under	the	curve	for	UV	light	(wavelengths	300nm-400nm),	mean	UV	283	

peak	intensity	and	mean	wavelength	of	UV	peak	intensity	(Figure	2).	The	area	under	284	

the	curve	represented	the	total	amount	of	light	available.	The	wavelength	of	peak	285	

intensity	corresponded	to	the	most	prominent	wavelength	(color)	of	light	present	286	

when	the	light	measurement	was	taken.	The	area	under	the	curve	for	UV	light	287	

represented	the	amount	of	UV	light	presented	at	the	time	and	place	of	the	data	288	

point.	The	UV	peak	intensity	showed	the	maximum	amount	of	UV	light	energy	at	a	289	

given	point.	Lastly,	the	wavelength	of	UV	peak	intensity	represented	the	most	290	

prominent	wavelength	of	UV	light	at	the	given	time.	I	used	this	data	for	the	following	291	

statistical	analyses.	292	

	293	

Statistical	Analyses		294	

	 I	assessed	the	effect	of	each	individual	independent	variable	(time,	season,	295	

year,	and	site)	on	the	amount	of	light,	wavelength	of	peak	intensity,	amount	of	UV	296	

light,	UV	peak	intensity	and	wavelength	of	peak	intensity	of	UV	light.	Due	to	a	297	

difference	in	the	collection	of	data,	I	separated	the	data	into	two	data	frames,	one		298	
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that	extracted	data	taken	from	2018	only	and	one	that	extracted	data	points	only	300	

taken	at	noon.	I	used	the	2018	data	frame	to	test	the	effects	of	time	of	day	on	301	

amount	of	light,	and	used	the	noon	data	frame	to	test	the	effects	of	site,	month,	and	302	

year	on	amount	of	light.	I	first	used	a	histogram	and	a	Shapiro-Wilk	test	to	check	the	303	

distribution	under	the	curve	in	order	to	identify	whether	the	data	were	normally	304	

distributed.	Since	the	data	were	not	normally	distributed,	I	performed	Kruskal-305	

Wallis	tests	to	test	whether	there	was	a	difference	between	time	of	day,	season,	306	

year,	or	location	on	amount	of	light,	wavelength	of	peak	intensity,	amount	of	UV	307	

light,	UV	peak	intensity	and	wavelength	of	peak	intensity	of	UV	light.	If	a	difference	308	

was	found	of	the	independent	variable	on	the	dependent,	I	performed	a	post-hoc	309	

Steel-Dwass	test	to	determine	which	components	of	the	independent	variables	were	310	

different.		311	

	 In	addition,	I	ran	generalized	linear	models	to	look	for	a	combinatorial	effect	312	

or	interactions	of	time	of	day,	location,	season,	and	year	on	the	amount	of	light,	313	

wavelength	of	peak	intensity,	amount	of	UV	light,	UV	peak	intensity	and	wavelength	314	

of	UV	peak	intensity.	Two	generalized	linear	models	were	run	for	each	dependent	315	

variable,	one	using	the	2018	data	frame	to	test	interactions	between	time	of	day,	316	

site,	and	month	and	the	other	using	the	noon	data	frame	to	test	interactions	317	

between	site,	month,	and	year.		318	

	319	

Results	320	

Data	Were	Not	Normally	Distributed	321	
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	 Total	amount	of	light,	wavelength	of	peak	intensity,	total	amount	of	UV	light,	322	

UV	peak	intensity,	and	wavelength	of	UV	peak	intensity	all	were	not	normally	323	

distributed	(Table	1,	Supplemental	Figure	1).			324	

	325	

Effect	of	Time	of	Day	on	Light	Environment	326	

	 There	was	an	effect	of	 time	of	day	on	total	amount	of	 light	(Kruskal-Wallis,	327	

N=	443,	df=2,	χ2=	376.9,	p-value=	1.438e-82).	Morning,	noon,	and	evening	all	had	a	328	

distinct	amount	of	 light	with	noon	receiving	the	most	and	morning	receiving	more	329	

light	 than	 evening	 (Table	 2,	 Figure	 3,	 Figure	 4.a).	 There	was	 a	 statistical	 effect	 of	330	

time	 of	 day	 on	 wavelength	 of	 peak	 intensity	 (Kruskal-Wallis,	 N=	 443,	 df=2,	 χ2=	331	

