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Xylem water potentials () were monitored diurnally from June through August 1981
to ascertain the water status of plants of four species growing on a heavily grazed
prairie dog (Cynomys ludovicianus) colony and an adjacent lightly grazed uncolon-
ized site in southwestern South Dakota. Highest ¢y values were observed in June and
August after periods of relatively high precipitation. Lowest values occurred in July
when soil moisture had been depleted. However, there were no large differences in ¢
of grasses (Agropyron smithii, Andropogon gerardi, and A. scoparius) growing on
and off the prairie dog colony, even though root biomass of plants on the colony was
substantially lower. While midday leaf conductance was comparable for A. smithii
tillers on and off the colony, conductance values for A. gerardi and A. scoparius
tillers were generally higher (17 to 60%) on the heavily grazed site. Artemisia frigida
plants had slightly higher 1 on the prairie dog town during periods of moderate or
high water stress. Soil moisture content was slightly but significantly (P = 0.05)
higher on the heavily grazed prairie dog town, even though afternoon soil tem-
peratures at the 15-cm depth averaged 2.7°C higher.

S. Archer and J. K. Detling, Natural Resource Ecology Lab. and Dept of Range Sci.,
Colorado State Univ., Fort Collins, CO 80523, USA (present address of SA: Range
Sci. Dept, Texas A&M Univ., College Station, TX 77843, USA).

KOHTPOIMpPOBA/IM CYTOYHbE BOMHHE IOTEHIMAE () KCWIeMH C MIOHA IO aBT'YCT

1981 r. mwiag OLEHKH BOOHOI'O CTATyCa B pacTeHusIX 4-X BHIOOB, PacTyupX Ha CHIb—
HO BHIIACAeMON TEPPUTOPMMHM TIPEPHH, 3aHATON KOIOHHEH JIyI'OBOH COGadyKkH Cynomys
ludovieianus, a TaKKe COCEOHHMX CJIaB0O BeNACAEMEIX HE3aCeSIeHHHX YJYaCTKOB Ha -
ro-3arafe IkHOM [JAaKOTH. MakCHMMATbHHE BEJMYMHH || HAGUIQOAJMCHL B MIOHE M aBryC—
Te MOCJIe NEPHONOB BREIQIIEHH OTHOCHTENILHO SOSIBUMX KOMMYECTB OC3IKOB. HauMeHb—
upie BeJIMYMHE HAGUIQOAVMCH B HMIWIE MMPY HENOCTaTKe BJlard B rouse. QOHAKO, He y-
CTaHOBJIEHO GQNBUMX Pas3/muMy | y 37akoB (Agropyron smithii, Andropogon gerar-
di u A. scoparius) pacTympX B Npeneyiax KQJIOHHH JIyTOBOM COGauKM M BHE ee, XO—
Ts1 6MOMACCa KOPHEe! pacTeHMi! B KOJIOHWM OhDla 3HAUYMTEJIbHO Hke. XOTs MpOBOIM-—
MOCTb JICTLEB B IMOVIIEHb GhUIA CPAaBHUMOM Y MOGEroB A. smithii BHYTPH W BHE KO-
JIOHMH, BEJMYMHA MPOBOIMMOCTH Y A. gerardi u A. scoparius GhUla 3HAYMTENBHO
eae (17-60%) Ha CWIBHO BRIACAeMHX MecTax, PacTteHus Artemisia frigida mme-
T 60siee BEICOKYK | HAa TEPPUTOPHH KOJIOHHH JIYI'OBOM COGAavyK{d B TEPHOON yMepeH—
HOTO WM BHICOKOI'O BOOHOI'O CTpecca. CONepKaHWe BJIar'd B MMOYBE GHJIO HEMHOTO,

HO nmocToBepHO Buie (P £ 0,05) Ha CWILHO BRIMACAEMEIX MECTaX KOJIOHHMH, HAXe
KOTZA MOCTIENOIydeHHse TeMIIEpaTyprHl TIOYBH Ha IVlyouHe 15 oM GEIIM B CpenHeM

