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!BSTRACT
)N ARCTIC TUNDRA� LARGE AND SMALL MAMMALIAN HERBIVORES HAVE SUBSTANTIAL IMPACTS ON THE VEGETATION
COMMUNITY AND CONSEQUENTLY CAN AFFECT THE MAGNITUDE OF CARBON CYCLING� (OWEVER� HERBIVORES ARE
OFTEN ABSENT FROM MODERN CARBON CYCLE MODELS� PARTLY BECAUSE RELATIVELY FEW FIELD STUDIES FOCUS ON
HERBIVORE IMPACTS ON CARBON CYCLING� /UR OBJECTIVES WERE TO QUANTIFY THE IMPACT OF �� YEARS OF
LARGE HERBIVORE AND LARGE AND SMALL HERBIVORE EXCLUSION ON CARBON CYCLING DURING PEAK GROWING
SEASON IN A DRY HEATH TUNDRA COMMUNITY� 7HEN HERBIVORES WERE EXCLUDED� WE OBSERVED A
SIGNIFICANTLY GREATER LEAF AREA INDEX AS WELL AS GREATER VASCULAR PLANT ABUNDANCE� 7HILE WE DID NOT
OBSERVE SIGNIFICANT DIFFERENCES IN DECIDUOUS DWARF SHRUB ABUNDANCE ACROSS TREATMENTS� EVERGREEN
DWARF SHRUB ABUNDANCE WAS GREATER WHERE LARGE AND SMALL HERBIVORES WERE EXCLUDED� "OTH FOLIOSE
AND FRUTICOSE LICHEN ABUNDANCE WERE HIGHER IN THE LARGE HERBIVORE� BUT NOT THE SMALL AND LARGE
HERBIVORE EXCLOSURES� .ET ECOSYSTEM EXCHANGE �.%%	 LIKEWISE INDICATED THE HIGHEST CARBON UPTAKE
IN THE EXCLOSURE TREATMENTS AND LOWEST UPTAKE IN THE CONTROL �#4	� SUGGESTING THAT HERBIVORY
DECREASED THE CAPACITY OF DRY HEATH TUNDRA TO TAKE UP CARBON� -OREOVER� OUR CALCULATED .%% FOR
AVERAGE LIGHT AND TEMPERATURE CONDITIONS FOR *ULY ����� WHEN OUR MEASUREMENTS WERE TAKEN�
INDICATED THAT THE TUNDRA WAS A CARBON SOURCE IN #4� BUT WAS A CARBON SINK IN BOTH EXCLOSURE
TREATMENTS� INDICATING REMOVAL OF GRAZING PRESSURE CAN CHANGE THE CARBON BALANCE OF DRY HEATH
TUNDRA� #OLLECTIVELY� THESE FINDINGS SUGGEST THAT HERBIVORE ABSENCE CAN LEAD TO CHANGES IN PLANT
COMMUNITY STRUCTURE OF DRY HEATH TUNDRA THAT IN TURN CAN INCREASE ITS CAPACITY TO TAKE UP CARBON�

�� )NTRODUCTION

(ISTORICALLY A CARBON SINK ;�=� THE ARCTIC TUNDRA IS
ESTIMATED TO CONTAIN APPROXIMATELY A THIRD OF THE
WORLD�S SOIL CARBON ;�=� THE RESULT OF THE LONG
TERM
IMBALANCE OF PLANT PRODUCTIVITY AND DECOMPOSITION
RATES ;�=� 4HIS LARGE CARBON RESERVOIR HAS DRAWN
CONCERN BECAUSE IT MIGHT BE PARTICULARLY VULNERABLE
TO CLIMATE CHANGE�AS TEMPERATURES RISE� THE TUN

DRA COULD BECOME A MAJOR CARBON SOURCE IF DECOM

POSITION AND RESPIRATION EXCEED CARBON CAPTURE ;�=�

4HEREFORE� TO DEVELOP A PREDICTIVE UNDERSTANDING OF
CARBON CYCLING ACROSS SCALES� FROM LOCAL TO GLOBAL�
IT IS CRUCIAL THAT THE PROCESSES AND FEEDBACKS THAT
DRIVE THE TUNDRA CARBON CYCLE ARE WELL UNDERSTOOD�
-ODERN CARBON CYCLE MODELS ACCOUNT FOR PLANT AND
MICROBE DRIVEN BIOGEOCHEMICAL PROCESSES SUCH AS
PHOTOSYNTHESIS� AND AUTOTROPHIC AND HETEROTROPHIC
RESPIRATION ;�n�=� (ERBIVORES CAN ALSO HAVE STRONG
IMPACTS ON CARBON FLUX� PARTICULARLY THROUGH THEIR
IMPACTS ON VEGETATION ;�n��= BUT ARE USUALLY NOT
INCORPORATED IN THESE MODELS� (ERE� WE EMPIRICALLY
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ASSESS THE ROLE OF HERBIVORY IN !LASKAN DRY HEATH TUN

DRA AND CONSIDER HOW MODERN CARBON CYCLE MOD

ELS CAN INCLUDE HERBIVORY TO IMPROVE THEIR PREDICTIVE
CAPABILITIES�

(ERBIVORES IMPACT VEGETATION FORM AND FUNCTION
AS WELL AS THE PLANTS� PHYSICAL ENVIRONMENT� 'RAZING
BY HERBIVORES REMOVES PHOTOSYNTHETIC BIOMASS� DIR

ECTLY AFFECTING PHOTOSYNTHETIC CAPACITY ;�� ��=� 3ELECT

IVE GRAZING CAN ALSO CHANGE VEGETATION COMMUNITY
COMPOSITION AND POTENTIALLY ALTER COMMUNITY PRO

DUCTIVITY ;�� ��� ��=� (ERBIVORES CAN ALSO PHYS

ICALLY MODIFY THE ENVIRONMENT THROUGH ACTIVITIES
LIKE TRAMPLING AND BURROWING� DISTURBING VEGETA

TION ;��� ��= AND AFFECTING SOIL STRUCTURE �E�G� SOIL
COMPACTION	� WHICH CAN AFFECT ECOSYSTEM RESPIRA

TION RATES ;��=� (ERBIVORES ALSO REDISTRIBUTE NUTRIENTS
THOUGH WASTE PRODUCTS� CHANGING SOIL NUTRIENT PRO

FILES ;��� ��=� AS WELL AS SITE BIOGEOCHEMISTRY� WHICH
CAN ALSO AFFECT MICROBIAL RESPIRATION RATES ;�� ��� ��=�
)N ARCTIC TUNDRA� STUDIES HAVE ALSO REPORTED A VARIETY
OF HERBIVORE IMPACTS DEPENDING ON THE TUNDRA TYPE
AND HERBIVORE�S	 IN QUESTION� )N SHRUB AND GRAMINOID
TUNDRA� EXCLUSION OF CARIBOU AND MUSKOXEN OVER AN
� YEAR PERIOD INCREASED NET CARBON UPTAKE BY ALMOST
THREEFOLD ;��=� )N WET MEADOW� MOIST AND MESIC TUN