24.94,	p-value=	3.849e-06).	There	was	a	difference	in	wavelength	of	peak	intensity	332	

between	 evening	 (average=	 511.7nm)	 and	 noon	 (average=	 482.4nm),	 indicating	333	

evening	contained	more	green/yellow	 light	 than	noon	which	contained	more	blue	334	

light,	 and	 between	 morning	 (average=	 483.2nm)	 and	 noon,	 but	 not	 between	335	

morning	 and	 evening	 (Table	 3,	 Figure	4.b).	 There	was	 an	 effect	 of	 time	of	 day	 on	336	

total	amount	of	UV	light	(Kruskal-Wallis,	N=	443,	df=	2,	χ2=	298.3,	p-value=3.222e-337	

87).	Morning,	noon,	and	evening	all	received	a	distinct	amount	of	UV	light	with	noon	338	

receiving	 the	 most	 and	 morning	 receiving	 more	 UV	 light	 than	 evening	 (Table	 4,	339	

Figure	4.c).	There	was	also	an	effect	of	 time	of	day	on	UV	peak	 intensity	(Kruskal-340	

Wallis,	N=	443,	df=	2,	χ2=	387.5,	p-value=	7.134e-85).	Morning,	noon,	and	evening	all	341	

had	 a	 distinct	 UV	 peak	 intensity	 with	 noon	 receiving	 the	 highest	 and	 morning	342	

receiving	higher	UV	peak	intensities	than	evening	(Table	5,	Figure	4.d).	There	was		343	

	344	
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not	an	effect	of	time	of	day	on	wavelength	of	UV	peak	intensity	(Kruskal-Wallis,	N=	349	

443,	df=	2,	χ2=	1.973,	p-value=	0.3729,	Figure	4.e).	350	

No	Effect	of	Site	on	Light	Environment	351	

	 There	was	no	effect	of	 site	on	 the	 total	amount	of	 light	 (Kruskal-Wallis,	N=	352	

354,	 df=	 2,	 χ2=	 6.32,	 p-value=	 0.04243,	 Figure	 5.a);	 wavelength	 of	 peak	 intensity	353	

(Kruskal-Wallis,	 N=	 354,	 df=	 2,	 χ2=	 5.483,	 p-value=	 0.06450,	 Figure	 5.b);	 total	354	

amount	 of	 UV	 light	 (Kruskal-Wallis,	 N=	 354,	 df=	 2,	 χ2=	 7.043,	 p-value=	 0.02956,	355	

Figure	 5.c);	 UV	 peak	 intensity	 (Kruskal-Wallis,	 N=	 354,	 df=	 2,	 χ2=	 8.234,	 p-value=	356	

0.01630,	Figure	5.d);	or	wavelength	of	UV	peak	 intensity	 (Kruskal-Wallis,	N=	354,	357	

df=	2,	χ2=	3.139,	p-value=	0.2081,	Figure	5.e).		358	

	359	

Effect	of	Month	on	Light	Environment	360	

	 There	was	an	effect	of	month	on	the	total	amount	of	light	(Kruskal-Wallis,	N=	361	

354,	df=	6,	χ2=	20.15,	p-value=	0.002601).	A	difference	in	amount	of	light	was	found	362	

between	October	and	November	with	October	receiving	more	light	than	November	363	

and	 between	 September	 and	 July	 with	 July	 receiving	 more	 light	 than	 September	364	

(Table	 2,	 Figure	 6,	 Figure	 7.a).	 There	 was	 a	 statistical	 effect	 of	 month	 on	 the	365	

wavelength	 of	 peak	 intensity	 (Kruskal-Wallis,	 N=	 354,	 df=	 6,	 χ2=	 30.88,	p-value=	366	

2.67e-05).	Statistically	distinct	wavelengths	of	peak	intensities	were	found	between	367	

October	and	August,	between	October	and	July,	between	October	and	June,	between	368	

October	and	November,	and	between	September	and	October	(Table	3,	Figure	7.b).	369	

However,	when	the	wavelengths	of	peak	intensity	for	each	month	were	averaged,		370	
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there	 did	 not	 seem	 to	 be	 a	 biological	 significance,	 with	 the	 shortest	 average	372	

wavelength	of	481.4nm	 in	 July	and	 the	 longest	average	wavelength	of	482.0nm	 in	373	

October.	There	was	also	an	effect	of	month	on	the	total	amount	of	UV	light	(Kruskal-374	

Wallis,	 N=	 354,	 df=	 6,	 χ2=	40.38,	p-value=	 3.83e-07).	 Distinct	 amounts	 of	 UV	 light	375	

were	 found	 between	 September	 and	 May	 with	 more	 UV	 light	 received	 in	 May,	376	

between	 October	 and	 November	 with	 more	 UV	 light	 received	 in	 October,	 and	377	

between	September	and	July	with	July	receiving	more	UV	light	(Table	4,	Figure	7.c).	378	

There	was	an	effect	of	month	on	the	UV	peak	intensity	(Kruskal-Wallis,	N=	354,	df=	379	

