
It’s Not Easy Being Green: Modeling a Duck Species’ 
Response to Climate Change 

Christina Ennis ‘18, Kenyon College 

The Green-Winged Teal 
The  green-winged  teal,  Anas  carolinensis,  is  a  common  and 

widespread species  of  duck  that  breeds  in  the  northern  areas  of 

North America.  It is the smallest dabbling duck, meaning they feed 

in  shallow  water  by  upending,  in  North  America,  with  males 

averaging 37cm long and 317g heavy while females are 35cm long 

and weigh 272g.  Males have a striking green speculum and eye 

patch, which is responsible for their name.  This dabbling duck is 

migratory, spending its winters far south of its breeding range.  They 

breed in Canada and the northern United States,  then migrate to 

Central American and Hawaii for the winters.  They feed on seeds of 

sedges,  smartweeds,  pondweeds,  grasses,  aquatic  insects, 

mollusks, crustaceans, and tadpoles that they find while foraging in 

and adjacent to mudflats or while dabbling in shallow water.	

Current Distribution 

Conclusions 

To model the climatic niche and habitat distribution of A. carolinensis, 

we  used  occurrence  data  from  the  Global  Biodiversity  Information 

Facility  (www.gbif.org).  It  is  important  to  mention  that  we  are  only 

looking at the northeastern section of North America, and there are 

sightings of the green-winged teal in Europe and Asia.  The distribution 

of geolocations does not correspond well with one of the one of the 

distribution sites (Figure 1).	

Effect of Climate Change on Habitat Shift 
To  estimate  the  effects  of  climate  change  we  used  bioclimatic 

variable estimates for the year 2070 from the HADGEM2-ES model, 

based  on  the  IPCC  RCP8.5  scenario,  which  assumes  that 

greenhouse gas emissions will  continue to increase through year 

2100.   Compared to the current  distribution of  habitat,  there are 

substantial changes in A. carolinensis habitat.  There is a general 

trend  towards  a  migration  into  more  northern  parts  of  North 

America.   In  general,  locales  where  A.  carolinensis  is  currently 

found  are  predicted  to  somewhat  decline  in  habitat  suitability 

(Figure 3).	

Based on standardized bioclimatic variables (www.worldclim.org) 

we used maximum entropy (Maxent) to model the climate niche 

of A. carolinensis. The modeled distribution responds to both the 

average mean temperature as well as the maximum temperature 

of the warmest month, and cross-validation tests suggest that the 

model  accurately  identifies  habitat  favorable  to  the  species 

(Figure 2). 	

Species Distribution Model 

Our results suggest that continued warming of the planet will result in 

pushing A. carolinensis out of their current habitat in order to stay in 

a,  presumably,  similar  climate/habitat  that  is  more  northern  than 

where they live now.  In addition, a large majority of A. carolinensis 

are predicted to have a negative change in suitability, meaning a lot 

of them may die off and lead to this bird becoming less common.	

GBIF locations	 Expert range map	

Figure 1. Occurrence data and expert range map for A. carolinensis.

Figure 2. Variable contributions and ROC for Maxent model of  A. carolinensis.	

1:1	line	=	random	guess	

Figure 3. Current and future habitat predictions for Maxent model of  A. carolinensis.
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Modeling responses to climate change:  
Fagus grandifolia (American Beech) 
Dylan Barrett-Smith, Biology Department, Kenyon College 

The American Beech 
The American beech (Fagus grandifolia) is the only fagus native to North 
America. The tree is found across much of the United States east of the 
Mississippi River. A deciduous tree, mature species may grow to a height of 
between 70 and 110 feet and a spread of 70 feet. Felled mature species have 
been estimated at over 300 years old. The Fagus grandifolia is known for its 
smooth bark, and possesses elliptic leaves with an arcuate vein structure. The 
triangular nuts have a spined-husk and are eaten by a wide variety of mammals 
and birds, including grouse and black bear. The American beech favors moist 
soil and can be found in beech-maple climax forests in which the two tree 
species are co-dominant and block out the majority of sunlight. Because of the 
tree’s penchant for moist soil which is also adequately drained, the tree often 
grows on slopes near bodies of water. Since the 1920’s, beech bark disease, a 
malady which occurs when two fungi infect the tree following boring by 
Crytococcus fagisuga, has decimated beech populations in the Northeast.  

