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ĞĚƵ͖�ŚƩƉ͗ͬͬƚƌĂǀŝƐƐĞĂďŽƌŶ͘ĐŽŵͬ

Highlights

ͻ� tĞ�ĐŽŶĚƵĐƚĞĚ�Ă�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƚŚĞ�ůŝƚĞƌĂƚƵƌĞ�
to determine how biogeographers are including 
ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ŝŶ�ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůŝŶŐ�
ĂŶĚ�ǁŚĞƚŚĞƌ�ƚŚŝƐ�ŝŶĐůƵƐŝŽŶ�ƐƵďƐƚĂŶƟĂůůǇ�ŝŶŇƵĞŶĐĞƐ�
study outcomes.

• Although the majority of the studies ignored dispersal, 
ǁĞ�ĨŽƵŶĚ�ƚŚĂƚ�ƚŚĞ�ŝŶĐůƵƐŝŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�
derived has risen from 1991 to 2017.

ͻ� &Ğǁ�ƉƵďůŝƐŚĞĚ� ƐƚƵĚŝĞƐ�ƵƐŝŶŐ� ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�
modeling approaches to either forecast or hindcast 
change in species ranges included dispersal data, 
ƐƵŐŐĞƐƟŶŐ�ůĂĐŬ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ĨŽƌ�ƐƉĞĐŝĞƐ�ŽĨ�ĐŽŶĐĞƌŶ�
Žƌ�ĐŽŵƉƵƚĂƟŽŶĂů�ůŝŵŝƚĂƟŽŶƐ�ŽŶ�ƚŚĞ�ŝŶĐůƵƐŝŽŶ�ŽĨ�ƚŚĞƐĞ�
data in models.

• Improvements in technology to facilitate empirical 
data collection and more advanced modeling 
ŵĞƚŚŽĚŽůŽŐŝĞƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ŵĂŬĞ�ŵŽƌĞ�ƌĞĂůŝƐƟĐ�
ƐƉĂƟĂůůǇ�ĞǆƉůŝĐŝƚ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƉƌŽũĞĐƟŽŶ�ŵŽĚĞůƐ�ďǇ�
ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ͘

Abstract

/ŶĐůƵƐŝŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŝŶ�ŵŽĚĞůƐ�ŽĨ�ƐƉĞĐŝĞƐ͛�ĚŝƐƚƌŝďƵƟŽŶƐ�
in response to environmental change has been advocated 
ĨŽƌ�ŵŽƌĞ�ƚŚĂŶ�ϭϱ�ǇĞĂƌƐ͘�tĞ�ŝŶǀĞƐƟŐĂƚĞĚ�ǁŚĞƚŚĞƌ�ƚŚĞƌĞ�
ŚĂƐ�ďĞĞŶ�Ă�ƐŚŝŌ�ŝŶ�ƌĞĐĞŶƚ�ƉƵďůŝĐĂƟŽŶƐ�ƚŽ�ŝŶĐůƵĚĞ�ĚŝƐƉĞƌƐĂů�
ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�ŚŽǁ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ĞǆƉůŝĐŝƚůǇ�ĐŚĂŶŐĞ�
ƚŚĞ�ĐŽŶĐůƵƐŝŽŶƐ�ŽĨ�ĂŶĂůǇƐĞƐ͘�dŽ�ĂĚĚƌĞƐƐ�ƚŚŝƐ�ƋƵĞƐƟŽŶ͕�ǁĞ�
conducted a systemic review of the literature to assess 
ǁŚĂƚ�ŬŝŶĚƐ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ĂŶĚ�ŵĞƚŚŽĚƐ�ĂƌĞ�ďĞŝŶŐ�
ŝŶĐůƵĚĞĚ�ŝŶ�ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�ĂĐƌŽƐƐ�ƚĂǆĂ͘�tĞ�
ĐŽůůĞĐƚĞĚ�ŵĞƚĂĚĂƚĂ�ŽŶ�ϲ͕ϰϬϲ�ƉƵďůŝĐĂƟŽŶƐ͕�ϵϬϳ�ŽĨ�ǁŚŝĐŚ�
ŝŶĐůƵĚĞĚ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ͘�dŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�ƚŚĂƚ�
ŝŶĐůƵĚĞĚ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŝŶ�ĞƐƟŵĂƚĞƐ�ŽĨ�ƚŚĞ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�
ŝŶĐƌĞĂƐĞĚ�ĨƌŽŵ�ϴй�ƚŽ�ϮϬй�ĨƌŽŵ�ϭϵϵϭ�ƚŽ�ϮϬϭϳ͘��ǀĂůƵĂƟŽŶ�
of a subsample of 200 papers showed no evidence for 
ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƚĂǆĂ�ƐƚƵĚŝĞĚ�ďĞƚǁĞĞŶ�ĚŝƐƉĞƌƐĂů�ĂŶĚ�ŶŽŶͲ
ĚŝƐƉĞƌƐĂů�ƉƵďůŝĐĂƟŽŶƐ͕�ǁŝƚŚ�ŵŽƐƚ�ƐƚƵĚŝĞƐ�ĨŽĐƵƐĞĚ�ŽŶ�
North America or Europe. Dispersal was incorporated at 
a higher frequency in studies from South America, Africa, 
ĂŶĚ�ŝƐůĂŶĚ�ƐǇƐƚĞŵƐ͘�tĞ�ĨŽƵŶĚ�ƚŚĂƚ�ĨŽƌĞĐĂƐƟŶŐ�ŵŽĚĞůƐ�
ƉƌĞĚŝĐƟŶŐ�ƌĂŶŐĞ�ƐŚŝŌƐ�ǁŝƚŚ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ�ƌĂƌĞůǇ�ƵƐĞĚ�
ĚŝƐƉĞƌƐĂů�ĚĂƚĂ͕�ďƵƚ�ǁŚĞŶ�ƚŚĞǇ�ĚŝĚ͕�ƌĂŶŐĞ�ƐŚŝŌ�ƉƌŽũĞĐƟŽŶƐ�
ǁĞƌĞ�ŐƌĞĂƚůǇ�ĂīĞĐƚĞĚ͘�KƵƌ�ƐŝŵƵůĂƟŽŶ�ŵŽĚĞůƐ͕�ŝŶ�ǁŚŝĐŚ�
Ă�ƌĂŶŐĞ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ǁĞƌĞ�ŝŶĐůƵĚĞĚ͕�ƐŚŽǁĞĚ�
ƚŚĂƚ�ƉƌŽũĞĐƟŽŶƐ�ǁĞƌĞ�ŐƌĞĂƚůǇ�ŝŶŇƵĞŶĐĞĚ�ďǇ�ĚŝƐƉĞƌƐĂů�
ĚŝƐƚĂŶĐĞ�ĂƐƐƵŵƉƟŽŶƐ͘�tĞ�ƐƵŵŵĂƌŝǌĞ�ďĞƐƚ�ƉƌĂĐƟĐĞƐ�
ĨŽƌ�ĨƵƚƵƌĞ�ƌĞƐĞĂƌĐŚ�ŽŶ�ĚŝƐƚƌŝďƵƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ƉŽƚĞŶƟĂů�
ŵĞƚŚŽĚŽůŽŐŝĞƐ�ĨŽƌ�ĚŝƐƉĞƌƐĂů�ŝŶƚĞŐƌĂƟŽŶ�ĂŶĚ�ŚŝŐŚůŝŐŚƚ�
the problems if dispersal is ignored.

Introduction
dŚĞ�ƵƐĞ�ŽĨ�ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�;^�DƐͿ�ƚŽ�

ĞƐƟŵĂƚĞ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞƐ�ŚĂƐ�ďĞĞŶ�ǁŝĚĞůǇ�ŝŵƉůĞŵĞŶƚĞĚ�
ďǇ�ďŝŽŐĞŽŐƌĂƉŚĞƌƐ�;WŚŝůůŝƉƐ�Ğƚ�Ăů͘�ϮϬϬϲ͕�WŚŝůůŝƉƐ�ĂŶĚ�
�ƵĚŝŬ�ϮϬϬϴ͕�&ƌĂŶŬůŝŶ�ϮϬϭϯͿ͘�dŚŝƐ�ŝƐ�ĚŽŶĞ�ďǇ�ŵŽĚĞůůŝŶŐ�
ƚŚĞ� ĐƵƌƌĞŶƚ� ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ŬŶŽǁŶ� ůŽĐĂƟŽŶƐ�
ŽĨ�ƉƌĞƐĞŶĐĞ͕�ĂďƐĞŶĐĞ�Žƌ�ƉƐĞƵĚŽͲĂďƐĞŶĐĞ� ůŽĐĂƟŽŶƐ͕�
and the values of the environmental variables in 
ƚŚŽƐĞ� ůŽĐĂƟŽŶƐ͘�KŶĐĞ� ƚŚĞ� ĐƵƌƌĞŶƚ� ĂƐƐŽĐŝĂƟŽŶ� ŝƐ�

ƵŶĚĞƌƐƚŽŽĚ͕�Ă�ƉƌŽũĞĐƟŽŶ�ŝŶƚŽ�ƚŚĞ�ĨƵƚƵƌĞ�Žƌ�ƚŚĞ�ƉĂƐƚ�
ŝƐ� ĂĐĐŽŵƉůŝƐŚĞĚ�ďǇ�ĞƐƟŵĂƟŶŐ�ĂƌĞĂƐ�ǁŝƚŚ� ƐƵŝƚĂďůĞ�
ĞŶǀŝƌŽŶŵĞŶƚ�ĂĐƌŽƐƐ�ƐƉĂĐĞ�ĂŶĚ�ƟŵĞ͘�dŚĞƐĞ�ŵŽĚĞůƐ͕�
ĂůƐŽ�ĐĂůůĞĚ�ĐůŝŵĂƚĞͲĞŶǀĞůŽƉĞ͕�ďŝŽͲĐůŝŵĂƚĞ͕�Žƌ�ƐƉĞĐŝĞƐͲ
ŚĂďŝƚĂƚ͕�Žƌ�ŚĂďŝƚĂƚ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ͕�ĐĂŶ�ƚŚĞŶ�ďĞ�
ƵƐĞĚ�ƚŽ�ƉƌŽũĞĐƚ�ǁŚĞƌĞ�Ă�ƐƉĞĐŝĞƐ͛�ĐůŝŵĂƟĐ�ŶŝĐŚĞ�ŵĂǇ�ďĞ�
ŝŶ�ƚŚĞ�ĨƵƚƵƌĞ�Žƌ�ǁĂƐ�ŝŶ�ƚŚĞ�ƉĂƐƚ�ƚŽ�ďĞƩĞƌ�ƵŶĚĞƌƐƚĂŶĚ�
ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ĚǇŶĂŵŝĐƐ�;>ŽĂƌŝĞ�Ğƚ�Ăů͘�ϮϬϬϴ͕��ĂƌƌŽůů�ϮϬϭϬ͕�
�ĂƌǀĂůŚŽ�Ğƚ�Ăů͘�ϮϬϭϬ͕�DŝůĂŶŽǀŝĐŚ�Ğƚ�Ăů͘�ϮϬϭϬ͕�ZĞďĞůŽ�Ğƚ�Ăů͘�
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ϮϬϭϬ͕�^ŽƌŬ�Ğƚ�Ăů͘�ϮϬϭϬͿ͘��ŽŶƐĞƌǀĂƟŽŶ�ƐƚƌĂƚĞŐŝĞƐ�ŚĂǀĞ�
ŝŶĐŽƌƉŽƌĂƚĞĚ�ƚŚĞƐĞ�ĐŽƌƌĞůĂƟǀĞ�ŵŽĚĞůƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�
ƚŚĞ�ĞǆƚĞŶƚ�ĂŶĚ�ƋƵĂůŝƚǇ�ŽĨ�ŚĂďŝƚĂƚ�ƌĞƐĞƌǀĞƐ�;�ĂƌƌŽůů�ϮϬϭϬ͕�
<ĂŬǇ�Θ�'ŝůďĞƌƚ�ϮϬϭϲ͕�DĂƚĂ�Ğƚ�Ăů͘�ϮϬϭϵͿ͕�ĚŝƐĐŽǀĞƌ�ŶĞǁ�
ƉŽƉƵůĂƟŽŶƐ�;tŝůůŝĂŵƐ�Ğƚ�Ăů͘�ϮϬϬϵ͕�ZŚŽĚĞŶ�Ğƚ�Ăů͘�ϮϬϭϳ͕�
�ůůĞŶ�Θ�DĐDƵůůŝŶ�ϮϬϭϵͿ͕�ŝĚĞŶƟĨǇ�ƉŽƉƵůĂƟŽŶ�ƚŚƌĞĂƚƐ�
ĂŶĚ�ƉƌŝŽƌŝƟǌĂƟŽŶ� ;ZǇďĞƌŐ�Ğƚ�Ăů͘� ϮϬϭϳ͕�dŚŽƌŶ�Ğƚ�Ăů͘�
ϮϬϬϵͿ͕� ĞƐƟŵĂƚĞ�ĂďƵŶĚĂŶĐĞ� ǀĂůƵĞƐ� ;&ĞƌƌŝĞƌ� ϮϬϬϮ͖�
sĂŶ�ĞƌtĂů�Ğƚ�Ăů͘�ϮϬϬϵ͕�ďƵƚ�ƐĞĞ��ĂůůĂƐ�Θ�,ĂƐƟŶŐƐ�ϮϬϭϴͿ͕�
ĂŶĚ�ĞǆƉůŽƌĞ�ƐŚŝŌƐ�ƵŶĚĞƌ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ�Žƌ�ŐĞŶĞ�ŇŽǁ�
ĂŵŽŶŐ�ƉŽƉƵůĂƟŽŶƐ͘

