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ABSTRACT

Native grassland is a potential source of seed for revegetation
and restoration of ecosystems. Dynamics of community seed production
within and between growing seasons has not been studied in the northern

mixed prairie. The objectives of this research were (1) to determine

seasonal trends in seed production, and (2) to assess the effects of

stand thinning by physical and chemical disturbance on seed production.
Study sites were located in Grasslands National Park in southwest

Saskatchewan. Ripe seed was harvested from three community types

corresponding with upland, slope, and lowland topographic positions at

eight dates over the growing season in 1994 and 1995. Maximum standing

crop seed yield (SCSY) was greatest in the slope (44 kg/ha), followed by
the lowland (20 kg/ha) and upland (6.6 kg/ha) at mid-season 1994. SCSY

of all three communities was low in 1995 (maximum = 4.3 kg/ha). Maximum

standing crop seed density (SCSD) was greatest in the lowland (4251

seeds/m2), which peaked in mid-June 1994, and the slope (1730 seeds/m2)
which peaked in August 1994. SCSD of the upland peaked late September,
1995 (1345 seeds/m2). The drop in seed yield and density in the slope
and lowland in 1995 compared to 1994 likely was due to precipitation
patterns during the growing season that did not correspond to the

phenology of dominant seed producing species.
Seed yield from perennial grasses was greatest in the slope and

lowland community in 1994. Seed density of perennial grasses was

greatest at mid-season of 1994 in the slope and lowland, and in mid

season of 1995 in the upland. Seed yield of perennial forbs did not

differ between years, however, seed density increased later in the

season in all communities. Seed yield and density of annual species was

greatest in the lowland community at mid-June.

Seed production within a species varied between years. In the

upland community seed yield and density was dominated by perennial
forbs, in the slope by perennial grasses and forbs, and the lowland by
annuals and Agropyron smithii. Cumulative seed production over the

season in upland, slope and lowland communities was 13, 51, and 33 kg/ha
in 1994 and 10, 6, and 4 kg/ha in 1995, respectively. The cumulative

seed density was 1189, 3090, and 6489 seeds/m2 in 1994, and 2867, 1303,

and 3306 seeds/m2 in 1995 in the upland, slope, and lowland communities,

respectively. Seed number per unit weight increased in 1995 in the

three communities.

The number of species producing seed was greatest in the slope,
and least in the lowland. Similarity of species producing seed in a

community through the season was greater in 1994 than in 1995. The

similarity between seed yield and density and basal cover of species in

the community averaged less than 40%.
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Seed production was compared between undisturbed, physically
disturbed (loosening soil with spade cuts), and chemically disturbed

(spraying strips with glyphosate) grassland in the upland, slope and

lowland communities. Seed production was not increased by physical
disturbance in any community. Chemical disturbance was effective for

increasing seed production in the upland only, from 607 to 7761

seedsjm2. Increased seed production was due primarily to production
from Ar�emisia frigida.

Wide variation in the time at which seeds ripen, large numbers of

species, and the range of different plant morphologies make it difficult

to harvest the diversity of seed from mixed prairie using conventional

agronomic techniques. Seed stripping or hay harvests should be

investigated. Seed production can be increased in upland communities by
artificial stand thinning, but the effect may be greatest for weedy

species that naturally respond well to disturbance. In general, seed

yields are most strongly controlled by precipitation.
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1.0 INTRODUCTION

Large-scale revegetation of croplands with species native to mixed

prairie was carried out after the great drought of the 1930's in the

United States (Wenger, 1941), and seeding native grasses on disturbed

land has become a relatively common practice (Vallentine 1989). Early

revegetation efforts in Canada used only exotic grasses like crested

wheatgrass (Agropyron cristatum and A. desertorum) (Gray, 1978).

Restoration, however, goes beyond revegetation using a few native

species, and attempts to restore the structure, function and composition
found in wild ecosystems (Jordon et al., 1987). Ecological restoration

is a process of repairing damage caused by humans to the diversity and

dynamics of indigenous ecosystems (Jackson et. al., 1995). Restoration

of mixed prairie in Canada has had a short and nearly non-existent

history (Redmann, 1995). The greatest impetus for true restoration has

come from conservation agencies interested in establishing diverse,
sustainable ecosystems resembling those which once occurred naturally.

For decades, tallgrass prairie of North America has been the focus

of prairie restoration research. Human efforts to restore a portion of

tallgrass prairie began in late 1930s (Jordan et al., 1987) and early
1940s (Sperry, 1994), and, to date, more extensive ecological research

has taken place in this region. Ecologists attempting to restore mixed

prairie have less ecological information and experience to guide them.

The dynamics of seed production in mixed prairie are not well

understood. Range ecologists have focused on measuring vegetative
production in mixed prairie (Clarke et al., 1943; Olson et al., 1985;

Smoliak, 1986; Kowalenko, 1995) because it is directly affected by

grazing management. Seed production of individual species, however, is

also affected by grazing management (Wenger, 1941; O'Connor and Pickett,

1992) which results in altered seedbank composition (O'Connor and

Pickett, 1992; Willms and Quinton, 1995), and may alter the ecosystem

(O'Connor, 1991).
A limitation to restoration in mixed prairie is the lack of an

affordable and reliable seed source. High cost, low availability, low

volumes, and few species of commercially available species inhibits the

use of native seed in large-scale revegetation projects (Joyce 1993).
Another difficulty is the narrow ecotypic and geographic amplitudes of

many native species. Inadequate consideration of geographic origin and

suitability to the range site results in unproductive stands that do not

persist (Cooper, 1957; McMillan, 1965; Kilcher and Looman, 1983). There
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have been few studies comparing performance of locally collected species
with that of the same species originating from distant locations,

however, several authors have suggested that local seed is most

appropriate for restoration to maintain genetic diversity (Schramm,
1990; Joyce, 1993; Kerr et al., 1993). Cotts et al. (1991) found that

locally collected seed revegetated abandoned trails faster than non

local seed which originated from the same biophysical area.

Information regarding the phenology, yield, and annual fluctuation

of seed production in northern mixed prairie communities is lacking.
The closest source of information comparing yield, yearly changes, and

communities for seed production is in mixed prairie of Kansas (Brown

1943), where the floristic composition is different from mixed prairie
in the northern United States and Canada. Information on native seed

production would be valuable to grassland ecologists, grazing managers,

and those interested in harvesting native seed for restoration. The

primary objective of my research is to determine the phenology and yield
of seed production within mixed prairie communities, and describe seed

production within and between mixed prairie communities over two years.

A second objective is to determine the effect of soil disturbance on

seed production of dominant perennial species.
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2.0 LITERATURE REVIEW

2.1 Ecology of Northern Mixed Prairie

Mixed prairie is an ecological region of North America which can

be thought of as a continental-scale ecotone blended by the grassland
communities which bound it; shortgrass prairie and desert grassland to

the south-west, fescue prairie to the north and north-west, tallgrass

prairie to the east, and coastal prairie to the south (Coupland, 1992b).
It is typified by mixed stands of short- and mid-grass dominants. The

relative proportions of mid- and short-grass species is influenced by
the climate, caused by geographic location, and by periods of variable

precipitation that favours one growth form over the other (Coupland,
1992a). Wide differences in climate are apparent as one moves north to

south and east to west in mixed prairie. July temperatures in the

extreme north anti south of the region average 10°C and 28°C,
respectively, while mean temperatures in January are as low as -18°C in

the north and 10°C in the south (Coupland 1992a). Annual precipitation
is about 600 mm in the south, declining to 450 mm in the northeast and

300 mm in the northwest.

Mixed prairie is divided into northern and southern regions at the

Nebraska sandhills (Coupland, 1992b). Reed and Peterson (1961) estimate

the area of northern mixed prairie as 475 000 km2• The relative

dominance of grasses with the C3 photosynthetic pathway increases in a

northerly direction and is most pronounced in the northern mixed

prairie. Genera which characterize northern mixed prairie include the

grasses Agropyron, Stipa, Bouteloua, Koeleria, and Buchloe, and the

sedge Carex (Coupland, 1992a). Mixed with the above dominants are many

other grasses, forbs, shrubs, and sedges, some of which gain prominence
in localized habitats.

Grasslands have evolved under a combination of drought, grazing
and fire (Anderson, 1982). In mixed prairie, drought is thought to have

the dominant influence. Northern mixed prairie has a cool, semi-arid

climate with great extremes of temperatures between seasons. The frost

free period is about 100 days in Canada (Coupland, 1992a), however, the

actual growing season is often shortened because soil moisture is

inadequate for plant growth. High summer temperatures, warm, dry winds,
and relatively low precipitation contribute to the frequent lack of soil

moisture for plant growth during the growing season (Coupland, 1950).
Precipitation from April to July plus the previous September accounted

for 77% of the variation of forage yield in southeastern Alberta
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(Smoliak, 1986); similar predictions of precipitation-production
patterns are found in North Dakota (Redmann, 1975) and Montana (Olson et

al., 1985). Typically, the majority of growth occurs from mid-April to

mid-July. After July, soil moisture deficits impede growth of most

species (Clarke et al., 1943). There is sometimes a period of fall

growth, if moisture is available.