6,	χ2=	27.62,	p-value=	1.108e-04).	Distinct	UV	peak	intensities	were	found	between	380	

September	and	July	with	July	receiving	a	higher	UV	peak	intensity	(Table	5,	Figure	381	

7.d).	Lastly,	there	was	not	an	effect	of	month	on	the	wavelength	of	UV	peak	intensity	382	

(Kruskal-Wallis,	N=	354,	df=	6,	χ2=	5.468,	p-value=	0.4853,	Figure	7.e).		383	

	384	

Effect	of	Year	on	Light	Environment		385	

	 There	was	an	effect	of	year	on	wavelength	of	peak	intensity	(Kruskal-Wallis,	386	

N=	354,	df=	2,	χ2=	240.6,	p-value=	5.751e-53).	The	years	2018,	2019,	and	2020	all	387	

had	 statistically	 distinct	 wavelengths	 of	 peak	 intensity,	 but	 are	 probably	 not	388	

biologically	significant	(Table	3,	Figure	8.b).	The	year	of	2018	received	an	average	389	

wavelength	of	peak	intensity	of	482.4nm,	2019	received	an	average	wavelength	of	390	

peak	 intensity	 of	 481.3nm,	 and	 2020	 received	 an	 average	 wavelength	 of	 peak	391	

intensity	 of	 481.1nm.	 There	was	 an	 effect	 of	 year	 on	 UV	 peak	 intensity	 (Kruskal-392	

Wallis,	N=	354,	df=	2,	χ2=	11.63,	p-value=	0.002985).	Distinct	UV	peak	intensities		393	
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were	 found	 between	 2018-2019	 only	 with	 greater	 UV	 peak	 intensities	 in	 2019	400	

(Table	 5,	 Figure	 8.d).	 There	 was	 no	 effect	 of	 year	 on	 the	 total	 amount	 of	 light	401	

(Kruskal-Wallis,	N=	35,	df=	2,	χ2=	2.609,	p-value=	0.271,	Figure	8.a);	total	amount	of	402	

UV	light	(Kruskal-Wallis,	N=	354,	df=	2,	χ2=	4.674,	p-value=	0.09662,	Figure	8.c);	or	403	

wavelength	of	UV	peak	intensity	(Kruskal-Wallis,	N=	354,	df=	2,	χ2=	1.198,	p-value=	404	

0.5493,	Figure	8.e).		405	

	406	

Combinatorial	Effects	on	Light	Environment	 	407	

	 In	 2018,	 interactions	 between	 site	 and	 month,	 between	 time	 of	 day	 and	408	

month,	and	between	site,	time	of	day,	and	month	affected	the	total	amount	of	light	409	

(Table	6,	Figure	9.a,	Figure	10.a),	total	amount	of	UV	light	(Table	8,	Figure	9.c,	Figure	410	

10.c),	and	UV	peak	intensity	(Table	9,	Figure	9.d,	Figure	10.d).	The	interactive	effect	411	

of	time	of	day	and	month	influenced	noon	light	environments	to	follow	a	downward	412	

trend	 and	 morning	 light	 environments	 to	 follow	 an	 upward	 trend	 from	 May	 to	413	

November.	 Interactions	 of	 site	 and	 month	 in	 2018	 affected	 September,	 with	 the	414	

Chesney	 location	 receiving	 more	 light	 than	 the	 other	 two	 locations.	 Interactions	415	

between	site	and	time	of	day	and	between	site	and	month	also	statistically	affected	416	

the	 wavelength	 of	 peak	 intensity	 in	 2018,	 but	 are	 likely	 not	 be	 biologically	417	

significant,	given	 the	small	change	 in	peak	wavelength	(Table	7,	Figure	9.b,	Figure	418	

10.b).	 Lastly,	 in	 2018	 interactions	 between	 variables	 did	 not	 show	 an	 effect	 on	419	

wavelength	of	UV	peak	intensity	(Table	10,	Figure	9.e,	Figure	10.e).	420	

		421	
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	 Interactions	 between	 site	 and	 month	 and	 between	 site,	 year,	 and	 month	428	

affected	 the	 total	amount	of	 light	 (Table	11,	Figure	11.a),	 total	amount	of	UV	 light	429	

(Table	 13,	 Figure	 11.c),	 and	 UV	 peak	 intensity	 at	 noon	 (Table	 14,	 Figure	 11.d).	430	

Interactions	 between	 year	 and	 month	 and	 between	 site,	 year,	 and	 month	431	

statistically	 affected	 the	 wavelength	 of	 peak	 intensity	 at	 noon,	 but	 are	 likely	 not	432	

biologically	 significant	 (Table	 12,	 Figure	 12.b).	 Lastly,	 the	wavelength	 of	 UV	 peak	433	

intensity	 at	 noon	was	not	 affected	by	 interactions	between	 independent	 variables	434	

