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The Distribution of Photosynthetic Pathway Types on a
Mixed-grass Prairie Hillside

STEVE ARCHER!

Range Science Department and Natural Resource Ecology Laboratory, Colorado State University, Fort Collins
80523

AssTrACT: Plant distributions were examined on a N-facing, mixed-grass prairie
hillside near Fort Collins, Colorado. Three plant communities were recognized along
the hillside. An Agropyron smithii-dominated community was found at the hilltop, while
a Poa-Hordeum-dominated community was located at the base of the slope. Midslope
areas supported a Bouteloua-Agropyron-dominated community. Each topographic loca-
tion had different soil moistures and textures. Grasses with the C, photosynthetic
pathway had highest importance values on well-drained sites where soil moisture was
lowest and soils were coarsest. C3 graminoids predominated on the relatively moist up-
per and lower portions of the hillside.

INTRODUCTION

The distribution of plant species with different photosynthetic pathways has been
directly and indirectly related to a wide range of regional and continental environmen-
tal gradients (Teeri and Stowe, 1976; Syvertson et al., 1976; Eickmeier, 1978; Vogel
and Ellis, 1978; Tieszen et al., 1979; Boutton et al., 1980). Less information exists with
regard to local distributions of C; and C, plants, however. The array of interactions
between photosynthetic physiology and environment implies a host of important
hypotheses concerning local variations in the distribution of C3 and C, species.

Photosynthetic pathways can be a major means by which niche overlap among
plants is reduced in both time (Williams and Markely, 1973; Ode et al., 1980) and
space. Interspecific competition may be substantially reduced if plants are differentially
distributed along local environmental gradients as a result of differences in photosyn-
thetic physiology. The object of this study was to quantify the spatial distribution and
abundance of plants, using different photosynthetic pathways, with regard to
microtopographic features of the landscape. It was hypothesized that graminoids with
the C; pathway would dominate moister portions of the slope while C, graminoids
would dominate more xeric portions of the gradient.

SiTE DESGRIPTION

A remnant mixed-grass prairie hillside 9 km S of Fort Collins, Colorado, at an
elevation of approximately 1500 m was selected. The area is on the western fringe of
what Dix (1974) classified as the Great Plains Province. The overall climate of this area
has been classified as semiarid, with warm summers and cold winters. Approximately
75% of the 30-cm average annual precipitation occurs during the growing season be-
tween May and September, primarily as irregularly spaced convectional
thunderstorms (Smith, 1972). Hot dry winds in the summer and warm chinook winds
in the winter significantly reduce effective precipitation. The mean annual temperature
is 8.0 G, with an average annual maximum of 19.8 C in July and August and an
average minimum of 3.2 C in January. The typical growing season is approximately
130 days, beginning about 5 May and ending about 30 September. Soils were mollisols
with a sandy to silty loam surface texture derived from a highly calcareous parent
material of alluvial-colluvial origin (Hanson and Smith, 1928). The 32-ha prairie was
privately owned and has never been cultivated. Domestic livestock have not been on
the area for at least 10 years.

! Present address: Range Science Department, Texas A&M University, College Station, TX
77843
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METHODS

Nine stands were selected for study, three each from the top, middle and bottom of
the hillside. The hillside had a 15° slope and was approximately 400 m long. Summit
and bottom positions were relatively flat and uniform topographically, with an average
inclination of less than 5°. All slope positions were dominated by grasses. Stands at
each slope position were separate from one another and were selected on the basis of
maturity, uniformity and lack of recent disturbance. Each stand was large enough to
include all species of regular occurrence. A 100-m transect was positioned along the
contour in each stand. Twenty 0.1 m? (20x50 cm) quadrats were placed along each
transect at 5-m intervals. Canopy cover was estimated for each species in early October
1981 using Daubenmire’s (1959) method. The reliability of similar ocular estimation
techniques has been documented by Winkworth et al. (1962). Species presence was
used to determine frequency. Relative cover and frequency were summed to give an
importance value. Stand diversity was computed using Simpson’s Index of Diversity
(Krebs, 1978). Species photosynthetic pathways were determined from Vories et al.
(1977) and Waller and Lewis (1979). Plant nomenclature followed Harrington (1954).