Short-term climate change, i.e. consecutive years of drought or

wet periods, are normal for the region, and correspond with intervals of

relatively warm and cool weather, respectively (Coupland, 1959). Change
in climate patterns can be severe enough to eliminate certain species
from localized areas (Weaver and Albertson, 1944), or when less extreme,

change the community composition by adjustments in basal area, or death,
of part of plant populations (Coupland, 1959; Clarke et al., 1943).

In mixed prairie about one-half of total net photosynthesis is

transferred to the root systems of plants to maintain access to soil

water and nutrients. At the Matador grassland, a mixed prairie located

in the dark brown soil zone of Saskatchewan, 43% (100 g m-2) of total

plant growth occurred below ground in one growing season (Warembourg and

Paul, 1977). Maximum above and below-ground production in northern

mixed prairie is about 300 g m-2 (Sims and Coupland, 1979).
Unlike more mesic ecosystems such as tallgrass prairie, litter

accumulations are not sufficient to reduce nutrient cycling or light
intensities below critical thresholds, and thus burning does not promote

community biomass production (Coupland, 1992a). Fire in northern mixed

prairie has negative to neutral effects on biomass accumulations in the

following years (Coupland, 1974; Anderson, 1982; White and Currie, 1983;
Redmann et al., 1993), and changes grassland species composition by

differentially affecting survival and recovery (Dix, 1960). When

burning decreases community biomass, losses are likely attributable to

the loss of soil water associated with a drier microclimate which

increases water stress on plants (Redmann, 1978). Fires started by
humans and lightning occurred with regular frequency in the northern

great plains (Higgins 1984). Fires during the growing season were

believed to have been lightning-ignited; dormant season fires were

started by humans (Higgins 1984).
Consumers of primary production in grasslands span from micro

organisms to bovids. Above-ground herbivory tends to be the focus of

grazing research, but below-ground herbivory accounts for the greatest
loss of vegetative biomass. At the Matador grassland in southwestern

Saskatchewan, 43% of the total energy flow through plants was estimated

to be consumed by below-ground herbivores, most of which were

invertebrates (Coupland, 1992a). Above-ground herbivores at the Matador

grassland, ungrazed by cattle, consume only 1% of total plant biomass;
the addition of cattle at moderate stocking rates increases this total
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to only 3-4% (Coupland, 1992a).

Grazing by cattle decreases the size and basal cover of mid

grasses in the sward, while increasing short-grasses, and other less

desirable plant species. In northern mixed prairie, Bouteloua gracilis,
the dominant short-grass species in the region, increases under light or

moderate grazing, while most mid-grasses typically decrease (Clarke et

al., 1943; Coupland et al., 1960; Smoliak, 1965).
The major land uses in the mixed prairie region are production of

small grains and oilseeds using mechanized agriculture, and for grazing
of rangeland by livestock (Coupland, 1992a). The landscapes is

predominantly in crop production, except where salinity, rough

topography, or stoniness have prevented cultivation. Native mixed

grassland survives on approximately 25% of its former range (Government
of Canada, 1991) but most of this is severly altered by cattle grazing.

2.2 Seed Production in Mixed Prairie

2.2.1 Community Seed Production

Allocation of photosynthate to production of seed mass, within a

community, is influenced by phylogeny, life history, phenology, and

other ecological attributes (Mazer 1989). Ecological theory predicts
that allocation to seed production in plants decreases with ecological
succession, as the number of r-selected organisms (with relatively high
allocation to seed production) drops, and K-selected organisms (less
allocation to seed production) increase (Odum, 1969; Abrahamson and

Gadgil, 1973). In moving through a successional sequence, annual herbs

(early), perennial herbs, and trees (later), allot progressively fewer

resources to reproduction (Harper et al., 1970). Fecundity in

herbaceous plants is highly influenced by plant size, however, there is

a trend where annuals, caespitose perennials, and rhizomatous perennials
allocate progressively less to seed production (Aarsen and Taylor 1992).
In a Wisconsin prairie, native annual forbs allocated 29% of their mass

to seed production, while native perennial forbs allocated 10% (Struik,

1965). Patterns of allocation to seed production during succession can

differ among species (Mazer, 1989) within a genus (Abrahamson and

Gadgil, 1973; Gaines et al., 1974) and between ecotypes of a species

(Gadgil and Solbrig, 1972).
Allocation to seed production in herbaceous perennials ranges from

o to 15% of annual net assimilation (Harper, 1977). Maximum net

assimilation is 300 g m-2 in mixed-prairie (Sims and Coupland, 1979),

giving a maximum theoretical reproductive effort of 45 g m-2, assuming
that energy required for reproductive allocation is equal to vegetative,
which may not be true (Hickman, 1975).

Seed yields from native grasslands are likely to be below this

theoretical maximum because the cost of seed production includes the

5



associated reproductive structures (other flower and fruit parts), and

the plant respiration required to produce the flowers, fruits and seeds

(Hickman, 1975). Seed production from grasses, which dominate

grasslands, may be less costly compared to species with showy, large
flowers because grass flowering structures contain a high proportion of

photosynthetic tissue which can energetically contribute to seed

production (Bazzazz et al., 1979). Further restrictions to seed yield
are caused by biotic factors such as disease, predation of reproductive
parts, pollinator availability, inter and intra-specific competition,
defoliation of vegetative parts, and genetic potential. Abiotic

restrictions to seed production include soil fertility and weather.

Seed production in native prairie is diversified by the complex
mix of species separated by spatial (Ayyad and Dix, 1964; Coupland and

Johnston, 1965; Redmann and Hulett, 1964; Redmann, 1972), temporal (Budd
and Campbell, 1959; Callowet al., 1992) and functional characteristics

(Redmann and Reekie, 1982). This variability may be further complicated

by differential seed production within each species in the community.
Most ecological research on seed production has focused on

autecology of seed production within prairies, concentrated in the tall

grass prairie of North America (Platt et al., 1974; Hermann-Parker,

1976; Haddock and Chaplin, 1982; Hartnett, 1991; Davis et al., 1991).
Less information is available at the community level. The study of seed

production by Brown (1943) is the most thorough in mixed prairie at the

community level. He compared seed production across five habitats

ranging from tall to short-grass prairie from in Kansas. Seed

production was greatest in tallgrass (Andropogon gerardii dominated)
communities (117.5 g m-2) in a year of above average precipitation (no
seed was produced in a year of below normal precipitation). Seed yield
from shortgrass (Bouteloua gracilis and Buchloe dactyloides dominated),
and mixed grass (Andropogon scoparius and Bouteloua curtipendula
dominated) communities ranged from 0.7 - 52.3, and 4.5 - 38.5 g m-2,
respectively, with the highest yields in years of above average

precipitation. Perennial grasses accounted for less than 25% of seed

yield in mixed and shortgrass prairie, but nearly 100% in tallgrass

prairie. Seed densities (seedsjm2) were not estimated. Rabinowitz and

Rapp (1980) estimated that a Missouri tall grass prairie produced 19,700

seedsjm2. Pulliam and Riley Brand (1975) found a desert grassland in

southeast Arizona produced 35,773 seedsjm2 with a biomass of 18.8 gjm2.

2.2.2 Phenology of seed production
Timing of plant flowering is controlled by photoperiod,

thermoperiod, moisture, nutrients, and genetics (McMillan, 1957). The

majority of the northern mixed prairie flora is composed of perennial
species, which, due to seasonal restrictions on plant growth, must go
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dormant during periods of drought and cold. Clarke et al. (1943)
reported that a soil temperature about 5.50C at a depth of 15 cm below

the soil surface was required to initiate spring growth of the dominant

cool season grass species, Agropyron smithii, Poa secunda, Koeleria

gracilis, and Stipa comata in southwestern Alberta. On average, growth

began in the first week of April for these species. Growth of these

species increased linearly with increasing temperature until the end of

April, when the temperature reached 11°C. After April the dominant

environmental parameter influencing growth rate was available soil

moisture. Bouteloua gracilis, the dominant C4 grass in southeastern

Alberta, began spring growth on May 3, nearly a month later, at a 15 cm

depth soil temperature of 11°C. Most growth for all species ended by
the end of July. In this period, these plants allocate enough resources

to sexual reproduction when conditions are favourable. Some prairie

grasses such as Festuca hallii initiate inflorescences in the fall

previous to spring flowering (Johnston and McDonald, 1967), therefore

conditions in the previous fall and in spring may be critical for seed

production.
Latitudinal and longitudinal gradients in thermoperiod and

photoperiod have resulted in natural selection of diverse ecotypes

gradients within grasses (McMillan, 1965). Typically, growth and

flowering of grasses in northern and north-western prairie communities

tends to be earlier, and growth periods shorter than in south and

southwestern populations of Panicum virgatum, Andropogon scoparius,
Andropogon gerardii, Sorgastrum nutans, Sporobolus heterolepis, Koeleria

cristata, Bouteloua gracilis, and B. curtipendula. In some species this

geographic pattern of flowering is reversed (Elymus canadensis), or

absent (Stipa spartea, S. comata, and O. hymenoides (McMillan, 1965).
The flowering period in northern mixed prairie of southern

Saskatchewan is 135 to 140 days (Budd and Campbell, 1959), but there is

a lack of comprehensive, long-term studies of the phenology of growth,

flowering, seed maturion and plant establishment at the community scale.

