@ National Park Service

ARTICLE

Changing Climate Zones Mean Changing Vegetation in
Western National Parks

Storm clouds over Saguaro National Park.

Plant Growth and the Bimodal Climate Zone

The charismatic vegetation that gives southwestern

parks their quintessentially “western” feel is threatened An expanded bimodal climate zone will have important
by climate change in ways we might not expect. impacts on plant communities. In western national parks,
Saguaro cacti, grasslands, shrublands, and pinyon- some communities are more likely to change than others.

juniper all grow where the climate meets their needs.

Some of these species, such as the saguaro, rely on

slow growth to persist in bone-dry summer conditions.
Others have deep roots and/or can drop their leaves to conserve water. Due to their finely tuned traits and distributions, we can be

certain that when the climate changes enough, the vegetation communities growing in any given place will also change.

Plant growth happens when there is water in the soil, and temperatures warm enough to allow transpiration (water use by plants) and
photosynthesis (plants’ conversion of light into energy). Systems in different places are limited by different factors. In temperature-
limited systems, water is plentiful. The growing season is limited by the consecutive months warm enough for transpiration. In water-
limited systems, plant growth occurs when dry soil has been recharged by winter rains, snowmelt, and/or episodic pulses of

precipitation.

Many water-limited systems, such as the semi-arid southwestern US, have a bimodal growing season (Figure 1). Here, two growth
peaks occur: one in spring and another in late summer. The first peak occurs when spring temperatures become warm enough for
plants to use soil moisture from the previous winter and spring. After the spring soil moisture is used up, plant activity slows or stops

until late-summer rains recharge the soil. This allows for the second, smaller growth peak.

https://www.nps.gov/articles/000/ncpn_bimodal-zone-expansion.htm 1
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Figure 1. Areas within the continental United States that historically (1981-2010) contained bimodal seasonal patterns (red) and unimodal patterns
(blues). Shades of red and blue (see color ramps at right) indicate the average number of days with plant growth each year (0-365 possible). White

patches represent areas with missing data.

Warming temperatures and/or precipitation changes could lead the US bimodal zone to expand into new areas. These changing
climate patterns will likely result in significant changes to plant communities, with cascading ecological consequences. To help park

managers plan for possible future scenarios, National Park Service ecologists from the Northern Colorado Plateau Network

to experience bimodal growing seasons in the future.

Future Expansion of the Bimodal Zone

Using climate projections to drive a water-balance model (https:/www.nps.gov/subjects/climatechange/waterbalance.htm), we
focused on two climate scenarios, or Representative Concentration Pathways (RCPs). RCP 4.5 represents an anthropogenic top-of-
atmosphere climate forcing of 4.5 watts/m? at the year 2100. It would require a rapid stabilization in greenhouse gas emissions. RCP
8.5 represents a continued increase in greenhouse gas emissions at a rate similar to the present. Within the RCPs, 13 General

Circulation Models (GCMs) were selected to bracket the range of projected future changes in temperature and precipitation.

Under every future scenario (i.e., RCP/GCM combination), the bimodal growing zone increased. This was true for both mid-century
(2040-2069) and late-century (2070-2099) projections. Under the smallest-expansion scenario within RCP 8.5 projections, the
bimodal zone grew primarily around its historical area, moving only slightly into Texas and more northern states (Figure 2). Under the

future with the largest expansion, the bimodal area extended from central Texas to central California to Washington (Figure 3).



https://www.nps.gov/im/ncpn/index.htm
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Figure 2. Areas within the continental United States under the late-century future with the least areal expansion of bimodal seasonal patterns (red) and
unimodal patterns (blues) under RCP 8.5.

Right image
Figure 3. Areas within the continental United States under the late-century future with the most areal expansion of bimodal seasonal patterns (red) and
unimodal patterns (blues) under RCP 8.5.

Increases in growing-season bimodality are driven by increasing aridity in summer, which is caused by two interacting mechanisms.
One is a reduction of summer precipitation. The other is increased evapotranspiration (evaporation plus water use by plants), which
depletes soil moisture at a faster rate. Our results reflect the presence of both mechanisms. For example, a hot, reduced-precipitation
projection for Big Bend National Park portends marked declines in summer precipitation, resulting in very low growth in late summer.
In contrast, a hot, similar-precipitation projection for Capitol Reef National Park resulted in more days above freezing in November—
March, leading to increased winter growth. This is likely to exhaust soil-moisture reserves more quickly than in the past, resulting in

drought that hampers summer growth.

Potential Effects on Composition and Distribution of Plant Communities

An increase in the bimodal zone will have important impacts on plant communities. Some communities are more likely to persist than
others.