KŶĞ� ŝŵƉŽƌƚĂŶƚ� ĐŽŶƐŝĚĞƌĂƟŽŶ�ǁŚĞŶ�ŐĞŶĞƌĂƟŶŐ�
ƐƉĞĐŝĞƐ͛�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�ŝƐ�ƚŚĞ�ŝŶĐůƵƐŝŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�
ĞƐƟŵĂƚĞƐ͘��Ɛ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ��ŝŽƟĐͲ�ďŝŽƟĐͲDŽǀĞŵĞŶƚ�
;��DͿ� ĨƌĂŵĞǁŽƌŬ� ;^ŽďĞƌſŶ� ĂŶĚ�WĞƚĞƌƐŽŶ�ϮϬϬϱ͕�
WĞƚĞƌƐŽŶ�ϮϬϭϭͿ͕�ƌĂŶŐĞ�ƐŚŝŌƐ�ĂƌĞ�ŽŶůǇ�ŐŽŝŶŐ�ƚŽ�ŽĐĐƵƌ�
ǁŚĞŶ�ƐƵŝƚĂďůĞ�ďŝŽƟĐ͕�ĂďŝŽƟĐ͕�ĂŶĚ�ŵŽǀĞŵĞŶƚ�ƌĞŐŝŽŶƐ�
ŽǀĞƌůĂƉ͘�dŚĞƐĞ�ŵĞĐŚĂŶŝƐŵƐ�ĂƌĞ�ĞƐƉĞĐŝĂůůǇ�ĐƌŝƟĐĂů�ƚŽ�
ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ĚǇŶĂŵŝĐƐ�ŽĨ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�ƐŚŝŌƐ͕�ĂƐ�
ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞƐ�ǁŝůů�ĞǆƉĂŶĚ�ĂŶĚ�ĐŽŶƚƌĂĐƚ�ŝŶ�ƌĞƐƉŽŶƐĞ�
ƚŽ�ƚŚĞƐĞ�ĞůĞŵĞŶƚƐ�ĂĐƌŽƐƐ�ƟŵĞ�ŝŶ�ĚŝīĞƌĞŶƚ�ĂƌĞĂƐ�ŽĨ�ƚŚĞ�
ƌĂŶŐĞ�;WĞĂƌŵĂŶ�Ğƚ�Ăů͘�ϮϬϬϴͿ͘�DĞƚŚŽĚƐ�ĨŽƌ�ĚĞǀĞůŽƉŝŶŐ�
ĚŝƐƉĞƌƐĂů� ĞƐƟŵĂƚĞƐ� ŝŶĐůƵĚĞ� ƚƌĂĐŬŝŶŐ� ŝŶĚŝǀŝĚƵĂůƐ� ƚŽ�
ƋƵĂŶƟĨǇ�ŵŽǀĞŵĞŶƚ�;tŝŬĞůƐŬŝ�Ğƚ�Ăů͘�ϮϬϬϳͿ�ĂŶĚ�ůĂŶĚƐĐĂƉĞ�
ŐĞŶĞƟĐ�ŵĞƚŚŽĚƐ�ƵƐŝŶŐ�ĐŽƌƌĞůĂƟǀĞ�ŵŽĚĞůƐ�ŽĨ�ŐĞŶĞ�ŇŽǁ�
;DĂŶĞů�Ğƚ�Ăů͘�ϮϬϬϯ͕�,ŽůĚĞƌĞŐŐĞƌ�ĂŶĚ�tĂŐŶĞƌ�ϮϬϬϲͿ͘�
WĂƌĂŵĞƚĞƌ�ĞƐƟŵĂƟŽŶ͕�ƐƵĐŚ�ĂƐ�ůŽŶŐͲĚŝƐƚĂŶĐĞ�ĚŝƐƉĞƌƐĂů�
ƌĂƚĞƐ͕�ĚŝƐƚĂŶĐĞƐ͕�ĂŶĚ�ůŝŬĞůŝŚŽŽĚƐ�ŽĨ�ĞƐƚĂďůŝƐŚŵĞŶƚ͕�ĂƌĞ�
ĚŝĸĐƵůƚ�ƚŽ�ŽďƚĂŝŶ�;EĂƚŚĂŶ�ϮϬϬϭ͕�ϮϬϬϱͿ͘�>ŽŶŐͲĚŝƐƚĂŶĐĞ�
ĚŝƐƉĞƌƐĂů͕� ĨŽƌ� ĞǆĂŵƉůĞ͕� ŝƐ� ĚĞĮŶĞĚ�ĂŶĚ� ƐƚƵĚŝĞĚ� ŝŶ�
ŵƵůƟƉůĞ�ǁĂǇƐ�ǁŝƚŚ�ŵĞƚŚŽĚŽůŽŐŝĞƐ�ǀĂƌǇŝŶŐ�ǁŝƚŚ�ƚŚĞ�
ĚĞĮŶŝƟŽŶ�ƵƐĞĚ�ĂŶĚ�ƚĂǆĂ�ƐƚƵĚŝĞĚ�;EĂƚŚĂŶ�Ğƚ�Ăů͘�ϮϬϬϯ͕�
<ŝŶůĂŶ�Ğƚ�Ăů͘�ϮϬϬϱ͕�&ŽŶƚĞ�Ğƚ�Ăů͘�ϮϬϭϵͿ͘��ŽůŽŶŝǌĂƟŽŶ�ŝƐ�
also a complicated process, with a wide range of factors 
ŝŶŇƵĞŶĐŝŶŐ�ƐƵĐĐĞƐƐ�ĂĐƌŽƐƐ�ƐǇƐƚĞŵƐ�;'ĂƌĐşĂͲsĂůĚĠƐ�Ğƚ�Ăů͘�
ϮϬϭϱ͕�̂ ŽƵƚŚǁĞůů�Ğƚ�Ăů͘�ϮϬϭϲͿ͘��ĞƐƉŝƚĞ�ƚŚĞƐĞ�ĐŚĂůůĞŶŐĞƐ͕�
methodological improvements may have increased 
ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ� ŝŶƚŽ� ƚŚĞ� ƐƚƵĚŝĞƐ�ŽĨ�
ĚŝƐƚƌŝďƵƟŽŶ�ŽǀĞƌ�ƟŵĞ͘��ůƚĞƌŶĂƟǀĞůǇ͕ �ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ƚŚĞ�
ƚĞĐŚŶŽůŽŐǇ�ƵƐĞĚ�ƚŽ�ƚƌĂĐŬ�ĂŶŝŵĂůƐ�ĐŽƵůĚ�ďŝĂƐ�ƚŚĞ�ƚǇƉĞƐ�
ŽĨ�ŽƌŐĂŶŝƐŵƐ�ĨŽƌ�ǁŚŝĐŚ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ĂƌĞ�ďĞŝŶŐ�
ƵƐĞĚ�ǁŝƚŚŝŶ�^�DƐ�;Ğ͘Ő͕͘�ĞǆĐůƵƐŝŽŶ�ŽĨ�ƐŵĂůů�ŽƌŐĂŶŝƐŵƐ�
Žƌ�ĨŽƐƐŽƌŝĂů�ĂŶŝŵĂůƐͿ͘

�ŶŽƚŚĞƌ�ůŝŵŝƚĂƟŽŶ�ŽĨ�ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�
in these models is that dispersal rates across a species 
ƌĂŶŐĞ�ĐĂŶ�ďĞ�ĐŽŵƉůĞǆ͘� &Žƌ�ĞǆĂŵƉůĞ͕� ĐůŝŵĂƚĞͲďĂƐĞĚ�
^�DƐ�ŽŌĞŶ�ĚŽ�ŶŽƚ�ĐŽŶƐŝĚĞƌ�ǀĂƌŝĂƟŽŶ�ŝŶ�ŵŽǀĞŵĞŶƚ�
ĂŵŽŶŐ�ƉŽƉƵůĂƟŽŶƐ�ĂĐƌŽƐƐ�ƚŚĞ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ĚƵĞ�ƚŽ�
ĚŝīĞƌĞŶĐĞƐ� ŝŶ� ƚŽƉŽŐƌĂƉŚǇ� ;<ŽƌŵĂŶŶ�Ğƚ� Ăů͘� ϮϬϭϮͿ͖�
ƉƌĞĚĂƚŽƌǇ�;^ŝŚ�Θ�tŽŽƐƚĞƌ�ϭϵϵϰͿ͕�ƐǇŵďŝŽƟĐ�;�ĂƌůŽǁ�Θ�
^ĐŚŽĚĚĞ�ϭϵϵϯͿ͕�Žƌ�ĐŽŵƉĞƟƟǀĞ�ŝŶƚĞƌĂĐƟŽŶƐ�;�ƌŽŵ�Ğƚ�Ăů͘�
ϮϬϭϲ͕�>ŝĂŶŐ�Ğƚ�Ăů͘�ϮϬϭϴͿ͖�Žƌ�ƐƚĂŶĚŝŶŐ�ŐĞŶĞƟĐ�ǀĂƌŝĂƟŽŶ�
Žƌ�ƉůĂƐƟĐŝƚǇ�ĨŽƌ�ĚŝƐƉĞƌƐĂů�;Ğ͘Ő͕͘�ĚƵĞ�ƚŽ�ůŽĐĂů�ĂĚĂƉƚĂƟŽŶ͕�
KůŝǀĞƌ�Ğƚ� Ăů͘� ϮϬϬϵͿ͘� ^ŽŵĞ�ŵŽĚĞůƐ� ƚŚĂƚ� ŝŶĐŽƌƉŽƌĂƚĞ�
ĚŝƐƉĞƌƐĂů�ůŝŵŝƚĂƟŽŶ�ĮŶĚ�ƚŚĂƚ�ƉůĂŶƚƐ�ĂŶĚ�ĂŶŝŵĂůƐ�ŵĂǇ�ŶŽƚ�
ďĞ�ĂďůĞ�ƚŽ�ƚƌĂĐŬ�ƚŚĞ�ƌĂƉŝĚ�ŵŽǀĞŵĞŶƚƐ�ŽĨ�ƚŚĞ�ƐƵŝƚĂďůĞ�
ĞŶǀŝƌŽŶŵĞŶƚ�ĂĐƌŽƐƐ�ƚŚĞ�ůĂŶĚƐĐĂƉĞ�;^ĐŚůŽƐƐ�Ğƚ�Ăů͘�ϮϬϭϮ͕�
�ƵŶǌĞ�Ğƚ�Ăů͘�ϮϬϭϯ͕�'ĂƌĐşĂ�Ğƚ�Ăů͘�ϮϬϭϳͿ͘�dŚĞƌĞĨŽƌĞ͕�ĐůŝŵĂƚĞͲ
ďĂƐĞĚ�ƌĂŶŐĞͲƐŚŝŌ�ŵŽĚĞůƐ�ƌĞƉƌĞƐĞŶƚ�ƉŽƚĞŶƟĂů�ƐƉĞĐŝĞƐ�
ĚŝƐƚƌŝďƵƟŽŶƐ�ƚŚĂƚ�ŵĂǇ�ŶŽƚ�ďĞ�ƌĞĂůŝǌĞĚ�ĚƵĞ�ƚŽ�ůŝŵŝƚĂƟŽŶƐ�
ŝŵƉŽƐĞĚ�ďǇ�ďŝŽƟĐ�ŝŶƚĞƌĂĐƟŽŶƐ͕�ĚŝƐƉĞƌƐĂů�ŵŽĚĂůŝƟĞƐ͕�
ůŽĐĂů� ĂĚĂƉƚĂƟŽŶ͕�ŚƵŵĂŶ� ŝŵƉĂĐƚƐ͕� ĂŶĚ�ŐĞŽŐƌĂƉŚŝĐ�

ďĂƌƌŝĞƌƐ�ƚŽ�ŵŽǀĞŵĞŶƚ�;^ŽďĞƌſŶ�ĂŶĚ�WĞƚĞƌƐŽŶ�ϮϬϬϱ͕�
^ŝŶĐůĂŝƌ� Ğƚ� Ăů͘� ϮϬϭϬͿ͘� /Ŷ� ĂĚĚŝƟŽŶ͕�ŵŽǀĞŵĞŶƚ�ŵĂǇ�
ĐŚĂŶŐĞ�ĂĐƌŽƐƐ�ƟŵĞ� ƚŚƌŽƵŐŚ�ĂĚĂƉƚĂƟŽŶ�Žƌ�ŐĞŶĞƟĐ�
ĚƌŝŌ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ĚŝƐƉĞƌƐĂů�ĐĂƉĂďŝůŝƟĞƐ�ŵĂǇ�ĚĞĐƌĞĂƐĞ�
ǁŚĞŶ�ĮƚŶĞƐƐ�ĐŽƐƚ�ŝŶĐƌĞĂƐĞƐ�ǁŝƚŚ�ĚŝƐƉĞƌƐĂů�ĚŝƐƚĂŶĐĞ�ĂŶĚ�
ǁŚĞŶ�ƚŚĞ�ůŽĐĂů�ĞŶǀŝƌŽŶŵĞŶƚ�ŝƐ�ƐƚĂďůĞ�ĂŶĚ�ůĞƐƐ�ĐŚĂŽƟĐ�
;DƵƌƌĞůů�Ğƚ�Ăů͘�ϮϬϬϮͿ͘�/ƚ�ŚĂƐ�ďĞĞŶ�ĂƌŐƵĞĚ�ƚŚĂƚ�ŵŽĚĞůƐ�
ŽĨ� ƌĂŶŐĞ�ĞǆƉĂŶƐŝŽŶ�ĂŶĚ�ĚĞůŝŶĞĂƟŽŶ�ďĂƐĞĚ�ŽŶůǇ�ŽŶ�
ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ŵĂǇ�ďĞ� ƚŚĞ�ŵŽƐƚ�ƉĂƌƐŝŵŽŶŝŽƵƐ�
ĐŽŵƉĂƌĞĚ�ƚŽ�ĐůŝŵĂƚĞͲĚĞƚĞƌŵŝŶĞĚ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�
;ZŽĚƌşŐƵĞǌͲZĞǇ�ϮϬϭϯ͕�<ƵďŝƐĐŚ�Ğƚ�Ăů͘�ϮϬϭϰͿ͕�ŝŶ�ƉĂƌƟĐƵůĂƌ�
ǁŚĞŶ�ƌĂŶŐĞ�ƐŝǌĞ�ĐĂŶ�ďĞ�ĞǆƉůĂŝŶĞĚ�ƐŝŵƉůǇ�ďǇ�ĚŝƐƉĞƌƐĂů�
ĐĂƉĂďŝůŝƟĞƐ�ŽĨ�Ă�ƐƉĞĐŝĞƐ� ;>ĂƵďĞ�Ğƚ�Ăů͘�ϮϬϭϯ͕�WĞŶŶĞƌ�
ĂŶĚ�ZƂĚĞů�ϮϬϭϳ͕�ďƵƚ�ƐĞĞ�>ĞƐƚĞƌ�Ğƚ�Ăů͘�ϮϬϬϳͿ͘�zĞƚ͕�ĚĂƚĂ�
ŶĞĞĚĞĚ�ƚŽ�ĂƉƉƌŽƉƌŝĂƚĞůǇ�ĞƐƟŵĂƚĞ�ĚŝƐƉĞƌƐĂů�ĂƌĞ�ŽŌĞŶ�
ĞůƵƐŝǀĞ͕�ƚŚƵƐ�ůŝŵŝƟŶŐ�ŝƚƐ�ƵƐĞ�ŝŶ�ŵŽĚĞůƐ�ĚĞƐƉŝƚĞ�ƚŚĞŝƌ�
ƉƌĞƐƵŵĞĚ� ŝŵƉŽƌƚĂŶĐĞ͕� ĂůƚŚŽƵŐŚ� ƚŚĞ�ƉĂƩĞƌŶƐ�ĂŶĚ�
ĐŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĂĐƌŽƐƐ�ƚŚĞ�
literature are not well established.

/ŶĐŽƌƉŽƌĂƟŶŐ�ĚŝƐƉĞƌƐĂů�ǁŝƚŚŝŶ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�
ĐĂŶ�ƚĂŬĞ�ŵĂŶǇ�ĨŽƌŵƐ͕�ƌĂŶŐŝŶŐ�ĨƌŽŵ�ǌĞƌŽ�ƚŽ�ƵŶůŝŵŝƚĞĚ�
ĚŝƐƉĞƌƐĂů�;DŝůůĞƌ�ĂŶĚ�,ŽůůŽǁĂǇ�ϮϬϭϱͿ͕�ĂŶĚ�ĐĂŶ�ůĞĂĚ�ƚŽ�
ĚŝīĞƌĞŶƚ�ƉƌŽũĞĐƟŽŶƐ�ŝŶ�ƌĂŶŐĞ�ƐŚŝŌƐ�ĨƌŽŵ�ƚŚŽƐĞ�ŐĞŶĞƌĂƚĞĚ�
ďǇ�ĐůŝŵĂƚĞͲŽŶůǇ�ŵŽĚĞůƐ�;&ƌĂŶŬůŝŶ�ϮϬϭϬ͕��ŶŐůĞƌ�Ğƚ�Ăů͘�ϮϬϭϮ͕�
�ĂƚĞŵĂŶ�Ğƚ�Ăů͘�ϮϬϭϯ͕�,ŽůůŽǁĂǇ�Ğƚ�Ăů͘�ϮϬϭϲ͕�̂ ŝŶŐĞƌ�Ğƚ�Ăů͘�
ϮϬϭϴ͕�>ĂZƵĞ�Ğƚ�Ăů͘�ϮϬϭϵ͕�DĂŝŽƌĂŶŽ�Ğƚ�Ăů͘�ϮϬϭϵͿ͘���ůĂƌŐĞ�
ŶƵŵďĞƌ�ŽĨ�ŵŽĚĞů�ĨƌĂŵĞǁŽƌŬƐ�ĂŶĚ�ƚŽŽůƐ�ŶŽǁ�ĞǆŝƐƚ�ƚŽ�
ŝŶĐŽƌƉŽƌĂƚĞ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ŝŶƚŽ�ƌĂŶŐĞ�ƉƌĞĚŝĐƟŽŶƐ͘�
dŚĞ� ĨƌĂŵĞǁŽƌŬƐ� ƌĂŶŐĞ� ĨƌŽŵ�ƉŽƉƵůĂƟŽŶͲůĞǀĞů� ;Ğ͘Ő͕͘�
ZĂŶŐĞ^ŚŝŌĞƌ͕ ��ŽĐĞĚŝ�Ğƚ�Ăů͘�ϮϬϭϰͿ�ƚŽ� ŝŶĚŝǀŝĚƵĂůͲůĞǀĞů�
;DŝŐ�ůŝŵ͕��ŶŐůĞƌ�Ğƚ�Ăů͘�ϮϬϭϮ͖���ŵĞƚĂWKW͕ �>ĂŶĚŐƵƚŚ�Ğƚ�Ăů͘�
ϮϬϭϳͿ͘� dŽ� ŝůůƵƐƚƌĂƚĞ� ƚŚĞ� ŝŵƉĂĐƚƐ�ŽĨ�ŚŽǁ�ĚŝƐƉĞƌƐĂů�
ĞƐƟŵĂƚĞƐ�ĐĂŶ�ĂīĞĐƚ�ƉƌŽũĞĐƚĞĚ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƐŚŝŌƐ�ǁŝƚŚ�
ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ͕�ǁĞ�ĐŽŶƐƚƌƵĐƚĞĚ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�
for Rana luteiventris, a frog species in northwestern 
North America, in which we incorporated a span of 
ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�;Figure 1Ϳ͘�tŚĞŶ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�
are not included in the model, the range was predicted 
ƚŽ�ƐŚƌŝŶŬ�ďĞĐĂƵƐĞ�ĐŽůŽŶŝǌĂƟŽŶ�ŝƐ�ŝŐŶŽƌĞĚ͘��ƚ�ƚŚĞ�ŽƚŚĞƌ�
ĞǆƚƌĞŵĞ͕�ĂƐƐƵŵŝŶŐ�ƵŶůŝŵŝƚĞĚ�ĚŝƐƉĞƌƐĂů�ŝŶ�ƚŚĞ�ŵŽĚĞů�
ůĞĂĚ�ƚŽ�ƌĂŶŐĞ�ĞǆƉĂŶƐŝŽŶ�ďĞĐĂƵƐĞ�ĚŝƐƉĞƌƐĂů�ďĂƌƌŝĞƌƐ�Žƌ�
ƚŚĞ�ůŝŬĞůŝŚŽŽĚ�ŽĨ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ�ŽƵƚͲƉĂĐŝŶŐ�ŵŝŐƌĂƟŽŶ�
ƌĂƚĞ� ŝƐ� ŝŐŶŽƌĞĚ͘�tŚĞŶ�ǁĞ� ŝŶĐůƵĚĞ�ĂŶ�ĞƐƟŵĂƚĞ�ŽĨ�
dispersal rate based on the average dispersal rates 
ŽĨ�ĂŶƵƌĂŶƐ͕�ǁĞ�ĮŶĚ�ĂŶ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ƌĞƐƵůƚ͕�ĂůƚŚŽƵŐŚ�
ƋƵĂůŝƚĂƟǀĞůǇ�ĐůŽƐĞƌ�ƚŽ�ƚŚĞ�ǌĞƌŽ�ĚŝƐƉĞƌƐĂů�ƐĐĞŶĂƌŝŽ�ĨŽƌ�
ƚŚŝƐ� ƐƉĞĐŝĞƐ͘� dŚƵƐ͕� ŝŶĐŽƌƉŽƌĂƟŶŐ� ƌĞĂůŝƐƟĐ�ĚŝƐƉĞƌƐĂů�
ƐĐĞŶĂƌŝŽƐ� ĨƌŽŵ�ĞŵƉŝƌŝĐĂů�ĚĂƚĂ� ŝƐ�ŶĞĞĚĞĚ� ƚŽ�ďĞƩĞƌ�
ƵŶĚĞƌƐƚĂŶĚ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�ĚǇŶĂŵŝĐƐ͘��ĞƐŝĚĞƐ�ƌĞĂůŝƐƟĐ�
ƌĂŶŐĞ�ĐŽŶƚƌĂĐƟŽŶ�Žƌ�ĞǆƉĂŶƐŝŽŶ͕�ƚŚŝƐ�ŝŶĐŽƌƉŽƌĂƟŽŶ�ĐĂŶ�
ĂůƐŽ�ůĞĂĚ�ƚŽ�ŵŽƌĞ�ĮŶĞͲŐƌĂŝŶĞĚ�ƉƌŽũĞĐƟŽŶƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�
ĞǆƚĞŶƚ�ŽĨ�ƉŽƉƵůĂƟŽŶ�ĨƌĂŐŵĞŶƚĂƟŽŶ�Žƌ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�
of dispersal barriers.

/ŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ŵŽǀĞŵĞŶƚ�ĂŶĚ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŝŶƚŽ�
ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƌĞƐĞĂƌĐŚ�ŚĂƐ�ďĞĞŶ�ĐĂůůĞĚ�ĨŽƌ�ŵƵůƟƉůĞ�ƟŵĞƐ�
ŽǀĞƌ�ƚŚĞ�ƉĂƐƚ�ϭϱ�ǇĞĂƌƐ�;^ŽďĞƌſŶ�ĂŶĚ�WĞƚĞƌƐŽŶ�ϮϬϬϱ͕�
<ŽŬŬŽ�ĂŶĚ�>ſƉĞǌͲ^ĞƉƵůĐƌĞ�ϮϬϬϲ͕��ƌŽŽŬĞƌ�Ğƚ�Ăů͘�ϮϬϬϳ͕�
�ƌŽƋƵĞƚ�ĂŶĚ�WĞƟƚ�ϮϬϬϵ͕�:ƆŶƐƐŽŶ�Ğƚ�Ăů͘�ϮϬϭϲͿ͕�ďƵƚ�ŚŽǁ�
ƚŚĞ�ĮĞůĚ�ŚĂƐ�ƌĞƐƉŽŶĚĞĚ�ŚĂƐ�ŶŽƚ�ďĞĞŶ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ͘�
dŽ� Ĩŝůů� ƚŚŝƐ� ŬŶŽǁůĞĚŐĞ� ŐĂƉ͕�ǁĞ�ƵƐĞĚ�ĞƐƚĂďůŝƐŚĞĚ�
ƐǇƐƚĞŵĂƟĐ� ůŝƚĞƌĂƚƵƌĞ� ƌĞǀŝĞǁ�ŵĞƚŚŽĚŽůŽŐŝĞƐ� ;WƵůůŝŶ�
ĂŶĚ�^ƚĞǁĂƌƚ�ϮϬϬϲ͕�DŽŚĞƌ�Ğƚ�Ăů͘�ϮϬϬϵ͕� >ŽƌƟĞ�ϮϬϭϰ͕�
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>ŽƌƟĞ�ĂŶĚ��ŽŶƚĞ�ϮϬϭϲͿ�ƚŽ�ĂƐƐĞƐƐ�ŚŽǁ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�
has been integrated within species range research and 
ĞǀĂůƵĂƚĞ�ŚŽǁ�ƚŚŝƐ�ŝŶĐůƵƐŝŽŶ�ŚĂƐ�ĂīĞĐƚĞĚ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�
ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƐŚŝŌƐ�ƌĞůĂƟǀĞ�ƚŽ�ƚŚŽƐĞ�ŵĂĚĞ�ďǇ�ĐůŝŵĂƚĞͲ
ŽŶůǇ�ŵŽĚĞůƐ͘�̂ ƉĞĐŝĮĐĂůůǇ͕ �ǁĞ�ĂƐŬĞĚ�ǁŚĞƚŚĞƌ�ŝŶĐůƵƐŝŽŶ�
ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŚĂƐ�ƉƌŽƉŽƌƟŽŶĂůůǇ� ŝŶĐƌĞĂƐĞĚ�ŽǀĞƌ�
ƟŵĞ�ŝŶ�ƌĞůĂƟŽŶ�ƚŽ�ƚŚĞ�ƉƵďůŝĐĂƟŽŶ�ŽĨ�ĂŶǇ�ĐĂůů�ƚŽ�ĂĐƟŽŶ�
ƉĂƉĞƌƐ�ďǇ�ŝĚĞŶƟĨǇŝŶŐ�ƉƵďůŝĐĂƟŽŶ�ƐƉŝŬĞƐ͕�ǁŚĂƚ�ŬŝŶĚƐ�ŽĨ�
dispersal data have been incorporated into models, 
ĂŶĚ�ǁŚĞƚŚĞƌ�ĐŽŶƐƚƌĂŝŶƚƐ�ŽŶ�ĐŽůůĞĐƟŶŐ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�
ŚĂƐ�ůŝŵŝƚĞĚ�ƚŚĞ�ƚĂǆŽŶŽŵŝĐ�ďƌĞĂĚƚŚ�ŽĨ�ƐƵĐŚ�ĂŶĂůǇƐĞƐ͘

Methods
Literature Search. We conducted a literature review 

ĨŽůůŽǁŝŶŐ�ŵĞƚŚŽĚƐ�ŽĨ� >ŽƌƟĞ�ĂŶĚ��ŽŶƚĞ� ;ϮϬϭϲͿ�ĂŶĚ�
others for species’ range papers that incorporated 
ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ĨŽůůŽǁŝŶŐ�ƚŚĞ�ƉƌĞĨĞƌƌĞĚ�ƌĞƉŽƌƟŶŐ�ŝƚĞŵƐ�
ĨŽƌ�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁƐ�ĂŶĚ�ŵĞƚĂͲĂŶĂůǇƐĞƐ�;WZ/^D�Ϳ�
ĨŽƌŵĂƚ�;DŽŚĞƌ�Ğƚ�Ăů͘�ϮϬϬϵ͕�Figure 2Ϳ͘�^ĞĂƌĐŚĞƐ�ǁĞƌĞ�
conducted in the ISI Web of Science database during 

December 2017. We used the search string Topic: 
͞ƐƉĞĐŝĞΎ�ƌĂŶŐΎ͘͟ �dŚĞ�ĨŽůůŽǁŝŶŐ�ƐƵďũĞĐƚƐ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ͗�
�ŶŐŝŶĞĞƌŝŶŐ�;Ăůů�ƚǇƉĞƐͿ͕�'ĞŽŐƌĂƉŚǇ�WŚǇƐŝĐĂů͕�DĂƚĞƌŝĂůƐ�
^ĐŝĞŶĐĞ�DƵůƟĚŝƐĐŝƉůŝŶĂƌǇ͕ ��ŽŵƉƵƚĞƌ�̂ ĐŝĞŶĐĞ�/ŶĨŽƌŵĂƟŽŶ�
^ǇƐƚĞŵƐ͕��ŚĞŵŝƐƚƌǇ� ;Ăůů� ƚǇƉĞƐͿ͕��ŐƌŽŶŽŵǇ͕�WƵďůŝĐ�
�ŶǀŝƌŽŶŵĞŶƚĂů�KĐĐƵƉĂƟŽŶĂů�,ĞĂůƚŚ͕��ŝŽƚĞĐŚŶŽůŽŐǇ͕ �
�ƉƉůŝĞĚ�DŝĐƌŽďŝŽůŽŐǇ͕ ��ƵƚŽŵĂƟŽŶ��ŽŶƚƌŽů�^ǇƐƚĞŵƐ͕�
/ŶƐƚƌƵŵĞŶƚƐ� /ŶƐƚƌƵŵĞŶƚĂƟŽŶ͕�WŚĂƌŵĂĐŽůŽŐǇ͕� &ŽŽĚ�
^ĐŝĞŶĐĞ� dĞĐŚŶŽůŽŐǇ͕�DĞĚŝĐĂů�'ĞŶĞƌĂů� /ŶƚĞƌŶĂů͕�
dŚĞƌŵŽĚǇŶĂŵŝĐƐ͕�^ƵƌŐĞƌǇ͕ �tĂƚĞƌ�ZĞƐŽƵƌĐĞƐ͕�WŚǇƐŝĐƐ�
;Ăůů�ƚǇƉĞƐͿ͕��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ͕��ŽŶƐƚƌƵĐƟŽŶ��ƵŝůĚŝŶŐ�
dĞĐŚŶŽůŽŐǇ͕�DĂƚŚĞŵĂƚŝĐƐ� ;Ăůů� ƚǇƉĞƐͿ͕��ĞŶƚŝƐƚƌǇ͕�
,ŽƌƚŝĐƵůƚƵƌĞ͕�KƌƚŚŽƉĞĚŝĐƐ͕� �ŚĞŵŝƐƚƌǇ͕� WŽůǇŵĞƌ�
^ĐŝĞŶĐĞ͕�KƉĞƌĂƟŽŶƐ�ZĞƐĞĂƌĐŚ�DĂŶĂŐĞŵĞŶƚ͕�,ĞĂůƚŚ�
�ĂƌĞ�^ĐŝĞŶĐĞƐ͕��ĐŽƵƐƟĐƐ͕� ĂŶĚ�dĞůĞĐŽŵŵƵŶŝĐĂƟŽŶ͘�
EĞǆƚ͕�ǁĞ� ƌĞŵŽǀĞĚ� ƌĞǀŝĞǁ�ƉĂƉĞƌƐ͕� ĞĚŝƚŽƌŝĂůƐ͕�ďŽŽŬ�
chapters, news items, and proceedings papers. This 
ƌĞƐƵůƚĞĚ�ŝŶ�ϲ͕ϰϬϲ�ƉƵďůŝĐĂƟŽŶƐ�;ƌĞĨĞƌƌĞĚ�ƚŽ�ĂƐ�ƚŚĞ�͞ ĨƵůů�
ĚĂƚĂƐĞƚ͖͟�̂ ƵƉƉůĞŵĞŶƚĂƌǇ�DĂƚĞƌŝĂůƐ�dĂďůĞ�̂ ϭͿ͘�tĞ�ƚŚĞŶ�
created the second dataset from a subsample of 
these papers. This “dispersal dataset” was derived by 

Figure 1.��ĞŵŽŶƐƚƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĐŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ŶŽƚ�ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ͕�ďǇ�ƵƐŝŶŐ�Ă�ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞů�ƚŽ�
ƉƌĞĚŝĐƚ�ĐŚĂŶŐĞƐ�ĨŽƌ�ƚŚĞ��ŽůƵŵďŝĂ�ƐƉŽƩĞĚ�ĨƌŽŐ�;Rana luteiventrisͿ�ǁŝƚŚ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ͘�dŚŝƐ�ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞů�ǁĂƐ�
ĐƌĞĂƚĞĚ�ƵƐŝŶŐ�DĂǆĞŶƚ�;WŚŝůůŝƉƐ�Ğƚ�Ăů͘�ϮϬϬϲͿ�ŝŶ�ĐŽŶũƵŶĐƟŽŶ�ǁŝƚŚ�ϲϬϵ�ƉƌĞƐĞŶĐĞ�ƉŽŝŶƚƐ�ĨƌŽŵ�'�/&͘ ŽƌŐ�ĂŶĚ�ƚŚĞ�ϭϵ��ŝŽĐůŝŵĂƟĐ�
ůĂǇĞƌƐ�ĨƌŽŵ�tŽƌůĚ�ůŝŵ͘ŽƌŐ͘�tĞ�ƉƌŽǀŝĚĞ�ƚŚƌĞĞ�ĞǆĂŵƉůĞ�ƐĐĞŶĂƌŝŽƐ�ĨŽƌ�ƉƌĞĚŝĐƟŶŐ�ƚŚĞ�ƐŚŝŌƐ�ŝŶ�ƚŚĞ�ƌĂŶŐĞ�ƚŽ�ϮϬϳϬ͗�ϭͿ�ZĂŶŐĞ�
ĐŽŶƐƚƌĂŝŶĞĚ�ƚŽ�ǁŝƚŚŝŶ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƌĂŶŐĞ�ƌĞƉƌĞƐĞŶƟŶŐ�ǌĞƌŽ�ĚŝƐƉĞƌƐĂů͖�ϮͿ�ZĂŶŐĞ�ĂŌĞƌ�ůŝŵŝƟŶŐ�ŵŽǀĞŵĞŶƚ�ƚŽ�Εϭ�Ŭŵ�ƉĞƌ�ǇĞĂƌ͕ �
ǁŚŝĐŚ�ŝƐ�ǁŝƚŚŝŶ�ŵĂǆŝŵƵŵ�ĚŝƐƉĞƌƐĂů�ĚŝƐƚĂŶĐĞƐ�ƌĞƉŽƌƚĞĚ�ĨŽƌ�ĂŶƵƌĂŶƐ�;^ŵŝƚŚ�ĂŶĚ�'ƌĞĞŶ�ϮϬϬϱͿ͖�ϯͿ�ƵŶůŝŵŝƚĞĚ�ĚŝƐƉĞƌƐĂů͘
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ƵƐŝŶŐ�^ĞĂƌĐŚ�ǁŝƚŚŝŶ�ZĞƐƵůƚƐ�ĂŶĚ�ƚŚĞ�ƚĞƌŵ�͞ĚŝƐƉĞƌƐΎ͕͟ �
which resulted in 970 papers that included dispersal 
;^ƵƉƉůĞŵĞŶƚĂƌǇ�DĂƚĞƌŝĂůƐ�dĂďůĞ�^ϮͿ͘�tĞ�ĨŽĐƵƐĞĚ�ŽŶ�
dispersal as it is the most common term used when 
ĚŝƐĐƵƐƐŝŶŐ�ŵŽǀĞŵĞŶƚ�ǁŝƚŚŝŶ�ƐƉĞĐŝĞƐ͛�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�
;,ŽůůŽǁĂǇ�ĂŶĚ�DŝůůĞƌ�ϮϬϭϳͿ͘��ŝƐƉĞƌƐĂů�ŝƐ�ĂůƐŽ�ƚŚĞ�ƚĞƌŵ�
ĨŽƌ�ŵŽǀĞŵĞŶƚ�ŶĞĞĚĞĚ�ĨŽƌ�ƐƵĐĐĞƐƐĨƵů�ĐŽůŽŶŝǌĂƟŽŶ�ŽĨ�
ĂŶ�ĂƌĞĂ͕�ĂƐ�ŽƉƉŽƐĞĚ�ƚŽ�ƚŚĞ�ƚĞƌŵƐ�͞ŵŝŐƌĂƟŽŶ͟�Žƌ�ũƵƐƚ�
͞ŵŽǀĞŵĞŶƚ͘͟ �EŽ�ŽƚŚĞƌ�ůŝŵŝƚĂƟŽŶƐ�ǁĞƌĞ�ŐŝǀĞŶ�ŝŶ�ƚŚĞ�
search parameters. It is possible that these steps may 
have biased our results.