Some trends, however, are evident. The length of blooming of individual

species lengthens as the growing season progresses (Callow et al.,

1992). This is attributed, in part, to small size and low growth form

of the earliest flowering species, which flower before later, taller

species which shade them out. Late flowering has a familial link, as

12 of the last 15 species to begin flowering at Swift Current,

Saskatchewan, are members of the Composite family (Budd and Campbell,

1959).
Variable weather between years can affect prairie phenology

(Criddle, 1927). Temperatures in the March-June period influences the

onset of flowering within species; cool weather tends to retard, and

warm weather speeds blooming during this period (Callow et al., 1992).
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Species blooming in summer experience more variable soil moisture

conditions than earlier blooming plants (Sauer and Uresk, 1976).
Abundant precipitation during the summer growing months extends the

summer flowering aspect in mixed prairie of North Dakota (Callow et al.,

1992), but shortens flowering in shortgrass prairie of Colorado

(Dickinson and Dodd, 1976). Another pattern which appears in tallgrass

prairie, and likely occurs in mixed prairie, is that wind pollinated
plants have shorter flowering periods than insect pollinated plants,
likely as a result of less reliable pollination afforded by insects

(Rabinowitz et al., 1981).
Few phenological studies have included detailed seed dispersion

patterns of individual species. Rabinowitz and Rapp (1980) measured

seed rain in a Missouri tallgrass prairie and found that the dispersal
mode was at least as long as the flowering mode of the grasses measured,

and for some species dispersal continued past the end of November. Two

peaks in dispersal occurred; the first in the beginning of July was

dominated by cool-season grasses, and the second in late October

corresponded with dispersal from Composite species. In a desert

grassland, seed production peaked in April and October (Pulliam and

Riley-Brand, 1975). Opposite to tallgrass prairie, the fall peak was

dominated by grasses, and the spring peak by forbs.

In a study of seed shatter in mixed prairie of southeastern Montana,

Eddleman (1979) found that each species had a unique seed dispersal rate

and season. Three general dispersal patterns occurred among species:
the first group shattered almost all seed soon after seed maturity (e.g.

Stipa comata and Agropyron spicatum); the second group dispersed seed

slowly at a regular rate that may extend into the winter (e.g. Eurotia

lanata and Echinacea angustifolia); and the third group dispersed seed

irregularly, but relatively slowly (e.g. Oryzopsis hymenoides and

Ratibida columnifera).

2.2.3 Factors Affecting Seed Production

Several elements, acting alone or in concert, may limit seed

production from prairie species. In general, the majority of the

reviewed factors that reduce seed production, i.e. disease, predation of

reproductive parts, defoliation, pollination, genetic potential, climate

and competition are derived from autecological experiments and

observation. These findings are useful for understanding seed

production at the community scale.

Disease

Pathogens are a natural part of prairie ecosystems. It is

uncertain whether pathogens have greater or lesser impact on plant

populations than herbivores or frugivores, but they are similar in that

they can be specialists or generalists (Harper, 1977). Generalist
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pathogens typically attack young and weak plants, whereas specialist

pathogens may attack a species due to spatial congestion and/or lack of

resistance within a population.
There has been little research on the effects of pathogens on

plant growth in prairies, although a wide variety of diseases are known

in forage grasses and forbs grown in monocultures (Allison, 1948;

Johnson, 1948; RogIer et al., 1961; Morrall and Howard, 1974). Within

natural populations lethal epidemics of disease are rare (Harper, 1977).
smut fungi reduce seed production in infected Andropogon gerardii plants
in tallgrass prairie (Cornelius, 1950; Snetselaar and Tiffany, 1992).
Smut and ergot have reduced seed yields of other native grasses in

tallgrass prairie (Cornelius, 1950). In northern mixed-grassland, a leaf

spot disease of Agropyron dasystachyum and A. smithii has potential to

reduce biomass production (Morrall and Howard, 1974), and may affect

seed production. Fungal infections can reduce seed yields of prairie
legumes (Haddock and Chaplin, 1982). Paul and Ayres (1986) found the

pathogen Puccinia lagenophorae reduced seed production of Senecio

vulgaris populations by 60%. Several forbs in tallgrass prairie are

susceptible to a foliar pathogens such as leaf spot, powdery mildew, and

rust, but fire can be used to reduce the amount of disease for at least

two years after burning (Shearer and Tiffany, 1989).
Predation of Reproductive Parts

Flowers and pre-dispersal seeds are often attacked by herbivores

because they have high nutritive value relative to the rest of the

plant. Insect herbivory is most often studied (Hermann-Parker, 1976;
Louda et al., 1990; Windus and Snow, 1993; Hendrix 1994; Milton, 1995)

although vertebrates also eat flowers and developing seeds. Specialized
fruit and seed predators which are adapted to attack one or a few

species, in theory, may not destroy the entire seed crop lest they

compromise their future due to lack of a host (Harper, 1977). Some

prairie plants may produce seed intermittently in order to avoid high
populations of specialized herbivores (Hermann-Parker, 1976; Windus and

Snow, 1993). Generalist seed predators could eliminate seed production
from a species with less future consequence to themselves because they
can switch to alternate prey species.

Autecological studies indicate that fruit and pre-dispersal seed

predation influences seed production. Andropogon gerardii is attacked

by a midge (Contarinia wattsi) which has caused losses between 10-20%

(Cornelius, 1950) and 40% of the potential seed production (Carter et

al., 1988). This same midge destroyed 20% of the seed from Andropogon
scoparius (Watts and Bellotti, 1967). Mites have been noted to attack

developing Festuca hallii flowering culms which stops development of

flowers and seeds (Johnson and Macdonald, 1967). Few of the predators
of grass seed production in native grasslands have been identified, but
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it is likely that many exist (Carter et al., 1988).
Forbs and shrubs also have seed destroyed by flower and pre

dispersal seed predators. The developing flowers of Psoralea esculenta

are attacked by a host-specific weevil which reduces seed production
from 10-55% (Hermann-Parker, 1976). A Lepidoptoran has destroyed 37%-

92% of developing seed in Gentiana saponaria (Windus and Snow, 1993).
Haddock and Chaplin (1982), studying seed production in Baptisia
leucophaea and B. leucantha found up to 96% seed destruction over two

growing seasons. Four insect species attacked B. leucophaea while five

species attacked B. leucantha seeds. Seed production from most

individuals was completely eliminated while a few plants escaped

predation. Pre-dispersal seed predation of an annual thistle (Cirsium

canescens) resulted in a 50% loss of seed (Louda et al., 1990). The

surviving 50% of seed in c. canescens seedheads had reduced dispersal
from seedheads (-66%) and reduced establishment (-87%) compared to

unpredated seed heads.

Climate influences seed predation. Seed head infestation by the

fly Desmella anceps on pteronia empetrifolia and P. pallens increased

during years with relatively low rainfall (Milton, 1995). Grasshoppers
damaged the inflorescences of shortgrass prairie grasses more in dry
than wet years (Brown, 1943).

Anderson (1988) notes that seed predation also can reduce the

viability of physically unaffected seeds, and weakened plants may also

reduce the number of seeds set per fruit. Therefore, effects of seed

predation may extend beyond the loss of attacked seed per se. Although
pre-dispersal predation reduces seed production, it is not clear that

the loss of seed necessarily leads to a decrease in recruitment of new

individuals. There may be a tolerable level of seed predation, if the

flowers or seeds that are killed would have inevitably died due to

density-dependant causes (Harper 1977).
Defoliation

The effects of defoliation on asexual reproduction of plants,

particularly rangeland grasses, is better understood than the effects of

herbivory on sexual reproduction. Defoliation is usually associated

with herbivory in grasslands, but fire also removes above-ground plant

parts. Although fire can alter seed production in prairie (Curtis and

Partch, 1950; Davis et al., 1988; Hartnett, 1991), it will not be

reviewed here. Death of the host plant is the most dramatic form of

herbivory that reduces plant reproduction, but this seldom occurs

(Hendrix, 1988). More commonly, herbivory reduces plant growth and

reproduction. The timing of defoliation in relation to growth stage of

the plant is an important factor determining the effect on seed

production (Harper, 1977). Defoliation before inflorescence development
will halt development or cause a smaller inflorescences. Defoliation of
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vegetative parts after the inflorescence is formed typically results in

increased seed abortion or reduced seed production.
Grazing of vegetative parts of Gutierrezia sarothrae by the moths

Synnoma lynosyranna and Synalocha gutierrezia reduced the numbers of

flowers/branch, flowers/capitulum, seeds/branch, and seeds/capitulum
(Wisdom et al., 1989). Defoliation of leaves from Rosa nutkana by tent

caterpillars reduced fruit production ten-fold (Myers, 1981). Sheep

browsing of Pteronia empetrifolia during flower bud development reduced

the numbers of flowers by 80-90%; the remaining flowers produced 40% as

many seeds compared to plants protected from grazing (Milton, 1995).
continuous grazing reduces seed production in late successional

grasses (Wenger 1941), and directs succession towards a grazing
tolerant, early-successional grassland community (O'Connor and Pickett,

1992). Managing grazing in a manner which stresses a particular plant

species will reduce seed production from that species. For example,
heavily grazed Festuca hallii produces no seed (Willms, 1991) and seed

production of ungrazed species may increase (Bai 1993). Lightly grazed

grassland in South Africa produced more seed in the community than

heavily grazed grassland (O'Connor and pickett, 1992).
Pollination

Pollinator availability may limit reproduction within native

grasslands. Forbs are more likely to suffer from a lack of pollinators
because most are pollinated by insects. Grasses, on the other hand, are

cross pollinated by wind (Gould and Shaw, 1983) or are self-pollinated.
The pattern of mating within a population of wind-pollinated plants,
however, is also variable in space and time because of variations in

weather conditions that regulate pollen dispersion (Levin, 1986). Wind

turbulence, wind speed, water deficits, and heat stress are examples of

weather conditions which may limit pollination among grasses. In

perennial grasses that have limited self-fertility (Smith, 1944; Gould

and Shaw, 1983), environmental effects which inhibit anthesis or pollen
transfer could limit seed set.

