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SUMMARY

In many biogeochemical models, plant species are aggregated such that only
one generic plant type is represented. If multiple species are present, each
“species” or functional type is represented as a collection of physiological
traits. We recently have been exploring the physiological responses of co-oc-
curring plant species of a variety of growth forms to determine how many sep-
arate physiological types are needed in order to capture the dynamics of net
primary production. decomposition, carbon (C) storage and nitrogen (N)
availability. We measured species-level photosynthetic responses, canopy light
extinetion, leaf N and lignin, and soil nutrient processes. In both the prairie
and the shrub-savanna we found that photosynthetic res ponses scale with light
within the plant canopy such that for caleulation of C gain. the canopy can be
modeled as a single unit. regardless of the vertical distribution of species. Nu-
trient cyeling and C storage are, however., very different in herbaceous areas
compared to wooded areas. such that shrub-dominated areas have different
s0il Clevels and N mineralization rates from grassland areas. In Texas, shrub-
dominated areas have higher soil C and N mineralization. The dominant woody

209

In: Linking Species & Ecosystems. C.G. Jones and JH. Lawton (eds.).
1995. Chapman and Hall. Pp 209-214.



210 Aggregation af Species Properties for Biogeochemical Modeling: Empirical Results

plant in the Texas site is an N fixer. Significant areal expansion of this plant,
documented since the mid-1800s, has undoubtedly affected regional patterns
of N eveling and net primary production (NPP) {similar to results of Vitousek
and Walker, 1989, from Hawaii) . The dominant woody plant in Kansas is not
a fixer and invasion (which is locally common due to fire suppression) results
in losses of N availability and stored C. We suggest that some ecosystem
processes may be modeled suceessfully with highly aggregated models, par-
ticularly models of processes that are highly constrained by environmental
factors. Other processes will require detailed specification of physiological
traits at the species or population level. The degree of species aggregation in
ecosystem models should be regarded as a research problem rather than a
quasi-ideological problem.

INTRODUCTION

It is now well known that models of biogeochemical eyeling in terrestrial sys-
tems are sensitive to the representation of physiological traits of the primary
producers (Holland et al., 1992). Key attributes include those that affect either
net primary production, or the allocation of NPP among plant tissue types with
different biochemical and nutrient composition (Melillo et al.. 1984; Schimel
etal.. 1991: Holland et al.. 1992). In an important study of this type. Holland
and co-workers (1992) showed sensitivity of C and N dynamies to population-
level variations in allocation responses to herbivory. Because many biogeo-
chemical models do not explicitly represent species or their dynamics. two is-
sues are important: (1) plant attributes must be represented in aggregated
parametric fashion when not explicitly simulated at the species level: and (2)
the implications of aggregating species or population-level attributes for simu-
lation of biogeochemical processes must be evaluated as part of model sensi-
tivity analyses. In addressing the first point, it is important to understand and
identify processes that may be robustly represented by simplified paramater-
izations, neglecting taxa, as opposed to processes that exhibit a high degree of
species specificity. In addressing the second point. it is important to identify
the range in species compositions for which model predictions are reasonably
robust. In this chapter. we discuss results from a recent study attempting to
link species. community and ecosystem processes governing photosynthesis and
C storage. In particular, we discuss preliminary data showing how the vertical
allocation of N for photosynthesis corresponds to the light gradient in a multi-
species community, We also examine the role of species level processes on ecosys-
tem C storage at longer time scales. Finally, we discuss several “modes™ whereby

species changes can affect ecosystem processes and how these processes may be
captured in simple models.
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APPROACH AND RESULTS
Canopy Photosynthesis

A number of workers have shown that N is allocated vertically within the
canopy of individual plants so as to optimize the utilization of light. This re-
sults in a pattern of decreasing N concentrations with decreasing height and
incident photosynthetically active radiation (PAR) within a plant canopy
(Field, 1983; Sellers et al., 1993). We showed (Schimel et al.. 1991} that this
same response was expressed in multispecies swards of grasses in Tallgrass
Prairie. Specifically, N concentrations and light-saturated photosynthetic
rates were considerably higher at the top of the grass canopy than near the
bottom, and this gradient was steeper in dense compared to sparse canopies.
This latter attribute supports the dependence of the vertical allocation re-
sponse on light attenuation, as the light gradient is not extreme in sparse
canopies, whereas light extinction approaches 100% at the bottom of dense
stands. In the Tallgrass, there is considerable horizontal heterogeneity in
species composition, but the canopy is usually monospecific vertically: no over-
story—understory structure normally oecurs. Thus. the allocation response is
a within-individual response, which is however consistent between adjacent
individuals of the different dominant species.

We have recently begun to explore canopy processes in a system with con-
siderable vertical stratification of species, a subtropical thorn woodland in
south Texas (La Copita: Archer et al.. 1988). The site is an experiment station
of Texas A & M University. In this system. an overstory of Mesquite  Prosopis
glandulosa) occurs with an understory composed of a number of shrub species
(Zanthoxylum fagara, Celtis palida, Ziziphus obtusifolia and Condalia obo-
vata are common). We sampled the overstory and understory in regular ver-
tical increments within species for light attenuation, leaf area index and mass.
foliar N, light-saturated photosynthesis, and dark respiration. We were thus
able to construct vertical sections of leaf area, foliar biomass and N, light ex-
tinction, and gas exchange.