To survive, plants need to exploit key resources when they are most available, and reduce or abstain when they are scarce. One
framework for thinking about the traits and trade-offs of plant adaptation is the RSK scheme. Grime (1977, 1979) described plant
species as ruderal (R), stress-tolerant (S), or competitive (K), according to their life strategies (see table).

Plant traits and survival strategies that make them more or less well adapted to bimodal climates.

Well-suited to
Life history | Life strategies bimodal Examples

environments?

Ruderal (R) » Capitalize on intermittent resources Yes Annual forbs and

o Allocate more energy to reproduction (e.g., seeds) than grasses (e.g.,

biomass accumulation . .
invasive cheatgrass)
o Abundant seed production helps these plants persist

through unfavorable conditions




Well-stited-to
¢ Respond to midsummer drought as a stressor rather
Life history | Life gtrategies, . . bimodal Examples

environments? Cacti, deep-rooted

Ciracc o Employ slow growth rates, dormancy, infrequent

reproduction, and resource-conserving physical traits, Yes shrubs (e.g.,
tolerant (S) P gpPny
such as water reservoirs or sclerophyllous leaves (hard, blackbrush)

closely spaced leaves adapted to heat and dryness)

o Focus on efficient resource allocation to large, space-
dominating vegetative structures Larger species,
« Need to maintain growth continuously throughout the No including many trees

warm months (e.g., pinyon pine)

Competitive

(K)

In regions with newly bimodal climate patterns, a mid-season growth stoppage would be a severe disturbance for K-strategy plants.
K-strategy plants are less able to seek refuge in seeds (R-strategy) or use stress-tolerance mechanisms (S-strategy) to survive dry
spells. They are also susceptible to hydraulic disruption (e.g., air within their xylem that is difficult to purge). This kind of disturbance

can cause sudden, acute damage, pushing K-strategy plants past biological tipping points and into widespread mortality.

This is already happening. For example, Koehn and
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(Pinus ponderosa) seedlings experienced
summertime hydraulic disruption, they exhibited
dieback after only 20-30 days—and more than 90%
mortality after 45 days. In southern Utah,
Kannenberg and others (2021) documented
widespread mortality caused by hydraulic disruption
in Utah juniper during midsummer 2018. In the
1950s, a severe drought caused widespread tree
mortality in the southwestern US, but did not affect
other plant types as severely. And in 2021, Bradford
and others (2021) found that trees were particularly
susceptible to summer drought. They suggested that
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managers consider thinning trees to reduce 3
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competition for water during drier growing seasons. Patch of dying junipers with the Abajo Mountains in the background,

Cedar Mesa, Utah.
Eventually, expanded bimodal seasonality may

cause a shift toward R-strategy grasses at the expense of perennial grasses and forbs. It may also cause an increase in stress-
tolerant shrubs (S-strategy plants), such as creosote (Larrea tridentata) and mesquite (Prosopis spp.), or small sclerophylls, such as
broom snakeweed (Gutierrezia sarothrae). Unfortunately, many R-strategy species are weedy and invasive, so an increasing area of
bimodality could result in more “disturbed” or “stressful” habitats that may transition to plant communities with fewer native species.
Vegetation composition in newly bimodal areas will also depend on additional factors, such as atmospheric CO; levels; disturbances,

such as fire; and land-use patterns.



What Park Managers Can Do

The results from this study clearly show that the area of bimodal seasonality in the southwestern US will expand, regardless of
projected precipitation increases or decreases. This is because with warmer temperatures, increased evapotranspiration will outstrip
any gains in soil moisture made by potential increases in precipitation. This gives park managers a warning that plant communities
adapted to bimodal seasonality are likely to spread beyond their historical distribution. This mappable pattern may impact many
important K-strategy plant species, including trees.

These findings support proactive management. For instance, managers observing a warm-season pause in plant growth in areas
where it had not occurred in the past can expect an increased risk of invasive-plant colonization. This sudden, new growth
depression might manifest suddenly. And it may portend a transformative event resulting in widespread tree mortality, increased
abundance of annual grasses, and encroachment of drought-tolerant shrubs. By identifying this potential early indicator of change,
managers may implement proactive climate adaptation to resist, accept, or direct

(https://lwww.nps.gov/subjects/climatechange/radframework.htm) future changes.

This article was summarized from Tercek, M., J. Gross, and D. Thoma. 2023. Robust projections and consequences of an

expanding bimodal growing season in the western United States (http://doi.org/10.1002/ecs2.4530). Ecosphere 14(5), May.
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