Many forbs require pollination by biotic agents such as insects or

birds to produce seed (Betz and Lamp, 1990). Insufficient numbers

and/or types (Levin, 1986) of pollinators have potential to reduce seed

production. Species which grow in high densities often have higher

pollination success compared to isolated individuals due to the greater
nectar reward offered to pollinators (Platt et al., 1974; Levin and

Anderson, 1970). Isolated populations of some species may suffer from

lower pollination and/or seed predation more than others (Hendrix 1994).
Genetic Potential

Intraspecific variability affects carbon allocation to seed

production (Harper, 1977). Genetic differences within Bouteloua

gracilis causes certain plants to have many relatively tall flowering
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culms, and other individuals to have relatively few, short flowering
culms; these differences may affect the amount of seed produced from

individuals (McGinnies et al., 1988). Edaphic factors also contribute

to the growth form of B. gracilis (McGinnies et al., 1988). This

allocative response may be due to an evolved selection pressure within

different habitats, as has been found in Taraxacum officionale (Gadgil
and Solbrig, 1972). Another prairie grass, Hordeum jubatum, also has

genetically different populations adapted to edaphic conditions; seed

set was reduced when populations were transplanted outside their

original habitats (Wang et al., 1992). Different site-to-site

reproductive allocation has been observed in other species (Aarsen and

Taylor 1992).
Climate

Weather may have the single largest effect on seed production of

native grasslands. Some prairie species are better adapted to drought
than others (Weaver, 1943; Coupland, 1959; Knapp, 1984), which may cause

different community responses to drought in terms of varied seed

production from different species. Cornelius (1950), studying seed

production from native warm-season grasses in Kansas over a nine year

period, found that seed production from an individual species is highly
dependant upon weather conditions. For example, rains that are well

distributed in the season, and particularly just before flowering,
enhance seed production. High humidity during anthesis promotes high
seed set, while frost or hot, dry wind during anthesis reduces seed set

(Cornelius, 1950). Reduced seed set in cultivated stands of grasses has

been attributed to irrigating, or heavy rains during anthesis (Dodds et

al., 1987).
Inclement weather during flowering of forbs and shrubs may also

reduce seed set (Davies, 1976), particularly in species with relatively
short flowering periods (Betz and Lamp, 1990). Flower and seed

production of the South African shrubs, Pteronia pallens and P.

empetrifolia, is inversely related to amount of annual rainfall (Milton,

1995). Windus and Snow (1993) also found that below average

precipitation limits seed production from Gentiana saporonica.

Relatively high amounts of precipitation more positively affect seed

production from species which decrease from grazing compared to species
which increase (O'Connor and Pickett 1992).

In tallgrass prairie, Cornelius (1950) found that big bluestem

produced a "good crop" of seed in three out of nine years studied. Seed

set was more variable, and yields were less consistent from native

grasses harvested from their natural environment compared to the same

grasses grown in nursery plots for seed production. Some native

grassland swards appeared to have a good seed crop, when in fact, a high
percentage of the florets were empty. Low seed fill among dominant
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grasses in prairie was noted in drought years compared to years of above

average precipitation (Brown, 1943).

Competition
Competition is defined as the negative interference among

individuals for a common, limiting resource (Harper, 1977). Those

factors which reduce seed production, discussed above, also influence

competition (or negative interference) between and within species.
Competition may affect sexual reproduction by: 1) reducing the chance of

an individual producing seed, or reduce seed production, 2) changing
reproductive allocation within a plant, 3) altering timing of

reproduction, 4) changing the mode of reproduction (i.e. change the

proportion of genet versus ramet production), and 5) changing mating
behaviour (Weiner, 1988).

The effects of competition for resources can be shown by

manipulating populations in natural or seeded stands. Reducing
competition for resources in grassland results in greater seed

production in Bouteloua gracilis (McGinnies, 1984), Agropyron spicatum
(Mueggler, 1972), Stipa neomexicana (Gurevitch, 1986), and many desert

annuals (Inouye et al., 1980). The increased availability of soil and

water resources associated with growing native species for seed

production in seeded stands results in greater production when compared
to the same species in native prairie (Cornelius, 1950; Dickerson et

al., 1981, Dodds et al., 1987). The same effect can be achieved by

adding fertilizer to seeded stands (Cornelius 1950).
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3.0 MATERIALS AND METHODS

3.1 Site Description
Research was conducted from May 1994 through September 1995 in the

West Block of Grasslands National Park, located about 120 km south of

Swift current, SK. (49015'N 107°44'). The regional soils are brown

chernozems. Most of the park is uncultivated due to rough topography
and soil marginal for crop growth; there is extensive cultivation on

adjacent lands.

Temperatures of the region average about 3°C, and range from a

monthly mean of -19.50C in January to 27.00C in August (Environment
Canada, 1993). Annual precipitation averages 312 mm with about 55% of

the total received May through August.
Stands were selected on upland, slope, and lowland topographic

positions. The upland stands were located on knolls and exposed level

areas in high topographic positions, slope stands occupied convergent

back-slopes (terminology after Pennock et al., 1987) in topography with

rolling terrain, and lowland stands occupied level catchment basins in

rolling terrain and alluvial flats along the Frenchman River valley.
Seven upland stands had loarny frontier soils, while the remaining five

were solonetzic kettlehut clay-loarns (Saskatchewan Institute of

Pedology, 1992). The stands of the slope community had clay fronteir

soils. Eight lowland stands had solod robsart soils with the remaining
four being alluvium soils.

Vegetation of this region belongs to the stipa-Bouteloua-Agropyron
Faciation of the Mixed Prairie Association (Coupland, 1961). Stipa
spartea var. curtiseta, S. viridula, S. comata, Agropyron smithii, A.

dasystachyum, and Bouteloua gracilis are the dominant grasses in this

Faciation. Other common species include the grarninoids, Koeleria

gracilis, and Carex stenophylla ssp. eleocharis, and forbs, Artemisia

frigida, and Phlox hoodii. In solonetzic soils receiving excess runoff,

A. smithii is an important species (Coupland, 1950; 1961). Before

becoming part of the park, lands were most recently used for grazing
livestock. For this study, the selected stands had been ungrazed by
cattle for 2-6 years.

3.2. Plant Community Composition
Twelve 16 x 16 m stands were selected in each community type

(upland, slope, and lowland) for a total of 36 stands throughout the

west block of Grasslands National Park. Similar stands in each
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community were selected based on visual estimates of stand composition
and productivity. During July-August, 1994, the basal area of each

community was measured using a 10-pin point frame (Mueller-Dombois and

Ellenberg, 1974; Goldsmith et al., 1986). Four hundred and eighty
points were used to measure the basal area of vegetation in each

stand. Along four parallel transects separated by about 4 m, a ten-pin
point frame was placed at 12 locations (about every 1.25 m) along each

transect. This technique is similar to that used by Coupland (1950;

1961) •

Basal cover data from all stands in each community were pooled and

used to calculate the proportion of total cover contributed by species,
litter, bare ground, and rocks. Two-way indicator species analysis

(TWINSPAN) (Hill, 1979), was used to divide the 36 sites heirarchically
into dichotomous groups according to similarity between groups of stands

based on community attributes. The analysis also indicates the species,
or other attributes, which are different between stand groupings.

3.3 Community Seed Production

3.3.1 Sampling methods

Each of the 12 16 x 16 m stands in each community was subdivided

into 16 4 x 4 m plots. The 16 plots were randomly assigned one of 16

harvest dates in 1994 and 1995 in a completely random design: (1) June

1, (2) June 17, (3) July 4, (4) July 21, (5) August 7, (6) August 24,

(7) September 10, (8) September 27, 1994, and the same eight dates in

1995. Ripe seed from all species present in the plot was harvested on,

or within one day, of these dates.