DRA� PLOTS THAT WERE NOT SUBJECT TO EARLY SEASON GOOSE
GRUBBING HAD A HIGHER CAPACITY TO STORE CARBON ;��=�
,ONG TERM LEMMING EXCLUSION IN SEASONALLY FLOODED
GRAMINOID TUNDRA AND WET GRAMINOID TUNDRA CAUSED
THE ENVIRONMENT TO SHIFT FROM BEING A CARBON SINK TO
A CARBON SOURCE TO THE ATMOSPHERE ;��=� 4HESE VAR

IED RESPONSES EMPHASIZE THE NEED FOR MORE STUDIES
ON HOW ARCTIC TUNDRA CARBON EXCHANGE IS IMPACTED IN
DIFFERENT TUNDRA TYPES AND BY DIFFERENT ASSEMBLAGES
OF HERBIVORES TO INCORPORATE THEIR EFFECTS IN CLIMATE
MODELS�

/UR EXPERIMENT FOCUSED ON THE DRY HEATH ECO

SYSTEM BECAUSE IT IS A MAJOR TUNDRA ECOTYPE� IS LIKELY
TO HAVE ECOTYPE
SPECIFIC RESPONSES �BECAUSE OF THE
HIGH DOMINANCE OF LICHEN AND LOW STATURE OF THE VAS

CULAR PLANTS	 AND IS SIGNIFICANTLY UNDERSTUDIED� &UR

THERMORE� HIGH VARIABILITY IN CARBON FLUXES HAVE BEEN
DEMONSTRATED AMONG LAND COVER TYPES ;��= HIGHLIGHT

ING THE IMPORTANCE OF STUDYING CARBON FLUXES IN LESS
STUDIED TUNDRA TYPES IN ORDER TO DEVELOP A MORE
ACCURATE AND COMPLETE UNDERSTANDING OF THE ARCTIC
CARBON CYCLE� /UR STUDY FOCUSES ON TWO GROUPS OF
MAMMALIAN HERBIVORES COMMON IN DRY HEATH TUN

DRA� LARGE UNGULATES �E�G� CARIBOU	 AND MICROTINE
RODENTS �I�E� VOLES AND LEMMINGS	� )N VARIOUS TUN

DRA PLANT COMMUNITIES� BOTH HERBIVORE GUILDS HAVE
BEEN SHOWN TO HAVE PROFOUND INFLUENCE ON THEIR ABI

OTIC AND BIOTIC ENVIRONMENT� PARTICULARLY IN TERMS
OF VEGETATION COVER TYPE AND ABUNDANCE ;��n��=�
,ONG TERM CARIBOU ACTIVITY CAN CAUSE MAJOR VEGETA

TION CHANGES IN TUNDRA ENVIRONMENTS� SHIFTING VEGET

ATION FROM MOSS AND SHRUB DOMINATED ECOSYSTEMS
TO SEDGE DOMINATED ECOSYSTEMS ;��=� #ARIBOU TRAMP

LING POTENTIALLY CAUSES SUBSTANTIAL LOSSES OF LICHEN

PARTICULARLY IF LICHEN MATS ARE DRY ;��=� 0EAK YEARS OF
LEMMING AND VOLE POPULATIONS HAVE BEEN ASSOCIATED
WITH A ���n��� DECREASE IN PLANT BIOMASS ESTIM

ATED USING THE NORMALIZED DIFFERENCE VEGETATION INDEX
�.$6)	 DERIVED FROM SATELLITE IMAGERY THE FOLLOWING
YEAR ;��=� !S BOTH HERBIVORE TYPES HAVE DEMONSTRABLY
SIGNIFICANT IMPACTS ON VEGETATION� THEY CAN POTENTIALLY
EXERT SIGNIFICANT INFLUENCE ON THE ECOSYSTEM�S CARBON
FLUX�

7E QUANTIFIED THE IMPACT OF LONG
TERM EXCLU

SION OF LARGE HERBIVORES �%8,	 AND THE EXCLUSION
OF LARGE AND SMALL HERBIVORES �%8,+3	� ON LEAF AREA
INDEX �,!)	� VEGETATION ABUNDANCE� AND CARBON DIOX

IDE �#/�	 EXCHANGE IN A DRY HEATH TUNDRA COM

MUNITY LOCATED ON THE .ORTH 3LOPE OF THE "ROOKS
2ANGE NEAR 4OOLIK ,AKE� !+� "Y REMOVING GRAZING
PRESSURE AND TRAMPLING BY HERBIVORES� WE EXPECTED
TO FIND AN INCREASE IN OVERALL VEGETATION ABUNDANCE
IN BOTH EXCLUSION TREATMENTS� 7E PREDICTED HIGHER
LICHEN ABUNDANCE WITH THE EXCLUSION OF CARIBOU �IN
BOTH %8, AND %8,+3 TREATMENTS	� WHICH ARE MAJOR
CONSUMERS OF LICHEN� (IGHER VEGETATION ABUNDANCE
AND ,!) WOULD SUGGEST HIGHER LIGHT ABSORPTION BY
PLANTS AND INCREASED PHOTOSYNTHESIS� #ONSEQUENTLY�
WE EXPECTED TO FIND HIGHER GROSS PRIMARY PRODUCTIV

ITY �'00	 AND PEAK SEASON .%% WITH HERBIVORE
EXCLUSION�

�� -ETHODS

���� 3TUDY SITE AND EXPERIMENT SETUP
7E CONDUCTED MEASUREMENTS AT THE !RCTIC ,ONG 4ERM
%COLOGICAL 2ESEARCH �,4%2	 SITE AT 4OOLIK ,AKE� !LASKA
�����◦ .� �����◦ 7� ��� M A�S�L�	� -EAN ANNUAL RAIN

FALL IS ����� MM ;��=� 4HE PLANT COMMUNITY IS LARGELY
COMPRISED OF DWARF DECIDUOUS AND EVERGREEN SHRUBS
AND LICHEN� "OTH LARGE MAMMAL HERBIVORES� SPECIFIC

ALLY CARIBOU �2ANGIFER TARANDUS	� AND SMALL MAMMAL
HERBIVORES� MOSTLY SINGING VOLES �-ICROTUS MIURUS	
AND COLLARED LEMMINGS �$ICROSTONYX GROENLANDICUS	�
HAVE BEEN OBSERVED IN THE AREA ;��� ��=� 4OOLIK
LIES WITHIN THE RANGE OF THE CENTRAL ARCTIC CARIBOU
HERD ;��=�

4HREE REPLICATE BLOCKS OF MULTIPLE � M BY �� M
PLOTS WERE ESTABLISHED� )N ���� AN HERBIVORY EXPER

IMENT WAS ESTABLISHED ON A PREVIOUSLY UNDISTURBED
PLOT WITHIN EACH BLOCK� 7ITHIN EACH BLOCK� ONE PLOT
HAD A � × �� M UNFENCED PORTION �#4	� AND A FENCED
PORTION �� × �� M	� 4HE FENCED AREA WAS SURROUN

DED BY A LARGE
MESH FENCE ����� × ���� CM MESH	 TO
EXCLUDE CARIBOU� 7ITHIN THAT FENCE� A SMALLER
MESH
FENCE ���� × ��� CM MESH	 WAS CONSTRUCTED THAT WAS
� × � M IN SIZE TO FURTHER EXCLUDE SMALL MAMMALS
�%8,+3	� 4HUS %8, TREATMENT WAS ALSO � × � M IN SIZE
;��=� !LL MEASUREMENTS TOOK PLACE BETWEEN �� *ULY
AND �� *ULY ���� DURING PEAK GROWING SEASON AT PEAK
LEAF OUT ;��� ��=� 7E MADE ALL MEASUREMENTS AT LEAST
��� M AWAY FROM THE FENCES TO AVOID ARTIFACTS DUE TO
DIFFERENCES IN SNOW ACCUMULATION IMMEDIATELY NEXT

�
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TO THE FENCES� 7ITHIN EACH TREATMENT WITHIN A PLOT�
WE SELECTED THREE SUBPLOTS ARBITRARILY AND MEASURED
EACH FOR VEGETATION ABUNDANCE� ,!) �VIA .$6)	 AND
CARBON FLUX�

���� ,!)
.$6)� A MEASURE OF GREENNESS OBTAINED FROM SPECTRAL
REFLECTANCE MEASUREMENTS� CAN BE USED AS A PROXY FOR
TUNDRA ,!) ;��=� 7E COLLECTED REFLECTANCE DATA FROM
EACH OF OUR SUBPLOTS USING A FIELD PORTABLE SPECTRO

METER �5NISPEC� 00 3YSTEMS� (AVERHILL� -!� 53!	
CALIBRATED WITH A MEASUREMENT ON A ��� REFLECT

ANCE STANDARD �3PECTRALON� ,AB 3PHERE� .ORTH 3UTTON�
.(� 53!	 BEFORE EACH MEASUREMENT� $ATA WERE TAKEN
AT SHOULDER HEIGHT �APPROXIMATELY ��� M ABOVE THE
GROUND	 FOR A SAMPLE AREA OF ���� M� AND FIVE REPEAT
MEASUREMENTS WERE TAKEN AND AVERAGED FOR EACH SUB

PLOT� 7E CALCULATED .$6) FROM THE RED AND NEAR INFRA

RED REFLECTANCE VALUES AS SHOWN IN EQUATION ��	 ;��=�

.$6) = 2���−2���
2���+2���

. ��	

!LL DATA WERE TAKEN WITHIN A WEEK OF SPECIES ABUND

ANCE DATA TO ACCURATELY COMPARE VEGETATION ABUND

ANCE AND REFLECTANCE� .$6) WAS THEN USED TO CALCU

LATE ,!) �M�

LEAF M−�
GROUND	 FOR EACH SUBPLOT ACCORDING

TO THE MODEL DESCRIBED BY 3HAVER ET AL ;��= AND 3TREET
ET AL ;��=�

,!) = �.����E�.����×.$6) . ��	

���� 6EGETATION ABUNDANCE
7E USED A CIRCULAR POINT FRAME ;��= WITH A �� CM
RADIUS AND A GRID WITH MARKED POINTS �� CM APART
�TOTAL OF �� POINTS	 TO MEASURE VEGETATION AND SPE

CIES ABUNDANCE� !T EACH POINT� A LONG PIN WAS DROPPED
PERPENDICULAR TO THE GROUND� AND ALL VEGETATION
TOUCHING THE PIN WAS RECORDED BY SPECIES NAME� )F
THE PIN DID NOT TOUCH ANY VEGETATION� BARE GROUND
WAS RECORDED� 7E SEPARATED PLANT SPECIES INTO GROWTH
FORMS� VASCULAR AND NON
VASCULAR� 6ASCULAR PLANTS
WERE FURTHER SUBDIVIDED INTO DECIDUOUS SHRUBS� EVER

GREEN SHRUBS AND GRAMINOIDS� .O MOSSES OR FORBS
WERE PRESENT� 7E RECORDED LICHENS BY GROWTH FORM

CRUSTOSE� FOLIOSE AND FRUTICOSE�AS TWO OF THESE LICHEN
TYPES �FOLIOSE AND FRUTICOSE	 ARE PARTICULARLY IMPORT

ANT TO WINTER DIETS OF CARIBOU ;��=�

���� #ARBON FLUX MEASUREMENTS
#ARBON FLUX MEASUREMENTS WERE TAKEN FROM �� AM TO
� PM OVER FIVE DISCONTINUOUS DAYS� 7E MEASURED #/�

EXCHANGE USING A ,I
����84 �)2'!� ,I
#OR� ,INCOLN�
.%� 53!	 INFRARED GAS ANALYZER OPERATING IN CLOSED
MODE AND CONNECTED TO A CLEAR� POLYCARBONATE� CYL

INDRICAL CHAMBER WITH A CLEAR LID �HEIGHT = �� CM�
DIAMETER = ���� CM	� 7E PLACED THE CHAMBER OVER
EACH SUBPLOT TO MEASURE CHANGES TO #/� CONCEN

TRATION� WATER VAPOR� PHOTOSYNTHETICALLY ACTIVE RADI

ATION �0!2	� AND AIR TEMPERATURE OVER AN INTERVAL OF

�� S FOLLOWING THE ESTABLISHMENT OF STABLE ENVIRON

MENTAL CONDITIONS� 4O MINIMIZE AIR LEAKAGE BETWEEN
THE CHAMBER AND THE GROUND� WE ATTACHED A THICK
PLASTIC SKIRT TIGHTLY TO THE BOTTOM OF THE CHAMBER AND
WEIGHED DOWN BY A HEAVY CHAIN� 'AS FLUX MEASURE

MENTS FOR EACH SUBPLOT WERE MADE AT FIVE DIFFERENT
LIGHT LEVELS RANGING FROM FULL SUN TO COMPLETE DARK

NESS� ,IGHT LEVELS WERE CHANGED BY COVERING THE CHAM

BER WITH SHADE CLOTHS OF DIFFERENT THICKNESSES �FOR
INTERMEDIATE LIGHT LEVELS	� A BLACKOUT CLOTH FOR DARK
MEASUREMENTS� AND LEAVING THE CHAMBER EXPOSED TO
FULL SUN� 7E MADE A MINIMUM OF THREE MEASUREMENTS
FOR EACH LIGHT LEVEL� /NLY MEASUREMENTS MADE UNDER
STABLE ENVIRONMENTAL VARIABLES FOR THE DURATION OF
THE MEASUREMENT INTERVAL� PARTICULARLY THE LIGHT LEVEL�
WERE USED FOR FURTHER ANALYSIS� -EASUREMENTS WITH
OBVIOUS LEAKS �E�G� NEGATIVE .%% DURING DARK MEAS

UREMENTS	 WERE DISCARDED�

7E CALCULATED NET ECOSYSTEM EXCHANGE �.%%	
�µMOL M−� S−�	 FOR EACH SUBPLOT USING EQUATION ��	
;��� ��=�

.%% =
ρ×6× D#

DT
!