Ha 2,7°C Bule.
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Introduction

Through a variety of direct and indirect effects, herbi-
vory may alter both the availability of water and its uti-
lization by plants. Thus, plant water status might be ex-
pected to vary as a function of grazing pressure. For ex-
ample, it has been suggested that grazing may conserve
soil moisture through the removal of transpiring leaf tis-
sue (White and Brown 1972, Buckhouse and Colthorp
1976, Parton and Risser 1980, McNaughton 1983). This
may result in higher water potentials (), which, in
turn, may contribute to higher rates of growth in re-
maining tissues of grazed plants (Hodgkinson 1976,
Wolf and Perry 1982). Such positive aspects of herbi-
vory on plant water status may partially offset a variety
of negative impacts. For example, defoliation during
periods of low soil water availability might accentuate
plant water stress by reducing the ability of roots to
maintain extension rates high enough to keep ahead of
the drying front in the soil profile (White and Brown
1972). Herbivores may also affect plant water status in-
directly by altering canopy interception, bulk density,
infiltration, runoff of precipitation, and bare soil evap-
oration (Branson et al. 1981). Grazing and related activ-
ities often reduce litter accumulation, resulting in crea-
tion of warmer, drier microenvironments (Whitman
1971).

We hypothesized that, as a result of the various posi-
tive and negative effects of herbivory on community wa-
ter status, ¢ and stomatal conductance of plants would
differ systematically on two areas differentially utilized
by herbivores. To evaluate the hypothesis, diurnal pat-
terns of plant ¢ and leaf conductance to water vapor of
four species were followed through a growing season on
a heavily grazed black-tailed prairie dog (Cynomys lu-
dovicianus) colony and an adjacent, lightly grazed, un-
colonized mixed-grass prairie site.

Materials and methods

The Pringle Valley prairie dog town in Wind Cave Na-
tional Park, South Dakota was approximately 29 ha in
area and had been in existence for 26 yr at the time of
this study in 1981. The study was conducted on a por-
tion of the town estimated to have been colonized by
prairie dogs for 10 yr (see Coppock et al. 1983a for de-
scriptions of vegetation, soils, climate and herbivores).
The uncolonized site, 300 m north, was topographically
and edaphically similar to the colonized site and was
lightly grazed by free-roaming wildlife. Total live and
standing dead vegetation was substantially reduced
(51% and 88%, respectively) on the colonized site
(Coppock et al. 1983a).

Three grass species, Andropogon gerardi (C,), A.
scoparius (C,), and Agropyron smithii (C,), and a dwarf
shrub, Artemisia frigida (C,), were monitored (plant no-
menclature follows Van Bruggen 1976). Xylem ¢ was
measured diurnally (predawn, 0800, 1200, 1500, and
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1800 hours) at two week intervals during 1981, with a
pressure chamber (Scholander et al. 1965). For the
grass species, the most recent fully expanded leaf from
each of about six tillers was used for ¢ determinations.
Concurrent measurements of leaf conductance to water
vapor were also obtained from each of the grass species
using a diffusion porometer (Li-Cor LI-65 Auto-
porometer) (Kanemasu et al. 1969). Ten tillers of each
species were selected on each sample date and the most
recent fully expanded leaf on each tiller was followed
throughout the day. Because only the adaxial leaf sur-
faces were read, true conductance was underestimated.
The porometer was calibrated under poorly controlled
field conditions and absolute values obtained were
likely not comparable between dates. For these reasons,
conductance results for each date are expressed in rela-
tive terms (relative conductance = mean on colony
value/mean off colony value). Midday conductance was
not measured on two of the six sample dates because of
light thundershowers which wetted leaf surfaces.