Current Distribution 
To model the climatic niche and habitat distribution of F. grandifolia, we used 
occurrence data from the Global Biodiversity Information Facility 
(www.gbif.org). The distribution between the two maps is largely the same, 
however several outliers in the GBIF map found in the extremes of the North 
and South are not accounted for on the Expert Range Map. In addition, density, 
which is particularly high in Central New England, cannot be accounted for on 
the range map (figure 1). 

Habitat Shift Under Climate Change 
To estimate the effects of climate change we used bioclimatic variable 
estimates for the year 2070 from the HADGEM2-ES model, based on the 
IPCC RCP8.5 scenario, which assumes that greenhouse gas emissions will 
continue to increase through year 2100. The future suitability, when 
compared to current predictions, displays significant changes. Much of the 
habitat currently suitable for the American beech in the Midwest and 
Southeast becomes far less hospitable. The future suitability figure shows 
expansion in habitat in Northern New England, as well as in portions of the 
Quebec and Ontario provinces of Canada. In addition, the Canadian islands 
of New Brunswick, Newfoundland and Prince Edward Island become more 
suitable than they are currently predicted to be. Overall, suitability declines 
significantly as seen in the histogram plot (Figure 3). 

Based on standardized bioclimatic variables (www.worldclim.org) we used 
maximum entropy (Maxent) to model the climate niche of F. grandifolia. The 
figures below represent the model’s ability to precisely display F. grandifolia 
suitability based on weather variables and how those variables may change 
due to climate change. Based on these figures, the model is able to 
appropriately identify such suitability (Figure 2). 

Species Distribution Model 

The results of our data suggest that continued climate change due to greenhouse gases will negatively impact the American beech’s suitability in the United States. In 
addition, much of the beech’s predicted future habitat is far north of its current suitability within the borders of Canada. Thus, Fagus grandifolia will have to compete 
with species such as the white pine (Pinus strobus), which is found in the coniferous and northern hardwood forests of New England and Southern Canada. The sugar 
maple (Acer saccharum) is found throughout this same area, however, and it is possible that the northern shift of the American beech will lead to a proliferation of 
maple-beech forests, discussed previously. In addition, islands which will become favorable for the beech, such as Newfoundland, are not currently inhabited by the 
tree. Human intervention to plant trees in these areas would need to take place for the American beech to grow. The previously mentioned beech bark disease, which is 
found throughout New England, will pose a further difficulty to the American beech in the future suitability range. While it is important to note that the scenario used 
in the model is the most extreme case of greenhouse gas emissions, such a scenario is within the realm of possibility. Without a severe decline in greenhouse gas 
emissions, the American beech will be unable to live within much of its current habitat, while significant obstacles to the tree’s success are present in its future range. 
Thus, while the American beech is a common sight around Kenyon’s campus today, unchanged CO2 habitats may one day make Gambier unsuitable for F. grandifolia. 
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Figure 1. Occurrence data and expert range map for F. grandifolia 

Figure 2. Variable contributions and ROC for Maxent model of F. grandifolia Figure 3. Current and future habitat predictions for Maxent model of  F. grandifolia 
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Modeling responses to climate change in
Myotis septentrionalis (Northern Long-Eared Bat)

Eliana McCann Smith, Biology Department, Kenyon College

To model the climatic niche and habitat distribution of M. 
septentrionalis, we used occurrence data from the Global 
Biodiversity Information Facility (www.gbif.org). Points were 
not sampled uniformly from the range, however the distribution 
of points corresponds with a government estimate of the 
northern long-eared bat’s geographic range in the United States 
(Figure 1.)

To estimate the effects of climate change we used bioclimatic 
variable estimates for the year 2070 from the HADGEM2-ES 
model, based on the IPCC RCP8.5 scenario, which assumes 
that greenhouse gas emissions will continue to increase 
through year 2100. The future suitability of habitat for M. 
septentrionalis is predicted to change quite substantially, 
shifting North from mostly US territory, into mostly Eastern 
Canada. In general, areas where M. septentrionalis are 
currently found are predicted to severely decline in habitat 
suitability (Figure 3).

Based on standardized bioclimatic variables (www.worldclim.org) 
we used maximum entropy (Maxent) to model the climate 
niche of M. septentrionalis. The modeled distribution responds 
to both the means and minima of precipitation and temperature, 
and cross-validation tests suggest that the model accurately 
identifies habitat favorable to the species (Figure 2). 

Expert range map
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Figure 1. Occurrence data and expert range map for M. septentrionalis.