. ��	

!IR DENSITY� ρ� IS EQUAL TO 0��24	 WHERE 0 IS PRESSURE�
2 IS THE UNIVERSAL GAS CONSTANT AND 4 IS TEMPERATURE IN
+� 6 IS THE VOLUME OF THE FLUX CHAMBER� ! IS THE SURFACE
AREA THE CHAMBER COVERS AND D#�DT IS THE CHANGE IN
#/� CONCENTRATION ADJUSTED FOR WATER VAPOR� ! NEGAT

IVE .%% VALUE INDICATES A CARBON FLUX FROM THE ATMO

SPHERE TO THE ENVIRONMENT�

���� -ODELED .%%
4O COMPARE .%% AMONG TREATMENTS� WE APPLIED OUR
DATA TO THE 0,)24,% MODEL� WHICH HAS PREVIOUSLY
BEEN USED TO CALCULATE #/� FLUXES IN THE TUNDRA
;��� ��=�

.%% = 2%−'00 . ��	

0ARAMETERS FOR MODELED ECOSYSTEM RESPIRATION �2%	
WERE ESTIMATED ACCORDING TO THE MODEL DESCRIBED BY
EQUATION ��	 IN 3HAVER ET AL �����	 �EQUATION ��		�
"ECAUSE MEASUREMENT TEMPERATURE VARIED AMONG
TREATMENTS� WE APPLIED ALL DARK .%% MEASUREMENTS
FOR A GIVEN TREATMENT TO EQUATION ��	 TO ESTIMATE THE
RESPIRATION PARAMETERS 2�� 2X� AND β�

2% = (2� × ,!)+2X)Eβ×4 ��	

WHERE 2� �µMOL M−�
LEAF S−�	� 2X �µMOL

M−�
GROUND S−�	� AND β �◦#−�	 ARE EMPIRICALLY DERIVED

PARAMETERS� AND 4 IS AIR TEMPERATURE INSIDE THE CHAM

BER �◦#	� 2�� 2X AND β VALUES WERE RESTRICTED TO
VALUES !��

,IGHT RESPONSE CURVES WERE BUILT BY FITTING THE
.%% VALUES MEASURED AT DIFFERENT LIGHT LEVELS FOR A
GIVEN TREATMENT TO EQUATION ��	� WHICH WAS ADAP

TED FROM THE EARLIER .%% MODEL ;��=� !T LOW ,!)
VALUES� SUCH AS THOSE OBSERVED IN DRY HEATH TUNDRA�

�
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EQUATION ��	 FROM 3HAVER ET AL ;��= CONVERGES
WITH EQUATION ��	 �SUPP � �AVAILABLE ONLINE AT
STACKS�IOP�ORG�%2,�����������MMEDIA		�

.%% = 2%− 0MAX, × ,!)× %� ×0!2

0MAX, + %� × 0!2
��	

WHERE 0MAX, IS THE THEORETICAL LIGHT SATURATED PHO

TOSYNTHESIS RATE �µMOL M−� LEAF S−�	� %� IS THE LIGHT
USE EFFICIENCY OR THE INITIAL SLOPE OF THE LIGHT RESPONSE
CURVE �µMOL #/� µMOL−� PHOTONS	 AND 0!2 IS
THE PHOTOSYNTHETICALLY ACTIVE RADIATION AT THE TOP OF
THE CANOPY �µMOL PHOTONS M−� GROUND S−�	� 7E
MODELED .%% FOR EACH TREATMENT USING VALUES OF 2%
THAT WERE CALCULATED FROM EQUATION ��	 WITH THE PARA

METERS ESTIMATED FOR EACH TREATMENT� 4HE MODEL PARA

METERS �EQUATIONS ��	 AND ��		� FOR EACH TREATMENT
WERE THEN USED TO MODEL .%% �EQUATION ��		 OVER
THE RANGE OF AMBIENT LIGHT AND TEMPERATURES RECOR

DED DURING OUR MEASUREMENTS� .OTE WE SUBSTITUTED
THE DRY HEATH PARAMETERS REPORTED BY 3HAVER ET AL ;��=
FOR THE #4 TREATMENT BECAUSE OF THE LIMITED NUM

BER OF HIGH TEMPERATURE DARK MEASUREMENTS FROM
THESE PLOTS� -ODEL PERFORMANCE FOR EACH TREATMENT
WAS ASSESSED USING ROOT
MEAN
SQUARE ERROR �2-3%	
AND 2�� 4HE FITTED .%% AND 2% PARAMETERS FOR EACH
TREATMENT WERE THEN USED TO ESTIMATE .%%� '00� AND
2% FOR CORRESPONDING SUBPLOTS� USING SUBPLOT SPECIFIC
,!)� FOR TWO SETS OF LIGHT AND TEMPERATURE CONDITIONS�
��� 0!2 AND MEAN NOONTIME TEMPERATURE ������ ◦#	
�.%%���� '00��� AND 2%���� RESPECTIVELY	� AND AVERAGE
0!2 ������ µMOL PHOTONS M−� GROUND S−� 0!2	 AND
AVERAGE TEMPERATURE ������ ◦#	 OF *ULY ���� �.%%!6%�
'00!6%� AND 2%!6%	� 4HE WEATHER DATA FOR *ULY ����
WERE COLLECTED AT 4OOLIK &IELD 3TATION ;��=�

���� 3TATISTICAL ANALYSIS
7E ANALYZED DATA USING A �GENERALIZED	 LINEAR MIXED

EFFECTS MODEL WITH TREATMENT AS A FIXED EFFECT AND
BLOCK AS A RANDOM EFFECT� &OR BOTH LINEAR MIXED EFFECT
MODELS AND GENERALIZED LINEAR MIXED EFFECT MOD

