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Abstract Predicted changes in climate and increas-
ing nitrogen deposition are likely to have significant
impacts on species that have limited distributions or
are already experiencing diminished population size.
Arnica dealbata (A. Gray, Asteraceae), a listed
sensitive species in Yosemite National Park, is
endemic to California and has limited distribution
within the park boundaries. The objective of this
research was to examine the effects of altered
precipitation resulting from climate change, increas-
ing nitrogen deposition resulting from pollution, and
prescribed fire on A. dealbata. A. dealbata cover
significantly increased with increasing snowpack and
prescribed fire. Increasing nitrogen deposition nega-
tively affected cover. Our results suggest Yosemite’s
A. dealbata populations can thrive even under a
changing climate if prescribed fire is frequently
applied coupled with increased moisture availability.
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Introduction

California’s Sierra Nevada mountain range is expected
to experience altered precipitation regimes as a result of
changing climatic conditions (Cayan et al. 2008; Field
et al. 1999). Commensurate with these changes in
precipitation is an expected increase in nitrogen depo-
sition resulting in part from fossil fuel consumption
(Fenn et al. 2003). These changes occurr as land
managers attempt to restore fire into forests that have
experienced a century or more of fire suppression.
Regional predictions for the Sierra Nevada Mountains
include an increase in late winter/early spring precip-
itation, in conjunction with hotter, drier summers
(Cayan et al. 2008; Field et al. 1999; Hayhoe et al.
2004). These predicted changes in weather are likely to
lead to increased fire frequency and intensity (Miller and
Urban 1999), making the restoration of pre-suppression
fire regimes essential for reducing catastrophic fire risk.

Changing climatic conditions pose a substantial
risk to threatened species and species with limited
geographic ranges (Harris et al. 2006). In a study to
determine the impacts of altered precipitation,
increasing nitrogen, and fire on Sierran mixed-conifer
forest understory (Hurteau and North 2008), we
increased and decreased snowpack, increased nitro-
gen, and applied prescribed fire in a full factorial
design to 72 plots at two locations. In the Crane Flat
area of Yosemite National Park (the northern loca-
tion), we identified Arnica dealbata, a park sensitive
species endemic to California, on our plots.
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Predicted increases in the two most limiting
resources in Sierran mixed-conifer forest, water and
nitrogen (Fenn et al. 1998; Witty et al. 2003), have
the potential to affect the understory plant community
and further exacerbate the fire threat by increasing
forest understory fuels. Several studies have been
conducted to identify the impacts of climate change
and nitrogen enrichment on plant communities and
have found that increasing precipitation results in
increased biomass production and/or net primary
productivity (Grime et al. 2000; Shaw et al. 2002)
and increasing nitrogen deposition results in
decreased species richness (Zavaleta et al. 2003).
Determining how the predicted climate scenarios will
influence rare species such as A. dealbata is impor-
tant for allowing land managers to make informed
decisions.

Arnica dealbata was listed as a park sensitive
species in 1984 because it is believed to occur in only
two places within the park and be uncommon
throughout its range (Peggy Moore, personal com-
munication). Previously classified as Whitneya
dealbata, A. dealbata was reclassified by Baldwin
(1999) to make it monophyletic. One of the goals of
this research was to determine the effects of fire
management on this species. Specifically, we wanted
to determine if fire would increase the abundance of
this rhizomatous species. Additionally, we wanted to
determine how the species would respond to the suite
of possible future conditions that we tested in the
experiment.

Methods

Our study was conducted in mixed-conifer forest at
Yosemite National Park (2,100 m elevation), which
had five principal overstory species: Abies concolor,
Abies magnifica, Calocedrus decurrens, Pinus jef-
freyi, and Pinus lambertiana.

We used a 3 x 2 x 2 full factorial design, with
three replicates per treatment. The treatments
included increased and decreased snowpack by 60%
of average (applied in March each year), increased
nitrogen (NH,4) by the equivalent of 12 kg/ha/year
(hand spread in May each year), and prescribed fire.
We chose ammonia over nitrate because of its
availability to plants and the relatively short duration
of the study. The 36 plots were established and a pre-
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treatment measurement was made in 2003. Snow and
nitrogen treatments were applied in 2004-2006.
Prescribed fire was applied in the summer of 2005
and post-treatment measurements were made during
the summer of 2006. During the growing season, each
9 x 9 m plot was subdivided into nine subplots and
surveyed in its entirety for percent cover by species
using a 1 x 1 m quadrat.