Figure 2. Variable contributions and ROC for Maxent model of  M. septentrionalis.
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The Northern Long-Eared Bat

1

The northern long-eared bat, Myotis septentrionalis, is one of 
11 bats native to Ohio.2 It is known by its long rounded ears, 
longer tail and larger wing area than other bats of its genus, 
which are attributed to its strategy of gleaning foraging.3
Northern long-eared bats are on average 6-9 g, 78 mm in length 
with a wingspan of 24 cm. They are promiscuous and females 
store sperm through hibernation, ovulating in the spring and 
producing babies in late June or early July.4 These bats live on 
average for 18.5 years. Their habitat is boreal forest, and they 
hibernate in caves and underground mines.4
While they have no known predators, they are currently being 
severely affected by “white-nose syndrome” a disease caused 
by a parasitic fungus Geomyces destructans, that causes 
disruption of bat hibernation, causing them to wake up and 
spend all of their stored resources too fast, resulting in mass 
death.5 This fungus has significantly lowered the population of 
several species of bats in North America and is transmitted 
through close hibernation.

Current Distribution

Habitat Shift Under Climate Change
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Figure 3. Current and future habitat predictions for Maxent model of  
M. septentrionalis.

Change in Suitability

Citations
1. http://www.dailypublic.com/articles/04262015/greenwatch-rapid-decline-our-wny-bat-populations
2. Ohio Department of Health: https://www.odh.ohio.gov/odhprograms/bid/zdp/animals/bats.aspx
3. Altenbach, J. S., B., Harvey, M. J.. 2001. "Myotis Septentrionalis (Northern Long Eared Bat)" (On-
line).
4. Trouessart, 1999. "Living Landscapes: Endangered Species and Spaces" (On-line).
5. National Park Service, Wildlife Health Center, 2010. "White-nose syndrome" (On-line). National 
Park Service, Wildlife Health.

Species Distribution Model

Change in 
habitat 
distribution

Change in habitat distribution

GBIF locations



Erin Keleske, Biology Department, Kenyon College
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Our	results	suggest	that	if	anthropogenic	contribu3ons	to	
climate	change	(e.g.	greenhouse	gas	emissions)	are	not	
a8enuated,	C.	virginica	will	be	forced	northward,	out	of	its	
na3ve	habitat,	and	experience	an	overall	decrease	in	
popula3on.	

Modeling	responses	to	climate	change:		
Claytonia	virginica	(Virginia	Springbeauty)	

Hannah Wedig, Biology Department, Kenyon College 

The Springbeauty 
The	Virginia	springbeauty,	Claytonia	virginica,	is	a	perennial	

wildflower	na3ve	to	eastern	North	America.	It	is	a	
quintessen3al	indicator	of	spring,	as	it	is	among	the	earliest	
bloomers.	It	is	easily	iden3fied	by	its	white	or	pink	flowers	
whose	petals	feature	dis3nct	dark	pink	lines.	They	tend	to	
grow	in	clusters,	forming	lovely	white	and	pink	carpets	on	the	
forest	floor	or	along	the	edges	of	fields.	In	late	spring,	the	
springbeau3es	will	return	to	dormancy	un3l	the	following	year	
(1).	
C.	virginica	prefers	mature	forests	with	mild	shade	and	moist	

soils	but	can	thrive	in	a	range	of	environments	(2).	Despite	its	
delicate	appearance,	it	is	capable	of	surviving	in	habitats	
suffering	degrada3on,	for	example,	via	mild	deforesta3on	and	
livestock	grazing.	This	high	tolerance	of	physical	disturbances	is	
the	predominant	reason	C.	virginica	is	so	common	(1).	
	

	
	
	
	

Current Distribution 

Conclusions 

To	model	the	clima3c	niche	and	habitat	distribu3on	of	C.	
virginica,	we	used	occurrence	data	from	the	Global	Biodiversity	
Informa3on	Facility	(www.gbif.org).	The	distribu3on	of	the	GBIF	
loca3ons	is	slightly	more	restricted	than	the	expert	es3mates	
of	the	species’	geographic	range.	The	expert	es3mates	extend	
farther	north	(into	Quebec	and	Ontario)	and	southwest	(into	
Texas)	than	the	recorded	GBIF	occurrences.	(Figure	1).	