ELS� P
VALUES FOR TREATMENT SIGNIFICANCE WERE OBTAINED
FROM THE LIKELIHOOD RATIO TEST� &OR LINEAR MIXED EFFECT
MODELS� P
VALUES FOR DIFFERENCES AMONG TREATMENT
WERE OBTAINED VIA 3ATTERTHWAITE�S DEGREES OF FREEDOM
METHOD FROM THE LMER4EST 2 PACKAGE ;��=� &OR GENER

ALIZED LINEAR MIXED EFFECTS MODELS� P
VALUE DIFFERENCES
AMONG TREATMENTS WERE OBTAINED USING MAXIMUM
LIKELIHOOD ESTIMATION� )N THE CASE OF OVERDISPERSED
DATA� AN OBSERVATION LEVEL RANDOM FACTOR WAS ADDED�
)N THE CASES WHERE THIS ADDITIONAL RANDOM EFFECT RES

ULTED IN A SINGULAR FIT� THE RESULTS FROM THE ORIGINAL
MODEL WERE REPORTED �VASCULAR PLANT COUNTS AND BARE
GROUND COUNTS	� &OR CASES WHERE THE MODEL RESULTED IN
A SINGULAR FIT� THE EFFECT OF BLOCK WAS CHECKED FOR SIG

NIFICANCE USING A LIKELIHOOD RATIO TEST� THEN THE BLOCK
RANDOM EFFECT WAS EXCLUDED FROM THE ORIGINAL MODEL
�WE DID NOT HAVE ANY CASES WHERE THE LIKELIHOOD RATIO
TEST INDICATED A SIGNIFICANT BLOCK EFFECT	� .ORMALITY

&IGURE �� ,!) PER TREATMENT� #4� %8,� AND %8,+3 INDICATE
TREATMENTS �CONTROL� LARGE MAMMAL EXCLUSION AND SMALL AND
LARGE MAMMAL EXCLUSION� RESPECTIVELY	� ,ETTERS INDICATE
SIGNIFICANT DIFFERENCES BETWEEN TREATMENTS� 4HE DARK BAR�
LOWER EDGE AND UPPER EDGE OF THE BOX REPRESENT THE MEDIAN�
FIRST AND THIRD QUARTILE RESPECTIVELY� 7HISKER EDGES REPRESENT
THE MAXIMUM AND MINIMUM VALUES AS DEFINED AS ��� TIMES
THE INTERQUARTILE RANGE LESS THAN THE FIRST QUARTILE OR MORE
THAN THE THIRD QUARTILE� /PEN CIRCLES INDICATE OUTLIER POINTS
THAT FALL BEYOND THE WHISKERS� . = ���

AND HETEROSCEDASTICITY WERE CHECKED USING 3HAPIROn
7ILK TESTS AND ,EVENE�S TESTS RESPECTIVELY� ! P
VALUE
OF ����� WAS CONSIDERED SIGNIFICANT� !LL ANALYSES WERE
COMPLETED IN 2 V ����� ;��= USING THE PACKAGES LME�
;��=� LMER4EST ;��=� CAR ;��=� AND LSMEANS ;��=�

�� 2ESULTS

���� ,!) AND VEGETATION ABUNDANCE
(ERBIVORE EXCLUSION SIGNIFICANTLY INCREASED ,!)
AND VEGETATION ABUNDANCE� -EAN ,!) INCREASED BY
����� IN %8, �- = ���� ± ����	 AND BY �����
IN %8,+3 �- = ���� ± ����	 COMPARED TO #4
�- = ���� ± ����	 �FIGURE �	� 7E ALSO OBSERVED SIG

NIFICANTLY GREATER VEGETATION ABUNDANCE WITH HERBI

VORE EXCLUSION� ,ICHENS WERE SIGNIFICANTLY GREATER IN
%8, TREATMENT BY ALMOST ��� �- = ���� ± ����	�
BUT NOT IN %8,+3 �- = ���� ± ����	 COMPARED TO
#4 �- = ���� ± ����	 �FIGURE ��A		� 6ASCULAR PLANTS
ABUNDANCE WAS SIGNIFICANTLY GREATER WITH HERBIVORE
EXCLUSION COMPARED TO #4 ����� ± ����	� HOWEVER
THERE WAS NO SIGNIFICANT DIFFERENCE BETWEEN %8,

�- = ���� ± ����	 AND %8,+3 �- = ���� ± ����	
TREATMENTS �FIGURE ��B		� 0IN HITS RECORDING BARE
GROUND WERE SIGNIFICANTLY LOWER IN BOTH %8,

�- = ���� ± ����	 AND %8,+3 �- = � ± ����	 COM

PARED TO #4 �- = � ± ����	 �FIGURE ��C		�

7E ALSO OBSERVED SHIFTS IN PLANT GROWTH FORM
ABUNDANCES IN RESPONSE TO HERBIVORE EXCLUSION�
6ASCULAR PLANTS WERE CLASSIFIED AS DWARF DECIDU

OUS SHRUBS �"ETULA NANA� 6ACCINIUM ULIGINOSUM�
AND !RCTOSTAPHYLOS ALPINA	� DWARF EVERGREEN SHRUBS
�2HODODENDRON TOMENTOSUM� ,OISELEURIA PROCUMBENS�

�

https://stacks.iop.org/ERL/16/024027/mmedia
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&IGURE �� 'RAPHS �A	n�C	 SHOW VASCULAR PLANT� LICHEN AND BARE GROUND COUNTS PER TREATMENT� 6ASCULAR PLANTS ABUNDANCES
SUBDIVIDED BY GROWTH FORMS PER TREATMENT ARE GIVEN IN GRAPHS �D	n�F	� ,ICHEN GROWTH FORM ABUNDANCES PER TREATMENT ARE GIVEN IN
�G	n�I	� ,ETTERS INDICATE SIGNIFICANT DIFFERENCES BETWEEN TREATMENTS� 4REATMENT� MEDIAN� FIRST AND THIRD QUARTILES� WHISKERS AND
OUTLIERS ARE DEFINED AS IN FIGURE ��

6ACCINIUM VITIS
IDAEA AND %MPETRUM NIGRUM	 AND
GRAMINOIDS �#AREX SPP�	� 7HILE WE OBSERVED GREATER
MEAN PIN HITS FOR DWARF DECIDUOUS SHRUBS BY APPROX

IMATELY ��� IN BOTH %8, AND %8,+3 TREATMENTS
COMPARED TO #4� THESE DIFFERENCES WERE NOT SIGNI

FICANT BECAUSE OF THE LARGE VARIABILITY AND LOW REPLIC

ATION �#4 - = ���� ± ���� %8, - = ���� ± ����
%8,+3 - = ���� ± ���	 �FIGURE ��D		� (OWEVER�
DWARF EVERGREEN SHRUB ABUNDANCE WAS SIGNIFIC

ANTLY GREATER BY ��� IN %8,+3 COMPARED TO #4
�#4 - = ���� ± ���� %8, - = ���� ± ����
%8,+3 = ���� ± ���	 �FIGURE ��E		� 'RAMINOID SPE