Bibliographic Analysis.�&Žƌ�ƚŚĞƐĞ�ĮƌƐƚ�ƚǁŽ�ĚĂƚĂƐĞƚƐ͕�
ƚŚĞ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ĚĂƚĂƐĞƚ�;͞ĨƵůů�ƌĂŶŐĞ�ĚĂƚĂƐĞƚ͟Ϳ�ĂŶĚ�
the papers from that dataset which includes dispersal 
;͞ĚŝƐƉĞƌƐĂů� ĚĂƚĂƐĞƚ͟Ϳ͕�ǁĞ� ĐŽƵŶƚĞĚ� ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�
ƉƵďůŝĐĂƟŽŶƐ�ƉĞƌ�ǇĞĂƌ�ĂŶĚ�ƚŚĞ�ĐƵŵƵůĂƟǀĞ�ŶƵŵďĞƌ�ŝŶ�
ƚŽƚĂů͘�tĞ�ƚŚĞŶ�ĐĂůĐƵůĂƚĞĚ� ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�
that included dispersal data. From these datasets, we 
then determined the top 15 publishing journals and 
ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƚŚĞ�ƚŽƚĂů�ũŽƵƌŶĂů�ŽƵƚƉƵƚ�ƚŚĞƐĞ�ƉĂƉĞƌƐ�
ƌĞƉƌĞƐĞŶƚ�ŽǀĞƌ�ƚŚĞ�ƉĞƌŝŽĚ�ŽĨ�ƟŵĞ�ƌĞƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚĞ�
͞ĨƵůů�ƌĂŶŐĞ�ĚĂƚĂƐĞƚ͟�;ϭϵϵϭͲϮϬϭϳͿ͘�ϭϵϵϭ�ǁĂƐ�ƚŚĞ�ĮƌƐƚ�
year from the literature search, and no papers were 
removed from any dataset based on date. We also 
ĐŽŵƉůĞƚĞĚ�Ă�ŬĞǇǁŽƌĚ�ĐŽͲŽĐĐƵƌƌĞŶĐĞ�ŶĞƚǁŽƌŬ�ƚŽ�ůŽŽŬ�
ĨŽƌ�ĚŝīĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ�ƚŚĞƐĞ�ƚǁŽ�ĚĂƚĂƐĞƚƐ�ǁŝƚŚ�ƚŚĞ�
Z�ďŝďůŝŽŵĞƚƌŝǆ�ƉĂĐŬĂŐĞ�ĂŶĚ�ƚŚĞ�&ƌƵĐŚƚĞƌŵĂŶ�ŵĞƚŚŽĚ�

;Z�dĞĂŵ�ϮϬϭϯ͕��ƌŝĂ�ĂŶĚ��ƵĐĐƵƌƵůůŽ�ϮϬϭϳͿ͘�dŚŝƐ� ŝƐ�Ă�
ĨŽƌĐĞͲĚŝƌĞĐƚĞĚ�ŵĂƉƉŝŶŐ�ŵĞƚŚŽĚ͕�ǁŚĞƌĞ�ƚŚĞ�ŬĞǇǁŽƌĚƐ�
ĂĐƚ�ĂƐ�ŶŽĚĞƐ�ĂŶĚ�ĐƌŽƐƐŝŶŐ�ŽĨ� ůŝŶŬƐ� ŝƐ�ŵŝŶŝŵŝǌĞĚ� ƚŽ�
ǀŝƐƵĂůŝǌĞ�ƌĞůĂƟŽŶƐŚŝƉƐ͘

^ǇƐƚĞŵĂƟĐ�ZĞǀŝĞǁ͘ We randomly subsampled 200 papers 
from the “full dataset” of 6,406 papers to create a third 
ĚĂƚĂƐĞƚ�;͞ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟Ϳ�ƚŽ�ĂŶĂůǇǌĞ�ĚŝīĞƌĞŶĐĞƐ�
ŝŶ�ƉƵďůŝĐĂƟŽŶ�ƉĂƩĞƌŶƐ�ǁŚĞŶ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ� ŝƐ�ŶŽƚ�
ŝŶĐůƵĚĞĚ� ŝŶ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƌĞƐĞĂƌĐŚ͘�tĞ�ĐĂƚĞŐŽƌŝǌĞĚ�
ĂďƐƚƌĂĐƚƐ� ŽŶ�ŵĞƚŚŽĚ�ƵƐĞĚ͕� ƚĂǆĂ� ŝŶǀŽůǀĞĚ͕� ƐƚƵĚǇ�
ůŽĐĂƟŽŶ͕�ĂŶĚ�ŝŶĐůƵƐŝŽŶ�ŽĨ�ĨƵƚƵƌĞ�Žƌ�ƉĂƐƚ�ƉƌĞĚŝĐƟŽŶƐ͘�
If unclear from the abstract, which was most of the 
ƟŵĞ͕�ǁĞ�ƌĞĂĚ�ƚŚĞ�ĞŶƟƌĞ�ĂƌƟĐůĞ�ĨŽƌ�ƚŚŝƐ�ŝŶĨŽƌŵĂƟŽŶ͘�
DĞƚŚŽĚ�ƚǇƉĞƐ�ǁĞƌĞ͗�ƐƵƌǀĞǇƐ͕�ƐŝŵƵůĂƟŽŶƐ͕�ŵŽůĞĐƵůĂƌ͕ �
ŵĞƚĂͲĂŶĂůǇƐŝƐ͕� ƐƉĞĐŝĞƐ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞů͕�ŚĂďŝƚĂƚ�
ŵŽĚĞů͕�Žƌ�ƐŽŵĞ�ĐŽŵďŝŶĂƟŽŶ͘�,ĂďŝƚĂƚ�ŵŽĚĞůƐ�ǁĞƌĞ�
ĚŝƐƟŶŐƵŝƐŚĞĚ�ĨƌŽŵ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�ďǇ�ƚŚĞ�ƵƐĞ�ŽĨ�
ŚĂďŝƚĂƚͲƐƉĞĐŝĞƐ� ŝŶƚĞƌĂĐƟŽŶƐ� ƚŚƌŽƵŐŚ�ĞŵƉŝƌŝĐĂů�ĚĂƚĂ�
ĐŽůůĞĐƟŽŶ�Ăƚ�ĚŝīĞƌĞŶƚ�ƉŽƉƵůĂƟŽŶƐ͕�ǁŚŝĐŚ�ĚŝĚ�ŶŽƚ�ĂůǁĂǇƐ�
ƌĞƐƵůƚ�ŝŶ�ŵŽĚĞůƐ�ďĞŝŶŐ�ĂƉƉůŝĞĚ�ƚŽ�ƚŚĞ�ĞŶƟƌĞƚǇ�ŽĨ�ƚŚĞ�
ƌĂŶŐĞ�Žƌ�ďĞŝŶŐ� ƐƉĂƟĂůůǇͲĞǆƉůŝĐŝƚ͘��ŶŝŵĂů� ƚĂǆŽŶŽŵŝĐ�
categories were: squamates, testudines, anurans, 
ŝĐŚƚŚǇĞƐ͕�ŵĂŵŵĂůƐ͕� ĂǀĞƐ͕� ĂƌƚŚƌŽƉŽĚƐ͕� ĂŶĚ�ŶŽŶͲ
ĂƌƚŚƌŽƉŽĚ�ŝŶǀĞƌƚĞďƌĂƚĞƐ͘�WůĂŶƚ�ƚĂǆŽŶŽŵŝĐ�ĐĂƚĞŐŽƌŝĞƐ�
ǁĞƌĞ�ĂŶŐŝŽƐƉĞƌŵ͕�ŐǇŵŶŽƐƉĞƌŵ͕�ŵƵůƟƉůĞ͕�Žƌ�ŽƚŚĞƌ͘ �
&Žƌ�ƐƚƵĚǇ�ůŽĐĂƟŽŶ͕�ǁĞ�ĐĂƚĞŐŽƌŝǌĞĚ�Ăƚ�ƚŚĞ�ĐŽŶƟŶĞŶƚĂů�
scale: North America, South America, Europe, Asia, 

Figure 2.�̂ ĞĂƌĐŚ�ŇŽǁ�ĐŚĂƌƚ�ĂŶĚ�ĮůƚĞƌŝŶŐ�ƐƚĞƉƐ�ĨŽƌ�ůŝƚĞƌĂƚƵƌĞ�ƌĞǀŝĞǁ�ŽĨ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ƚŚĞ�ŝŶƚĞŐƌĂƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�
ĚĂƚĂ�;ĨŽůůŽǁŝŶŐ�Ă�ŵŽĚŝĮĞĚ�WZ/^D��ĚŝĂŐƌĂŵ�ĨŽƌŵĂƚ͕�DŽŚĞƌ�Ğƚ�Ăů͘�ϮϬϬϵͿ͘�^ĐƌĞĞŶŝŶŐ�ŽĨ�ƌĞĐŽƌĚƐ�ǁĂƐ�ĚŽŶĞ�ǁŝƚŚŝŶ�tĞď�ŽĨ�
^ĐŝĞŶĐĞ�ƵƐŝŶŐ�Ă�ƐƚĞƉǁŝƐĞ�ŵĞƚŚŽĚ͕�ĞǆĐĞƉƚ�ĨŽƌ�ƚŚĞ�ĂďƐƚƌĂĐƚ�ƐĐƌĞĞŶŝŶŐ�ŽĨ�ƚŚĞ�͞ƌĂŶŐĞ�ƐŚŝŌ�ĚĂƚĂƐĞƚ͟�ǁŚŝĐŚ�ǁĂƐ�ĚŽŶĞ�ŝŶ�Z�ďǇ�
ĮůƚĞƌŝŶŐ�ƚĞǆƚ�ǁŝƚŚŝŶ�ƚŚĞ�ĂďƐƚƌĂĐƚƐ�ŽĨ�ƚŚĞ�͞ ĨƵůů�ĚĂƚĂƐĞƚ͟�;Z��ŽƌĞ�dĞĂŵ�ϮϬϭϯͿ͘�dŚĞ�͞ ĨƵůů�ƌĂŶŐĞ�ĚĂƚĂƐĞƚ͟�ĂŶĚ�͞ ĚŝƐƉĞƌƐĂů�ĚĂƚĂƐĞƚ͟�
ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ĐŽŵƉĂƌĞ�ƉƵďůŝĐĂƟŽŶ�ƚƌĞŶĚƐ�ƚŚƌŽƵŐŚ�ƟŵĞ�ĂŶĚ�ũŽƵƌŶĂů�ůŽĐĂƟŽŶ�ŽĨ�ƐƚƵĚŝĞƐ͘�dŚĞ�͞ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟�ǁĂƐ�ƵƐĞĚ�
ĨŽƌ�ĐĂƚĞŐŽƌŝǌŝŶŐ�ƉĂƉĞƌƐ�ďĂƐĞĚ�ŽŶ�ŐĞŽŐƌĂƉŚŝĐ�ůŽĐĂƟŽŶ͕�ƚĂǆŽŶŽŵŝĐ�ŐƌŽƵƉ͕�ĂŶĚ�ŵĞƚŚŽĚƐ�ƵƐĞĚ͘��Ŷ�ĂĚĚŝƟŽŶĂů�ϭϬϬ�ƉƌĞĚŝĐƟŽŶ�
ƉĂƉĞƌƐ�ǁĂƐ�ƐƵďƐĂŵƉůĞĚ�ĨŽƌ�ĂŶĂůǇƐŝƐ�ŽĨ�ƉĂƉĞƌƐ�ƵƐŝŶŐ�ĨŽƌĞĐĂƐƟŶŐ�Žƌ�ŚŝŶĚĐĂƐƟŶŐ�ĚƵĞ�ƚŽ�ůŽǁ�ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ŝŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�
ϮϬϬ�ƉĂƉĞƌ�ĚĂƚĂƐĞƚ�ƚŚĂƚ�ǁĂƐ�ƌĞǀŝĞǁĞĚ͘�dŚĞ�ĮƌƐƚ�ƉƵďůŝƐŚĞĚ�ƌĞĐŽƌĚ�ŽĨ�ƚŚĞ�͞ĨƵůů�ĚĂƚĂƐĞƚ͟�ǁĂƐ�ϭϵϵϭ͘
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�ĨƌŝĐĂ͕��ƵƐƚƌĂůŝĂ͕�Žƌ�ŝƐůĂŶĚ�ƐǇƐƚĞŵƐ͘��ŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞů�
ƉƌĞĚŝĐƟŽŶ�ĐĂƚĞŐŽƌŝĞƐ�ǁĞƌĞ͗�ŶŽŶĞ͕�ĨƵƚƵƌĞ͕�Žƌ�ŚŝƐƚŽƌŝĐ͘�
Due to low numbers of papers including future or 
ŚŝƐƚŽƌŝĐĂů�ĚŝƐƚƌŝďƵƟŽŶ�ƉƌĞĚŝĐƟŽŶƐ͕�ǁĞ�ĐƌĞĂƚĞĚ�Ă�ŶĞǁ�
ĚĂƚĂ�ƐĞƚ�ďǇ�ƐƵďƐĂŵƉůŝŶŐ�ϭϬϬ�ĂĚĚŝƟŽŶĂů�ƉĂƉĞƌƐ�ĨƌŽŵ�ƚŚĞ�
͞ĨƵůů�ĚĂƚĂƐĞƚ͕͟ �ǁŝƚŚ�ĞŝƚŚĞƌ�ĨƵƚƵƌĞ�Žƌ�ŚŝƐƚŽƌŝĐĂů�ƉƌĞĚŝĐƟŽŶƐ�
ŽĨ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞƐ͘�dŚŝƐ�ǁĂƐ�ĚŽŶĞ�ďǇ�ƵƐŝŶŐ�Z�ƚŽ�ĮůƚĞƌ�
for papers with “climate change” or “historic range”, 
ĂŶĚ�͞ĚŝƐƚƌŝďƵƟŽŶ͟�Žƌ�͞ƌĂŶŐĞ͟�ǁŝƚŚŝŶ�ƚŚĞ�ƚĞǆƚ�ŽĨ�ƚŚĞ�
ĂďƐƚƌĂĐƚ͘�dŚŝƐ�ĂůůŽǁĞĚ�ƵƐ�ƚŽ�ůŽŽŬ�ĨŽƌ�ƚƌĞŶĚƐ�ŝŶ�ƉƌĞĚŝĐƟǀĞ�
ŵĞƚŚŽĚŽůŽŐŝĞƐ�ƚŚĂƚ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�ŽǀĞƌůŽŽŬĞĚ�ŝŶ�ƚŚĞ�
original 200 paper subsample. This fourth dataset 
ŝƐ� ƌĞĨĞƌƌĞĚ� ƚŽ�ĂƐ� ͞ƌĂŶŐĞ� ƐŚŝŌ�ĚĂƚĂƐĞƚ͘͟ �tĞ�ĚŝĚ�ŶŽƚ�
ƋƵĂŶƟĨǇ�ƚŚĞ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ĨŽƌ�ĞĂĐŚ�ƉĂƉĞƌ�ĂƐ�ƚŚĞ�ŐŽĂů�
ǁĂƐ�ŶŽƚ�ƚŽ�ƉƌŽǀŝĚĞ�Ă�ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƉƵďůŝƐŚĞĚ�ĚĂƚĂ͕�
but rather we focused on the categories of research 
and their frequencies.