Habitat Shift Under Climate Change 
To	es3mate	the	effects	of	climate	change	we	used	

bioclima3c	variable	es3mates	for	the	year	2070	from	the	
HADGEM2-ES	model,	based	on	the	IPCC	RCP8.5	scenario,	
which	assumes	that	greenhouse	gas	emissions	will	con3nue	
to	increase	through	year	2100.		
C.	virginica	is	predicted	to	experience	notable	change	in	

the	distribu3on	of	its	favorable	habitat.	Though	the	
longitudinal	distribu3on	exhibits	no	change,	it	is	predicted	
that	there	will	be	a	significant	northward	expansion	in	
habitat	suitability.	Furthermore,	there	are	fewer	areas	with	
high	probability	of	occurrence	compared	to	current	
predic3ons,	sugges3ng	a	decline	in	species	density.	In	
general,	the	current	loca3ons	of	C.	virginica	will	not	be	
suitable	to	sustain	the	species	in	the	near	future.	(Figure	3).	

Based	on	standardized	bioclima3c	variables	
(www.worldclim.org)	we	used	maximum	entropy	(Maxent)	to	
model	the	climate	niche	of	C.	virginica.	The	modeled	
distribu3on	responds	to	the	means	of	precipita3on	and	
temperature,	par3cularly	with	regards	to	heat	and	aridity	
(Figure	2A).	Cross-valida3on	tests	suggests	that	the	model	
accurately	iden3fies	habitats	favorable	to	the	species	(Figure	
2B).		

Species Distribution Model 

GBIF	loca3ons	 Expert	range	map	

Figure	1.	Occurrence	data	and	expert	range	map	for	C.	virginica.	

Figure	2A.	Variable	contribu3ons	for		
Maxent	model	of	C.	virginica.	

Figure	3.	Current	and	future	habitat	predic3ons	for	Maxent	model	of	C.	virginica	
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Figure	2B.	ROC	for	Maxent	model		
of	C.	virginica.	
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The	climatic	prediction	model	for	the		
Calcarius	pictus	(Smith’s	Longspur)	

Heather	Pacheco,	Biology	Department,	Kenyon	College	

Smith’s Longspur 
Smith’s	Longspur,	Calcarius	pictus,	is	a	type	of	Longspur	found	
in	the	eastern	American	Midwest,	including	parts	of	Ohio.		
They	are	members	of	the	Calcariidae	family	which	is	made	up	
of	passerine	birds.		This	family	includes	other	longspurs	as	well	
as	snow	bun@ngs.		They	have	heavily	paBerned	backs	and	they	
have	buff	to	orange	throats.		Females	and	juveniles	are	slightly	
less	spectacularly	colored.		Adults	are	15–17	cen@meters	long	
and	20–32	grams.			The	diets	of	Smith’s	Longspur	are	mainly	
comprised	of	seed	and	occasionally	insects;	anything	that	can	
be	foraged	for	on	the	ground.	
These	birds	have	very	interes@ng	ma@ng	rou@nes.		The	female	
Smith’s	Longspur	copulates	an	average	of	350	@mes	in	a	
ma@ng	season.		They	are	polygynandrous	and	the	purpose	of	
the	frequency	of	copula@on	is	to	dilute	or	displace	sperm	from	
other,	previous	males.		They	make	their	nests	on	the	ground	in	
cup	nests,	with	clutch	sizes	between	1	and	6	eggs.		They	
migrate	across	most	of	Canada	once	a	year,	in	the	summer,	to	
mate.		

Current Distribution 

Conclusions 

To	model	the	clima@c	niche	and	habitat	distribu@on	of	C.	
pictus,	we	used	occurrence	data	from	the	Global	Biodiversity	
Informa@on	Facility	(www.gbif.org).		The	distribu@on	of	C.	
pictus	matches	the	range	es@mate	from	NatureServe	well.		The	
observed	occurrences	extend	beyond	the	NatureServe	
es@mates.		(figure	1.)	

Habitat Shift Under Climate Change 
To	es@mate	the	effects	of	climate	change	we	used	
bioclima@c	variable	es@mates	for	the	year	2070	from	the	
HADGEM2-ES	model,	based	on	the	IPCC	RCP8.5	scenario,	
which	assumes	that	greenhouse	gas	emissions	will	con@nue	
to	increase	through	year	2100.	When	contrasted	with	the	
current	habitat,	there	are	very	no@ceable	differences	
inhabitable	range	for	C.	pictus.		The	core	of	the	favorable	
habitat	completely	shibs	to	the	north	and	slightly	west.		The	
favorable	range	also	shrinks	considerably.		Overall,	locales	
where	C.	pictus	currently	exists	will	not	be	habitable	with	
con@nued	habitat	change		(Figure	3).	