We examined treatment effects on A. dealbata
percent cover. We used repeated measures ANOVA
in SAS with a least-squares difference (LSD) mean
separation for the main effects and a Tukey adjusted
least-squares means for the interaction effects. We
considered results to have biological significance if
P < 0.05.

Results and discussion

The significant interaction effects indicate a complex
response depending on the particular treatment level
combination (Table 1). The snowpack increase
(n = 48.3%) resulted in significantly higher cover
values than the snowpack decrease (u = 5.2%)
(P < 0.0001, F,14 = 49.64). While not statistically
significant, the snowpack increase also resulted in
higher cover values than the ambient snowpack
(u = 24.6%). This may be due to A. dealbata’s
association with meadows and open forests (Hickman
1993), where more precipitation tends to reach the
surface rather than being intercepted by overstory
tree canopies. The nitrogen increase (u = 10.2%)
treatment was not statistically significant, but did
result in lower cover than the ambient treatment

Table 1 ANOVA table results from split-plot analysis for
repeated measurements

Source df Type I Mean F-value P-value
SS square

Snow 2 320149 16007.4 49.64  <0.0001
Nitrogen 1 25083 2508.3 7.78 0.0063
Fire 1 1799.1  1799.1 5.58 0.02

Snow * Nitrogen 2 3644.0 1822.0 5.65 0.0046
Snow * Fire 2 8639.2 4319.6 13.39  <0.0001
Nitrogen * Fire 1 2889.0 2889.0 8.96 0.0034
S*N*F 2 1018.7 509.3 1.58 0.2108
Rep *S*N*F 14 715868 51133 1586  <0.0001
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(u = 24.6%). The response to nitrogen treatments
may be a function of our application of ammonia
rather than nitrate, which comprises a larger propor-
tion of dry deposition. However, other species such as
Kellogia gallioides did experience a positive growth
response to the ammonia application (Hurteau and
North 2008). The sparse distribution of A. dealbata
may make it less able to compete with species that
capitalized on the nitrogen addition treatments.

The fire treatment independently (u = 3.5%),
while not statistically significant, did result in lower
cover than the ambient treatment. This was surprising
since many rhizomatous species are adapted to
frequent fire regimes, readily re-sprouting from dor-
mant sub-surface buds or tubers, which can survive
moderately high temperatures (Brown and Smith
2000). With the exception of the ambient treatment,
the snowpack increase, snowpack increase + fire, and
snowpack increase + nitrogen + fire treatments all
resulted in significantly greater cover than the other
treatments (Fig. 1). The increase in cover following
nitrogen’s addition in the snowpack increase + nitro-
gen + fire treatment may be because this treatment
increased the burn’s severity and extent (Hurteau and
North 2008), which when coupled with increased
snowpack, favored A. dealbata’s re-sprouting.

Current Sierran mixed-conifer forest conditions are
outside of their historic range of variability. Prior to
fire suppression, mixed conifer had an open structure
and experienced more frequent, low-severity surface
fires (North et al. 2007). Our findings have several
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Fig. 1 Mean percent cover response of A. dealbata to
treatments F, fire; N, nitrogen; S, snowpack; +/—, snowpack
increase/decrease. Treatments with different letters are signif-
icantly different

important implications for managing A. dealbata. Re-
introducing prescribed fire alone may not positively
influence the species. A. dealbata is usually associ-
ated with open forest conditions. We also found
higher cover when an increase in snowpack was
followed by prescribed fire. These results suggest that
in the near-term, managers should consider increasing
moisture availability by decreasing overstory canopy
cover, which would decrease precipitation intercep-
tion. In the long-term, specific management actions
should depend upon the climate change scenario that
unfolds. Under a range of modeled greenhouse gas
concentrations, Lenihan et al. (2008) found that the
area burned in California is likely to increase. If a
general increasing trend in precipitation occurs, fire
could be a useful tool for maintaining A. dealbata.
However, if a general decreasing trend in precipitation
occurs, A. dealbata abundance may diminish further.
Regardless of the trend in precipitation, a prudent
hedge against uncertainty for A. dealbata would be
managing for increased soil moisture availability by
restoring a more open historic forest condition.