CIES WERE RARE AND NO DIFFERENCES AMONG TREATMENTS
WERE OBSERVED �#4 - = � ± ���� %8, - = ��� ± ����
%8,+3 - = ��� ± ���	 �FIGURE ��F		�

,ICHEN WAS SUBDIVIDED INTO THREE FUNC

TIONAL TYPES� CRUSTOSE �,EPRARIA NEGLECTA	� FOLIOSE

�-ASONHALEA RICHARDSONII� 4HAMNOLIA TOMENTOSUM�
AND #LADONIA CARNEOLA	 AND FRUTICOSE �#LADONIA SPP��
!LECTORIA OCHROLEUCA� AND 3TEREOCAULON TOMENTOSUM	�
#RUSTOSE LICHEN WERE MUCH RARER THAN THE OTHER LICHEN
FUNCTIONAL TYPES AND HAD THE HIGHEST ABUNDANCE IN
#4 �#4 - = ���� ± ����� %8, - = ��� ± �����
%8,+3 - = ��� ± ����	 �FIGURE ��G		�4HE ABUND

ANCE OF BOTH FOLIOSE AND FRUTICOSE LICHENS WERE
SIGNIFICANTLY HIGHER IN %8, TREATMENT THAN IN #4
OR %8,+3� -EAN FOLIOSE ABUNDANCE WAS GREATER
BY APPROXIMATELY ��� IN %8, THAN IN #4 �#4
- = ���� ± ����� %8, - = ���� ± ����� %8,+3

- = ���� ± ����	 �FIGURE ��H		� WHILE MEAN
FRUTICOSE ABUNDANCE WAS GREATER BY MORE THAN
��� IN %8, THAN IN #4 �#4 - = ���� ± �����
%8, - = ���� ± ����� %8,+3 -= ���� ± ����	
�FIGURE ��I		�

�
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���� -ODELED CARBON FLUX
/UR MODELED CARBON FLUX RESULTS SHOW A HIGHER
CARBON UPTAKE BY THE ENVIRONMENT WITH HERBIVORE
EXCLUSION �TABLE �	� (ERBIVORE EXCLUSION SIGNIFICANTLY
AFFECTED BOTH .%%��� AND .%%!6% AS BOTH %8, AND
%8,+3 HAD LOWER .%% AND THUS GREATER CARBON UPTAKE
THAN #4� 4REATMENT DID NOT HAVE A SIGNIFICANT EFFECT
ON EITHER '00��� OR '00!6%� ALTHOUGH MEAN VALUES
FOR BOTH '00 FLUXES WERE LOWER IN THE EXCLOSURES COM

PARED TO #4� 7E OBSERVED A SIGNIFICANT DIFFERENCE
IN BOTH 2%��� AND 2%!6%� SPECIFICALLY THAT %8, HAD
LOWER RESPIRATION THAN BOTH %8,+3 AND #4 �TABLE �	�
0MAX, × ,!) WAS HIGHEST IN %8,+3 AND LOWEST IN #4
�TABLE � HAS PARAMETER ESTIMATES ONLY	�

�� $ISCUSSION

(ERBIVORES CAN HAVE A MAJOR IMPACT ON VEGETATION
THROUGH BOTH SELECTIVE �GRAZING	 AND NONSELECTIVE
�TRAMPLING	 ACTIVITIES AND CONSEQUENTLY CAN IMPACT
CARBON CYCLING ;�� ��=� /UR STUDY SHOWS THAT THE LONG

TERM EXCLUSION OF LARGE AND SMALL MAMMALIAN HERBI

VORES IN DRY HEATH TUNDRA LED TO SIGNIFICANTLY GREATER
,!) AND ABUNDANCE OF SOME PLANT GROWTH FORMS AND
LICHENS� AND THAT THESE CHANGES HAVE THE POTENTIAL TO
CHANGE DRY HEATH TUNDRA FROM A CARBON SOURCE TO SINK
DURING THE PEAK GROWING SEASON� /UR MODELED CARBON
FLUX SUGGESTS THAT UNDER AVERAGE LIGHT AND TEMPERAT

URE CONDITIONS� DRY HEATH TUNDRA IS A CARBON SOURCE�
WHICH IS IN AGREEMENT WITH PREVIOUSLY PUBLISHED LIT

ERATURE ;��=� (ERBIVORE EXCLUSION TREATMENTS SIGNIFIC

ANTLY AFFECTED MODELED CARBON FLUX� AS INDICATED BY
THE MORE NEGATIVE VALUES OF .%%��� AND .%%!6% FOR
BOTH %8, AND %8,+3 COMPARED TO #4 �TABLE �	� /UR
RESULTS UNDERSCORE THE KEY ROLE HERBIVORES PLAY IN REG

ULATING THE CARBON BALANCE IN DRY HEATH TUNDRA�

���� ,!) AND VEGETATION ABUNDANCE
!S ANTICIPATED� WE OBSERVED SIGNIFICANTLY GREATER ,!)
AND LOWER BARE GROUND WITH HERBIVORE EXCLUSION�
WHILE VASCULAR PLANT ABUNDANCE WAS HIGHER� INDIC

ATING HERBIVORE ACTIVITY REDUCED PLANT ABUNDANCE�
2OY ET AL ;��= REPORTED THAT HERBIVORE EXCLUSION HAD
NO SIGNIFICANT EFFECT ON RELATIVE ABUNDANCE OF INDI

VIDUAL PLANT GROWTH FORMS IN THE SAME EXPERIMENTAL
PLOTS� 0OINT FRAME MEASUREMENTS INCORPORATE STRUC

TURAL COMPLEXITY THAT CAN BE MISSED WITH PERCENT
COVER MEASUREMENTS� WHICH MAY PARTIALLY EXPLAIN DIF

FERENCES IN OUR RESULTS� 4HE DIFFERENCE IN SPATIAL SCALE
OF OUR MEASUREMENTS �2OY ET AL SURVEYED � M� PLOT−�	
IN COMBINATION WITH THE HETEROGENEITY OF DRY HEATH
TUNDRA MIGHT HAVE ALSO CONTRIBUTED TO THE DIFFER

ENCES IN OUR FINDINGS� (ERBIVORE EXCLUSION RESULTED
IN GREATER EVERGREEN PLANT ABUNDANCE� IN AGREEMENT
WITH A �� YEAR HERBIVORE EXCLUSION STUDY IN DRY HEATH
TUNDRA ;��=� 7E OBSERVED NO DIFFERENCE IN DECIDUOUS
SHRUB ABUNDANCE� WHICH WAS UNEXPECTED� BUT MIGHT
BE EXPLAINED BY THE UNPALATABILITY OF RESINOUS "� NANA