^ƚĂƟƐƟĐĂů��ŶĂůǇƐĞƐ͘� /Ŷ� ĂĚĚŝƟŽŶ� ƚŽ�ƋƵĂůŝƚĂƟǀĞ�
ĞǀĂůƵĂƟŽŶ�ŽĨ� ƚŚĞ� ͞ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟�ƉĂƉĞƌƐ͕�ǁĞ�
ƉĞƌĨŽƌŵĞĚ�WĞĂƌƐŽŶ Ɛ͛�ʖ2�ƚĞƐƚƐ�ƚŽ�ůŽŽŬ�ĨŽƌ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�
ĐŽƵŶƚ�ĚĂƚĂ�ŽĨ�ƚŚĞ�ŵĞƚŚŽĚƐ͕�ƐƚƵĚǇ�ůŽĐĂƟŽŶ͕�ƚĂǆĂ͕�ĂŶĚ�

ƚŚĞ�ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ĨƵƚƵƌĞ�Žƌ�ŚŝƐƚŽƌŝĐĂů�ĚŝƐƚƌŝďƵƟŽŶ�
ŵŽĚĞůƐ�ĂŶĚ�ƉƌĞĚŝĐƟŽŶƐ͘

Results and Discussion
�ŝďůŝŽŵĞƚƌŝĐ�ĂŶĂůǇƐŝƐ�ĂŶĚ�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƚŚĞ�

ůŝƚĞƌĂƚƵƌĞ�ŚŝŐŚůŝŐŚƚĞĚ�ƐĞǀĞƌĂů�ƉĂƩĞƌŶƐ�ƌĞŐĂƌĚŝŶŐ�ƚŚĞ�
ƐƚĂƚĞ�ŽĨ� ƚŚĞ�ĮĞůĚ͘�tŚĞŶ�ĐŽŵƉĂƌŝŶŐ� ƚŚĞ�͞ĨƵůů� ƌĂŶŐĞ�
dataset” to the “dispersal dataset”, we found the 
top 15 publishing journals were similar between 
ƉƵďůŝĐĂƟŽŶ�ŐƌŽƵƉƐ͕�ǁŝƚŚ� ƚŚĞ� ƚŽƉ�ϱ�ďĞŝŶŐ� ŝĚĞŶƟĐĂů�
;Figure ϯ�Ϳ͘� dŚŝƐ�ǁĂƐ�ĚŽŶĞ� ƚŽ�ŚŝŐŚůŝŐŚƚ�ƉŽƚĞŶƟĂů�
ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�Ăƚ�ǁŚŝĐŚ�ĚŝīĞƌĞŶƚ�ƌĞƐĞĂƌĐŚ�
ĮĞůĚƐ�ǁĞƌĞ�ŝŶĐŽƌƉŽƌĂƟŶŐ�ŽƵƌ�ĚĞĮŶŝƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů͘�
Molecular Ecology and �ŽŶƐĞƌǀĂƟŽŶ�'ĞŶĞƟĐƐ were 
more frequently encountered for the dispersal group, 
ĚƌŝǀĞŶ�ŵŽƐƚůǇ�ďǇ� ƚŚĞ�ĮĞůĚƐ�ŽĨ�ƉŚǇůŽŐĞŽŐƌĂƉŚǇ�ĂŶĚ�
ůĂŶĚƐĐĂƉĞ�ŐĞŶĞƟĐƐ͕�ǁŝƚŚ�ďŽƚŚ�ƉƌŝŵĂƌŝůǇ�ďĞŝŶŐ�ƵƐĞĚ�
ƚŽ� ŝŶĨĞƌ� ĐŽŶŶĞĐƟǀŝƚǇ�ĂŵŽŶŐ�ƉŽƉƵůĂƟŽŶƐ�Ăƚ� ǀĂƌǇŝŶŐ�
temporal scales. PLoS ONE was near the top for both 
ƉƵďůŝĐĂƟŽŶ�ŐƌŽƵƉƐ͕�ďƵƚ�ƚŚŝƐ�ǁĂƐ�ĚƌŝǀĞŶ�ďǇ�ƚŚĞ�ůĂƌŐĞ�
ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ƉƵďůŝƐŚĞĚ�ĞĂĐŚ�ǇĞĂƌ�;Figure ϯ�Ϳ͘�

Figure 3.��Ϳ�dŽƉ�ϭϱ�ƉƵďůŝƐŚŝŶŐ� ũŽƵƌŶĂůƐ�ŽĨ�ϲ͕ϰϬϲ�ƉĂƉĞƌƐ�ƉƵďůŝƐŚŝŶŐ�ŽŶ� ƐƉĞĐŝĞƐ͛� ƌĂŶŐĞƐ� ;͞ĨƵůů�ĚĂƚĂƐĞƚ͟Ϳ� ĐŽŵƉĂƌĞĚ� ƚŽ�
ϵϳϬ�ƉƵďůŝĐĂƟŽŶƐ�ŝŶƚĞŐƌĂƟŶŐ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�;͞ĚŝƐƉĞƌƐĂů�ĚĂƚĂƐĞƚ͟Ϳ�ďĂƐĞĚ�ŽŶ�ĐŽƵŶƚƐ�ŽĨ�ƉĂƉĞƌƐ͘��Ϳ�WƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�ƚŚĂƚ�
ĨĂůů�ǁŝƚŚŝŶ�ƚŚĞƐĞ�ũŽƵƌŶĂůƐ�ďĂƐĞĚ�ŽŶ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƚŚĞƐĞ�ƉĂƉĞƌƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŽƚĂů�ũŽƵƌŶĂů�ŽƵƚƉƵƚ�ĚƵƌŝŶŐ�ƚŚĞ�ƟŵĞ�ƉĞƌŝŽĚ�
ŽĨ�ϭϵϵϭоϮϬϭϳ͕�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�ƌĞƐƵůƚƐ�ŽĨ�Ă�tĞď�ŽĨ�^ĐŝĞŶĐĞ�ƐĞĂƌĐŚ͘
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dŚĞ�ǀĂƌŝĞƚǇ�ŽĨ�ďŝŽůŽŐŝĐĂů�ĮĞůĚƐ�ĂŶĚ�ĚŝƐĐŝƉůŝŶĞƐ�ƌĞƉƌĞƐĞŶƚĞĚ�
in the journal list also highlights the interdisciplinary 
ŶĂƚƵƌĞ�ŽĨ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�ƌĞƐĞĂƌĐŚ͕�ƐƉĂŶŶŝŶŐ�ŵƵůƟƉůĞ�
ĚŝƐĐŝƉůŝŶĞƐ�ǁŝƚŚŝŶ�ĞĐŽůŽŐǇ�ĂŶĚ�ĞǀŽůƵƟŽŶ͘

KǀĞƌ�ƚŚĞ�ƟŵĞ�ĂŶĂůǇǌĞĚ�ŝŶ�ŽƵƌ�ůŝƚĞƌĂƚƵƌĞ�ƐĞĂƌĐŚĞƐ�
;ϭϵϵϭоϮϬϭϳͿ͕�ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�ƚŚĂƚ�ŝŶĐůƵĚĞĚ�
ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ƐůŽǁůǇ�ŝŶĐƌĞĂƐĞĚ͕�ďŽƚŚ�ǁŚĞŶ�ůŽŽŬŝŶŐ�Ăƚ�ƚŚĞ�
ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƚŽƚĂů�ƉĂƉĞƌƐ�ƉĞƌ�ǇĞĂƌ�;ĨƌŽŵ�Ϭ͘Ϭϴ�ƚŽ�Ϭ͘ϮϬͿ�
ĂŶĚ�ƚŚĞ�ǁŝƚŚŝŶͲǇĞĂƌ�ƉƌŽƉŽƌƟŽŶƐ�;ĨƌŽŵ�Ϭ͘Ϭϲ�ƚŽ�Ϭ͘ϭϱͿ͕�
with both increasing by about 0.10 over the last 
ĚĞĐĂĚĞ� ;Figure 4Ϳ͘�dŚĞƌĞ�ǁĞƌĞ�ŶŽ�ƐƵĚĚĞŶ�ĐŚĂŶŐĞƐ͕�
ǁŚŝĐŚ�ĐŽƵůĚ�ŚĂǀĞ�ďĞĞŶ�ĞǆƉĞĐƚĞĚ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ĂŶǇ�
ƉŽƚĞŶƟĂů�ƐƉĞĐŝĮĐ�ĐĂůů�ƚŽ�ĂĐƟŽŶ�ƉĂƉĞƌ�Žƌ�ŽƚŚĞƌ�ĞǀĞŶƚ͘�
These small, steady increases may instead be due to 
incremental decreases in methodology costs coupled 
ǁŝƚŚ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ŝŶ�ŵŽůĞĐƵůĂƌ�ĂŶĚ�ƚƌĂĐŬŝŶŐ�ŵĞƚŚŽĚƐ͘�
�Ɛ�ƐƉĞĐŝĮĐ�ĞǆĂŵƉůĞƐ͕�̂ ĞŐĞůďĂĐŚĞƌ�Ğƚ�Ăů͘�;ϮϬϭϬͿ�ƌĞǀŝĞǁĞĚ�
ƚŚĞ�ĚĞĐůŝŶŝŶŐ�ĐŽƐƚƐ�ŽĨ�ŐĞŶĞƟĐ�ĚĂƚĂ�ĨŽƌ�ůĂŶĚƐĐĂƉĞ�ŐĞŶĞƟĐƐ͕�
ǁŚŝůĞ� >ĞŶŶŽǆ�Ğƚ� Ăů͘� ;ϮϬϭϳͿ�ŚŝŐŚůŝŐŚƚĞĚ� ŝŵƉƌŽǀŝŶŐ�
ĂŶŝŵĂů�ƚƌĂĐŬŝŶŐ�ƚĞĐŚŶŽůŽŐǇ�ŝŶ�ĂƋƵĂƟĐ�ĞŶǀŝƌŽŶŵĞŶƚƐ͘�
dŚĞƐĞ�ŵĞƚŚŽĚŽůŽŐŝĐĂů� ŝŵƉƌŽǀĞŵĞŶƚƐ� ĐĂŶ�ƋƵŝĐŬůǇ�
ŽĐĐƵƌ�ďǇ�ĨŽůůŽǁŝŶŐ�ƚŚĞ�ƚƌĂũĞĐƚŽƌǇ�ŽĨ�ĞǀĞƌͲŝŶĐƌĞĂƐŝŶŐ�
data availability, as observed in island biogeography 
;&ĞƌŶĄŶĚĞǌͲWĂůĂĐŝŽƐ�Ğƚ�Ăů͘�ϮϬϭϱͿ͘�dŚĞƌĞ�ŝƐ�ŽŶĞ�ŵĂũŽƌ�
ĐĂǀĞĂƚ�ƚŽ�ƚŚĞƐĞ�ƉĂƩĞƌŶƐ͗�ƚŚĞ�ƐĐŽƉĞ�ŽĨ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�
ƉƌŝŵĂƌǇ�ƌĞƐĞĂƌĐŚ�ŐŽĂůƐ�ŵĂǇ�ŶŽƚ�ďĞ�ƉƌĞĚŝĐƟǀĞ�ŝŶ�ŶĂƚƵƌĞ�
ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ĂƌĞ�ůĞƐƐ�ĨŽĐƵƐĞĚ�ŽŶ�ĚŝƐƉĞƌƐĂů�ĂďŝůŝƟĞƐ�ŽĨ�
ƚŚĞ�ŽƌŐĂŶŝƐŵ͘�DƵĐŚ�ŽĨ�ƚŚĞ�ƌĞƐĞĂƌĐŚ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ŽƵƌ�
ůŝƚĞƌĂƚƵƌĞ�ƐĞĂƌĐŚ�ĨŽĐƵƐĞĚ�ŽŶ�ĚĞƐĐƌŝďŝŶŐ�ƉƌĞƐĞŶƚͲĚĂǇ�
species ranges. Even though species’ range limits are 
Ă�ƌĞƐƵůƚ�ŽĨ�ĚŝƐƉĞƌƐĂů�ƉĂƩĞƌŶƐ͕�ŝĨ�ĂƵƚŚŽƌƐ�ĂƐƐƵŵĞ�ƚŚĂƚ�
species currently cover all of its suitable area then 
ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĞƐƟŵĂƚĞƐ�ĂƌĞ�ŶŽƚ�ŶĞĐĞƐƐĂƌǇ͘

dŚĞ�ŬĞǇǁŽƌĚ� ĐŽͲŽĐĐƵƌƌĞŶĐĞ� ĐůƵƐƚĞƌŝŶŐ�ĂŶĂůǇƐŝƐ�
found similar terms used between the “full dataset” 
ĂŶĚ� ͞ĚŝƐƉĞƌƐĂů�ĚĂƚĂƐĞƚ͟� ;Figure 5Ϳ͘�KŶĞ�ĞǆĐĞƉƟŽŶ�
ǁĂƐ� ƚŚĂƚ� ͞ƐƉĞĐŝĂƟŽŶ͟�ĂŶĚ�͞ůŽĐĂů� ĂĚĂƉƚĂƟŽŶ͟�ǁĞƌĞ�
not found in the top 25 terms of the “full dataset.” In 
ĂĚĚŝƟŽŶ͕�ƚŚĞ�ĐůƵƐƚĞƌŝŶŐ�ĂŶĂůǇƐŝƐ�ĨŽƵŶĚ�ŶŽ�ĐůĞĂƌ�ƉĂƩĞƌŶ�
within the “full dataset.” In the “dispersal dataset,” 
two primary clusters were found, with phylogeography 
ĂŶĚ�ƉŽƉƵůĂƟŽŶ�ƐƚƌƵĐƚƵƌĞ�ĐůƵƐƚĞƌŝŶŐ͕�ĂůŽŶŐ�ǁŝƚŚ�ƚŚĞŝƌ�
ƌĞůĂƚĞĚ�ŵĞƚŚŽĚŽůŽŐŝĞƐ�;Ğ͘Ő͕͘�ŵŝƚŽĐŚŽŶĚƌŝĂů��E�Ϳ͕�ŝŶ�
ƚŚĞŝƌ�ŽǁŶ�ŐƌŽƵƉ�ƐĞƉĂƌĂƚĞ�ĨƌŽŵ�ƚŚĞ�ƌĞƐƚ�;Figure 5AͿ͘

�ƵƌŝŶŐ� ƚŚĞ� ƐǇƐƚĞŵĂƟĐ� ƌĞǀŝĞǁ͕� ƐĞǀĞƌĂů�ƉĂƩĞƌŶƐ�
ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ďĞƚǁĞĞŶ�ĚŝƐƉĞƌƐĂů�ĂŶĚ�ŶŽŶͲĚŝƐƉĞƌƐĂů�
papers within the subsample from the full dataset 
;͞ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟Ϳ͘�DĞƚŚŽĚƐ�ǀĂƌŝĞĚ�ďĞƚǁĞĞŶ�ƚŚĞ�
ĚŝƐƉĞƌƐĂů� ĂŶĚ�ŶŽŶͲĚŝƐƉĞƌƐĂů�ƉĂƉĞƌƐ� ŝŶ� ƚŚŝƐ�ĚĂƚĂƐĞƚ�
;Figure 6A͕�WĞĂƌƐŽŶ Ɛ͛�ʖ2, P�ф�Ϭ͘ϬϬϭͿ͘�dŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�
ŵĞƚŚŽĚ�ƵƐĞĚ�ƚŽ�ĞƐƟŵĂƚĞ�ĚŝƐƉĞƌƐĂů�ǁĂƐ�͞ŵŽůĞĐƵůĂƌ�
ŵĞƚŚŽĚƐ͕͟ �ǁŝƚŚ� ƚŚĞ�ĮĞůĚƐ�ŽĨ�ƉŚǇůŽŐĞŽŐƌĂƉŚǇ�ĂŶĚ�
ůĂŶĚƐĐĂƉĞ�ŐĞŶĞƟĐƐ�ďĞŝŶŐ�ǁĞůů�ƌĞƉƌĞƐĞŶƚĞĚ͘�dŚĞ�ŚŝŐŚĞƌ�
ƉƌŽƉŽƌƟŽŶ�ŽĨ�ŵŽůĞĐƵůĂƌ�ŵĞƚŚŽĚƐ� ŝŶ� ƚŚĞ�ĚŝƐƉĞƌƐĂů�
ƐƵďƐĂŵƉůĞ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ�ĚƵĞ�ƚŽ�ůŽǁĞƌ�ƉƌŽƉŽƌƟŽŶƐ�
ƵƐŝŶŐ�ŽŶůǇ�ƚƌĂĚŝƟŽŶĂů�ƐƵƌǀĞǇ�ĂŶĚ�ƚƌĂĐŬŝŶŐ�ŵĞƚŚŽĚƐ͕�
Žƌ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůůŝŶŐ�ďǇ� ŝƚƐĞůĨ͘ � dŚĞƌĞ�ǁĞƌĞ�ŶŽ�
ĚŝīĞƌĞŶĐĞƐ� ŝŶ� ƚĂǆŽŶŽŵŝĐ�ŐƌŽƵƉ� ƌĞƉƌĞƐĞŶƚĞĚ�ĂĐƌŽƐƐ�
ƚŚĞ�ƚǁŽ�ĚĂƚĂƐĞƚƐ�;Figure 6B͕�WĞĂƌƐŽŶ Ɛ͛�ʖ2 P�с�Ϭ͘ϯϳͿ͘

dŚĞƌĞ�ǁĂƐ�Ă� ĐŽƌƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�ŵĞƚŚŽĚ�ĂŶĚ�
ƚĂǆŽŶŽŵŝĐ�ĐĂƚĞŐŽƌǇ�ŝŶ�ƚŚĞ�͞ ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟�;WĞĂƌƐŽŶ Ɛ͛�
ʖ2 P�с�Ϭ͘ϬϯͿ͕�ĂůƚŚŽƵŐŚ�ŶŽ�ĚŝīĞƌĞŶĐĞ�ǁĂƐ�ĚĞƚĞĐƚĞĚ�ǁŚĞŶ�

ĨƵƌƚŚĞƌŝŶŐ�ĐĂƚĞŐŽƌŝǌĂƟŽŶ�ďǇ�ĚŝƐƉĞƌƐĂů�ŝŶĐůƵƐŝŽŶ�;�ŽĐŚƌĂŶͲ
DĂŶƚĞůͲ,ĂĞŶƐǌĞů͕�P�с�Ϭ͘ϯϭͿ͘�dŚŝƐ� ŝŵƉůŝĞƐ� ƚŚĂƚ�ƐŽŵĞ�
methods may be more common for certain species, 
ďƵƚ�ǁĞ�ŵŝŐŚƚ�ŶŽƚ�ŚĂǀĞ�ŚĂĚ�ƚŚĞ�ƐƚĂƟƐƟĐĂů�ƉŽǁĞƌ�ƚŽ�
ĚĞƚĞĐƚ�ƚŚĞ�ƌĞůĂƟŽŶƐŚŝƉ�ĂŌĞƌ�ĂĚĚŝŶŐ�ĂŶŽƚŚĞƌ�ůĂǇĞƌ�ŽĨ�
ĐĂƚĞŐŽƌŝǌĂƟŽŶ͘�KŶĞ�ƉŽƚĞŶƟĂů�ƌĞĂƐŽŶ�ĨŽƌ�ĚŝīĞƌĞŶĐĞƐ�
ŝŶ�ƚĂǆŽŶŽŵŝĐͲŵĞƚŚŽĚ�ĐĂƚĞŐŽƌŝĞƐ�ŵĂǇ�ďĞ�ĚƵĞ�ƚŽ�ƚŚĞ�
ĂƉƉůŝĐĂďŝůŝƚǇ�ŽĨ�ĂǀĂŝůĂďůĞ�ƚƌĂĐŬŝŶŐ�ŵĞƚŚŽĚƐ�ƚŽ�ƐƉĞĐŝĮĐ�
ŽƌŐĂŶŝƐŵƐ͕�Žƌ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƉĞĐŝĞƐ�ǁŝƚŚŝŶ�Ă�ƚĂǆŽŶŽŵŝĐ�
ŐƌŽƵƉ͕�Žƌ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ƌĞƐĞĂƌĐŚ�ĨŽĐƵƐĞĚ�ŽŶ�Ă�ƐƉĞĐŝĮĐ�
ƚĂǆŽŶ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ƌĂĚŝŽͲĐŽůůĂƌƐ�ǁŝƚŚ�ůŽŶŐĞƌ�ďĂƩĞƌǇ�
ůŝĨĞ�ĂƌĞ�ďĞƐƚ�ƐƵŝƚĞĚ�ĨŽƌ�ůĂƌŐĞƌ�ĂŶŝŵĂůƐ�;Ğ͘Ő͕͘�ĐŽǇŽƚĞƐ͕�
,ŝŶƚŽŶ�Ğƚ�Ăů͘�ϮϬϭϱͿ͕�ĂŶĚ�ƚŚŝƐ�ǁĂƐ�ƌĞŇĞĐƚĞĚ�ďǇ�ƚǁŽ�ŽĨ�
ƚŚĞ�ƚŚƌĞĞ�ƌĂĚŝŽͲĐŽůůĂƌ�ƐƚƵĚŝĞƐ�ǁŝƚŚŝŶ�ƚŚĞ�ƐƵďƐĂŵƉůĞĚ�
ƉĂƉĞƌƐ�;ŝ͘Ğ͕͘�ǁŽůĨ͕ ��ŚĂĚǁŝĐŬ�Ğƚ�Ăů͘�ϮϬϭϬ͖�ƐĂŐĞ�ŐƌŽƵƐĞ͕�
dĂǇůŽƌ�Ğƚ�Ăů͘� ϮϬϭϳͿ͘�,ŽǁĞǀĞƌ͕ � ƚŚĞ� ƚŚŝƌĚ� ƌĂĚŝŽͲĐŽůůĂƌ�
ƉĂƉĞƌ�ǁĂƐ�ŽŶ�ƚŚĞ�Dƚ͘�'ƌĂŚĂŵ�ƌĞĚ�ƐƋƵŝƌƌĞů͕�ǁŚŝĐŚ�ŝƐ�
ĂďŽƵƚ�ϮϰϬ�ŐƌĂŵƐ�;<ŽƉƌŽǁƐŬŝ�ϮϬϬϱͿ͘�^ŵĂůůĞƌ�ĂŶŝŵĂůƐ͕�
ƐƵĐŚ�ĂƐ�ĨƌŽŐƐ͕�ůŝŵŝƚ�ƚŚĞ�ĂǀĂŝůĂďůĞ�ŽƉƟŽŶƐ�ĂƐ�ĞǀĞŶ�ƐŵĂůů�
ĚĞǀŝĐĞƐ�ŵĂǇ�ŝŵƉĂĐƚ�ŵŽǀĞŵĞŶƚ�;�Ƶůů�ϮϬϬϬͿ͘��ůƚŚŽƵŐŚ�
ƐŝǌĞ�ŝƐ�ůŝŵŝƟŶŐ͕�ĂƩĂĐŚŵĞŶƚ�ŽƉƟŽŶƐ�ĂůƐŽ�ǀĂƌǇ�ǁŝƚŚ�ƚŚĞ�
ƐŬŝŶ�ŽĨ�ƚŚĞ�ŽƌŐĂŶŝƐŵ͕�ƐŽ�ƚŚĂƚ�ƚƌĂĐŬŝŶŐ�Ă�ƐŵĂůů�ĂŵƉŚŝďŝĂŶ�
ƉƌĞƐĞŶƚƐ�ƵŶŝƋƵĞ�ĐŚĂůůĞŶŐĞƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚƌĂĐŬŝŶŐ�Ă�ƐŵĂůů�
ŵĂŵŵĂů�;Ğ͘Ő͕͘�DĞƌƌŝĐŬ�ĂŶĚ�<ŽƉƌŽǁƐŬŝ�ϮϬϭϲͿ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�
ĚŝĸĐƵůƟĞƐ�ĐĂŶ�ŽŌĞŶ�ďĞ�ƉƌĞƐĞŶƚ�ŝŶ�ĚĞƚĞƌŵŝŶŝŶŐ�ǁŚĞƚŚĞƌ�
ĐŽůůĞĐƚĞĚ�ƚƌĂĐŬŝŶŐ�ĚĂƚĂ�ƌĞƉƌĞƐĞŶƚƐ�ĚŝƐƉĞƌƐĂů�Žƌ�ƐŽŵĞ�
ŽƚŚĞƌ�ŵŝŐƌĂƚŽƌǇ�ďĞŚĂǀŝŽƌ͕ �ŝŶ�ƉĂƌƟĐƵůĂƌ�ǁŝƚŚ�ĂŶŝŵĂůƐ�
ǁŝƚŚ�ŚŝŐŚ�ƐŝƚĞ�ĮĚĞůŝƚǇ͘�/Ŷ�ƚŚĞ�ƐƵďƐĂŵƉůĞĚ�ƉĂƉĞƌƐ͕�ƚŚĞ�
ŽŶůǇ�ƉĂƉĞƌƐ�ůŽŽŬŝŶŐ�Ăƚ�ŝŶǀĞƌƚĞďƌĂƚĞƐ�ǁŚŝĐŚ�ŝŶĐůƵĚĞĚ�
dispersal data focused on molecular methods.

KǀĞƌĂůů� ŐĞŽŐƌĂƉŚŝĐ�ďŝĂƐĞƐ�ǁĞƌĞ�ŽďƐĞƌǀĞĚ͕�ǁŝƚŚ�
ŵŽƐƚ�ƐƚƵĚŝĞƐ�ƚĂŬŝŶŐ�ƉůĂĐĞ�ŝŶ��ƵƌŽƉĞ�Žƌ�EŽƌƚŚ��ŵĞƌŝĐĂ�
;Figure 7Ϳ͘���ƉŽƚĞŶƟĂů� ƚƌĞŶĚ�ŽĨ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�
ĚŝƐƉĞƌƐĂů�ĂŶĚ�ŶŽŶͲĚŝƐƉĞƌƐĂů�ǁĂƐ�ĨŽƵŶĚ�ǁŝƚŚ�ŐĞŽŐƌĂƉŚŝĐ�
ůŽĐĂƟŽŶ�ŽĨ�ƐƚƵĚŝĞƐ�;Figure 6͕�WĞĂƌƐŽŶ Ɛ͛�ʖ2 P�с�Ϭ͘ϬϵͿ͘�
�ŝƐƉĞƌƐĂů�ǁĂƐ�ŝŶĐŽƌƉŽƌĂƚĞĚ�Ăƚ�Ă�ŚŝŐŚĞƌ�ƉƌŽƉŽƌƟŽŶ�ŝŶ�
South America, Africa, and island systems. For South 
America and Africa, this may be due to movement 

Figure 4.�WƌŽƉŽƌƟŽŶ�ŽĨ�ƉƵďůŝĐĂƟŽŶƐ�ĨƌŽŵ�Ă�tĞď�ŽĨ�̂ ĐŝĞŶĐĞ�
search focused on species’ range research that include 
dispersal data, calculated from “dispersal dataset” divided 
ďǇ�ƚŚĞ�͞ĨƵůů�ĚĂƚĂƐĞƚ͟�ĂĐƌŽƐƐ�Ăůů�ũŽƵƌŶĂůƐ͘�dŽƚĂů�ƉƵďůŝĐĂƟŽŶ�
ƉƌŽƉŽƌƟŽŶ� ŝƐ�ĐĂůĐƵůĂƚĞĚ�ĨƌŽŵ�ƚŚĞ�ĐƵŵƵůĂƟǀĞ�ŶƵŵďĞƌ�ŽĨ�
ƉĂƉĞƌƐ�ƉƵďůŝƐŚĞĚ�ĨƌŽŵ�ϭϵϵϭ͕�ƚŚĞ�ĮƌƐƚ�ǇĞĂƌ�ŝŶ�ƚŚĞ�tĞď�ŽĨ�
Science search, through and including the given year. Within 
ǇĞĂƌ�ĐŽƵŶƚ�ƉƵďůŝĐĂƟŽŶ�ƉƌŽƉŽƌƟŽŶ�ƌĞƉƌĞƐĞŶƚƐ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�
of papers with dispersal within that single given year.
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research as a focus due to concerns about habitat 
ĨƌĂŐŵĞŶƚĂƟŽŶ�;Ğ͘Ő͕͘��ƌĂŵĞƌ�Ğƚ�Ăů͘�ϮϬϬϳ͕�sĂŶ�,ŽƵƚĂŶ�Ğƚ�Ăů͘�
ϮϬϬϳͿ�ĂŶĚ�ŝŶƚĞƌĞƐƚ�ŝŶ�ǁŝĚĞͲƌĂŶŐŝŶŐ�ŵŝŐƌĂƚŽƌǇ�ƐƉĞĐŝĞƐ͕�
ƌĞƐƉĞĐƟǀĞůǇ͘��ŝƐƉĞƌƐĂů�ŽĨ�ŽƌŐĂŶŝƐŵƐ�ĂŵŽŶŐ� ŝƐůĂŶĚ�
systems was studied more frequently and in greater 
ĚĞƚĂŝů� ƚŚĂŶ�ĐŽŶƟŐƵŽƵƐ�ƉŽƉƵůĂƟŽŶƐ� ŝŶ�ŽƵƌ�ĚĂƚĂƐĞƚ͕�
ĂŶĚ�ƚŚŝƐ�ĨŽĐƵƐ�ŚĂƐ�ďĞĞŶ�ĚƌŝǀĞŶ�ďǇ�ƚŚĞ�ĮĞůĚ�ŽĨ�ŝƐůĂŶĚ�
ďŝŽŐĞŽŐƌĂƉŚǇ�;:ƆŶƐƐŽŶ�Ğƚ�Ăů͘�ϮϬϭϲͿ͘�dŚŝƐ�ĐŽƵůĚ�ďĞ�ĚƵĞ�
ƚŽ�ƚŚĞ�ƐĐĂůĞ�Žƌ�ĚŝƐĐƌĞƚĞŶĞƐƐ�ŽĨ�ŝĚĞŶƟĨǇŝŶŐ�ƉŽƉƵůĂƟŽŶƐ�
ďĞƚǁĞĞŶ� ŝƐůĂŶĚ� ƐǇƐƚĞŵƐ�ĂŶĚ�ŵĂŝŶůĂŶĚ� ůŽĐĂƟŽŶƐ͘�
/Ŷ�ĂĚĚŝƟŽŶ͕�ĚŝƐƉĞƌƐĂů�ǁŝƚŚŝŶ�Ă�ƐŵĂůů� ŝƐůĂŶĚ�ŵĂǇ�ŶŽƚ�
ďĞ�ĂƐ�ŝŵƉŽƌƚĂŶƚ�ďĞĐĂƵƐĞ�ƚŚĞ�ŵŽǀĞŵĞŶƚ�ĐĂƉĂďŝůŝƟĞƐ�
ŽĨ�ŝŶĚŝǀŝĚƵĂůƐ�ŵĂǇ�ĞǆĐĞĞĚ�ŝƐůĂŶĚ�ƐŝǌĞ͘

Dispersal, although incredibly important, was found 
ƚŽ�ďĞ�ƌĂƌĞůǇ�ŝŶĐŽƌƉŽƌĂƚĞĚ�ŝŶ�ƐƚƵĚŝĞƐ�ƉƌĞĚŝĐƟŶŐ�ƌĂŶŐĞ�
ƐŚŝŌƐ͘�/Ŷ�ƚŚĞ�͞ ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͕͟ �ƉƌĞĚŝĐƟŽŶƐ�ŽĨ�ĐŚĂŶŐĞƐ�
in species ranges, either future or in the past, were 
ŶŽƚ�ĨƌĞƋƵĞŶƚůǇ�ŝŶĐůƵĚĞĚ�;ϮϭͬϮϬϬͿ�ĂŶĚ�ŝŶĐŽƌƉŽƌĂƟŽŶ�
of dispersal was unrelated to whether researchers 
ĐƌĞĂƚĞĚ�ƉƌĞĚŝĐƟŽŶƐ�;ϭϬͬϮϭͿ�ŝŶĐůƵĚĞĚ�ĚŝƐƉĞƌƐĂů͕�WĞĂƌƐŽŶ Ɛ͛�
ʖ2 P� с�Ϭ͘ϭϱͿ͘�tŝƚŚŝŶ� ƚŚĞ�ĂĚĚŝƟŽŶĂů�ƉĂƉĞƌƐ� ƐĂŵƉůĞĚ�
ĨŽƌ�Ă�ĚĞƚĂŝůĞĚ�ĂŶĂůǇƐŝƐ�ĨŽĐƵƐŝŶŐ�ŽŶ�ƌĂŶŐĞ�ƉƌĞĚŝĐƟŽŶƐ�
;͞ƌĂŶŐĞ� ƐŚŝŌ�ĚĂƚĂƐĞƚ͟Ϳ͕� ϭϵͬϭϬϬ� ŝŶĐůƵĚĞĚ�ĚŝƐƉĞƌƐĂů͘�

This low number of studies in the original sample is 
ůŝŬĞůǇ�ĚƵĞ�ƚŽ�ƉƌĞĚŝĐƟŽŶƐ�ĞŝƚŚĞƌ�ŶŽƚ�ďĞŝŶŐ�ŽŶĞ�ŽĨ�ƚŚĞ�
ŝŶƚĞŶĚĞĚ�ŐŽĂůƐ�Žƌ� ƚŚĞ� ůŽŐŝƐƟĐ�ĚŝĸĐƵůƚǇ�ŽĨ� ĐƌĞĂƟŶŐ�
ƋƵĂůŝƚǇ�ŵŽĚĞůƐ͕�ďŽƚŚ�ŽĨ�ǁŚŝĐŚ�ǁŽƵůĚ�ďĞ�ƚĂǆŽŶ͕�ƐǇƐƚĞŵ͕�
ĂŶĚ�ƌĞƐĞĂƌĐŚĞƌ�ƐƉĞĐŝĮĐ͘�/ƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŚĂƚ�ƌĞƐĞĂƌĐŚĞƌƐ�
ĂĐŬŶŽǁůĞĚŐĞĚ�ƚŚĞ�ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ƚŚĞŝƌ�ĚĂƚĂ�ĂŶĚ�ĐŚŽŽƐĞ�
ŶŽƚ� ƚŽ� ĐƌĞĂƚĞ�ƉƌĞĚŝĐƟǀĞ�ŵŽĚĞůƐ�ǁŝƚŚ�ĚŝƐƉĞƌƐĂů�ĚƵĞ�
ƚŽ�ƚŚĞ�ĂƐƐƵŵƉƟŽŶƐ�ƚŚĂƚ�ǁŽƵůĚ�ŶĞĞĚ�ƚŽ�ďĞ�ĂĐĐĞƉƚĞĚ͘�
&Žƌ�ĞǆĂŵƉůĞ͕�ŝƚ�ŵĂǇ�ďĞ�ŝŶĂƉƉƌŽƉƌŝĂƚĞ�ƚŽ�ďƵŝůĚ�ƌĂŶŐĞͲ
ǁŝĚĞ�ŵŽĚĞůƐ� ŝĨ� ůĂƌŐĞ�ǀĂƌŝĂƟŽŶ� ŝŶ�ŵŽǀĞŵĞŶƚ�ĞǆŝƐƚƐ�
ĂĐƌŽƐƐ�ƚŚĞ�ƌĂŶŐĞ�;�ƵƐƟŶ�Ğƚ�Ăů͘�ϮϬϬϰͿ͘�dŚĞ�ƉĂƩĞƌŶ�ŽĨ�
ĨƵƚƵƌĞ�ƌĂŶŐĞ�ƉƌĞĚŝĐƟŽŶƐ�ŽĐĐƵƌƌŝŶŐ�ŵŽƌĞ�ŽŌĞŶ�ƚŚĂŶ�
ƉĂƐƚ�ƌĂŶŐĞ�ƉƌĞĚŝĐƟŽŶƐ�ŵĂǇ�ďĞ�ĚƌŝǀĞŶ�ďǇ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�
ƌĞůŝĂďůĞ�ŵŽĚĞůƐ�ĂŶĚ�ƉƌĞĚŝĐƟŽŶƐ�ŽĨ�ƌĂŶŐĞ�ĞǆƉĂŶƐŝŽŶƐ�
ŝŶ� ĐŽŶƐĞƌǀĂƟŽŶ�ƉůĂŶŶŝŶŐ�Žƌ� ƚŚĞ�ĂƐƐƵŵƉƟŽŶƐ�ĂŶĚ�
ĐŚĂůůĞŶŐĞƐ�ŽĨ� ůĂƌŐĞͲƐĐĂůĞ�ŚŝƐƚŽƌŝĐ� ƌĂŶŐĞ�ŵŽĚĞůůŝŶŐ͘�
/ŶĐƌĞĂƐĞĚ�ƟŵĞƐĐĂůĞƐ�ĨŽƌ�ƌĂŶŐĞ�ƉƌĞĚŝĐƟŽŶƐ�ĂůƐŽ�ŝŶĐƌĞĂƐĞƐ�
ƚŚĞ�ƉŽƚĞŶƟĂů�ƉƌŽďůĞŵƐ�ǁŝƚŚ�ĐĞƌƚĂŝŶ�ĂƐƐƵŵƉƟŽŶƐ͕�ƐƵĐŚ�
ĂƐ�ŶŽ�ĐůŝŵĂƟĐ�ĂĚĂƉƚĂƟŽŶ�Žƌ�ĐŚĂŶŐĞƐ� ŝŶ�ŵŽǀĞŵĞŶƚ�
ŵŽĚĂůŝƟĞƐ͖�ŚŽǁĞǀĞƌ͕ �ƚŚĞ�ƐĐĂůĞ�ĐĂŶ�ĂůƐŽ�ŵĂŬĞ�ŚŝŶĚĐĂƐƟŶŐ�
easier as aspects of the model can be averaged out 
ŽǀĞƌ�ůĂƌŐĞ�ƉĞƌŝŽĚƐ�ŽĨ�ƟŵĞ�ĂŶĚ�ŝŶĚŝǀŝĚƵĂů�ƐƚŽĐŚĂƐƟĐ�
processes may be less important.