(Table	15).	435	
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Discussion	438	

	 I	 found	 an	 effect	 of	 time	 of	 day	 and	 season	 on	 the	 light	 environment	 in	439	

Northwest	 Arkansas	 prairies.	 Noon	 light	 environments	 consistently	 received	 the	440	

greatest	amount	of	light,	amount	of	UV	light,	and	UV	peak	intensities	while	morning	441	

received	 greater	 amounts	 than	 evening	 light	 environments.	 Time	 of	 day	 also	442	

differed	 with	 evening	 light	 containing	more	 green/yellow	 light	 than	 noon,	 which	443	

contained	more	blue	light.	I	also	found	season	contributed	to	a	decrease	in	amount	444	

and	variation	of	light	as	the	year	went	on.	Lastly,	I	found	an	interactive	effect	of	time	445	

of	day	and	month	influenced	noon	light	environments	to	follow	a	downward	trend	446	

and	morning	light	environments	to	follow	an	upward	trend	from	May	to	November.	447	

	 Different	 light	 environments	 can	 contain	 distinct	 light	 profiles,	 and	 change	448	

the	perceived	appearance	of	plants	and	animals	due	to	interactions	of	ambient	light	449	

color	and	 the	 reflectance	color	of	plants	and	animals	 (Endler,	1993).	 	Time	of	day	450	

may	 influence	 the	differing	angles	of	 incoming	 light	and	blocking	of	 light	by	other	451	

plants	or	animals	providing	plants	and	animals	with	more	or	less	light.	Season	may	452	

influence	 light	 due	 to	 the	 changing	weather	 and	 foliage.	 In	 turn,	 these	differences	453	

can	influence	the	daily	and	seasonal	behaviors	of	animals.		454	

	 My	finding	of	changing	light	environments	throughout	the	day	in	Northwest	455	

Arkansas	 prairies	 suggests	 that	 ambient	 light	 could	 be	 used	 for	 the	 development	456	

and	maintenance	of	circadian	rhythms	in	local	animals.	Circadian	rhythm	in	animals	457	

is	an	advantageous	trait,	which	allows	them	to	expend	maximum	energy	at	optimal	458	

times	 (Chittka,	 Stelzer,	 &	 Stanewsky,	 2013).	 Optimal	 times	 may	 vary	 in	 different	459	

climates	and	different	species	due	to	different	utilization	and	perception	of	light	or	460	
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temperature	 (Chittka	 et	 al.,	 2013).	 Animals	 use	 different	 components	 of	 light	 in	461	

development	 of	 circadian	 rhythms.	 The	 fly,	Dacas	 tryoni,	 uses	 light	 intensity	 as	 a	462	

guide	for	activity	during	the	day,	mating	at	the	optimal	 light	 intensity	of	ca	0.8	 lux	463	

(Lazzari	&	Insausti,	2008).	While	on	the	other	hand,	bumblebee	(Bombus	Terrestris)	464	

circadian	 rhythms	 are	 synchronized	 by	 daily	 UV	 light	 levels	 in	 the	 presence	 of	465	

continuous	light	(Chittka	et	al.,	2013).	Additionally,	many	types	of	birds	such	as	the	466	

blackheaded	bunting	(Emberiza	melanocephala)	maintain	their	circadian	clock	due	467	

to	 the	 daily	 variation	 in	 light	 wavelengths	 and	 light	 intensities	 (Kumar,	 Gupta,	468	

Naseem,	 &	 Malik,	 2017).	 	 Additional	 changes	 in	 behavior	 due	 to	 time	 of	 day	 are	469	

influenced	by	light	intensity	in	the	Buckeye	butterfly,	Junonia	coenia.	The	readiness	470	

of	 male	 Buckeye	 butterflies	 to	 court	 females	 is	 most	 likely	 under	 high	 light	471	

intensities	in	the	late	morning	or	early	afternoon	(McDonald	&	Nijhout,	2000).	This	472	

lines	up	with	results	of	my	experiment,	as	noon	was	found	to	receive	the	most	light.		473	

	 Changes	in	light	throughout	the	year	can	also	serve	as	drivers	of	behavioral	474	

change.	 As	 the	 wavelength	 and	 intensity	 of	 light	 changes	 from	 different	 seasons,	475	

birds	like	a	robin	(Erithacus	rubecula)	depend	on	short	light	wavelengths	to	orient	476	

them	 during	 migration,	 while	 longer	 wavelengths	 disorient	 them	 (Kumar	 et	 al.,	477	