At each harvest date, and in each community, the designated 4 x 4

m plot in a stand was harvested for seed using a nested sampling design.
Ten 25 x 25 cm quadrats were placed randomly within the plot and ripe
seeds of all species in the quadrats were hand-harvested. Species

bearing ripe seed that were not in any of the 10 quadrats, but within

the 4 x 4 m plot were hand-harvested from the entire plot. Seed from

each species was stored individually in envelopes. The last harvest of

1994 (September 27) was not done because species expected to produce
seed on this date did not produce seed. Seed from species harvested in

the 10 quadrats were typically common and evenly distributed within the

plot, and produced seed evenly among individuals. Species collected

within the plot, but not in the quadrats, had at least one of the

following characteristics: low density, heterogeneous distribution or

low seed production.
The harvested seed was counted and weighed in the laboratory. All

weights were measured with a Mettler AE 200 balance. The entire

disseminule was considered to be a "seed". For example, the seed of

grasses included the full caryopsis, palea, lemma, and awn, and the seed
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of species in the Asteraceae often had plumes, or other structures

attached to the achenes. Seeds which appeared full were assumed to be

viable, as has been demonstrated for many mixed prairie forbs (Smreciu
et al., 1988). Seed fill in the grasses Koeleria gracilis, Bouteloua

gracilis, and Agropyron spp., was difficult to determine by visual

inspection due to the large amount of seed produced, and the difficulty
in seeing the caryopsis in these species. For these species seed lots

among stands within a community at each harvest date were subsampled to

determine seed fill. Seed fill in eight replicates of at least 50 seeds

per harvest date per community was determined using a light table, and

magnifying lens (Brown 1943). Seed fill percentages were used to

correct the standing crop of seed produced from these species at each

harvest date.

Seeds from individual species harvested within the 10 quadrats
were counted and weighed and then divided by ten to obtain a mean weight
and number of seeds within an area of 25 x 25 cm. These values were

then converted to standing crop of seeds/m2 and kg seed/ha. Individual

species seed weight and number within the entire plot (4 x 4 m) were

also converted to standing crop of seeds/m2 and kg seed/ha. Seed

production from both sampling methods were then combined to produce the

standing crop seed density and seed yield of all species in the 4 x 4 m

plot, and represents the total standing crop from a stand in the

community at that harvest date.

3.3.2 Data analysis
Standing Crop Seed yield and Density

Standing crop seed yield, hereafter referred to as seed yield (SY)
and standing crop seed density, hereafter referred to as seed density

(SO) were analyzed using analysis of variance (ANOVA) in a completely
random design to determine differences between years, communities, and

harvest dates (Steel and Torrie, 1980). The ANOVA was conducted as a

mixed model with years and replicates considered random effects and

community and harvest date considered fixed effects, with replications
nested within communities (Petersen, 1985). Separate and combined year

analyses were done because of an unbalanced data set between years due

to the lack of an 8th harvest date in 1994. The combined year analysis
required that the 8th harvest date in 1995 be dropped to balance the

data set. The combined year analysis was used to determine if seed

production differed between years, while the individual year analyses
were used to separate seasonal and community effects and season by

community interactions. Where significant differences equal to or less

than 5% level occurred, Least Significant Difference (LSD) tests were

used to compare means (Steel and Torrie, 1980).
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Seed Yield and Density From Different Plant Groups
Total seed yield and density was separated into seed produced from

perennial grasses, perennial forbs, annuals, sedges, and C3 and C4
grasses. Biennial forbs were combined with perennial forbs for this

analysis. Each plant group was analyzed in separate and combined year

mixed model ANOVA, and differences among effects equal to or less than

the 5% were separated with a 5% LSD. Harvest dates were dropped from

the analysis if no seed was produced from that group to reduce possible

heterogeneous variances (Steel and Torrie, 1980). In the C3 - C4
analysis, the lowland community was dropped from the analysis due to the

lack of seed production by C4 species.

Cumulative Seed Yield and Density
The peak seed yields (PSY) and densities (PSD) of each species in

1994 and 1995 were added at each harvest date. The PSCSY and PSCSD were

analyzed and means separated, the same as the SCSY and SCSD analysis to

determine if the peak of seed production differed between years,

communities and harvest dates.

The PSY and PSD values at each harvest date were summed to derive

cumulative community seed production for the 1994 and 1995 growing
seasons. The ratio of PSY:PSD was compared at each harvest date in each

community and year to determine if the ratio of seed density to seed

yield was stable among communities, years, and harvest dates. Seed mass

of species which produced seed in a community in 1994 and 1995 was

compared using linear regresion to determine if seed mass of a species
changed between years.

Similarity and Beta Diversity of Species Producing Seed though the
Season

Two indices were calculated to compare the changes in seed-

producing species through time and among communities. The similarity
between harvest dates in a community was calculated using the Sorensen

similarity index (SSI) (Mueller-Dombois and Ellenberg, 1974):

2c
SSI=---xl00

a+b

where c = number of species common to two harvest dates, a = number of

species at harvest date a, and b = number of species at harvest date

b.

The diversity of seed produced though time in each community was

measured using a beta diversity index modified from Whitaker (1972),
which divides the total number of species producing seed within a

community by the mean number of species producing seed at each harvest
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date. This measure is commonly used for spatial gradients of diversity
but should also apply to temporal gradients.

Species Richness of Seed Production

The number of species producing seed by harvest date, community
and year was determined. Total species richness, the total number of

species harvested at each harvest date in the 12 stands of each

community, mean species richness, and the mean number of species
producing seed per stand within a community were measured.

Comparison Between Vegetative Cover and Seed Production

The similarity between the vegetative cover and seed production
was determined by comparing the percent contribution of each species to

the pooled basal cover (vascular plants only) in the 12 stands of each

community with the percent contribution of each species to the peak

standing crop seed yield and density. The percent similarity (S) equals
the sum of the smaller percentage values (P) for species 1 through i

(Bray and Curtis, 1957):

Similarity between the seed yield or density and the vegetative
community was determined in this manner for each community in both

years.

Dominance-diversity (also known as rank-abundance) curves were

used to illucidate patterns of species composition between the

vegetative community and seed production in 1994 and 1995 within a

community (Magurran, 1988). Percent composition that each species
contributes to the entire community is plotted in a descending order to

show the relative evenness of species composition within a community.
Vegetative community composition was based on pooled basal cover in each

community, and the seed production composition based on the contribution

of PSY and PSD by each species.

3.4. Disturbance Effects on Seed Production.

One stand in each of the upland, slope and lowland communities,

separate from but adjacent to one of the stands in the community seed

production experiment (Section 3.3.2), was selected for this experiment.
The site dimension was 17 x 14 m, divided into 30 2x2 m plots, each

separated by a 1 m wide alley. Ten replicates of three treatments were

applied in late-May 1994 in a completely random design: chemical
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disturbance, physical disturbance, and an undisturbed control.

Chemical disturbance plots were created by applying a 7% solution

of glyphosate at a rate of 16.6 ml/m2, systematically applied to one

half of the plot area in eight patches, 32 cm in diameter. A spray

skirt encircled the area to be sprayed to prevent spray drift, and the

chemical was applied with a hand sprayer.

Physical disturbance was applied by making 36 cuts with a 15 cm

wide spade along six rows about 30 cm apart (six cuts per row) within

the plot; the soil was loosened, but not turned. Cuts had a dimension

of about 15 cm long, 15 cm deep, and 5 cm wide. Control plots were not

disturbed.

3.4.1. Community composition
In late July 1995 the above-ground cover of species in each plot

was estimated in a 50 x 50 cm quadrat. Percent cover of above-ground

plant species was averaged across the ten replicates in each treatment.

3.4.2. Soil properties
To estimate the effects of disturbance on below ground processes

in the plant community, the supply of nitrogen in the form of nitrate

(N03-) and ammonium (NH4+), and phosphorus (P06-) were measured from mid

May and to the end of June 1995 using synthetic ion-exchange membranes

(Shoenau et al., 1993). This technique effectively measures soil

nutrient supply to vegetation across temporal and spatial gradients
(Gibson et al., 1985; Qian et al., 1994). Five plots of each treatment

were randomly selected in each community. Positively and negatively
charged exchange membranes were placed at a soil depth of 2 through 6

cm. Placement in the chemical disturbance plots was in the centre of

one of the chemically disturbed patches. In the physical disturbance

plots the membranes were placed 5 cm from a spade cut. In the control

plots, the membranes were placed randomly. The membranes were left in

the soil for two intervals of three weeks (May IS-June 5 and June 13-

July 3, 1995), at which point they were removed and the N03, NH4, and

P06 eluded from the membranes and determined using Technicon automated

colorimetry (Shoenau et al., 1993).
The supply of N03, P06, and NH4 was analyzed in each community

using a mixed model ANOVA in a completely random design (Petersen,

1985). The treatments and dates of burial were fixed effects, while

replicates were random. Significant differences between treatments at

the 5% level were separated using LSD.