In summary, the results showed the following:

Light extinction. On the average, light extinction could be described by an expo-
nential decay I{z) = loje-*~! where I(z) and I{o) are radiation at height z and at the
top of the canopy. respectively, LAl is the leaf area index. and k is a coefficient with
value of approximately 0.4. This value does vary with leaf geometry. but we found
no evidence for significant differences between the species within this ecosvstem.
Leaf ¥. The leaf N gradient {in mg/g) was linearly related 1o the mean light extine-
tion profile {expressed as Iiz)/lio)).

Light-saturated photosynthesis (Amax). As has been shown numerous times | Field
and Mooney, 1986), Amax was linearly related to leaf N.

Dark respiration. Dark respiration increased with increasing leaf N.
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Thus, as mean light levels decrease within the canopy, so too do values of
N. Amax. and dark respiration. This is a very similar pattern to that expected
within a single plant. This resemblance raises several questions. First, al-
though the daily average light profile is exponential, there are periods when
light levels in the understory reach near-full sunlight levels. Why should the
«ubordinate shrubs not have the photosynthetic capacity to respond with high
rates of photosynthesis? The answer lies in the dark respiration-N relation-
ship. Since respiratory costs increase as N content increases, the shrubs can-
not sustain a positive C balance with only infrequent episodes of high light, if
they maintain high respiratory C losses. Thus, they balance low Amax with
low dark respiration rates.

As a corollary, the understory shrubs generally have longer growing sea-
sons than the overstory Prosopis. That is, whereas the overstory species is
drought deciduous and often carries leaves for only relatively short periods
of time, the understory contains many broadleaf evergreen species. Thus low
instantaneous rates of NPP (photosynthesis less respiration) are balanced by
long leaf area duration. While the apparent pattern of N allocation in the mul-
lispecies canopy is very similar to that expected within a single plant. this oc-
curs by a change in another process. namely leaf turnover rates. The patterns
observed in this study can be understood in terms of the C balance of the com-
ponent species without invoking selection at the community level. Although we
found similar relationships between gas exchange. N allocation. and light ex-
tinction in multispecies woodland canopies and vertically homogeneous grass-
lands, the patterns arise from different mechanisms. The similar scaling of
photosynthesis to light in multi- and single-species canopies allows the use of
simple models for canopy gas exchange. even in complex canopies.

Ecosystem Carbon Storage

The La Copita study site has recently undergone extensive conversion from
grassland to <hrubland and woodland (Archer et al.. 1988). A significant con-
sequence of this has been a major increase in plant biomass storage in woody
tissue (compared to negligible storage in herbaceous tissue) and a near-dou-
bling of soil organic matter. This increase in C storage has occurred as a re-
<ult of the invasion of Prosopis, which is a vigorous N fixer. The increase in N
capital makes possible a <ubstantial increase in C fixation and storage over
the low-N grassland system. This major change in ecosystem function and el-
ement storage oceurred as a result of the invasion or spread of the N-fixing
species. Our analyses of the sc aling of photosynthesis suggest thatto first order
the species differences along the vertical light extinetion gradient can be ac-
counted for by a simple C balance model, without specific recognition of phys-
iological idiosyneracies at the species level. Instead. the gradient of physio-
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between above- and belowground tissue, changes in lignin and lignin/N ratios
in leaves (Melillo et al., 1984; Parton et al., 1994; Wedin, ch. 24), and alloca-
tion responses to herbivory (Holland et al., 1992). Theory exists to predict the
ranges of these variables, but not as unambiguously as in the case described
for photosynthesis (Chapin et al.. 1990). For properties such as allocation and
tissue chemistry. modeling approaches range from explicit dependance on
species composition {Pastor and Post, 1986) to completely parametric ap-
proaches (Parton et al.. 1987}, and simulation of allocation responses to re-
sources (Rastetter et al.. 1992b: Rastetter and Shaver, Ch. 21). Third are
species attributes that essentially must be prescribed external to resource and
environmental responses. The presence of N fixation is the clearest example
of such a trait (Vitousek and Walker, 1989). Flammability and serotiny may
also fall into this category. Although conditions conducive to N-fixing or flam-
mable species may be predicted from environmental conditions (Wedin, Ch.
24), species with the appropriate \raits must be present, or, on longer time
scales, must evolve.

While a polarized debate has revolved around on the one hand the omis-
sion of species as explicit entities in ecosystem models, and on the other hand
the importance of spécies—speciﬁc properties for ecosystem processes, recent
research makes it clear that both extreme views are flawed. Clearly, reduced-
form models collapsing species properties into resource space are appropri-
ate for certain problems (Gurney et al.. Ch. 18; Rastetter and Shaver. Ch.
21). Equally clearly, certain problems require explicit or nearly explicit in-
clusion of properties at the species level (e.g.. Vitousek and Walker, 1989; Hol-
land et al.. 1992). The intellectual conditions for the species-ecosystem debate
now clearly exist to consider the role of species in ecosystem processes. and
biogeochemical processes in community and population dynamics as research
topics, rather than as ideclogical issues.
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