2017).		Therefore	bird	migration	takes	into	account	not	only	temperature,	but	other	478	

aspects	 of	 light	 as	 well.	 With	 bird	 migrations	 typically	 occurring	 in	 the	 fall	 and	479	

consistent	 findings	 of	 differences	 in	 total	 amount	 of	 light,	 wavelength	 of	 peak	480	

intensity,	 total	 amount	 of	 UV	 light,	 and	 UV	 peak	 intensity	 between	 October	 and	481	

November,	the	effect	of	ambient	light	on	bird	behavior	in	Northwest	Arkansas	could	482	

be	an	aspect	of	avian	biology	to	look	into	further.		483	
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	 Seasonal	 effects	 of	 temperature	 and	 light	 intensity	 have	 shown	 to	 elicit	484	

changes	in	mating	behavior	and	dispersal	patterning	in	the	satyrine	butterfly,	Lethe	485	

diana,	 suggesting	 that	 butterflies	 adapt	 to	 the	 light	 intensity	 and	 temperature	 of	486	

their	environment	(Ide,	2002).	Seasonal	change	in	the	dispersal	pattern	of	L.	diana	487	

was	caused	by	the	seasonal	change	in	mating	behavior	and	in	preference	for	specific	488	

light	 conditions.	 Butterflies	 were	 most	 active	 in	 July-August,	 utilizing	 the	489	

widespread	 forest	 shade	 for	 thermoregulation	due	 to	 abundance	of	 high	 intensity	490	

light.	 While	 in	 October-September	 and	 May-June,	 butterflies	 sought	 out	 brighter	491	

light	environments	and	remained	there,	being	less	active	(Ide,	2002).	Due	to	similar	492	

results	in	my	experiment	with	light	environments	being	the	most	intense	in	July	and	493	

easing	up	on	surrounding	months,	butterflies	 in	Northwest	Arkansas	could	exhibit	494	

this	same	pattern.		495	

	 With	differing	light	conditions	throughout	the	day	and	throughout	the	year,	496	

morphological	changes	as	well	as	behavioral	changes	in	animals	continue	to	emerge,	497	

however	 it	 is	 not	 always	 understood	 how	 animals	 interpret	 the	 changes	 in	 light	498	

environments.	 Future	 research	 should	 investigate	 the	 influence	 of	 light	 on	499	

behavioral	 and	 morphological	 changes	 animals.	 For	 example,	 Junonia	 coenia	 (the	500	

common	buckeye	butterfly)	experience	a	color	change	in	their	wings	around	August	501	

and	 elicit	 a	 subtle	 change	 in	 behavior	 (Hirzel	 et	 al,	 preliminary	 data),	 but	 it	 is	502	

unknown	why.	Future	research	could	look	into	a	possible	change	in	vision	adapting	503	

to	the	wings	as	the	composition	of	the	light	changes	with	the	seasons.		504	

		 B.	 anynana	 is	 a	 seasonal	 butterfly	 that	 displays	 sexual	 dimorphism	 and	505	

plasticity	in	eye	morphology	(Macias-Muñoz,	Smith,	Monteiro,	&	Briscoe,	2016).	The	506	
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different	 seasoned	 butterflies	 have	 adapted	 their	 eyes	 to	 meet	 the	 different	507	

environmental	requirements	by	upregulating	expression	of	vision	genes	in	the	wet	508	

season	 and	 down	 regulating	 expression	 of	 vision	 genes	 in	 the	 dry	 season	 to	509	

conserve	energy	(Macias-Muñoz	et	al.,	2016).	With	colder	seasons	corresponding	to	510	

less	 light	 as	 found	 in	my	 results,	 decrease	 in	 vision	 could	 also	 be	 associated	with	511	

changes	in	light	environment.	While	B.	anynana	is	not	native	to	the	United	States,	it	512	

is	 possible	 its	 native	 seasonal	 light	 environment	 changes	 similarly	 to	 that	 of	513	

Northwest	 Arkansas.	 Therefore,	 looking	 for	 an	 effect	 of	 season	 on	 vision	 in	 an	514	