3.4.3 Seed production
Seed production of dominant species in the disturbed plot

experiment was measured in 1995. Species selected in the upland
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community were Bouteloua gracilis, Koeleria gracilis, Stipa comata,

Artemisia frigida, and Ratibida columnifera, in the slope community

Stipa spartea var. curtiseta, Stipa viridula, and Bouteloua gracilis,
and in the lowland community Agropyron smithii. Seed was hand-harvested

from each species when ripe. Seedfill of B. gracilis and K. gracilis
was determined by analyzing one sample from each of the 10 treatment

replicates. Seed fill was determined as in section 3.3.1. In the

upland site, the number of inflorescences of each species was counted in

each replicate of the three treatments and 10 inflorescences were

randomly selected from each of the 30 plots to obtain the mean number of

full seeds per inflorescence. This mean number of seeds per

inflorescence in each plot was then multiplied by the number of

inflorescences in the plot and converted to seeds/m2 for each species.
In the slope community, due to the high number of inflorescences,

seed was hand-harvested from a 25 x 50 cm quadrat that was

systematically placed in each replicate of each treatment. This measure

was converted to number of seeds/m2 for each species before analysis.
In the lowland community, all seed produced of A. smithii was harvested

in all plots and converted to number of seeds/m2.
In each community seeds density of each species and the total of

these species was analyzed with a mixed model ANOVA. Communities were

considered fixed and replicates were random effects. Significant
differences between treatments at the 5% level were separated using LSD.
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4.0 RESULTS AND DISCUSSION

4.1 Vegetative COmmunities

Upland stands were dominated by Bouteloua gracilis, Koeleria

gracilis, Stipa comata, and Artemisia frigida (Table 1). Most basal

cover was contributed by the non-vascular species Selaginella densa, and

lichen species. Species with high basal area in the slope stands

included Stipa spartea var. curtiseta, Carex stenophylla, B. gracilis,

Agropyron spp., and Selaginella densa. In the lowland stands, Agropyron
smithii was strongly dominant with Eleocharis acicularis, and moss

species also were important.
Based on the vegetation classification developed by Coupland

(1961), the slope stands likely represent the Stipa-Bouteloua-Agropyron
Faciation. Upland stands most closely resemble Coupland's Stipa
Bouteloua Faciation described for drier soils where Agropyron spp.

decrease due to xeric conditions. The lowland stands represents an

azonal community associated with poor soil drainage (Coupland, 1950).
In general, the basal cover of dominant species is lower than

reported by coupland (1950) or (1961). This is, for the most part,
attributed to the inclusion of non-vascular plants (especially
Selaginella densa) in the percent basal cover which causes a lower

percent contribution from vascular species. Some difference may also

represent error associated with the subjectivity involved when deciding
what a pin in the point frame has hit. Difference in percent

composition of basal cover may also be attributed to the grazing history
and recent climate of the region which can alter the basal cover of

species in a grassland (Clarke et al., 1943; Coupland et al., 1960;

Coupland, 1961). Based on the percent basal cover of the vascular

plants only, the range condition of the upland and slope community is

good and the lowland is excellent (Abouguendia, 1990).
TWINSPAN analysis of the total basal cover (including rocks, bare

ground and litter), showed the first hierarchical split based on the

presence of Selaginella densa. The stands split into two groups: the

lowland stands (which contained no Selaginella densa), and the upland
and slope stands. Selaginella densa is considered an attribute

indicative of upland or slope communities. The next heirarchical

division split the upland and slope group and the lowland group.

The upland and slope group was split between the upland and slope
stands based on the amount of plant litter in the slope stands. All

stands in the slope grouping contained more than 10% litter, while all
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Table 1. Basal cover of plant species in upland, slope, and lowland
mixed prairie communities in the west block of Grasslands National Park.

Species Lowland
% basal cover

Upland Slope

Graminoids

Agropyron smithii
Agropyron spp.
Agrostis scabra
Alopecurus aequalis
Bouteloua gracilis
Carex eleocharis
Eleocharis acicularis
Koeleria gracilis
Muhlenbergia cuspidata
Poa secunda

Stipa comata

Stipa spartea v. curtiseta

Stipa viridula

Forbs and Shrubs
Achillea millefolium
Agoseris glauca
Arnica fulgens
Artemisia frigida
Artemisia gnaphlodes
Androsace septentrionalis
Antennaria spp.
Astragalus lotiflorus
Erysimum inconspicuum
Erigeron caespitosa
Eurotia lanata
Gaillardia aristata
Grindelia squarossa
Guttierhiza sarothrae

Haplopappus spinulosus
Liatris punctata
Linum rigidum
Oxytropis seriaca
Phlox hoodii
Psoralea argophylla
Ratibida columnifera
Rosa arkansana
Solidago mollis

Solidago missouriensis
Malvastrum coccineum
Vicia americana
Viola nuttallii
Zygadenus gramineus

Non-vascular Plants
Lichen species
Moss species
Selaginella densa

Total

65.9
1.3 6.7

0.1
0.3

8.4 7.6
8.8 4.7

12.4
5.6
0.2

1.6
1.6
0.1
0.2
11.6
2.7

4.5

4.2

0.1
0.02
0.1
0.7
0.2
0.02
0.4

0.5
0.04
0.1
0.02

0.1
0.1
0.04
0.1

0.02
0.02
0.02
0.1
0.04
0.06
1.6 0.1

0.1
0.02
0.02
0.02

0.02
0.1
0.06 0.05

0.05
0.1

0.1

7.4 2.4
0.3
56.0

5.0
10.7

65.9

100.0 100.0 100.0
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upland stands had less than 2% litter. The analysis signified
that in the presence of Selaginella densa, litter accumulations greater
than 10% indicated the slope community; less than 10% indicated the

upland community. The lowland community grouping was split according to

the amount of bare ground present into two groups of five and seven

stands. In the group of five stands, four were burned in a wildfire in

1992, accounting for the lack of litter. The reason for the relatively
low amount of litter in the fifth lowland site is unknown. The TWINSPAN

analysis separated the stands into three groups (communities)

corresponding to the upland, slope, and lowland classification that was

used for stand selection.

4.2 Community Seed Production

4.2.1 Seed yield and Density
Seed Yield

When both years are combined, seed yield (SY) was not

statistically different, averaging 8.0 and 1.1 kg/ha in 1994 and 1995,

respectively (p=0.27). Year by harvest date and year by communtity
interactions were also insignificant. A third order interaction between

years, communities, and harvest dates was significant due to high seed

productiion from the slope community in late July in 1994 (Appendix H).
SY among all communities, harvest dates and years ranged from 0.01 -

44.3 kg/ha.
The 8th harvest of 1995 (August 27, 1995) was not included in

the combined year analysis of SD or SY. Although this omission would

alter the mean SD and SY in 1995, the difference is not believed

sufficient to change the results.

A separate analysis for 1994 alone indicated SY for communities,
harvest dates, and their interaction was significantly different

(p<O.Ol). SY was greatest in the slope and lowland communities at mid

summer, while in the upland community SY did not change through the

season (Figure 1). The three greatest SYs of 1994 occurred on July 4

(32.6 kg/ha) and July 21 (44.3 kg/ha) in the slope and August 7 (20.5

kg/ha) in the lowland. All other harvests during 1994 yielded between

0.2 - 9.7 kg/ha (5% LSD = 10.2, SE = 3.7).
In 1995, changes in SY were similar among communities through the

season (p=0.07) (Figure 1). Seed yields in all communities increased

later in the 1995 season (p=0.03). Seed yields on June 1 and the

following seven harvest dates of 1995 for all communities averaged 0.1,

0.35, 0.8, 2.5, 1.2, 2.0, 0.8, and 1.5 kg/ha (5% LSD = 1.10, SE=0.40).
Seed production was greatest in the upland stands in 1995. Averaged
across the eight harvest dates, SCSY in the upland, slope and lowland

stands was 1.9, 0.8, and 0.7 kg/ha, resectively (5% LSD = 0.7, SE =

0.24). In 1995 SY ranged from 0.01 to 4.3 kg/ha. The maximum SCSY at
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one date in 1994 was greater than 1995 by 36%, 93%, and 92% in the

upland, slope, and lowland communities, respectively. ANOVA tables and

means at each harvest date are provided in Appendix H.

Seed Density
Seed density (SD) in the combined year analysis averaged 919 and

368 seedsjm2 in 1994 and 1995, respectively, but was not statistically
different (p=0.272). The interaction of years and harvest dates

indicated the seasonal production of SD was similar between years

(p=0.592), however, the interaction between years and communities showed

that production of SD was greater in 1994 than 1995 in the slope and

lowland community, but not the upland (Table 2). Seed density for the

lowland community in 1994 was the greatest of all communities while SD

in the slope community in 1995 was the least.

Table 2. Seed density (seedsjm2) in the upland, slope, and lowland

communities, 1994-1995. Means with common letters are not significantly
different.

Community 1994 1995

Upland 321ab 302ab
Slope 841b 182a
Lowland 1596c 622ab

5% LSD = 545, SE = 177.

In 1994, SD was did not vary significantly among communities

(p=0.13) and among harvest dates (p=0.28), averaging 919 seedsjm2. For

the interaction of harvest date by community, only the June 17 and July
4 seed collections in the lowland were statistically higher than others

(p=0.05) (Figure 2). In 1995, SD in all communities, harvest dates, and

their interaction were similar, averaging 397.3 seedsjm2.
Differences in seed production between years can be attributed, to

a degree, to seasonal differences of precipitation between years of the

study (Table 3). May and June, 1994 precipitation was above average,

combined with above-normal precipitation in the summer of 1993, likely
inincreased seed crop of many early flowering forbs and grasses.