Based	on	standardized	bioclima@c	variables	(www.worldclim.org)	
we	used	maximum	entropy	(Maxent)	to	model	the	climate	
niche	of	C.	pictus.	The	modeled	distribu@on	responds	
temperature	ranges	across	temporal	scales,	and	precipita@on	
levels	during	different	parts	of	a	year.		Cross-valida@on	tests	
suggest	that	the	model	iden@fies	habitat	favorable	to	the	
species	very	well	(figure	2).		

Species Distribution Model 

Our	results	suggest	that	unchecked	emmision	of	
Greenhouse	Gasess	will	significantly	decrease	the	
habitable	range	of	C.	pictus.		They	have	an	advantage	in	
their	mobility	and	hopefully	can	keep	pace	with	this	
transi@on	and	follow	their	ideal	habitat	as	it	shibs	away	
from	their	current	habitat.	
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Expert	range	map	

www.natureserve.org	

Figure	1.	Occurrence	data	and	observed	range	map	for	C.	pictus	

Figure	2.	Variable	contribu@ons	and	ROC	for	Maxent	model	of		C.	picuts	

1:1	line	=	random	guess	

Figure	3.	Current	and	future	habitat	range	predic@ons	for	Maxent	model	
of		C.	pictus	
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Modeling	Responses	to	Climate	Change:		
Lymantria	dispar	(Gypsy	Moth)	

Jon Funder Hansen, Ecology 229, Kenyon College 

The Gypsy Moth 
Lymantria	dispar	is	a	species	of	moth	belonging	to	the	family	
Erebidae.	The	species	contain	four	subspecies,	which	have	a	
range	that	spans	across	Europe,	Asia,	North	Africa	and	North	
America.	The	models	presented	here	are	principally	focused	on	
the	response	of	the	North	American	Gypsy	Moth	(Lymantria	
dispar	dispar)	to	climate	change.	The	story	of	the	Gypsy	Moth	
in	North	America	began	when	moths	were	accidentally	
released	in	1869,	in	an	a>empt	to	develop	a	silkworm	industry.	
Within	just	10	years	of	their	release,	the	moths	were	crea4ng	
trouble	and	the	first	eradica4on	program	was	a>empted	in	
1890.	Gypsy	moth	larvae	are	covered	with	long	hairs	that	
increase	their	surface	area	and	allows	them	to	be	spread	by	
the	wind.	It	is	es4mated	that	the	moth	are	naturally	spread	by	
around	13	miles	a	year,	but	are	oUen	carried	several	hundred	
kilometers	with	human	transporta4on.	The	Gypsy	Moth	is	one	
of	the	most	destruc4ve	forest	pests	in	North	America,	and	is	
responsible	for	defolia4ng	around	13	million	acres	a	year.	This	
leads	to	enormous	economic	and	ecological	consequences,	
spanning	several	scales.	

Distribution in the world and North America 

Conclusions 

To	model	the	clima4c	niche	and	habitat	distribu4on	of	
Lymantria	dispar,	we	used	occurrence	data	from	the	Global	
Biodiversity	Informa4on	Facility	(www.gbif.org).		

Habitat Shift Under Climate Change 
To	es4mate	the	effects	of	climate	change	we	used	
bioclima4c	variable	es4mates	for	the	year	2070	from	the	
HADGEM2-ES	model,	based	on	the	IPCC	RCP8.5	scenario,	
which	assumes	that	greenhouse	gas	emissions	will	con4nue	
to	increase	through	year	2100.	The	predicted	changes	to	the	
distribu4on	of	habitat	for	L.	dispar	are	preeminent.	The	
moth’s	en4re	range	is	likely	to	move	far	north	into	regions	in	
Canada	that	are	primarily	dominated	by	coniferous	forests.	
Adult	moths	are	able	consume	conifers,	but	have	a	
preference	for	broadleaved	trees.	The	areas	where	L.	dispar	
are	currently	found	are	predicted	to	no	longer	be	suitable	
habitats	for	the	moths	(Figure	3).	It	is	therefore	not	known	if	
the	moths	will	be	able	to	survive	these	changes.		