Figure 5.�<ĞǇǁŽƌĚ�ĐŽͲŽĐĐƵƌƌĞŶĐĞ�ŶĞƚǁŽƌŬŝŶŐ�ĂŶĂůǇƐŝƐ�ƵƐŝŶŐ�&ƌƵĐŚƚĞƌŵĂŶ�ŵĞƚŚŽĚŽůŽŐǇ�ĨŽƌ��Ϳ�͞ ĚŝƐƉĞƌƐĂů�ĚĂƚĂƐĞƚ͟�ĂŶĚ��Ϳ�͞ ĨƵůů�
ĚĂƚĂƐĞƚ͘͟ �>ŝŶĞ�ĚĂƌŬŶĞƐƐ�ƌĞƉƌĞƐĞŶƚƐ�ůŝŶŬĂŐĞ�ĂŶĚ�ĐŽůŽƌ�ƌĞƉƌĞƐĞŶƚƐ�ĐůƵƐƚĞƌŝŶŐ͘
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Figure 6.�DĞƚŚŽĚŽůŽŐǇ� ;�Ϳ�ĂŶĚ� ƚĂǆŽŶŽŵŝĐ�ŐƌŽƵƉ� ;�Ϳ�ŽĨ� ƐƚƵĚŝĞƐ� ĨƌŽŵ�ƌĂŶĚŽŵ�ƐƵďƐĞƚ�ŽĨ�ϮϬϬ�ƉƵďůŝĐĂƟŽŶƐ� ;͞ƌĞǀŝĞǁĞĚ�
ĚĂƚĂƐĞƚ͟Ϳ�ŝŶ�tĞď�ŽĨ�^ĐŝĞŶĐĞ�ĚĂƚĂďĂƐĞ�ĨŽĐƵƐĞĚ�ŽŶ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƌĞƐĞĂƌĐŚ�ƚŚĂƚ�ĚŝĚ�;zĞƐͿ�ĂŶĚ�ĚŝĚ�ŶŽƚ�;EŽͿ�ŝŶĐůƵĚĞ�ĚŝƐƉĞƌƐĂů�
ĚĂƚĂ�;EсϭϬϬ�ĨŽƌ�ĞĂĐŚͿ͘�DĞƚŚŽĚƐ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ƐƚƵĚŝĞƐ�ǁĞƌĞ�ĚŝīĞƌĞŶƚ�ďĞƚǁĞĞŶ�ƚŚĞ�ĚŝƐƉĞƌƐĂů�ĂŶĚ�ŶŽŶͲĚŝƐƉĞƌƐĂů�ƐĞƚƐ�;WĞĂƌƐŽŶ Ɛ͛�
ʖ2, P�ф�Ϭ͘ϬϬϭͿ͘�DŽůĞĐƵůĂƌ�ŵĞƚŚŽĚƐ�ŝŶĐůƵĚĞ�ƉŚǇůŽŐĞŽŐƌĂƉŚǇ�Žƌ�ůĂŶĚƐĐĂƉĞ�ŐĞŶĞƟĐƐ͕�ǁŚĞƌĞ�ĐŽŶŶĞĐƟǀŝƚǇ�ĂŶĚ�ĚŝƐƉĞƌƐĂů�ǁĂƐ�
ŝŶĨĞƌƌĞĚ͘�,ĂďŝƚĂƚ�ŵŽĚĞůƐ�ǀĂƌŝĞĚ�ĨƌŽŵ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞůƐ�ďǇ�ŶŽƚ�ďĞŝŶŐ�ĂƉƉůŝĞĚ�ƚŽ�ƚŚĞ�ĞŶƟƌĞƚǇ�ŽĨ�ƚŚĞ�ƌĂŶŐĞ�ĞǆƚĞŶƚ͘�dŚĞƌĞ�
ǁĂƐ�ŶŽ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ƚĂǆŽŶŽŵŝĐ�ŐƌŽƵƉ�;WĞĂƌƐŽŶ Ɛ͛�ʖ2 P�с�Ϭ͘ϯϳͿ͕�ǁŝƚŚ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�ĨŽƌ�ĞĂĐŚ�ŐƌŽƵƉ�ƚŚĂƚ�ŝŶĐůƵĚĞĚ�
dispersal reported.

Figure 7.�'ĞŽŐƌĂƉŚŝĐ�ůŽĐĂƟŽŶ�ŽĨ�ƐƚƵĚǇ�ĂŶĚ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƉĞƌƐ�ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�ĨƌŽŵ�ƌĂŶĚŽŵ�ƐƵďƐĞƚ�ŽĨ�ϮϬϬ�ƉƵďůŝĐĂƟŽŶƐ�
;͞ƌĞǀŝĞǁĞĚ�ĚĂƚĂƐĞƚ͟Ϳ�ŝŶ�tĞď�ŽĨ�^ĐŝĞŶĐĞ�ĚĂƚĂďĂƐĞ�ĨŽĐƵƐĞĚ�ŽŶ�ƐƉĞĐŝĞƐ�ƌĂŶŐĞ�ƚĂŐŐĞĚ�ƚŽ�ƚŚĞ�tŽƌůĚ��ŽŶƟŶĞŶƚƐ�;�^Z/�ϮϬϭϭͿ͘�
�ŝīĞƌĞŶĐĞ�ŝŶ�ƐƚƵĚǇ�ůŽĐĂƟŽŶ�ǁĂƐ�ŶŽƚ�ƐŝŐŶŝĮĐĂŶƚ�ďĞƚǁĞĞŶ�ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�ĂŶĚ�ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ŶŽƚ�
ŝŶĐůƵĚŝŶŐ�ĚŝƐƉĞƌƐĂů�;WĞĂƌƐŽŶ Ɛ͛�ʖ2 P�с�Ϭ͘ϬϵͿ͘�WĂƉĞƌƐ�ǁŝƚŚ�ŵƵůƟƉůĞ�ůŽĐĂƟŽŶƐ�ǁĞƌĞ�ŶŽƚ�ŝŶĐůƵĚĞĚ�;EсϭϮ�ĂŶĚ�ϭϲ͕�ƌĞƐƉĞĐƟǀĞůǇͿ͘�
EƵŵďĞƌƐ�ƌĞƉƌĞƐĞŶƚ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƉĂƉĞƌƐ�ǁŝƚŚŝŶ�ƐůŝĐĞƐ�ŽĨ�ƚŚĞ�ĐŚĂƌƚ͘�dŚĞ�ĮŐƵƌĞ�ŽǀĞƌ�EĞǁ��ĞĂůĂŶĚ�ƌĞƉƌĞƐĞŶƚƐ�ŝƐůĂŶĚ�ƐǇƐƚĞŵƐ͘
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In our literature search, we found that 80% of 
papers did not include dispersal despite the history 
of calls to include it, and when included, it greatly 
shifted the inferences on species’ ranges and dynamics. 
&Žƌ�ĞǆĂŵƉůĞ͕��ƵƐŚ�ĂŶĚ�,ŽƐŬŝŶƐ�;ϮϬϭϳͿ�ŚŝŐŚůŝŐŚƚ�ƚŚĂƚ�
the rate and type of dispersal had significant impacts 
on projected areas for freshwater species. This 
pattern was clearest when increasing mean yearly 
ĚŝƐƉĞƌƐĂů�ĨƌŽŵ�ϭ�ƚŽ�ϯ�Ŭŵ�ĨŽƌ�ĐƌĂǇĨŝƐŚ͕�ĚƌĂŐŽŶĨůŝĞƐ͕�ĂŶĚ�
ĨƌŽŐƐ͘�tŚĞŶ�ZĂĚŝŶŐĞƌ�Ğƚ�Ăů͘�;ϮϬϭϳͿ�ŝŶĐůƵĚĞĚ�ĚŝƐƉĞƌƐĂů�
parameters in their models projecting range shifts 
ŽĨ�ƌŝǀĞƌ�ĨŝƐŚ͕�ƚŚĞǇ�ĨŽƵŶĚ�ƚŚĂƚ�ďĂƌƌŝĞƌƐ�ůŝŬĞ�ĚĂŵƐ�ǁĞƌĞ�
ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�ƌĞĚƵĐƚŝŽŶ�ŝŶ�ĐŽůŽŶŝǌĂƚŝŽŶ�ŽĨ�ŶĞǁ�
suitable habitat resulting in smaller predicted ranges. 
�ƌŽĂĚůǇ͕�ZĂĚŝŶŐĞƌ�Ğƚ�Ăů͘�;ϮϬϭϳͿ�ĨŽƵŶĚ�ƚŚĂƚ�ŚĂďŝƚĂƚ�
may shift faster than the dispersal capabilities of 
ƐŽŵĞ�ƐƉĞĐŝĞƐ͘� ^ŝŵŝůĂƌůǇ͕�KĨŽƌŝ� Ğƚ�Ăů͘� ;ϮϬϭϳͿ� ĨŽƵŶĚ�
ƚŚĂƚ�ƉŽƉƵůĂƚŝŽŶƐ�ŽĨ��ƵŶŶŝŶŐŚĂŵ͛Ɛ� ƐŬŝŶŬƐ�ǁŝůů� ŶŽƚ�
be able to reach newly suitable habitat due to 
ĚŝƐƉĞƌƐĂů�ĐŽŶƐƚƌĂŝŶƚƐ͘��ĂƌƌŽůů�Ğƚ�Ăů͘�;ϮϬϭϴͿ�ĨŽƵŶĚ�ƚŚĂƚ�
connectivity of populations with climate change 
is influenced directly by climatic and topographic 
factors, suggesting dispersal data may need to be 
collected across the range. All of these are just 
ƐŽŵĞ�ŽĨ�ƚŚĞ�ĞǆĂŵƉůĞƐ�ŚŝŐŚůŝŐŚƚŝŶŐ�ƚŚĞ�ƉƌŽďůĞŵƐ�ŝĨ�
dispersal is not incorporated.

�ůŝŐŶĞĚ�ǁŝƚŚ�ŽƵƌ�ƐŝŵƉůĞ�ƐŝŵƵůĂƟŽŶƐ�;Figure 1Ϳ͕�ǁĞ�
found studies incorporated dispersal in three ways. 
&ŝƌƐƚ͕�ƚŚĞƌĞ�ǁĞƌĞ�ŵŽĚĞůƐ�ƚŚĂƚ�ĂƐƐƵŵĞĚ�ǌĞƌŽ�ĚŝƐƉĞƌƐĂů͕�
ǁŚĞƌĞ�ĚŝƐƚƌŝďƵƟŽŶƐ�ǁĞƌĞ�ĐŽŶĮŶĞĚ�ƚŽ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƌĂŶŐĞ�
ĂŶĚ� ƚŚĞ�ŽǀĞƌĂůů� ƌĂŶŐĞƐ� ĐŽƵůĚ�ŽŶůǇ�ĚĞĐƌĞĂƐĞ� ŝŶ� ƐŝǌĞ�
;Ğ͘Ő͕͘�>ƵŽ�Ğƚ�Ăů͘�ϮϬϭϱͿ͘�/Ŷ�ƚŚĞ�ǌĞƌŽ�ĚŝƐƉĞƌƐĂů�ŵĞƚŚŽĚ͕�
ranges can only contract. This highlights that ignoring 
ĚŝƐƉĞƌƐĂů�ĐĂƉĂďŝůŝƟĞƐ�ŵĂǇ�ůĞĂĚ�ƚŽ�ŽǀĞƌĞƐƟŵĂƟŽŶ�ŽĨ�
ƌĂŶŐĞ�ĚĞĐůŝŶĞƐ�ǁŝƚŚ� ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ͘�dŚŝƐ�ŵĂǇ� ƐŚŝŌ�
ĐŽŶƐĞƌǀĂƟŽŶ�ƐƚĂƚƵƐ�ĂŶĚ�ŵĂŶĂŐĞŵĞŶƚ�ĚĞĐŝƐŝŽŶƐ�ŽĨ�Ă�
ƐƉĞĐŝĞƐ�ƚŽ�ďĞ�ŽǀĞƌůǇ�ĐĂƵƟŽƵƐ͘�̂ ĞĐŽŶĚ͕�ĂŶĚ�ƉŽƚĞŶƟĂůůǇ�
ŵŽƌĞ�ƉƌŽďůĞŵĂƟĐ͕�ǁĞƌĞ�ŵŽĚĞůƐ� ƚŚĂƚ� ĂƐƐƵŵĞĚ�ĂŶ�
ƵŶůŝŵŝƚĞĚ�ĚŝƐƉĞƌƐĂů� ƐĐĞŶĂƌŝŽ͘� dŚĞ�ĂƐƐƵŵƉƟŽŶƐ�ŽĨ�
ŵĂǆŝŵƵŵ�ĚŝƐƉĞƌƐĂů� ĂůƐŽ� ůĞĂĚ� ƚŽ�ƉƌŽďůĞŵƐ͕� ƌĂŶŐŝŶŐ�
ĨƌŽŵ�ŽǀĞƌͲĞƐƟŵĂƟŶŐ�ƌĂŶŐĞ� ŝŶĐƌĞĂƐĞƐ�ĂŶĚ�ĂŵŽƵŶƚƐ�
ŽĨ� ŶŝĐŚĞ�ĚŝīĞƌĞŶĐĞƐ� ĂŶĚ� ƐŝŵŝůĂƌŝƟĞƐ� ĂŵŽŶŐ� ƚĂǆĂ�
;'ƵŝƐĂŶ�ĂŶĚ�dŚƵŝůůĞƌ�ϮϬϬϱ͕�WĞƚĞƌƐŽŶ�ϮϬϭϭͿ͘�dŚŝƐ�ĐŽƵůĚ�
ůĞĂĚ� ƚŽ� ŝŶƐƵĸĐŝĞŶƚ� ĐŽŶƐĞƌǀĂƟŽŶ�ĞīŽƌƚƐ͘�tŽƌŬŝŶŐ�
ǁŝƚŚ� ƐĐĞŶĂƌŝŽƐ�ďĞƚǁĞĞŶ� ƚŚĞƐĞ� ƚǁŽ�ĞǆƚƌĞŵĞƐ�ŵĂǇ�
ŝŵƉƌŽǀĞ�ƉƌŽũĞĐƟŽŶƐ�ĞǀĞŶ�ǁŚĞŶ�ĚĂƚĂ� ĂƌĞ� ůĂĐŬŝŶŐ�
;�ĂƚĞŵĂŶ�Ğƚ�Ăů͘�ϮϬϭϯͿ͕�ǁŚŝĐŚ�ůĞĂĚƐ�ƚŽ�ƚŚĞ�ƚŚŝƌĚ�ŽƉƟŽŶ͗�
ƵƐŝŶŐ�ďŝŽůŽŐŝĐĂůůǇ� ĨĞĂƐŝďůĞ�ĚŝƐƚĂŶĐĞƐ�ďĞƚǁĞĞŶ� ǌĞƌŽ�
ĂŶĚ�ƵŶůŝŵŝƚĞĚ�;Figure 1Ϳ͘�/Ŷ�ƐŽŵĞ�ĐĂƐĞƐ͕�ƚŚŝƐ�ĐĂŶ�ďĞ�
ďĂƐĞĚ�ŽŶ�ĂǀĂŝůĂďůĞ�ůŝƚĞƌĂƚƵƌĞ͕�ĨŽƌ�ĞǆĂŵƉůĞ͕�ďǇ�ƵƐŝŶŐ�
the intermediate value of dispersal ranges to set the 
ŵĂǆŝŵƵŵ�ƚŚĞ�ƌĂŶŐĞ�ŵĂǇ�ƐŚŝŌ�;ZĞƐŝĚĞ�Ğƚ�Ăů͘�ϮϬϭϮͿ͘