Soil moisture for each site was determined gravimet-
rically by extracting 10 soil cores from the 0- to 10-cm
and 10- to 20-cm depths, and a rain gauge measured
precipitation. Late afternoon (~ 1700 hours) soil tem-
peratures at 15 cm were obtained at five locations from
each site. All measurements on the prairie dog colony
were obtained from grass-dominated spaces between
burrow mounds.

Analysis of variance (Nie et al. 1975) and the Stu-
dent’s t-test was used to test for statistical differences at
P = 0.05.

Results

Summer rainfall in 1981 (Fig. la) was approximately
30% greater than the long-term average (R. Klukas,
pers. commun.). Soil moisture at both sites (Fig. 1b,c)
was greatest in early June as the result of a series of
heavy rains in May, before the study began. A sub-
stantial recharge of soil moisture occurred in late July
and early August. For soil moisture, the date by lo-
cation interactions were significant at both depths, with
soils on the prairie dog colony having a moisture con-
tent higher than or comparable to soils off the colony.
Soil temperatures were consistently and significantly
higher on the prairie dog colony throughout the growing
season (Fig. 1d). On-town soils were, on the average,
2.7°C warmer than off-town soils.

Seasonal trends in daily minimum and maximum
plant ¢ showed few systematic differences among plants
growing on and off the prairie dog colony (Fig. 2). Low-
est ¢ occurred in early July, when soil moisture was
lowest (Fig. 1), while highest ¢ occurred in early June,
and again in early August, when soil moisture was rela-
tively high. There were, for most species, dates for
which plants from one location had y which differed sig-
nificantly from those of plants at the other location.
However, because plants having higher y on one date at
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Fig. 1. Seasonal pattern of rainfall at the Pringle Valley site for
the summer of 1981 (a) and mean (+SE) percentage soil mois-
ture at the 0-10 (b) and 10-20 cm (c) depths on (@——@) and
off (O- - ~O) the prairie dog town (n = 10). Starred (*) pairs
at each date were significantly different at P = 0.05. Mean
(£SE) soil temperatures at 15 cm (n = 5) were significantly (P
= 0.05) greater on the colony at each date (d).
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higher ¢ on other dates, date by location interactions
were usually significant.

For predawn v, the date by location interaction term
was significant for all species except A. scoparius. For
this species, the effect of location was significant; plants
on the prairie dog town had lower ¢ than off-town
plants. However, none of the data pairs at any given
date differed significantly. In all other species, off-town
plants generally had comparable or slightly lower pre-
dawn 4 during the first half of the season and compara-
ble or higher predawn y during the last half of the sea-

10t
Sk ““ ‘ l one location did not consistently maintain significantly
| I | L Ll L

(b) 0-10cm Depth o---00ff Dog Town
- A* o——=o On Dog Town

Soil Moisture (%)
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20 son. The main effect of date was significant for all spe-
- cies.
iok For seasonal minimum (midday) v, the date X lo-
- cation interaction term was significant for all species ex-
o} cept A. smithii, and there were no consistent on town
30r vs. off town patterns apparent among the grasses. How-
5 ever, A. frigida usually had lower ¢ off the colony. The
< 25k main effect of location was significant for all species ex-
a cept A. scoparius, and the main effect of date was sig-
g 20k nificant for all species, with the lowest overall midday
- water potentials again occurring on 7 July. A. smithii
sk plants exhibited the lowest ¢ on this date (¢ = —3.2
MPa), while the other three species each had minimum
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Date (198I)
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Fig. 2. Seasonal trends of mean (+SE) maximum (predawn) and minimum (midday) xylem water potentials for plants on (@-
—@) and off (O- - -O) the prairie dog colony. Starred (*) pairs at each date were significantly different at P = 0.05 (n = 6).
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Fig. 3. Mean midday leaf conductance of tillers growing on the
Pringle Valley prairie dog colony (vertical bars) relative to
mean leaf conductance of tillers occurring off the prairie dog
colony (dashed line). Bars with star (*) indicate significant dif-
ferences between on and off colony leaf conductance on each
date.

water potentials of about —~2.5 MPa. When all diurnal 1
data were pooled over the growing season and com-
pared, location was significant only for Artemisia fri-
gida. At ¢y < —0.8 MPa Artemisia plants on the colony
had higher v than plants off the colony.