Based	on	standardized	bioclima4c	variables	(www.worldclim.org)	
we	used	maximum	entropy	(Maxent)	to	model	the	climate	
niche	of	L.	dispar.	The	distribu4on	model	responds	primarily	
to	the	maximum	temperature	of	the	warmest	month,	as	well	
as	the	minimum	temperature	of	the	warmest	month,	annual	
mean	temperature	and	precipita4on	of	driest	quarter	(figure	
2,	a).	We	also	conducted	a	cross-valida4on	test	that	provides	
confirma4ve	evidence	for	the	ability	of	the	model	to	iden4fy	
favorable	habitat	for	the	species	(figure	2,	b)	

Species Distribution Model 

Our	results	suggest	that	con4nued	greenhouse	gas	
emissions	will	change	the	distribu4on	of	suitable	habitats	
for	the	Gypsy	Moth	in	such	a	way	that	the	moth	will	
largely	be	confined	to	areas	in	Eastern	Canada.	It	is	posible	
that	the	suitable	hábitats	for	the	moths	are	larger	than	
presented	here,	given	the	moth’s	rela4vely	short	history	in	
North	America.	

Figure	1.	Occurrence	data	maps	in	the	world	and	Eastern	North	America		
for	Lymantria	dispar	

Figure	2.	Variable	contribu4ons	and	ROC	for	Maxent	model	of		L.	dispar	

1:1	line	=	random	guess	

Figure	3.	Current	and	future	habitat	predic4ons	for	Maxent	model	of		L.	dispar	

a)	 b)	
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Modeling Climate Change Effects on Sistrurus catenatus (Eastern 
Massasauga Rattlesnake) 

Mia Fox, Biology Department, Kenyon College
The Eastern Massasauga Rattlesnake

One of two native rattlesnakes in Ohio, The Eastern Massasauga, 
Sistrurus catenatus, is a rare site for most. Historically, S. catenatus   
could be found in a variety of wetlands and upland woods in much of 
the lower Great Lakes basin. Now populations are restricted to 
scattered and often isolated colonies. Indeed, this dark-colored snake 
is becoming increasingly rare in North America as a whole; as of 
September 21, 2016, the U.S. Fish and Wildlife Service listed the 
Massasauga as a threatened species under the Endangered Species Act 
(1). 
…...During the late spring, these snakes move from their winter    … 
…..hibernation sites, such as crayfish chimneys and other small    
mammal burrows in swamps and marshlands, to hunt on the 
………..drier upland sites -likely in search of food (2). 

……..Females give birth to 8- 20 young in late summer. The young 
snakes have a single "button" on their tails; a new rattle segment is 
..added at each shedding of the skin, giving adults their characteristic 
…rattle.

…...The Massasauga lives a sluggish life, known to travel only a few 
km over its ~14-20 year life span (3). 

Current Distribution

Conclusions

To model the climatic niche and habitat distribution of S. catenatus, we 
used occurrence data from the Global Biodiversity Information Facility 
(www.gbif.org). The distribution of geolocations correlates accurately 
with expert estimates of the species geographic range, though not 
precisely. (figure 1.)

Habitat Shift Under Climate Change
To estimate the effects of climate change we used bioclimatic variable 
estimates for the year 2070 from the HADGEM2-ES model, based on 
the IPCC RCP8.5 scenario, which assumes that greenhouse gas 
emissions will continue to increase through year 2100. Differences 
between predicted and future suitability of S. catenatus habitat differ 
in drastic ways. The southwestern region of the range exhibits a 
fragmented reduction in favorable habitat, while the northern parts of 
the range expand substantially. Current habitats in which S. catenatus 
is found are predicted to decline substantially in suitability. (Figure 3).

Based on standardized bioclimatic variables (www.worldclim.org) we 
used maximum entropy (Maxent) to model the climate niche of S. 
catenatus. The modeled distribution responds to both the means and 
minima of precipitation and temperature, and cross-validation tests 
suggest that the model accurately identifies habitat favorable to the 
species (figure 2). 

Species Distribution Model

Loss of habitat to development and agriculture, unregulated 
hunting, and snake collecting have all contributed to the decline 
of S. catenatus over the past few decades (3). Our results 
suggest that continued greenhouse gas emissions will also 
contribute to this decline in S. catenatus populations. Shifting 
temperatures,   especially those during the driest quarter, display 
an……………….effective elimination of the preferred 
wetland…………..habitat in the central and eastern portion of 
their range.…........Because S. catenatus are not known to 
...disperse           more than a few kilometers, the ability of 
………………………..individuals to move northward in 
………………………....response to changing environmental 
………………………….conditions is highly unlikely. Thus, if 
………………………....greenhouse gas emissions continue, by   
……………………...the year 2100 a good portion of the 
current S. catenatus population will face extinction.