While there have been methodological advances 
ƚŽ� ĐŽůůĞĐƚ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ͕� ƐƵĐŚ�ĂƐ� ƚĞůĞŵĞƚƌǇ͕�ŵĂƌŬͲ
ƌĞĐĂƉƚƵƌĞ�ƐƵƌǀĞǇƐ͕�Žƌ�ŵŽůĞĐƵůĂƌ�ĐŽŶŶĞĐƟǀŝƚǇ�ĂŶĂůǇƐĞƐ͕�
ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ĞīĞĐƟǀĞ� ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ďŝŽůŽŐŝĐĂůůǇ�
ĨĞĂƐŝďůĞ�ĚŝƐƚĂŶĐĞƐ�ŝŶ�ĨŽƌĞĐĂƐƟŶŐ�Žƌ�ŚŝŶĚĐĂƐƟŶŐ�ŵŽĚĞůƐ�
ƐƟůů�ĞǆŝƐƚ͘��ĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ŵĞƚŚŽĚƐ�ƵƐĞĚ�ƚŽ�ŵĞĂƐƵƌĞ�
ĚŝƐƉĞƌƐĂů͕�ĞƐƟŵĂƚĞƐ�ŽĨ�ĐŽůŽŶŝǌĂƟŽŶ�ƌĂƚĞ�ŵƵƐƚ�ĂůƐŽ�ďĞ�
ĐĂůĐƵůĂƚĞĚ�ƚŽ�ďĞ�ŝŶĐŽƌƉŽƌĂƚĞĚ�ŝŶ�̂ �DƐ�;Ğ͘Ő͕͘�̂ ŝŶŐĞƌ�Ğƚ�Ăů͘�
ϮϬϭϴͿ͘�tŚĞŶ�ĐŽůůĞĐƟŶŐ�ŶĞǁ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ĨƌŽŵ�ƚŚĞ�
ĮĞůĚ͕�ǁĞ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ĚŝƐƉĞƌƐĂů͕�ĐŽůŽŶŝǌĂƟŽŶ͕�

ĂŶĚ� ĐŽŶŶĞĐƟǀŝƚǇ�ďĞ�ĞƐƟŵĂƚĞĚ� ƚŚƌŽƵŐŚ�ŵĞƚŚŽĚƐ�
appropriate to the study system so that the meaningful 
aspects of individual movement may be parsed out. 
KŶĞ�ĞǆĂŵƉůĞ�ŽĨ�ŵĞƚŚŽĚƐ�ďĞŝŶŐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƐƚƵĚǇ�
ƐǇƐƚĞŵ�ǁŽƵůĚ�ďĞ�ƚŚĞ�ƵƐĞ�ŽĨ�ƌĂĚŝŽͲĐŽůůĂƌ�ĚĂƚĂ�ĨŽƌ�ůĂƌŐĞ�
ŵĂŵŵĂůƐ�ǁŚĞƌĞ�ďĂƩĞƌǇ�ůŝĨĞ�ŵĂǇ�ďĞ�ůĞƐƐ�ƉƌŽďůĞŵĂƟĐ�
ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�ůŝŐŚƚͲǁĞŝŐŚƚ�ďŝƌĚƐ�Žƌ�ƐŵĂůů�ĂŶŝŵĂůƐ�
;�ƌŝĚŐĞ�Ğƚ�Ăů͘�ϮϬϭϭͿ͘�&Žƌ�ƐŽŵĞ�ƐƉĞĐŝĞƐ͕�ƵƐŝŶŐ�ŵŽůĞĐƵůĂƌ�
ŵĞƚŚŽĚƐ�ƚŽ�ĞƐƟŵĂƚĞ�ůĂŶĚƐĐĂƉĞ�ĐŽŶŶĞĐƟǀŝƚǇ�Žƌ�ŶƵŵďĞƌ�
of migrants may be most appropriate, depending on 
ƚŚĞ�ĚŝƐƉĞƌƐĂů�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ� ŝŶƚĞƌĞƐƚ� ;�ƌŽƋƵĞƚ�ĂŶĚ�
WĞƟƚ�ϮϬϬϵ͕��ŽŶŐƌĂŝŶƐ�Ğƚ� Ăů͘� ϮϬϭϲͿ͘�,ŽǁĞǀĞƌ͕ � ĐůĞĂƌ�
ŵĞƚŚŽĚƐ�ŵĂǇ�ŶŽƚ�ĐƵƌƌĞŶƚůǇ�ĞǆŝƐƚ�ƚŽ�ďƌŝĚŐĞ�ƚŚĞ�ŐĂƉƐ�
ďĞƚǁĞĞŶ�ƚŚĞƐĞ�ĞǆŝƐƟŶŐ�ŵŽůĞĐƵůĂƌ�ĚĂƚĂ�ŵĞƚƌŝĐƐ�ĂŶĚ�
ĚŝƌĞĐƚ�ĞƐƟŵĂƚĞƐ�ŽĨ�ĚŝƐƉĞƌƐĂů�ƉĂƌĂŵĞƚĞƌƐ͘�dŚŝƐ� ŝƐ�ĂŶ�
ĂƌĞĂ�ǁŚĞƌĞ�ŶŽǀĞů�ĐŽŵƉƵƚĂƟŽŶĂů�ŵĞƚŚŽĚƐ�ǁŽƵůĚ�ŚĂǀĞ�
Ă�ŐƌĞĂƚ�ŝŵƉĂĐƚ�ŽŶ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ŝŶĐŽƌƉŽƌĂƚĞ�ƌĞĂůŝƐƟĐ�
ĚŝƐƉĞƌƐĂů�ƌĂƚĞƐ�ŝŶ�ŵŽĚĞůƐ�ƉƌŽũĞĐƟŶŐ�ƌĂŶŐĞ�ƐŚŝŌƐ�ŝŶ�ƚŚĞ�
ĨƵƚƵƌĞ�ĨŽƌ�ŵĂŶǇ�ƐƉĞĐŝĞƐ͘�tŚŝůĞ͕�ŝŶ�ƐŽŵĞ�ƐŝƚƵĂƟŽŶƐ͕�ŝƚ�
ŵĂǇ�ŶŽƚ�ďĞ�ĨĞĂƐŝďůĞ�ƚŽ�ŐĂƚŚĞƌ�ĚŝƐƉĞƌƐĂů�ŝŶĨŽƌŵĂƟŽŶ�
;�ĂƌǀĞ�Ğƚ�Ăů͘�ϮϬϭϭͿ͕�ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ƌĞĂůŝƐƟĐ�ƌĂŶŐĞƐ�
of dispersal parameters reported in the literature for 
ƐŝŵŝůĂƌ�ƐƉĞĐŝĞƐ�ŵĂǇ�ƐƟůů�ŝŵƉƌŽǀĞ�ŵŽĚĞů�ƉĞƌĨŽƌŵĂŶĐĞ�
over assuming no or unlimited dispersal.

It is therefore important for researchers to evaluate 
the quality of the data available or obtainable for each 
ŽĨ�ƚŚĞŝƌ�ƐǇƐƚĞŵƐ͘�KŶĞ�ƉŽƚĞŶƟĂů�ƐŽůƵƟŽŶ�ƚŽ�ŵŝƐƐŝŶŐ�Žƌ�
ůŽǁͲƋƵĂůŝƚǇ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŝƐ�ƚŽ�ĐƌĞĂƚĞ�ŵƵůƟƉůĞ�ŵŽĚĞůƐ�
ƚŽ�ĂƐƐĞƐƐ�ƚŚĞ�ƐĞŶƐŝƟǀŝƚǇ�ƚŽ�ŵŽĚĞů�ƉĂƌĂŵĞƚĞƌƐ�ƵŶĚĞƌ�
ĚŝīĞƌĞŶƚ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ƐĐĞŶĂƌŝŽƐ�ƚŽ�ĞǀĂůƵĂƚĞ�ŵŽĚĞů�
ƵŶĐĞƌƚĂŝŶƚǇ͘��ǀĞŶ�ŝŶ�ƐĐĞŶĂƌŝŽƐ�ǁŚĞƌĞ�ƐƉĞĐŝĞƐͲƐƉĞĐŝĮĐ�
ĚŝƐƉĞƌƐĂů�ŝƐ�ŶŽƚ�ǁĞůů�ŬŶŽǁŶ͕�ŵƵůƟƉůĞ�ŵŽĚĞůƐ�ŽĨ�ĚŝƐƉĞƌƐĂů�
ĂŶĚ�ĂƐƉĞĐƚƐ�ŽĨ�ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚ�ĐĂŶ�ďĞ�ĞǆƉůŽƌĞĚ�ƚŽ�
ďĞƩĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�ƌĞƐƵůƚƐ�;Ğ͘Ő͕͘�ǁĂƚĞƌ�ŇŽǁ͗�
EŝĐŬŽůƐ�Ğƚ�Ăů͘�ϮϬϭϱͿ͘�tŚĞŶ�ƉĂƌĂŵĞƚĞƌŝǌŝŶŐ�ŵŽĚĞůƐ͕�
ŝƚ� ŝƐ� ŝŵƉŽƌƚĂŶƚ� ƚŽ�ŶŽƚĞ� ƚŚĂƚ�ƐŚŝŌƐ� ŝŶ�ĞŶǀŝƌŽŶŵĞŶƚĂů�
ǀĂƌŝĂďůĞƐ�ŵĂǇ�ĐĂƵƐĞ�ƚŚĞ�ŵŽǀĞŵĞŶƚ�ďĞŚĂǀŝŽƌƐ�ƚŽ�ƐŚŝŌ�
ĂƐ�ǁĞůů͕�ƐŽ�ĐĂƵƟŽŶ�ŵƵƐƚ�ďĞ�ĞǆĞƌĐŝƐĞĚ�ǁŚĞŶ�ŵĂŬŝŶŐ�
ŝŶĨĞƌĞŶĐĞƐ�ǁŝƚŚ� Ă� ƐŚŝŌŝŶŐ�ĞŶǀŝƌŽŶŵĞŶƚ�ďƵƚ� ƐƚĂƟĐ�
ĚŝƐƉĞƌƐĂů� ;dƌĂǀŝƐ�Ğƚ�Ăů͘� ϮϬϭϯͿ͘��ŝƐƉĞƌƐĂů� ĐĂƉĂďŝůŝƟĞƐ�
ĐĂŶ�ĐŚĂŶŐĞ�ƚŚƌŽƵŐŚ�ƟŵĞ�ŝŶ�ĂƌĞĂƐ�ŽĨ�ƌĂŶŐĞ�ĞǆƉĂŶƐŝŽŶ�
;^ŝŵŵŽŶƐ�ĂŶĚ�dŚŽŵĂƐ�ϮϬϬϰͿ�ĂŶĚ�ďĞ�ŝŶŇƵĞŶĐĞĚ�ďǇ�ƚŚĞ�
ĐŽŶĮŐƵƌĂƟŽŶ�ŽĨ�ƚŚĞ�ůĂŶĚƐĐĂƉĞ�ĂŶĚ�ƚŚĞ�ƉĞƌĐĞƉƟŽŶ�ŽĨ�
ƚŚĞ�ŽƌŐĂŶŝƐŵ�;�ĂŐƵĞƩĞ�ĂŶĚ�sĂŶ��ǇĐŬ�ϮϬϬϳͿ͘�/Ŷ�ƚŚĞƐĞ�
ĐĂƐĞƐ͕�ŵŽĚĞůůŝŶŐ�ĂŶĚ�ĞƐƟŵĂƟŶŐ� ƚŚĞ�ƉĂƩĞƌŶƐ�ĂŶĚ�
ƉƌŽĐĞƐƐĞƐ�ŽĨ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�ĐŚĂŶŐĞƐ�ǁŝůů�ŶĞĞĚ�ƚŽ�ƚĂŬĞ�Ă�
ĚǇŶĂŵŝĐ�ĂƉƉƌŽĂĐŚ͕�ĐŽŶƐŝƐƚĞŶƚůǇ�ƵƉĚĂƟŶŐ�ĂƐ�ŶĞǁ�ĚĂƚĂ�
ĂƌĞ�ĂǀĂŝůĂďůĞ͕�ƚŽ�ŵŝŶŝŵŝǌĞ�ƵŶĚĞƌͲ�Žƌ�ŽǀĞƌĞƐƟŵĂƟŶŐ�
ƌĂŶŐĞ�ƐŚŝŌ�ƐŝǌĞƐ͘�tĞ�ƌĞĐŽŵŵĞŶĚ͕�Ăƚ�ŵŝŶŝŵƵŵ͕�ƚŚĂƚ�
ŵŽĚĞůƐ�ǁŚŝĐŚ�ĞƐƟŵĂƚĞ�ƚŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�Ă�ƐƉĞĐŝĞƐ�
should address three dispersal scenarios: no dispersal, 
ƵŶůŝŵŝƚĞĚ�ĚŝƐƉĞƌƐĂů͕�ĂŶĚ�ƐŽŵĞ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ǀĂůƵĞ;ƐͿ�
ƵƐŝŶŐ�ĚŝƐƉĞƌƐĂů�ŬĞƌŶĞů�ĚŝƐƚƌŝďƵƟŽŶƐ�ƉƵůůĞĚ�ĨƌŽŵ�ƚŚĞ�
literature.

dŚĞ�ŝŶĐŽƌƉŽƌĂƟŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ĚĂƚĂ�ŝŶ�ƐƉĞĐŝĞƐ͛�ƌĂŶŐĞ�
research is important to avoid incorrect or incomplete 
inferences, especially when models are used to predict 
ƐŚŝŌƐ�ŝŶ�ƌĞƐƉŽŶƐĞ�ƚŽ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ͘��ĞƐƉŝƚĞ�ĐĂůůƐ�ĨŽƌ�
ƚŚĞ�ŝŶĐůƵƐŝŽŶ�ŽĨ�ĚŝƐƉĞƌƐĂů�ŝŶ�ŵŽĚĞůƐ�ƉƌĞĚŝĐƟŶŐ�ƐƉĞĐŝĞƐ�
ƌĂŶŐĞ�ĚǇŶĂŵŝĐƐ�Ăƚ�ůĞĂƐƚ�ϭϱ�ǇĞĂƌƐ�ĂŐŽ�;Ğ͘Ő͕͘�̂ ŽďĞƌſŶ�ĂŶĚ�
WĞƚĞƌƐŽŶ�ϮϬϬϱͿ͕�ŽƵƌ�ƐǇƐƚĞŵĂƟĐ�ůŝƚĞƌĂƚƵƌĞ�ƐĞĂƌĐŚ�ĂŶĚ�
ĞǆĂŵƉůĞ�ŵŽĚĞůƐ�;Figure 1Ϳ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�ŝƚƐ�ƵƐĞ�ŝƐ�
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ƐƟůů�ŝŶ�ŝƚƐ�ĞĂƌůǇ�ƐƚĂŐĞƐ�ĂŶĚ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŝƐ�ĨĂƌ�ĨƌŽŵ�
ďĞŝŶŐ�ǁŝĚĞƐƉƌĞĂĚ͘�dŚĞƌĞ�ĂƌĞ�ƐƟůů� ƚĞĐŚŶŽůŽŐŝĐĂů�ĂŶĚ�
ĐŽŵƉƵƚĂƟŽŶĂů�ĐŽŶƐƚƌĂŝŶƚƐ�ƚŚĂƚ�ƌĞƐƚƌŝĐƚ�ƚŚĞ�ŝŶĐůƵƐŝŽŶ�
of dispersal data in models, but even when scant data 
are available, there are approaches that can be used 
to incorporate this important process.
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����������������ǫ���������ǡ�ͺǡ��͸͹ͻͲͻǤ

������ǡ��Ǥ�Ǥǡ�Ƭ���������ǡ��Ǥ�ȋʹͲͳͺȌ���������������������
�����������������������������������������������
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	������ǡ��Ǥ�ȋʹͲͲʹȌ�����������������������������������������
����������������������������������ǣ����������
���������ǫ�������������������ǡ�ͷͳǡ�͵͵ͳȂ͵͸͵
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