Acknowledgements We would like to thank Jan van
Wagtendonk from the USGS and Kara Paintner from the
NPS for assistance with project establishment, Mike Beasley
and Yosemite Helitack for implementing the burn treatments,
Jason Jimenez, Don Stevens, and Kevin Tucker for help with
data collection, and the USFS PSW Sierra Nevada Research
Center for providing funding for this project.

References

Baldwin BG (1999) New combinations in California Arnica
and Monolopia (Compositae). Novon 9:460-461. doi:
10.2307/3392142

Brown JK, Smith JK (eds) (2000) Wildland fire in ecosystems:
effects of fire on flora, vol 2. USDA Forest Service,
RMRS-GTR-42, p 257

Cayan DR, Maurer EP, Dettinger MD, Tyree M, Hayhoe K
(2008) Climate change scenarios for the California region.
Clim Change 87(Suppl 1):S21-S42. doi:10.1007/s10584-
007-9377-6

Fenn ME, Poth MA, Aber JD et al (1998) Nitrogen excess in
North American ecosystems: predisposing factors, eco-
system responses, and management strategies. Eco Apps
8:706-733

Fenn ME, Haeuber R, Tonnesen GS et al (2003) Nitrogen
emissions, deposition, and monitoring in the western
United States. Bioscience 53:391-403. doi:10.1641/
0006-3568(2003)053[0391:NEDAMI]2.0.CO;2

Field CB, Daily GC, Davis FW, Gaines S, Matson PA, Melack
J et al (1999) Confronting climate change in California:

@ Springer


http://dx.doi.org/10.2307/3392142
http://dx.doi.org/10.1007/s10584-007-9377-6
http://dx.doi.org/10.1007/s10584-007-9377-6
http://dx.doi.org/10.1641/0006-3568(2003)053[0391:NEDAMI]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2003)053[0391:NEDAMI]2.0.CO;2

194

Plant Ecol (2009) 202:191-194

ecological impacts on the Golden State. Union of Con-
cerned Scientists, Cambridge, MA and Ecological Society
of America, Washington, DC

Grime JP, Brown VK, Thompson K et al (2000) The response
of two contrasting limestone grasslands to simulated cli-
mate change. Science 289:762-765

Harris JA, Hobbs RJ, Higgs E, Aronson J (2006) Ecological
restoration and global climate change. Rest Ecol 14:170-
176

Hayhoe K, Cayan D, Field CB et al (2004) Emissions path-
ways, climate change, and impacts on California. Proc
Natl Acad Sci USA 101:12422-12427. doi:10.1073/pnas.
0404500101

Hickman JC (ed) (1993) The Jepson manual higher plants of
California. University of California Press, Berkeley

Hurteau M, North M (2008) Mixed-conifer understory
response to climate, nitrogen, and fire. Global Change
Biol  14:1543-1552.  doi:10.1111/j.1365-2468.2008.
01584.x

@ Springer

Lenihan JM, Bachelet D, Neilson RP, Drapek R (2008)
Response of vegetation distribution, ecosystem produc-
tivity, and fire to climate change scenarios for California.
Clim Change 87(Suppl 1):S215-S230

Miller C, Urban DL (1999) Forest pattern, fire, and climatic
change in the Sierra Nevada. Ecosystems 2:76-87

North M, Innes J, Zald H (2007) Comparison of thinning and
prescribed fire restoration treatments to Sierran mixed-
conifer historic conditions. Can J For Res 37:331-342

Shaw MR, Zavaleta ES, Chiariello NR et al (2002) Grassland
responses to global environmental changes suppressed by
elevated CO,. Science 298:1987-1990

Witty JH, Graham RC, Hubbert KR, Doolittle JA, Wald JA
(2003) Contributions of water supply from the weathered
bedrock zone to forest soil quality. Geoderma 114:389—
400

Zavaleta ES, Shaw MR, Chiariello NR et al (2003) Grassland
responses to three years of elevated temperature, CO,,
precipitation, and N deposition. Ecol Monogr 73:585-604


http://dx.doi.org/10.1073/pnas.0404500101
http://dx.doi.org/10.1073/pnas.0404500101
http://dx.doi.org/10.1111/j.1365-2468.2008.01584.x
http://dx.doi.org/10.1111/j.1365-2468.2008.01584.x

	Response of Arnica dealbata to climate change, nitrogen deposition, and fire
	Abstract
	Introduction
	Methods
	Results and discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