Midday leaf conductance of grasses occurring on the
prairie dog colony, relative to off colony tillers, are
shown in Fig. 3. Conductance for A. smithii tillers was
statistically comparable for tillers growing on and off
the prairie dog colony on all sample dates. In contrast,
conductance values for leaves of both C, grasses grow-
ing on the colony differed systematically from those of
off colony tillers throughout the growing season. Early
in the season (June) conductance was 25 to 53% lower
for A. gerardi and A. scoparius plants on the prairie dog
colony. Through July and August, however, leaf con-
ductance was 17 to 60% greater for tillers of these spe-
cies occurring on the prairie dog town.

Discussion

Alteration of plant canopy structure by factors such as
fire is known to affect the water balance of component
species (Savage 1980). On the prairie dog colony, sub-
stantial canopy alterations resulted from heavy, uniform
grazing. Although plant standing crop and litter were
two to three times greater off the colony (Coppock et al.
1983a), few consistently significant seasonal differences
in ¢ were observed among grasses (Fig. 2). Similarly,
Nowak and Caldwell (1984) experimentally reduced
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aboveground biomass of two Agropyron bunchgrasses
by 60% and found no significant differences in midday
plant ¢. The various positive and negative effects that
herbivores may potentially have on graminoid water
status apparently nullified one another on this site. Wa-
ter potentials of grasses were similar on and off the col-
onized area, even though (1) soil temperatures were
greater on the prairie dog town (Fig. 1), (2) root bio-
mass of A. smithii and A. scoparius on the prairie dog
town was about half that of plants on the uncolonized
site (Ingham and Detling 1984), and (3) grazing by large
herbivores such as bison (Coppock et al. 1983b) may
have increased the bulk density of soils on the prairie
dog town and decreased infiltration of precipitation
relative to the uncolonized area. However, because
growing-season precipitation was regularly distributed
and approximately 30% greater than the long-term
average during this study, different patterns may occur
during years with normal or below-normal rainfall.

The lower live standing crop on the colony (Coppock
et al. 1983a) represented a reduction in transpiring leaf
surface areas which, in turn, may have facilitated con-
servation of soil water (Fig. 1), thus enabling these
plants to maintain ¢ (Fig. 2) at levels comparable to
those off the colony. The dwarf growth form (fewer and
smaller leaves per tiller) of plants on the colony (Det-
ling and Painter 1983) may also have been conducive to
maintenance of leaf v if cell sizes of these plants were
smaller than those of off-colony plants, since smaller
cell sizes facilitate osmotic adjustment and maintenance
of turgor (Cutler et al. 1977). In addition, shoot nitro-
gen concentrations on this prairie dog town have been
observed to increase with time since colonization (Cop-
pock et al. 1983a). High shoot nitrogen concentrations
in grazed populations may be related to increased
drought stress and could be a physiological drought tol-
erance response (Hsaio 1973) as well as a response to
defoliation (Detling and Painter 1983). The possibility
for differences in resistance to water transport among
plant populations in different environments also exists
(e.g., Roy and Mooney 1982), and may have enabled
the C, grasses on the prairie dog colony to achieve
higher conductances while maintaining comparable leaf
vy (Fig. 3).

Soil temperatures (Fig. 1), radiant heat loads and
ground level wind speeds are highest on heavily grazed
areas (Whitman 1971) and would be expected to con-
tribute to increased rates of transpirational water loss.
However, the fact that soil moisture on the colony was
comparable to, or slightly greater than, that off the
colony (Fig. 1) suggests that transpirational and canopy
interception water losses were reduced more than bare
soil evaporative or runoff losses were increased. A 60%
reduction in shoot biomass of C, grasses on the colony
(Coppock et al. 1983a) presumably offset the higher
rates of transpiration observed for those plants on the
colony (Fig. 3).