;��=� WHICH COMPRISED A MAJOR PORTION OF DECIDU

OUS SHRUBS IN OUR PLOTS� %VERGREEN SHRUBS SPECIES
HAVE LOWER LEAF LEVEL PHOTOSYNTHETIC RATES COMPARED
TO DECIDUOUS SHRUBS� POTENTIALLY RESULTING IN A LOWER
CARBON UPTAKE FOR A GIVEN LIGHT LEVEL AND ,!) IF THEY
BECOME THE MORE DOMINANT SPECIES ;��=� 4HERE WAS A
LARGER MEAN DIFFERENCE IN THE ABUNDANCE OF DECIDUOUS
PLANTS BETWEEN %8, AND #4 THAN IN %8,+3 TO #4� WITH
%8, HAVING A SLIGHTLY GREATER ABUNDANCE THAN %8,+3�
%VERGREEN PLANTS ON THE OTHER HAND WERE MORE ABUND

ANT IN %8,+3 THAN IN %8,� 4HE HIGH ABUNDANCE OF
EVERGREEN PLANTS IN %8,+3 MIGHT THEREFORE ALSO PAR

TIALLY EXPLAIN THIS TREATMENT�S LOWER 0MAX, DESPITE ITS
HIGHER ,!) RELATIVE TO %8,�

7E OBSERVED THAT FRUTICOSE AND FOLIOSE LICHEN
ABUNDANCES WERE HIGHER IN %8, COMPARED TO #4� THIS
RESULT WAS EXPECTED AS CARIBOU ARE MAJOR CONSUMERS
OF THESE LICHEN ;��= AND IS IN AGREEMENT WITH OTHER
STUDIES THAT REPORT HIGHER LICHEN BIOMASS AND COVER
WITH REDUCED CARIBOU GRAZING PRESSURE IN HEATH TUN

DRA ;��� ��� ��=� #RUSTOSE LICHENS� WHICH ONLY RARELY
OCCURRED IN OUR PLOTS AND UNLIKE FOLIOSE AND FRU

TICOSE LICHENS ARE NOT PREFERENTIALLY FORAGED BY CARIBOU
;��=� HAD LOWER ABUNDANCES IN THE EXCLOSURES THAN
IN #4� 7E DID NOT OBSERVE A SIMILARLY GREATER LICHEN
ABUNDANCE IN %8,+3� WHICH WAS SURPRISING AS CARI

BOU ARE ALSO EXCLUDED IN THIS TREATMENT� %XCLUSION
OF BOTH SIZE CLASSES OF HERBIVORES HAVE BEEN REPOR

TED TO BOTH INCREASE ;��= AND DECREASE ;��= LICHEN
COVER� SUGGESTING THAT DECREASED GRAZING BY CARIBOU
IS NOT THE ONLY DETERMINANT OF LICHEN ABUNDANCE�
,ICHEN ABUNDANCE ALSO VARIES IN CARIBOU
ONLY EXCLU

SION EXPERIMENTS DEPENDING ON THE ECOSYSTEM ;��=�
)T IS POSSIBLE THAT SMALL MAMMAL HERBIVORY IN %8,

PROVIDED LICHEN WITH A COMPETITIVE EDGE AGAINST VAS

CULAR PLANTS� BECAUSE SMALL MAMMALS PREFERENTIALLY
GRAZE ON VASCULAR PLANTS ;��=� THAT COMPETITIVE EDGE
WAS NOT PRESENT IN THE %8,+3� 4HE EXACT COMPOSI

TION OF THE VEGETATION COMMUNITY MAY ALSO AFFECT REL

ATIVE ABUNDANCES OF LICHEN AND VASCULAR PLANTS AS IT
HAS ALSO BEEN REPORTED THAT LICHEN CAN BOTH REDUCE
AND ENHANCE VASCULAR PLANT SEEDLING ESTABLISHMENT
DEPENDING ON THE TYPES OF VEGETATION PRESENT ;��=�

���� -ODELED CARBON FLUX
$RY HEATH TUNDRA HAS BEEN REPORTED TO BE A NET CARBON
SOURCE ;��� ��n��= EVEN DURING THE GROWING SEASON
;��=� /UR RESULTS AGREE WITH THESE PREVIOUS STUDIES�
AS .%%AVE IS POSITIVE� INDICATING CARBON RELEASE� IN
#4 DURING PEAK GROWING SEASON� 2� VALUES FOR THE
.%% MODELS RANGED FROM ���� TO ���� WERE LOWER
THAN THOSE REPORTED FOR DRY HEATH TYPE TUNDRA IN
3HAVER ET AL ;��=� WHICH MAY BE PARTIALLY EXPLAINED
BY OUR LOWER SAMPLE SIZE� BUT 2-3% VALUES� WHICH
RANGED FROM ����� TO ������ WERE IN LINE WITH PRE

VIOUS REPORTED VALUES� (ERBIVORE ABSENCE IN TUNDRA
ECOSYSTEMS HAS BEEN LINKED TO INCREASES IN CARBON
UPTAKE ;��� ��� ��=� WITH EXCEPTIONS ;��=� 7E ANTICIP

ATED THAT THERE WOULD BE HIGHER CARBON UPTAKE IN THE

�
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4ABLE �� %STIMATED PARAMETERS AND STATISTICS FOR THE THREE TREATMENTS� 0ARAMETERS WERE FIT USING A NON
LINEAR LEAST SQUARES� .%% VALUES
WERE CALCULATED USING -ONTE #ARLO SIMULATION� )TALICIZED VALUES INDICATE PARAMETERS TAKEN FROM 3HAVER ET AL ;��= OR OTHERWISE HAVE NO
CALCULATED STANDARD ERROR�

0MAX,

�µMOL M−�

LEAF S−�	

%�

�µMOL #/�

µMOL−�

PHOTONS	

2�

�µMOL
M−�

LEAF S−�	

2X

�µMOL M−�

GROUND S−�	
β
�◦#−�	 2� 2-3%

.%%���

�µMOL
M−� S−�	

.%%*ULY

�MOL
M−� S−�	

#4 ����� ���� ���� ���� ���� ���� ���� −���� ���� ± ���
%8, ����� ± ���� ���� ± ���� � ± ���� ���� ± ���� ���� ± ���� ���� ���� −���� ± ���� −���� ± ���
%8,+3 ����� ± ���� ���� ± ���� ���� ± ���� ���� ± ���� ���� ± ���� ���� ���� −���� ± ���� ���� ± ���

4ABLE ��-EAN .%%� '00 AND 2% VALUES WERE CALCULATED FOR EACH TREATMENT USING THE APPROPRIATE MODEL PARAMETERS AND SUBPLOT SPECIFIC
,!)� 3UPERSCRIPT LETTERS INDICATE STATISTICAL SIGNIFICANCE�

.%%��� '00��� 2%��� .%%!6% '00!6% 2%!6%

�µMOL M−� S−�	 �µMOL M−� S−�	 �µMOL M−� S−�	 �µMOL M−� S−�	 �µMOL M−� S−�	 �µMOL M−� S−�	

#4 −���� ± ����A −���� ± ���� ���� ± ����A ���� ± ����A −���� ± ���� ���� ± ����A

%8, −���� ± ����B −���� ± ���� ���� ± ����B −���� ± ����B −���� ± ���� ���� ± ����B

%8,+3 −���� ± ����B −���� ± ���� ���� ± ����A −���� ± ����B −���� ± ���� ���� ± ����A

EXCLOSURES� CONCURRENT WITH THE INCREASE IN VASCULAR
PLANTS WE OBSERVED� WHICH OUR MODELED .%%��� AND
.%%AVE SUPPORT� &URTHERMORE� UNDER AVERAGE TEMPER

ATURE AND LIGHT CONDITIONS FOR *ULY ����� HERBIVORE
EXCLUSION SWITCHED THE DRY HEATH TUNDRA FROM CARBON
SOURCE TO SINK� /N AVERAGE� WE OBSERVED LOWER '00
�GREATER PHOTOSYNTHETIC CARBON UPTAKE	 IN THE EXCLOS

URES THAN IN #4� BUT DIFFERENCES BETWEEN TREATMENTS
WERE NOT SIGNIFICANT� CONTRARY TO ,!) AND VASCULAR
ABUNDANCE� WHICH WERE BOTH HIGHER IN THE EXCLOSURES�
4HIS IS POSSIBLY BECAUSE THE HIGHER ,!) AND VASCULAR
PLANT ABUNDANCES WERE DRIVEN BY LESS PRODUCTIVE SPE

CIES �I�E� EVERGREEN DWARF SHRUBS	 ;��=� (OWEVER� THE
HIGHER VASCULAR ABUNDANCE AND ,!) IN THE EXCLOSURES
WERE REFLECTED IN .%%� WHICH INDICATED SIGNIFICANTLY
HIGHER CARBON UPTAKE� #ARBON UPTAKE IN DRIER TUN

DRA TYPES �SUCH AS OUR STUDY SITE	 HAVE BEEN REPORTED
TO BE HIGHER WITH HERBIVORE EXCLUSION ;��= IN AGREE

MENT WITH OUR FINDINGS� THOUGH NOT ALWAYS SIGNIFIC

ANTLY ;��=� 3TRONGER RESPONSES APPEAR TO BE RELATED TO
SHIFTS IN VEGETATION COMPOSITION� SPECIFICALLY INCREASES
IN VASCULAR PLANTS ;��=� WHICH LIKELY HAVE A MORE DIRECT
IMPACT ON CARBON FLUX THAN LICHEN�

(IGHER LICHEN COVER IN %8, IS A POSSIBLE EXPLAN

ATION FOR THE LOWER 2% OBSERVED IN THAT TREATMENT
COMPARED TO %8,+3 AND #4 AS IT CAN INSULATE SOILS
AND LOWER THE TEMPERATURE EXPERIENCED BY THE MICRO

BIAL COMMUNITY UNDERNEATH ;��� ��=� 4HERE WAS NO
DISTINCTION BETWEEN THE EXCLUSION OF LARGE AND SMALL
HERBIVORES AND LARGE HERBIVORES ONLY ON GROWING
SEASON .%% DESPITE THE DIFFERENCE IN DIETS BETWEEN
THE TWO HERBIVORE ASSEMBLAGES� SIMILAR TO WHAT WAS
FOUND IN %UROPEAN HEATH TUNDRA ;��=� (OWEVER� THE
UNEXPECTEDLY LOWER 2% IN %8, INDICATES THAT THESE
TREATMENTS MAY HAVE SUBTLE DIFFERENCES THAT ARE NOT
APPARENT UNDER WEATHER CONDITIONS EXPERIENCED IN
OUR STUDY� -ICROBIAL ACTIVITY IN MORE INSULATED SOILS
CAN HAVE DIFFERENT TEMPERATURE SENSITIVITY THAN IN

LESS INSULATED SOILS ;��=� RAISING THE POSSIBILITY THAT
THE TREATMENTS MIGHT HAVE DIFFERING RESPONSES TO
WARMING�

3TUDIES SUGGEST CLIMATE CHANGE WILL HAVE NEGAT

IVE IMPACTS ON MANY ARCTIC ANIMAL SPECIES� INCLUD

ING CARIBOU ;��� ��= AND SMALL MAMMALS ;��n��=�
-ANY CARIBOU HERD POPULATIONS HAVE BEEN DECLINING�
INCLUDING THOSE IN NORTHERN #ANADA ;��= THOUGH THE
0ORCUPINE (ERD IN NORTHEAST !LASKA HAS RECENTLY SEEN
RECORD HIGHS ;��=� #LIMATE CHANGE CAN POTENTIALLY
HAVE A DAMPENING EFFECT ON BOOM AND BUST CYCLES
OF SMALL MAMMALS LIKE VOLES AND LEMMINGS ;��n��=�
4HESE FUTURE PROJECTIONS UNDERSCORE THE IMPORTANCE
OF UNDERSTANDING HERBIVORE AND CARBON CYCLING INTER

ACTIONS IN THE ARCTIC TUNDRA�

�� #ONCLUSION

7E HAVE SHOWN THAT HERBIVORE ABSENCE CORRELATES WITH
INCREASES IN VEGETATION ABUNDANCE AND ,!) IN ARCTIC
DRY HEATH TUNDRA� WHICH IN TURN IS ASSOCIATED WITH
INCREASED CARBON UPTAKE� -OREOVER� OUR MODELED
.%% PREDICTS HERBIVORE ABSENCE HAS THE POTENTIAL TO
CHANGE DRY HEATH TUNDRA FROM A CARBON SOURCE TO
SINK DURING PEAK GROWING SEASON� !S CLIMATE CHANGE
CAUSES RAPID CHANGES TO THE ARCTIC TUNDRA ECOSYS

TEMS� INCORPORATING THE RELATIONSHIP BETWEEN HERBI

VORES AND ECOSYSTEM PRODUCTIVITY IN CARBON CYCLING
MODELS IS CRUCIAL TO ACCURATELY PREDICTING TUNDRA CAR

BON BALANCE�

$ATA AVAILABILITY STATEMENT

4HE DATA THAT SUPPORT THE FINDINGS OF THIS STUDY
ARE OPENLY AVAILABLE AT THE FOLLOWING $/)S�
HTTPS���DOI�ORG���������PASTA��������D��F�DA�����
����B�A�C�CAD ;��= AND HTTPS���DOI�ORG���������PAS
TA��B��������E�F�����FCD��DE�C����� ;��=�

�
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