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The Arctic is greening – but 
how, why, what causes 

variability… what changes in 
ecosystem structure and 

function are associated with 
this change? 
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1972-2010 ~ largest change in wet plant 
communities….. Variability in 2008 
resampling shown for some plant 
communities in ordinations of species 
importance 
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Relatively little community change ~ 
largest change in wet plant communities 
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Evidence of herbivory in satellite NDVI record for different 
geomorphic classes near Barrow 

6	Contact:	Craig	Tweedie	ctweedie@utep.edu	

Lara	et	al.	2015	
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The Barrow Area Information Database (BAID) documents 
who has done what type of research and where…. And 
where more information including data can be found ~ 
12,000 sites dating back to the 1940’s 
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www.barrowmapped.org	
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~70 historic herbivore exclosures that may be the oldest in 
the Arctic are situated in the Barrow area…. 12 of these 
remain intact ~ serendipitous opportunity to assess how 
ecosystems may be structured and function in the absence 
of herbivores. 

Not	Grazed	
Since	1950’s	

Grazed	
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~70 historic herbivore exclosures that may be the oldest in 
the Arctic are situated in the Barrow area…. 12 of these 
remain intact ~ serendipitous opportunity to assess how 
ecosystems may be structured and function in the absence 
of herbivores. 

Most	herbivory	
impact	studies<10yr	
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Tundra ecosystems structure alters with a sustained 
absence of herbivory 

Exclosure	Control	

Johnson	et	al.	2011	
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Tundra 
ecosystem 
function at 

peak growing 
season is 

altered with 
sustained 
herbivore 
exclusion 
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Tundra ecosystems structure alters with a sustained 
absence of herbivory 

Tundra ecosystem structure is altered with sustained 
herbivore exclusion 

Not	Grazed	
Since	1950’s	

Grazed	

Impact	of	herbivory	greater	
than	most	experimental	

manipula?ons	
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The intellectual exercise of scaling measurements to the 
landscape scale is even more revealing  

Albedo NEP (gCm - 2 day - 1 ) CH 4 (mgCm - 2 day - 1 ) GWP 100 ( gCeqm - 2 day - 1 ) 

Albedo NEP (gCm - 2 day - 1 ) CH 4 (mgCm - 2 day - 1 ) GWP 100 ( gCeqm - 2 day - 1 ) 

Albedo	6%	 NEP	96%	 CH4	-79%	 C-CO2eq	106%	
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Ecosystems in the Barrow landscape would likely not be 
structured or function the way they do now without 
lemmings… summary of findings 
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1.  Ecosystem	 structure	 and	 func?on	 altered	 in	 all	 land	 cover	 types	 ~	
pronounced	in	wet	land	cover	types.	

2.  Ecosystem	 would	 not	 be	 the	 historic	 peak	 season	 carbon	 sink	 without	
lemmings.	

3.  Results	markedly	different	to	findings	from	short	term	studies.	
4.  Herbivory	response	greater	than	most	other	experimental	manipula?ons.	

5.  Uncertain?es	 –	 scalability	 to	 other	 regions	 of	 the	 coastal	 plain,	 role	 of	
lemming	 popula?on	 density,	 ?ming	 of	 resampling	 since	 last	 lemming	
high,	small	sample	size,	snapshot	at	peak	season	only…..		
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Implications for arctic observing….. 
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1.  Rescuing	and	resampling	historic	sites	and	data	can	lead	to	discovery	that	
is	 arguably	 impossible	 with	 any	 other	 approach	 and	 presents	 an	
opportunity	to	not	reinvent	the	wheel.	

2.  Have	we	underes?mated	the	need	to	observe	one	of	the	most	important	
factors	controlling	structure	and	func?on?	–	lemmings	poorly	monitored,	
challenging	to	monitor	in	typical	funding	cycles/	student	theses…	

3.  Most	ecosystem	models	not	parameterized	for	herbivory	impacts.	
4.  Coastal	Plain	ecosystems	may	be	on	the	cusp	of	a	?pping	point	–	

•  Longest	?me	between	recorded	lemming	highs	in	Barrow		
•  Sustained	fox	eradica?on	by	USFWS	since	2005	
•  Geese	popula?ons	exploding	~improved	over	winter	habitat	
•  Is	 herbivory	 switching	 from	 a	 pulse-recovery	 (lemming)	 to	 persistent	
(geese)	grazing	model….	Impact	on	lemming	popula?ons?	

•  Demise	of	lemmings	will	likely	impact	other	trophic	levels.	
•  Barrow-area	landscape	is	warming	and	drying	–	cumula?ve	impacts?	

5.  Showcases	challenges	for	interagency	exchange,	funding	models,	data	and	
site	 rescue	 and	 preserva?on,	 protec?on	 of	 focal	 research	 areas,	 mul?-
angle	approaches	to	observing….	More?		
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