For each quadrat the following parameters were estimated: (1) percent bare soil; (2)
effective height of vegetation, and (3) rockiness of the soil. Effective height of vegeta-
tion was estimated by averaging the height of a random subsample of all species en-
countered. Rockiness of soil was estimated using a scaler ranging from 0-4 (Table 1).
Three cores of the top 20 cm of soil were randomly collected in each stand and used to
estimate the soil moisture content gravimetrically. There had been no precipitation on
the site for at least 2 weeks prior to the soil moisture determinations.

REsuLTs

Midslope stands had the most (18) species (Table 2). Stands on the relatively flat
upper portion of the hillside were dominated by a dense growth of western wheat grass
(Agropyron smithit) interspersed with needle and thread (Stipa comata) and green needle
grass (Stipa viridula) (Table 2). Stands on the steep, N-facing portion of the hillside
comprised a blue grama (Bouteloua gracilis)-western wheat grass-sideoats grama
(Bouteloua curtipendula) complex. Soils of the midslope stands were well-drained, coarse-
textured and rocky. Kentucky bluegrass (Poa pratensis) dominated stands at the bottom
of the hill where soils were poorly drained and fine-textured. Cheat grass (Bromus tec-
torum), foxtail barley (Hordeum jubatum) and witch grass (Panicum capillare) were com-
mon, but subordinate constituents of these stands. Species with the C3 pathway had
highest importance values on top- and bottomslope positions, while species possessing
the C4 pathway had the highest importance values at midslope positions (Table 2). A
total of 88, 90 and 83 % of the total flora encountered were of the C; pathway at the
bottom-, top- and midslope positions, respectively (Table 3). All forbs encountered had
the C; pathway. Of the graminoid lifeforms encountered, 80, 83 and 63 % were of the
C; pathway at the bottom-, top- and midslope positions, respectively.

Stands at the bottom of the slope had the highest percent soil moisture and midslope
stands the lowest (Table 3). Vegetation height, an indicator of standing crop, was
greatest at the slope base, followed by top- and midslope positions, respectively. Total
number of species, percent bare soil and rockiness were lowest in the bottom stands and

TaBLE 1. — Scaler values used to estimate rockiness of soils on a N-facing, mixed-grass prairie

hillside

Scaler value Rock size

No pebbles or rocks present

Small pebbles (< 0.5 cm diameter)
Large pebbles (0.5-2.0 cm diameter)
Stones (2-15 cm diameter)

Rocks or boulders (> 15 cm diameter)

BN = O
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highest in midslope stands. Diversity was greatest in midslope stands and lowest in
topslope stands.

Discussion

Hanson and Smith (1928), Hanson (1955) and Hanson and Dahl (1957) studied
grassland vegetation along the Front Range of northern Colorado. They described
associations corresponding closely to the communities on this N-facing hillside. A more
recent study by Moir (1969) also confirmed the widespread distribution of these
associations with respect to topographical features, noting that Agropyron smithii (Cs)
communities occurred on relatively flat, poorly drained areas or in slight depressions
on upland terraces, whereas Bouteloua (C4) communities occurred mostly on well-
drained soils on gentle slopes.

It was hypothesized that C3 graminoids would occupy more mesic portions of the
slope gradient while C, graminoids would occupy the more xeric. To a large extent this
was the case. Grasses with the C, pathway had highest importance values on the well-

TaBLE 2. — Species list and importance values for stands located at the top, middle and bot-
tom of a N-facing prairie catena. Importance values represent the sum of the relative cover and
relative frequency for each species in each stand. Three stands at each slope position were
averaged

Mean importance value

Photosynthetic
Species Top Middle Bottom pathway
Graminoids
Agropyron smithii 117.4 38.3 Cs
Stipa comata 16.5 24.0 Cs
S. viridula 20.0 12.4 Cs;
Bromus tectorum 10.8 46.2 C,
Koeleria cristata 6.7 8.5 Cs;
Oryzopsis hymenoides 1.2 Cs
Poa pratensis 69.3 Cs;
Hordeum jubatum 29.6 Cs
Juncus spp. 7.9 Cs
Panicum capillare 3.6 26.1 C,
Bouteloua gracilis 58.3 C,
B. curtipendula 34.9 C,
Andropogon scoparius 1.1 Cq
Forbs