From this brief review it is apparent that a wide vari-
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ety of factors interact in various ways to determine plant
water status in grazing systems. The complexity and
variable magnitude of such interactions, which span sev-
eral spatial and temporal scales, makes it difficult to
generalize about the effects of herbivory on plant water
relations in a community context.

Acknowledgements — A special thanks to G. Archer who as-
sisted in the data collection. The cooperation of R. Klukas
(Park biologist) and the staff at Wind Cave National Park is
much appreciated. Dr J. Boyer offered useful suggestions. This
work was supported by National Science Foundation Grant
DEB-80-22380.

References

Branson, F. A., Gifford, G. F.,, Renard, K. G. and Hadley, R.
F. 1981. Rangeland hydrology. — Range Sci. Series No. 1,
2nd ed., Soc. Range Manage., Denver, CO.

Buckhouse, J. C. and Colthorp, G. B. 1976. Soil moisture re-
sponse to several levels of foliage removal on two Utah
ranges. — J. Range Manage. 29: 313-315.

Coppock, D. L., Detling, J. K., Ellis, J. E. and Dyer, M. L.
1983a. Plant-herbivore interactions in a North American
mixed-grass prairie. I. Effects of black-tailed prairie dogs
on intraseasonal aboveground plant biomass and nutrient
dynamics and plant species diversity. — Oecologia (Berl.)
56: 1-9.

-, Ellis, J. E., Detling, J. K. and Dyer, M. 1. 1983b. Plant-
herbivore interactions in a North American mixed-grass
prairie. II. Responses of bison to modification of vegetation
by prairie dogs. — Oecologia (Berl.) 56: 10-15.

Cutler, J. M., Rains, D. W. and Loomis, R. S. 1977. The im-
portance of cell size in the water relations of plants. — Phys-
iol. Plant 40: 253-260.

Detling, J. K. and Painter, E. L. 1983. Defoliation responses
of western wheatgrass populations with diverse histories of
prairie dog grazing. — Oecologia (Berl.) 57: 65-71.

Hodgkinson, K. C. 1976. The effects of frequency and extent
of defoliation, summer irrigation, and fertilizer on the pro-
duction and survival of the grass Danthonia caespitosa
(Gaud.). — Aust. J. Agric. Res. 27: 755-767.

19*  OIKOS 47:3 (1986)

Hsaio, T. C. 1973. Plant responses to water stress. — Ann. Rev.
Plant Physiol. 24: 519-570.

Ingham, R. E. and Detling, J. K. 1984. Plant-herbivore inter-
actions in a North American mixed-grass prairie. III. Soil
nematode population and root biomass dynamics on a
black-tailed prairie dog colony and an adjacent uncolonized
area. — Oecologia (Berl.) 63: 307-313.

Kanemasu, E. T., Thurtell, G. A. and Tanner, C. B. 1969. De-
sign, calibration and use of a stomatal diffusion porometer.
— Plant Physiol. 44: 881-885.

McNaughton, S. J. 1983. Compensatory plant growth as a re-
sponse to herbivory. — Oikos 40: 329-336.

Nie, N. H., Hull, C. H., Jenkins, J. G. and Bent, D. H. 1975.
SPSS: Statistical package for the social sciences. - McGraw
Hill, New York.

Nowak, R. S. and Caldwell, M. M. 1984. A test of compen-
satory photosynthesis in the field: implications for herbi-
vory tolerance. — Oecologia (Berl.) 61: 311-318.

Parton, W. J. and Risser, P. G. 1980. Impact of management
practices on the tallgrass prairie. — Oecologia (Berl.) 46:
223-234.

Roy, J. and Mooney, H. A. 1982. Physiological adaptation and
plasticity to water stress of coastal and desert populations of
Heliotropium curassavicum L. — Oecologia (Berl.) 52: 370~
375.