Arkansas-native	species	like	J.	coenia	could	result	in	similar	findings.		515	

	 In	 conclusion,	 changing	 light	 environments	 fuel	 a	 large	 variety	 of	 animal	516	

behaviors	 and	 morphologies,	 especially	 in	 butterflies.	 Daily	 changes	 in	 light	517	

environment	can	 influence	readiness	 to	court	a	mate	at	different	 times	of	 the	day,	518	

possibly	due	to	visual	cues.	Seasonal	changes	in	light	could	contribute	to	plasticity	in	519	

vision,	 changes	 in	 phenotype,	 and	 changes	 in	 mating	 preference	 directly	 or	520	

indirectly	in	butterflies	through	fluctuation	in	the	amount	of	light,	color	of	light,	and	521	

amount	of	UV	light	present	at	different	times	of	the	year.	An	interaction	of	time	of	522	

day	and	season	could	show	a	trend	in	butterflies	mating	earlier	or	 later	in	the	day	523	

during	different	seasons	in	order	to	receive	the	optimal	amount	of	light.		524	

	 	525	
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	Table	1:	Shapiro-Wilk	Test	586	
Variable	 P-value	 Test	Statistic	
Total	Amount	of	Light***	 <	2.2e-16	 0.8554	
Wavelength	of	Peak	Intensity***	 <	2.2e-16	 0.1608	
Total	Amount	of	UV	Light***	 <	2.2e-16	 0.8586	
UV	Peak	Intensity***	 <	2.2e-16	 0.8576	
Wavelength	of	UV	Peak	
Intensity***	

<	2.2e-16	 0.02082	

Shapiro-Wilk	test	testing	the	normality	of	the	data	for	each	dependent	variable.	P-587	
value	<	0.0125	indicates	significance.	588	
	589	
	590	
Table	2:	Steel-Dwass	Test	for	Total	Amount	of	Light	591	
Independent	Variables	 Variables	Compared	 P-Value	 Test	

Statistic	
Time	of	Day	 PM	-	Noon***	 <	2.22e-16	 -21.08	
	 AM	-	Noon***	 <	2.22e-16	 -17.14	
	 AM	-	PM***	 <	2.22e-16	 -16.07	
Site	 Woolsey	-	Stump	 0.05	 -3.315	
	 Woolsey	-	Chesney	 0.2095	 -2.388	
	 Stump	-	Chesney	 0.5826	 -1.401	
Month	 Oct-Nov**	 0.002167	 -5.461	
	 Sept-July**	 0.00332	 -5.306	
Steel-Dwass	test	indicating	distinct	differences	between	components	of	independent	592	
variables	in	total	amount	of	light.	Data	from	2018	only	were	used	for	analyses	of	593	
time	of	day	and	data	taken	at	noon	only	were	used	for	analyses	of	site,	month,	and	594	
year.	***	denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	595	
	596	
	597	
	598	
	599	
	600	
	601	
	602	
	603	
	604	
	605	
	606	
	607	
	608	
	609	
	610	
	611	
	612	
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Table	3:	Steel-Dwass	Test	for	Wavelength	of	Peak	Intensity	613	
Independent	Variables	 Variables	

Compared	
P-Value	 Test	

Statistic	
Time	of	Day	 PM	-	Noon***	 3.79E-10	 -9.095	

	 AM	-	Noon***	 3.30E-14	 -11.73	
	 AM	-	PM	 0.9841	 -0.241	

Year	 2018	-	2019***	 <	2.22e-16	 -19.17	
	 2018	-	2020***	 <	2.22e-16	 -18.40	
	 2020	-	2019***	 8.04E-05	 -5.94	
Month	 Oct-Aug**	 6.66E-03	 -5.044	

	 Oct-July***	 6.34E-06	 -7.241	
	 Oct-June**	 6.69E-03	 -5.042	
	 Oct-Nov**	 5.11E-03	 -5.146	
	 Sept-Oct**	 0.003006	 -5.343	

Steel-Dwass	test	indicating	distinct	differences	between	components	of	independent	614	
variables	in	wavelength	of	peak	intensity.	Data	from	2018	only	were	used	for	615	
analyses	of	time	of	day	and	data	taken	at	noon	only	were	used	for	analyses	of	site,	616	
month,	and	year.	***	denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	617	
	618	
	619	
	620	
Table	4:	Steel-Dwass	Test	for	Total	Amount	of	UV	Light	621	
Independent	Variables	 Variables	Compared	 P-Value	 Test	Statistic	
Time	of	Day	 PM	-	Noon***	 <	2.22e-16	 -21.13	
	 AM	-	Noon***	 <	2.22e-16	 -18.87	
	 AM	-	PM***	 <	2.22e-16	 -17.00	
Site	 Woolsey	-	Stump	 0.02758	 -3.632	
	 Woolsey	-	Chesney	 0.2442	 -2.267	
	 Stump	-	Chesney	 0.5005	 -1.587	
Month	 Sept-May**	 0.0023	 -5.440	
	 Oct-Nov**	 0.001951	 -5.499	
	 Sept-July***	 3.15E-05	 -6.799	
Steel-Dwass	test	indicating	distinct	differences	between	components	of	independent	622	
variables	in	total	amount	of	UV	light.	Data	from	2018	only	were	used	for	analyses	of	623	
time	of	day	and	data	taken	at	noon	only	were	used	for	analyses	of	site,	month,	and	624	
year.	***	denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	625	
	626	
	627	
	628	
	629	
	630	
	631	
	632	
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Table	5:	Steel-Dwass	Test	for	UV	Peak	Intensity	633	
Independent	
Variables	