Luiatrus punctata 1.8 3.2 Cs
Helianthus spp. 9.5 1.1 7.9 Cs
Haplopappus spinulosus 1.8 Cs
Eriogonum effusum 1.8 2.1 5.1 Cs
Circium spp. Cs
Polygonum spp. 10.3 Cs
Zanthocephalum sarothrae 3.2 Cs
Opuntia polyacantha 2.3 CAM
Aster spp. 2.5 (OF
Astragalus spp. 1.1 Cs
Artemisia ludoviciana 3.2 Cs;
Rosa spp. 1.2 Cs
Penstemon spp. 1.1 Cs

Total number of
species 10 18 8
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drained hillside where relative soil moisture was lowest and soils were coarsest. Cg
graminoids dominated the level upland site and the very wet lowland site. These obser-
vations agree with those made by Boutton ez al. (1980), who qualitatively observed that
for any given site over a wide elevational gradient, low-lying areas typically supported
more Cj; grass-and forb biomass and less C, biomass than surrounding upland areas at
the same site. Teeri (1979) qualitatively discussed the distribution of photosynthetic
pathways with regard to microclimatic variables and noted that both C; and C, species
were broadly distributed among habitats ranging from shaded to nonshaded and moist
to dry, with the relative proportion of C, grasses being greater in the open and drier
habitats.

Data presented in this study agree with observations made by Barnes and Tieszen
(1978), Tieszen et al. (1979), Boutton ¢ al. (1980) and Barnes and Harrison (1982),
which suggest that on a local basis water availability may be of primary importance in
governing the distribution of C3; and C, graminoids despite regional temperature
regimes. Thus, while the C, pathway is an important adaptive mechanism in hot
regional environments where irradiance levels are high it does not necessarily provide a
significant advantage on local sites where moisture is sufficiently available to C; plants.
However, physical and chemical differences in soils along toposequences (Kleiss, 1970;
Malo ¢t al., 1974; Jenny, 1980), coupled with variations in water movement, storage
and overall slope energy budgets, undoubtedly interact and play a key role in govern-
ing plant distributions and resource partitioning strategies on a local level.

Acknowledgments. — Special thanks go out to L. L. Tieszen, J. K. Detling and C. H. Wasser
for their reviews of the manuscript and helpful suggestions. I also wish to thank the staff at the
Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, Colorado, for
typing and drafting services.

TaBLE 3. —Summary of vegetation-slope characteristics of a N-facing, mixed-grass prairie
hillside near Fort Collins, Colorado. Numerical values are means computed for each group of
three stands. Row means followed by the same letter are not significantly different at P < .05

Slope position

Parameter Top Middle Bottom
Dominant species Agsm! Bogr-Agsm-Bocu? Popr-Hoju-Paca3
% Soil moisture 18b 11c 73a
Rockiness 0.2b 1.8a 0.0b
% Cjs (graminoids only) 83a 63b 80a
% Cs (total flora) 90a 83b 88a
Vegetation height (cm) 40b 18c 90a
% Bare solil 11b 21a 4c
Total number species* 10b 18a 8b
Stand diversity® 0.62b 0.88a 0.68b

U Agropyron smithii

2 Bouteloua gracilis-Agropyron smithii-Bouteloua curtipendula

3 Poa pratensis-Hordeum jubatum-Panicum capillare

* Refers to total number of species encountered in sampling regime averaged for each group of
three stands

5 Simpson’s Diversity Index (Krebs, 1978)

LiteraTURE CITED
Barnes, P. W. anp A. T. Harrison. 1982. Species distributions and community organization in
a Nebraska Sandhills mixed prairie as influenced by plant-soil-water relationships.
Oecologia, 52:192-202.
AND L. L. Tieszen. 1978. A phytosociological study of 14 selected communities at the
Sammuel H. Ordway Memorial Prairie. Nature Conservancy Project Report submitted
to Paul Bultsma, Manager, Sammuel H. Ordway Memorial Prairie, Leola, S.D. 111 p.




142 THE AMERICAN MIDLAND NATURALIST 111(1)

Boutton, T. W., A. T. Harrison anp B. N. Smrta. 1980. Distribution of biomass of species dif-
fering in photosynthetic pathway along an altitudinal transect in southeastern Wyoming
grassland. Oecologia, 45:287-298.