Precipitation in July and August, and September 1994, was below average,

and combined with a dry May 1995, reduced the 1995 SY and SD well into

mid-July. Seed Yield and SD did not increase with above- and near

normal precipitation in July and August 1995, compared to the above

average precipitation early in the 1994 season. The total April

September precipitation in 1995 was 20% greater than 1994 although

community seed production was lower in 1995. These seed production
differences suggest that the seasonal distribution of precipitation may

be as important in affecting seed production as the total for the

growing season. It is likely that much larger variation in seed

production occurs when precipitation is more divergent between
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years than during this study. Other grassland seed production studies

have better captured differences caused by divergent precipitation
between years (Brown, 1943; Cornelius, 1950; McGinnies, 1984). It is

possible that many other unmeasured effects altered community seed

production at the community and individual plant scales. Pathogens and

seed predation were noted on certain species in this study but their

specific effects on production were not measured.

Table 3. April through September precipitation (mm) of 1993 - 1995,
compared to the 1961-1990 average at Val Marie, SK.

Apr May Jun Jul Aug Sept Total % of average

1993 0.0 0.0 66.7 201.9 65.6 21.6 355.7 162

1994 13.0 60.3 96.0 9.2 11.3 3.4 192.4 87

1995 31.4 18.8 77.5 43.1 40.6 27.6 239.0 109

1961-1990

Average 22.6 45.5 50.6 48.0 28.1 25.0 219.7 100

Variation of SY and SD between stands within a community was often

greater than differences between communities, harvest dates and years

(Table 4). Stands within a community had large variations in seed

production (Table 4). The greatest coefficient of variation (c.v.) for

both the SCSY and SCSD was among stands in the lowland community. The

lowest c.v. was SCSD in the slope community. The relatively high c.v.

of SCSD and SCSY among the three communities may have been caused by
several factors. An explanation may be that species with high basal

cover among stands of a community produced seed differentially among

stands. Another factor may be that species with variable basal cover

among stands of a community produced large seed crops influencing the

variability among stands.

Another explanation for seed production variation among stands is

different physical characters of each stand in a community. It was

impossible to locate stands of the same community which had identical

aspect, slope, slope position, and other characteristics. While gross

community separations could be made, the heterogeneous landscape did not

lend itself to defining simple, repeatable landscape elements with

corresponding community types making it necessary to locate stands

representing each community wherever they were in the landscape.
A relatively large number of replications (12 stands per community) was

used in anticipation of high variability within a community, but it was
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Table 4. Variation of seed production among years, communities, harvest

dates, and individual communities for seed yield and seed density
expressed as coefficient of variation and standard deviation.

n mean st. dev. c.v.

Seed Yield (k9Lha)
Year 2 4.55 4.90 107

Community 3 4.55 2.51 55
Harvest Date 7 4.55 3.32 73

Upland Stands 12 1.97 1. 65 83

Slope Stands 12 6.99 4.54 65
Lowland Stands 12 4.69 5.56 118
All Stands 36 4.55 4.62 101

Seed Density UUm2}
Year 2 644 389 60

Community 3 644 415 64
Harvest Date 7 644 352 55

Upland Stands 12 313 225 72

Slope Stands 12 511 170 33
Lowland Stands 12 1108 1756 158
All Stands 36 644 831 129

inadequate to separate apparent seed production differences in some

instances. Some of this variability among stands may have been reduced

by increasing plot sizes and/or number of stands (replications) in a

community. The plot sizes or number of stands required to reduce the

variability of seed production within a community is unknown, but would

likely be very large.

4.2.2 Seed Yield and Density from Plant Groups
Perennial Grasses

When years were combined, SY of grasses in the slope and lowland

community at mid-season 1994 was greater than 1995, and was greater than

the upland in both years (p<0.001). The difference in seed production
between years in the slope and lowland communities was reflected in the

number of reproductive culms visible in the field. In 1995, dead

reproductive culms from 1994 were much more numerous than the current

years reproductive culms.

In 1994, SY showed the same pattern as the combined year analysis

(Figure 3). Stipa spartea var. curtiseta in the slope and Agropyron
smithii in the lowland community overshadowed the production of other

grass species. These two species have relatively high seed weights and

had high seed production in 1994.

Seed yield from grasses in 1995 was less in the slope and lowland

than 1994 (Figure 3). Agropyron smithii produced little seed in 1995,
almost eliminating perennial grass SY in the lowland. In the slope
community, the peak of SY corresponded with Stipa spartea var. curtiseta

production. In 1994 and 1995 cool season grasses contributed almost all
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the total community SCSY in the slope community. In the upland
community SY peaked with the production of Stipa comata and remained

relatively high later in the 1995 season due to production from

Bouteloua gracilis.
Seed density of grasses during the study was highest during mid

season in the slope and lowland community in 1994, and the upland in

1995 (p<0.001). In 1994, the high SD in the slope community was highly
influenced by S. spartea var. curtiseta and Koeleria gracilis which

produced many seeds in late July-early August 1994 (Figure 4).
Agropyron smithii accounted for the high SD in the lowland community in

August 1994. In the upland community in 1995, Koeleria gracilis
influenced SD in late July-early August and Bouteloua gracilis produced

many seeds in late August-early September.
Aside from the reduced production from S. spartea var. curtiseta

and A. smithii in 1994, other differences occurred. Seed production of

K. gracilis was greatest in the slope community in 1994, and in the

upland community in 1995. In 1994, maximum seedfill of K. gracilis in

the slope community was 19.9% (on August 7); it was only 2.5% in the

upland (on August 24) (5% LSD = 8.9, SE = 3.2). In 1995, the trend was

opposite. Maximum seed fill was 0.4% in the slope (on July 21) and

27.4% in the upland (on July 21) (5% LSD = 8.9, SE = 3.2). This

variation in seed fill of K. gracilis contributed to the differences in

seed production between the slope and upland communites over the two

years.

Differences in seed fill may be caused by the pattern of rainfall

received during the study in relation to the phenology of K. gracilis.
Spring and early summer of 1994 were relatively wet, promoting growth of

K. gracilis, but rainfall in the last third of June through August was

below normal. These dry conditions occurred at or near flowering and

extended through seed maturation. It is likely that upland sites

suffered greater moisture stress during the dry spell compared to the

slope sites. The latter were afforded greater protection from drought
by topographic position, increased litter build-up, and may have

received excess moisture due to runoff. The relatively moister

conditions in the slope community may have given K. gracilis
better opportunity to complete the sexual cycle, while seed production
in the upland community was reduced.

Spring precipitation conditions in 1995 were not as favourable as

in 1994, causing a reduction of reproductive culms per plant in the

slope and upland communities. However, precipitation did not decline

from normal in late June through August as in 1994. The June-July

precipitation in 1995 allowed the completion of the sexual cycle in the

upland community. In the slope community, inter- and intra-specific
competition for moisture may have been greater than in the
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upland, reducing seed set in K. gracilis in 1995.

Bouteloua gracilis produced inflorescences, but did not reach

anthesis or produce any seed in 1994. In 1995 this species produced
6.7% filled seed in the slope and 10.2% filled seed in the upland

communitiy (5%LSD = 0.4, SE = 0.1) communities. Coupland (1950) noted

that precipitation in mid-summer stimulates seed production in B.

gracilis. The dry and wet summers in 1994 and 1995, respectively,
likely were responsible for the seed production response in this

species.
Agropyron smithii and A. dasystachyum produced much more seed in

1994 than 1995, as did the other relatively dominant C3 grasses, Stipa
spartea var. curtiseta and S. viridula. Agropyron (A. smithii plus A.

dasystachyum) seed fill in 1995 was affected by a topographic gradient:
lowland, slope, and upland sites had a seed fill of 38.4%, 17.9%, and

5.4%, respectively (5% LSD = 14.6, SE = 4.9). This response was likely
due to moisture availability decreasing from lowland to upland. In 1994

ergot infected some florets of A. smithii, and in 1995 a few spikelets
were infected with smut. The effect of these pathogens on total seed

production from this species was thought to be small. Brown (1943)
found similar fluctuations in seed fill within species among habitats,

although he did not explain the differences.

In the lowland community in 1994, the four stands located in the

Frenchman River valley produced much more seed of A. smithii than the

other lowland sites which were located in wetland basins outside the

valley. High seed production from these sites may have been due to a

fire which reduced litter and/or decreased competition. The fire killed

many Artemisia cana and Sarcobatus vermiculatus plants, and likely
killed many A. smithii tillers. The four lowland sites in the valley
are also located within an unused flood irrigation development which

functioned by directing water into this area and retaining it with small

levees. The irrigation development may have supplied additional

moisture to the plants in this site, increasing production. These

valley sites, however, did not exhibit higher seed production than the

other lowland sites in 1995.

Other grasses showing differential production between years were

Calamagrostis montanensis and Muhlenbergia cuspidata, a C4 grass.

Neither produced seed in 1994, but did in 1995, likely due to higher
mid-summer precipitation.

