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3 Morth American Deserts: Environments and Vegetation

also stimulates a self-promoting fire cycle in a community-type that had limited
historical exposure to fire (Busch and Smith 1993; see Sect 10.3).

1.4
Structure and Function of North American Desert Ecosystems

1.4.1
Primary Production

Desert ecosystems exhibit low annual net primary production (ANPP) and
standing biomass. Estimates of ANPP in deserts vary somewhat: Lieth {1973)
proposed a range of 10 to 250 g m ™ * year ' for desert scrub and 0-10 g m *
vear ' for extreme desert, and Noy-Meir (1973) proposed a range of 30 to 300
g m * year ' for desert ecosystems. This compares with ANPP values of
200-1500 and 600-1500 g m ™ year ' for temperate grassland and forest, re-
spectively (Lieth 1973). This low annual primary production of desert ecosys-
temns has been attributed to: (1) low annual rainfall; (2) low nutrient content in
the soil; and (3) low production potential of desert plants (Hadley and Szarek
1981}, These are not mutually exclusive factors, but since aridity is the primary
climatic attribute of desert regions, it has long been assumed that low primary
production in deserts is due to a lack of rainfall. This is illustrated by the fact
that deserts can exhibit high productivity in wet years and that microhabitats
that accumulate run-on water (e.g., large washes, playa fringes) have high pro-
ductivity on @ mean annual basis (Ludwig 1987).

Net primary production in terrestrial ecosystems is strongly correlated with
mean annual water availability (Webb et al. 1978) and foliar standing crop
(Webb et al. 1983). Primary production data from the four North American
deserts (Le Houérou 1984) indicate that annual primary production correlates
maoderately well with annual precipitation (Fig. 7), with the arid Mojave Desert
having the lowest average ANPP{25gm *year ') and the semiarid Chihuahuan
Desert having the highest ANFP (119 g m~* year '). The ANFP value cited by
Le Houérou (1984) for the Sonoran Desert (mean of 52 g m * year '), which
was lower than in the drier Great Basin Desert (mean of 92 g m* year '), ap-
pears to be anomalously low; Whittaker and Niering (1975) quantified a mean
ANPP of 109 g m * year™ ' for three Sonoran Desert scrub communities. Given
this more realistic estimate, only the Mojave Desert approaches the upper ANPP
boundary of 10 g m* year ™ for extreme deserts. Le Houérou {1984) developed
a parameter called “rain-use efficiency” (RUE, the quotient of annual primary
production and annual precipitation; g dry wt m* year ' mm '), Mean RUE
of the four deserts was 0.197 for the Mojave Desert, 0.19 for the Sonoran Desert
(or ca. 0.4 if using the Whittaker-Niering ANPP estimate), 0.41 for the Great
Basin, and 0.43 for the Chihuahuan Desert.

Correlations of annual production with rainfall are more accurate when con-
ducted on a single site rather than across deserts and physiognomic types of
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Fig. 7. Mean annual net primary production {ANPP) as a function of mean annaal precipitation
for sites within the Great Basin, Mojave, Sonaran and Chihauhuan Deserts. (Redrawn from Le

Houdrog 1984}

vegetation. An analysis of nine consecutive years of primary production data
from Rock Valley in the Mojave Desert (Lane et al. 1984) showed that ANPP
was moderately well correlated with annual precipitation (r*=0.51), but exhib-
ited a better correlation with annual transpiration (r'=0.84); from an efficiency
perspective, vegelation RUE showed no relationship with precipitation, whereas
plant WUE was only moderately correlated with transpiration (Fig. 8). The
higher correlation of ANPP with plant transpiration is not surprising, since
transpiration is a direct measure of gas exchange activity in vegetation, whereas
precipitation can be lost via runoff, soil evaporation, and deep drainage.
Regressions of ANPP with seasonal (January-May) precipitation (r'=0.74) and
transpiration (r'=0.90) gave even better predictive estimates. For plants that
commence growth in late autumn and continue through the winter and spring,
calendar-year rainfall may have little relevance to their phenological schedules
and resulting productivity (Turner and Randall 1989). With the possible ex-
ception of the Chihuahuan Desert, winter rainfall has a greater effect on pri-
mary production, compared to summer rainfall. This is because winter rainfall
originates from frontal systems and tends to uniformly wet the soil to deeper
depths. Concurrently, lower evaporative conditions result in a greater percent-
age of AET occurring as transpiration. In the summer, rainfall events percolate
to shallower depths {Cable 1980) and are quickly lost through evaporation from
the soil. As a result, some desert shrubs do not utilize summer rains (Ehleringer
et al. 1991) and do not exhibit a summer growth phase, even when presented