DauBENMIRE, R. 1959. A canopy-coverage method of vegetational analysis. Northwest Sci.,
33:43-63.

Dix, R. L. 1974. Regional ecological systems of Colorado, p. 7-17. In: P. O. Foss (ed.).
Environment and Colorado: A handbook. Colorado State Univ., Fort Collins, Colo.

EickMEIER, W. G. 1978. Photosynthetic pathway distributions along an. aridity gradient in Big
Bend National Park and implications for enhanced resource partitioning. Photosynthetica,
12:290-297.

Hanson, H. C. 1955. Characteristics of the Stipa comata-Bouteloua gracilis-Bouteloua curtipendula
association in northern Colorado. Ecology, 36:269-280.

AND E. DaHL. 1957. Some grassland communities in the mountain front zone in northern
Colorado. Vegetatio, 7:249-270.

anD F. B. Smitn. 1928. Some types of vegetation in relation to the soil profile in northern
Colorado. J. Am. Soc. Agron., 20:142-151.

HarringTon, H. K. 1954. Manual of the plants of Colorado. Sage Books, Denver. 666 p.

Jenny, H. 1980. The soil resource. Springer-Verlag, New York. Ecol. Stud. 37. 377 p.

Kuess, H. J. 1970. Hillslope sedimentation and soil formation in northeastern Iowa. Soil Sci.
Soc. Am. Proc., 34:287-290.

Kress, C. J. 1978. The experimental analysis of distribution and abundance Harper and Row
Publishers, San Francisco. 678 p.

Maro, D. D., B. K. WorcesTeR, D. K. CasseL anp K. D. Matzorr. 1974. Soil-landscape rela-
tionships in a closed drainage system. Soi/ Sci. Soc. Am. Proc., 38:813-818.

Moir, W. H. 1969. Steppe communities in the foothills of the Colorado Front Range and their
relative productivities. Am. Midl. Nat., 81:331-340.

Opg, D. J., L. L. Tieszen anp J. C. LErmaN. 1980. Temporal production of C; and C, grasses
in the Sammuel H. Ordway Memorial Prairie. Ecology, 61:1304-1311.

SmrtH, F. 1972. Growth response of blue grama to thunderstorm rainfall. U.S./IBP Grassland
Biome Tech. Rep. No. 157. Colorado State Univ., Fort Collins. 31 p.

SyverTson, J. P., G. L. NickeLL, R. W. SPELLENBERG AND G. L. CunNINGHAM. 1976. Carbon
reduction pathways and standing crop in three Chihuahuan Desert plant communities.
Southwest. Nat., 21:311-320.

Teer1, J. 1979. The climatology of the C; photosynthetic pathway, p. 356-374. In: O. T.
Solbrig, S. Jain, G. B. Johnson and P. H. Raven (eds.). Topics in plant population
biology. Columbia University Press, New York. 589 p.

AND L. G. Stowe. 1976. Climatic patterns and the distribution of C, grasses in North
America. Oecologia, 23:1-12.

Tieszen, L. L., M. M. SEnviMBA, S. K. IMBamBa anD J. H. TroucHTON. 1979. The distribution
of C; and C, grasses and carbon isotope discrimination along an altitudinal and moisture
gradient in Kenya. Ibid., 37:337-350.

VocEL, J., A. FuLs anp R. Eruis. 1978. The geographic distribution of Kranz grasses in South
Africa. S. Afr. J. Sci., 74:209-215.

Vories, K. C., P. L. Sius, P. L. DrttBERNER AND C. HaLL. 1977. The plant information net-
work. Vol. I. A user’s guide. U.S. Fish Wildl. Serv., OBS-77/38. 56 p.

WAaLLER, S. S. anp J. K. Lewis. 1979. Occurrence of C3 and C, photosynthetic pathways in
North American grasses. J. Range Manage., 32:12-28.

WiLLiams, G. J. anp J. L. Markiey. 1973. The photosynthetic pathway of North American
shortgrass prairie species and some ecological implications. Photosynthetica, 7:262-270.

WinkworTH, R. E., R. A. PErry aAnND C. O. Rosserti. 1962. A comparison of methods of
estimating plant cover in an arid grassland community. J. Range. Manage., 15:194-196.

SUBMITTED 2 SEPTEMBER 1982 AccepTED 23 NOVEMBER 1982