GBIF Expert range 
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Figure 1. Occurrence data and expert range map for S. catenatus

Figure 2. Variable contributions and ROC for Maxent model of  S. catenatus

Figure 3. Current and future habitat predictions for Maxent model of  S. catenatus

1:1 line = random guess
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Modeling	responses	to	climate	change:		
Myo$s	sodalis	(Indiana	Bat	)	

Sam Lisak, Kenyon College 

The Indiana Bat 
The	Indiana	bat,	Myo$s	sodalis,	is	one	of	Ohio’s	two	
endangered	mammal	species.	A	member	of	the	mouse-eared		
genus,	Myo$s,	the	Indiana	bat	is	a	small,	dark-brown,	species	
primarily	naDve	to	the	Eastern	and	Midwestern	regions	of	the	
United	States.	While	adults	weigh	only	one-quarter	of	an	
ounce,	they	have	a	wingspan	of	9-11	inches.	A	typical	bat	will	
live	5-10	years.	The	Indiana	bat	is	very	social	and	hibernates	in	
large	clusters	(usually	in	the	hundreds),	fiPng	given	Sodalis	is	
LaDn	for	“companion”.	These	bats	typically	overwinter	in	caves	
or	abandoned	mines.	
Indiana	bats	mate	in	the	fall	prior	to	hibernaDon.	The	females	
store	the	sperm	unDl	the	spring	where	they	enter	pregnancy	
aTer	emerging.	Mothers	nurse	their	young	who	stay	with	the	
maternity	colony	for	their	first	summer.		These	bats	feed	on	
flying	insects	and	play	an	important	role	in	pest	control.	
However,	over	the	last	ten	years,	Indiana	bat	populaDons	have	
declined	over	50%.	The	major	threats	to	this	bat	species	
include	hibernaDon	disturbance	by	humans,	pesDcide	use,	
habitat	loss,	and	the	white-nose	syndrome.	

Current Distribution 

Conclusions 

To	model	the	climaDc	niche	and	habitat	distribuDon	of	M.	
sodalis,	we	used	occurrence	data	from	the	Global	Biodiversity	
InformaDon	Facility	(www.gbif.org).	The	distribuDon	of	
geolocaDons	corresponds	well	with	expert	esDmates	of	the	
bat’s	geographic	range,	though	the	sampled	points	are	not	
uniformly	sampled	across	the	range.	(Figure	1.)	

Habitat Shift Under Climate Change 
To	esDmate	the	effects	of	climate	change	we	used	
bioclimaDc	variable	esDmates	for	the	year	2070	from	the	
HADGEM2-ES	model,	based	on	the	IPCC	RCP8.5	scenario,	
which	assumes	that	greenhouse	gas	emissions	will	conDnue	
to	increase	through	year	2100.	Compared	to	their	current	
distribuDon	of	habitat,	there	are	drasDc	changes	in	M.	
sodalis	habitat.	In	general,	the	enDre	range	uniformly	
exhibits	a	strong	shiT	towards	the	northwest	region	of	the	
conDnent.	For	the	most	part,	regions	where	M.	sodalis	is	
currently	found	are	expected	to	experience	a	sharp	decline	
in	habitat	suitability	(Figure	3).	

Based	on	standardized	bioclimaDc	variables	(www.worldclim.org)	
we	used	maximum	entropy	(Maxent)	to	model	the	climate	
niche	of	M.	sodalis.	The	modeled	distribuDon	responds	to	the	
annual	precipitaDon	and	temperature,	and	cross-validaDon	
tests	suggest	that	the	model	accurately	idenDfies	favorable	
Indiana	bat	habitat	(Figure	2).		

Species Distribution Model 

Our	results	suggest	that	conDnued	greenhouse	gas	
emissions	will	result	in	a	nearly	uniform	decrease	in	
suitable	climaDc	condiDons	for	M.	sodalis	populaDons.	This	
shiT	in	suitable	habitat,	combined	with	the	exisDng	threats	
to	this	endangered	species,	could	lead	to	its	exDncDon.	
This	species’	survival	will	depend	on	its	ability	to	disperse	
to	the	new	areas	of	suitable	condiDons.	