Savage, M. J. 1980. The effect of fire on the grassland microcli-
mate. — Herb. Abstr. 50: 589-603.

Scholander, P. R., Hammel, H. T., Bradstreet, E. D. and
Hemmingson, E. A. 1965. Sap pressure in vascular plants.
— Science 148: 339-346.

Van Bruggen, T. 1976. Vascular plants of South Dakota. -
Iowa State Univ. Press, Ames.

White, L. M. and Brown, J. H. 1972. Nitrogen fertilization and
clipping effects on green needlegrass (Stipa viridula Trin.):
II. Evaporation, water use efficiency, and nitrogen recov-
ery. — Agron. J. 64: 487-490.

Whitman, W. C. 1971. Influence of grazing on the microcli-
mate of mixed-grass prairie. — In: Kreitlow, K. M. and
Hart, R. H. (eds), Plant morphogenesis as the basis for sci-
entific management of range resources. USDA Misc. Publ.
No. 1271, pp. 207-218.

Wolf, D. D. and Perry, D. J. 1982. Short-term growth re-
sponses of tall fescue to changes in soil water potential and
to defoliation. — Crop Sci. 22: 996-999.

291



	Article Contents
	p. 287
	p. 288
	p. 289
	p. 290
	p. 291

	Issue Table of Contents
	Oikos, Vol. 47, No. 3 (Nov., 1986), pp. 257-392
	Front Matter
	Predicting Plant Reproductive Success from Models of Competition for Pollination [pp.  257 - 266]
	The Influence of Mortality on the Behaviour That Maximizes Reproductive Success in a Patchy Environment [pp.  267 - 274]
	The Effects of Slug-Grazing on Trifolium repens and Dactylis glomerata in Monoculture and Mixed Sward [pp.  275 - 279]
	Larval Competition in Drosophila melanogaster: The Model of the Bands of Density [pp.  280 - 286]
	Evaluation of Potential Herbivore Mediation of Plant Water Status in a North American Mixed-Grass Prairie [pp.  287 - 291]
	Should Egg Size and Clutch Size Decrease with Age? [pp.  293 - 302]
	Overlap and Spacing of Species' Ranges on an Environmental Gradient [pp.  303 - 308]
	Temporal Variability of Abundance and the Distribution of Species [pp.  309 - 314]
	Behavioural Dynamics and the Negative Binomial Distribution [pp.  315 - 318]
	Variation in Predispersal Seed Predation in Several Australian Acacia spp. [pp.  319 - 326]
	Bugs in Bags: Intraspecific Competition Affects the Biogeography of the Alternate-Year Populations of Aradus cinnamomeus (Heteroptera) [pp.  327 - 334]
	Leaf Anatomy of Maples (Acer) and Host Use by Lepidoptera Larvae [pp.  335 - 345]
	Structural Characteristics of an Ant Community during Succession [pp.  346 - 354]
	Sexual Size Dimorphism in the Great Tit Parus major in Relation to the Number of Coexisting Congeners [pp.  355 - 359]
	Testing Multi-Factor Causes of Population Limitation: An Illustration Using Snowshoe Hares [pp.  360 - 364]
	Predation on Ground-Nesting Birds' Nests in Relation to Predator Densities and Habitat Edge [pp.  365 - 373]
	Habitat Selection by Waterstrider Larvae (Heteroptera: Gerridae) in Relation to Food and Imagoes [pp.  374 - 381]
	Forum
	Unitary and Modular Organisms: Criteria for Ecological Division [pp.  382 - 385]
	On Island Biogeography and Conservation [pp.  385 - 387]
	Island Biogeography and Conservation: A Reply to Murphy and Wilcox [pp.  388 - 389]
	Biomass Proportions of Bog Shrubs: A Comment on Implications for Carbon Economy [pp.  390 - 391]

	Back Matter [pp.  392 - 392]