Variables	
Compared	

P-Value	 Test	
Statistic	

Time	of	Day	 PM	-	Noon***	 <	2.22e-16	 -21.11	
	 AM	-	Noon***	 <	2.22e-16	 -18.23	
	 AM	–	PM***	 <	2.22e-16	 -16.57	
Site	 Woolsey	-	Stump	 0.01863	 -3.828	

	 Woolsey	-	Chesney	 0.1215	 -2.776	
	 Stump	-	Chesney	 0.6104	 -1.340	

Year	 2018	-	2019**	 0.003088	 -4.624	
	 2018	-	2020	 0.07417	 -3.087	
	 2020	-	2019	 0.689	 -1.164	

Month	 Sept-July***	 0.0003383	 -6.085	
Steel-Dwass	test	indicating	distinct	differences	between	components	of	independent	634	
variables	in	peak	intensity	of	UV	light.	Data	from	2018	only	were	used	for	analyses	635	
of	time	of	day	and	data	taken	at	noon	only	were	used	for	analyses	of	site,	month,	and	636	
year.	***	denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	637	
	638	
	639	
	640	
Table	6:	Generalized	Linear	Model	for	Total	Amount	of	Light	in	2018	641	
Independent	Variables	 df	 P-value	
Site	 2	 0.2276	
Time	of	Day***	 2	 <	2.2e-16		
Month***	 5	 0.0005728		
Site:	Time	of	Day	 4	 0.2456	
Site:	Month***	 10	 1.852e-11	
Time	of	Day:	Month***	 10	 8.646e-07	
Site:	Time	of	Day:	Month***	 20	 3.074e-08	
Generalized	linear	model	indicating	interactions	between	independent	variables	642	
affecting	the	total	amount	of	light	in	2018.	643	
	644	
	645	
	646	
	647	
	648	
	649	
	650	
	651	
	652	
	653	
	654	
	655	
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Table	7:	Generalized	Linear	Model	for	Wavelength	of	Peak	Intensity	in	2018	656	
Independent	Variables	 df	 P-value	
Site**	 2	 0.003548		
Time	of	Day***	 2	 9.151e-09		
Month	 5	 0.4921	
Site:	Time	of	Day***	 4	 0.000445	
Site:	Month**	 10	 0.004724	
Time	of	Day:	Month	 10	 0.7945	
Site:	Time	of	Day:	Month	 20	 0.02442	
Generalized	linear	model	indicating	interactions	between	independent	variables	657	
affecting	the	wavelength	of	peak	intensity	in	2018.	658	
	659	
	660	
	661	
Table	8:	Generalized	Linear	Model	for	Total	Amount	of	UV	Light	in	2018	662	
Independent	Variables	 df	 P-value	
Site	 2	 0.4211	
Time	of	Day***	 2	 <	2.2e-16		
Month**	 5	 0.001275	
Site:	Time	of	Day	 4	 0.3667	
Site:	Month***	 10	 4.359e-13	
Time	of	Day:	Month***	 10	 4.153e-09	
Site:	Time	of	Day:	Month***	 20	 4.543e-10	
Generalized	linear	model	indicating	interactions	between	independent	variables	663	
affecting	the	total	amount	of	UV	light	in	2018.	***	denotes	p-value	<	0.001.	**	664	
denotes	p-value	<	0.01.	665	
	666	
	667	
	668	
Table	9:	Generalized	Linear	Model	for	UV	Peak	Intensity	in	2018	669	
Independent	Variables	 df	 P-value	
Site	 2	 0.2856	
Time	of	Day***	 2	 <	2.2e-16		
Month***	 5	 0.0005795		
Site:	Time	of	Day	 4	 0.2691	
Site:	Month***	 10	 1.087e-12		
Time	of	Day:	Month***	 10	 3.034e-08		
Site:	Time	of	Day:	Month***	 20	 1.880e-09		
Generalized	linear	model	indicating	interactions	between	independent	variables	670	
affecting	the	peak	intensity	of	UV	light	in	2018.	***	denotes	p-value	<	0.001.	**	671	
denotes	p-value	<	0.01.	672	
	673	