GBIF	locaDons	 Expert	range	map	

Figure	1.	Occurrence	data	and	expert	range	map	for	M.	sodalis	

Figure	2.	Variable	contribuDons	and	ROC	for	Maxent	model	of		M.	sodalis	

Figure	3.	Current	and	future	habitat	predicDons	for	Maxent	model	of		M.	sodalis	

1:1	line	=	random	guess	
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Modeling	responses	to	climate	change:		
Papilio	glaucus	(Eastern	Tiger	Swallowtail)	

Sarah Speroff, Biology Department, Kenyon College 

The Eastern Tiger Swallowtail 
The	eastern	/ger	swallowtail	is	just	one	of	six	swallowtail	
bu<erfly	species	that	can	be	found	in	Ohio.	Males	are	yellow	
with	four	/ger	stripes	in	the	forewing,	while	females	can	be	
either	yellow	with	a	bright	blue	interior	hindwing	(right),	or	
black	with	equally	dark	stripes	and	blue	hindwings.	They	are	
most	recognized	for	the	tail-like	projec/ons	out	of	the	
hindwing	that	resemble	swallowtail	birds.	Both	males	and	
females	can	range	from	6cm	to	12cm	in	wingspan.		
P.	glaucus	feed	on	nectar	from	many	plant	species	such	as	wild	
cherry,	lilac,	and	milkweed.	Adults	also	use	these	plants	as	well	
as	many	na/ve	tree	species,	to	lay	single	eggs	onto	the	leaves.	
Ohio	swallowtails	brood	twice	and	migrate	in	two	flights	
between	May	and	September.		
P.	glaucus	are	wildly	abundant,	and	have	been	spo<ed	over	
3,000	/mes	in	the	Eastern	United	States	alone	(GBIF).	They	
thrive	in	deciduous	forests,	open	areas,	rivers,	and	suburbs	
where	woody	trees	are	abundant	to	sustain	their	nutri/onal	
needs.		

Current Distribution 

Conclusions 

To	model	the	clima3c	niche	and	habitat	distribu3on	of	P.	
glaucus,	we	used	occurrence	data	from	the	Global	Biodiversity	
Informa3on	Facility	(www.gbif.org).	These	data	are	consistent	
with	recent	conserva/on	data	for	the	Eastern	United	States	
(figure	1.).	GBIF	occurrence	data	have	been	reduced	to	allow	
for	accurate	modelling.		

Habitat Shift Under Climate Change 
To	es3mate	the	effects	of	climate	change	we	used	
bioclima3c	variable	es3mates	for	the	year	2070	from	the	
HADGEM2-ES	model,	based	on	the	IPCC	RCP8.5	scenario,	
which	assumes	that	greenhouse	gas	emissions	will	con3nue	
to	increase	through	year	2100.	As	shown	in	this	model,	slight	
changes	in	global	temperature	could	greatly	reduce	
habitable	landscape	for	P.	glaucus	par/cularly	in	the	
northern	USA	and	southern	Canadian	regions.	Global	
suitability	in	2070	will	likely	reduce	P.	glaucus	popula/on	or	
will	lead	to	a	change	in	species	occurrence,	as	current	
suitability	is	more	favorable	than	predicted	suitability	as	
shown	in	this	model.	(Figure	3).	

Based	on	standardized	bioclima3c	variables	(www.worldclim.org)	
we	used	maximum	entropy	(Maxent)	to	model	the	climate	
niche	of	P.	glaucus.	The	modeled	distribu/on	responds	to	both	
the	means	and	minima	of	precipita/on	and	temperature.	
Cross-valida/on	tests	suggest	that	the	model	accurately	
iden/fies	habitat	favorable	to	the	species	as	is	lies	away	from	
the	1:1	slope	(figure	2).		

Species Distribution Model 

GBIF	loca/ons	 Conserva/on	map	
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Figure	1.	Occurrence	data	and	conserva/on	map	for	P.	glaucus	

Figure	2.	Variable	contribu/ons	and	ROC	for	Maxent	model	of		P.	glaucus	

1:1	line	=	random	guess	

Figure	3.	Current	and	future	habitat	predic/ons	for	Maxent	model	of		P.	glaucus	

Based	on	predic/ons	laid	out	in	this	model,	global	
temperatures	in	2070	will	substan/ally	decrease	P.	
glaucaus	occurrence	in	it’s	current	habitat.	At	the	
current	rate	of	climate	change,	P.	glaucus	will	be	forced	
to	relocate	to	find	more	habitable	environments,	or	will	
decrease	in	popula/on	size.	It	is	likely	that	this	species	
will	eventually	become	an	endangered	species	if	current	
es/mates		persist	in	2070.		

	