	 41	

Table	10:	Generalized	Linear	Model	for	Wavelength	of	UV	Peak	Intensity	in	2018	674	
Independent	Variables	 df	 P-value	
Site	 2	 0.3687	
Time	of	Day	 2	 0.3899	
Month	 5	 0.763	
Site:	Time	of	Day	 4	 0.4167	
Site:	Month	 10	 0.8991	
Time	of	Day:	Month	 10	 0.8372	
Site:	Time	of	Day:	Month	 20	 0.959	
Generalized	linear	model	indicating	interactions	between	independent	variables	675	
affecting	the	wavelength	of	UV	peak	intensity	in	2018.	***	denotes	p-value	<	0.001.	676	
**	denotes	p-value	<	0.01.	677	
	678	
	679	
	680	
Table	11:	Generalized	Linear	Model	for	Total	Amount	of	Light	at	Noon	681	
Independent	Variable	 df	 P-value	
Site	 2	 0.01154	
Year	 2	 0.05729	
Month	 4	 0.01147	
Site:	Year	 4	 0.63430	
Site:	Month***	 8	 4.465e-09	
Year:	Month	 8	 0.01049	
Site:	Year:	Month***	 14	 7.476e-06		
Generalized	linear	model	indicating	interactions	between	independent	variables	682	
affecting	the	total	amount	of	light	at	noon.	The	months	of	October	and	November	683	
were	removed	from	analysis	due	to	unfinished	data	collection.	***	denotes	p-value	<	684	
0.001.	**	denotes	p-value	<	0.01.	685	
	686	
	687	
Table	12:	Generalized	Linear	Model	for	Wavelength	of	Peak	Intensity	at	Noon	688	
Independent	Variable	 df	 P-value	
Site	 2	 0.6021762	
Year***	 2	 0.0001814	
Month	 4	 0.0505433	
Site:	Year	 4	 0.2824817	
Site:	Month	 8	 0.1018062	
Year:	Month***	 8	 0.0003748		
Site:	Year:	Month**	 14	 0.0016001	
Generalized	linear	model	indicating	interactions	between	independent	variables	689	
affecting	the	wavelength	of	peak	intensity	at	noon.	The	months	of	October	and	690	
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November	were	removed	from	analysis	due	to	unfinished	data	collection.		***	691	
denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	692	
	693	
	694	
Table	13:	Generalized	Linear	Model	for	Total	Amount	of	UV	Light	at	Noon	695	
Independent	Variable	 df	 P-value	
Site**	 2	 0.0030187	
Year***	 2	 0.0006994	
Month***	 4	 1.912e-07	
Site:	Year	 4	 0.7164385	
Site:	Month***	 8	 1.256e-09	
Year:	Month	 8	 0.0766474	
Site:	Year:	Month***	 14	 1.496e-06	
Generalized	linear	model	indicating	interactions	between	independent	variables	696	
affecting	the	total	amount	of	UV	light	at	noon.	The	months	of	October	and	November	697	
were	removed	from	analysis	due	to	unfinished	data	collection.	***	denotes	p-value	<	698	
0.001.	**	denotes	p-value	<	0.01.	699	
	700	
	701	
Table	14:	Generalized	Linear	Model	for	UV	Peak	Intensity	at	Noon	702	
Independent	Variable	 df	 P-value	
Site**	 2	 0.0013240	
Year***	 2	 2.865e-05	
Month***	 4	 0.0003774	
Site:	Year	 4	 0.6264193	
Site:	Month***	 8	 6.844e-09	
Year:	Month	 8	 0.0141443	
Site:	Year:	Month***	 14	 5.957e-07	
Generalized	linear	model	indicating	interactions	between	independent	variables	703	
affecting	the	peak	intensity	of	UV	light	at	noon.	The	months	of	October	and	704	
November	were	removed	from	analysis	due	to	unfinished	data	collection.	***	705	
denotes	p-value	<	0.001.	**	denotes	p-value	<	0.01.	706	
	707	
	708	
	709	
	710	
	711	
	712	
	713	
	714	
	715	
	716	
	717	
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Table	15:	Generalized	Linear	Model	for	Wavelength	of	UV	Peak	Intensity	at	Noon	718	
Independent	Variable	 df	 P-value	
Site	 2	 0.2962	
Year	 2	 0.4899	
Month	 4	 0.5329	
Site:	Year	 4	 0.6933	
Site:	Month	 8	 0.8286	
Year:	Month	 8	 0.9124	
Site:	Year:	Month	 14	 0.9960	
Generalized	linear	model	indicating	interactions	between	independent	variables	719	
affecting	the	wavelength	of	UV	peak	intensity	at	noon.	The	months	of	October	and	720	
November	were	removed	from	analysis	due	to	unfinished	data	collection.	***	denotes	721	
p-value	<	0.001.	**	denotes	p-value	<	0.01.	722	
	723	
	724	
	725	
	726	
	727	
	728	
	729	
	730	
	731	
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