Comparing SY from grasses with C3 and C4 photosynthetic pathways
revealed that in the upland and slope community, C3 production was

greater than C4 in 1995 (Figure 5). Seed yield among growth forms was

separated by about a month; yield of C3 grasses peaked in July, while C4
grasses peaked in August. C4 grasses did not produce seed in 1994 and

were rarely found in the lowland in 1995. The SD was different among

32



growth forms, harvest dates and communities (Figure 5). In the upland

community, the peak SO of C3 grasses was greater than the peak SO of C4
grasses. The opposite was true in the slope community. There

appear to be differences in the conditions that are required to produce

relatively large seed crops from grasses in the upland compared to the

lower topographic communities. Seed production from grasses in the

upland was similar between years compared to the slope and lowland.

This may be because grasses in the upland community have a wider

phenological window at the community scale compared to the dominant

grasses in the lower slope positions. Erratic environmental conditions

in a season may allow only certain species to produce seed in the upland

community, while others fail because the appropriate conditions did not

match their phenologies. For example, B. gracilis can produce

reproductive culms in response to favourable conditions relatively late

in the season, whereas seed production of earlier flowering species is

not promoted by these conditions (Coupland 1950). In lower slope

positions the timing of flowering of perennial grasses that dominated

the biomass in the community tended to overlap more. Environmental

conditions will affect these species more as a group than in the upland
community. This may account for the "boom and bust" of seed production
at the community scale for grasses in the slope and lowland in 1994 and

1995.

Another reason for relatively even seed production in the upland
community may be that dominant grasses such as B. gracilis, and K.

gracilis allocate less to seed production, and/or have more flexible

allocation patterns compared to dominant grasses in lower slope

positions. Smaller statured grass species tend to produce smaller seeds

(Rabinowitz, 1981). More leafy material on reproductive culms in upland

grasses (e.g. s. comata) may allow for more flexible allocation of

carbohydrates to seed or vegetative production depending on conditions.

Greater flexibility of resource allocation combined with a relatively
small energy investment per seed may allow upland grasses a plastic
response to environmental conditions compared to seed production from

larger grasses, dominant in lower slope positions.
Rabinowitz (1978) found a relationship between the diaspore

(seed) weight of grasses and their abundance in tallgrass prairie;
abundant grasses had heavier seeds. This trend was also noted in the

slope and lowland communities of mixed prairie, as the most dominant

grasses had the largest seeds. In the upland community, however, this

trend did not occur as B. gracilis, and K. gracilis, the most common

grasses, had smaller and lighter seeds than s. comata, the third most

common grass species. This may be due to the upland stands not being
fully recovered from past grazing. Seed production from species which

decrease due to grazing (5. comata) may be retarded while seed
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production from species that increase from grazing (B. gracilis and K.

gracilis) may be increased (O'connor and Pickett, 1992). Another

explanation for smaller, lighter seeded species being dominant

vegetatively is that the conditions faced by dominant grasses during
establishment in the upland community may be different from the lower

slope positions. Less stable and drier soil is a potential
difference between upland and lower slope establishment conditions.

Large seeds may not have as great an establishment advantage in erratic

moisture conditions (Leishman and Westoby 1994) resulting in differing
seed size - vegetative community dominance relationships in the upland

community. The differences in seed size between the three communities

is discussed further in section 4.2.3.

Perennial Forbs

Seed production of perennial forbs was greater in 1994 than 1995

(p<0.05). Standing crop seed yield in 1994 and 1995 averaged 1.49 and

0.40 kg/ha, respectively (5% LSD = 0.5, SE = 0.17). In 1994 only, the

SCSY was greatest at August 24 and September 10 in the upland community,
which was caused by high seed production of Ratibida columnifera and

Gaillardia aristata, and Liatris punctata, respectively (Figure 6).
Gaillardia aristata and L. punctata produce relatively heavy seeds among

forbs, and the three species were able to flower and produce seed

through the mid-summer dry period.
The root systems of G. aristata and L. punctata penetrate deep in

the soil beyond many other species (Coupland and Johnson, 1965). Deep
root systems may have allowed these forbs access to water during the dry

period in 1994 and finish their sexual cycles. Both species produced
much less seed in 1995, however, SY in the upland was again greater
later in the season than other communities. High SY later in the season

in 1995 was due to seed production of R. columnifera on August 24, and

another Composite, Happlopappus spinulosus on September 27 (Figure 6).
The peak in SY in the slope and lowland community on the July 21, 1994

harvest date was due to seed production of Vicia americana, which

produces one of the heaviest seeds in this grassland. The dry spring
was the probable cause for the negligible seed production from this

species in 1995.

When years are combined SD of perennial forbs averaged 246 and 74

seeds/m2 in 1994 and 1995, respectively (5% LSD = 90, SE = 30). In

1994, SD was higher in the latter half of the season in all communities

(Table 5). Seed density of perennial forbs among communities in 1994

was similar (Figure 7). Highest SD in the latter half of the season in

1994 for the upland and slope communities was influenced by high seed

production from Composite species.
In 1995 late season peaks in SO only occurred in the upland community
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(Figure 7). These peaks in seed production in 1995 came from R.

columnifera on August 24, and Artemisia frigida plus H. spinulosus on

September 27 (Figure 7). Artemisia frigida produced no seed in 1994.

Coupland (1950) noted that this species does not produce seed in dry

years. Although only part of 1994 was dry, the drought occurred during
the sexual reproductive cycle of this species, inhibiting seed

production.
Seed production of perennial forbs was lower in 1995 than in 1994,

particularly in the slope and lowland communities. Upland species
exhibiting this trend were Antennaria spp., Hymenoxis richardsonis,

Tragopogon dubius, and Vicia americana. These forbs produced almost no

seed in 1995 after relatively large seed crops in 1994. Zygadenus

gramineus, Penstemon spp., Potentilla spp., and V. americana showed the

same trend in the slope community. In contrast, a few species such as

Artemisia frigida, Artemisia ludoviciana, Gutierrhiza sarothrae, and

Allium textile, did not produce seed in 1994, but produced relatively

large amounts in 1995. Malvastrum coccineum and Psoralea argophylla
were two common species that produced very little seed in both years;

the former species has been reported to produce seed infrequently in

competitive environments (Coupland, 1950).

Precipitation patterns may be the primary cause of different seed

production from perennial forbs in the two years. Early season

precipitation appeared critical for many perennial forbs to produce
seed, particularly in the slope and lowland communities. In 1994, the

year perennial forb seed production was highest, precipitation was above

average in May and June and below average in July and August (Table 3).
In 1995, the year perennial forb seed production was lowest, May

precipitation was below normal, while precipitation the remainder of the

growing season was near average.

Seed predation appeared to be less significant than environmental

conditions in controlling seed production. In 1994, high seed losses by

predation from insect larvae were recorded in Astragalus lotiflorus,

Astagalus pectinatus, Erysimum inconspicuum, Grindelia squarrosa, and

Liatris punctata. A leaf and stem rust was found on all Thermopsis
rhombifolia plants in the slope community, and may have reduced seed

production from this species in 1994. There were few observations of

seed predation by insects in 1995, except for L. punctata.

Annuals

Seed yield and SD of annual species were not statistically
different between years. Seed density from annual species in the

lowland community was higher than the other communities in June of 1994

and 1995 (Figure 8). When years are separated SD was not different

among communities and harvest dates in 1994 and 1995. Seed yield in
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Table 5. Seed density (seeds/m2) of perennial forbs averaged among the

upland, slope, and lowland communities between June 1 and September 10,
1994. Means with common letters are not significantly different.

Junl Jun17 Ju14 Ju121 Aug7 Aug24 Septl0

341abc 326abc 452c

5% LSD = 310, SE = 112.

1995 was greater in the lowland (0.69 kg/ha) than upland (0.35 kg/ha)
and slope communities (0.43 kg/ha; 5% LSD = 0.25, SE = 0.09). When

years are separated, the apparent trends of higher annual seed

production earlier in the season in the lowland community, in both 1994

and 1995 were not significant. The lack of significance may be due to

high variability of annual seed production among stands in communities,

particularly among lowland stands. In the lowland community, seed

production from annuals was high relative to the other communities

(Figure 8).
Greatest seed production of annuals in the lowland community

occurred in June of both years, when soil moisture availability was

still relatively high. These were relatively short species such as

Draba nemerosa, Plantago elongata, and Veronica peregrina. Annual

species which did not follow this trend, Sisymbrium altissimum,
Descurania sophia, and Chenopodium album, produced seed later in the

growing season and grew at or above the perennial grass canopy. Early

growth of many annual species bears some resemblance to woodland herbs

in eastern deciduous forest, as some grow early in the season to avoid

being shaded by the forest canopy which expands later in the spring

(Sparling, 1967). The dry conditions in May and June 1995 reduced seed

production from many of the early annual species, but precipitation
later in the summer promoted production from later producing annuals.

Production of individual annual species differed between years.

In the upland community, Androsace septentrionalis and Linum rigidum
produced many seeds in 1994. In 1995, A. septentrionalis produced
almost no seed, while L. rigidum was not found. Chenopodium

leptophyllum and Lappula echinata produced seed in upland communities in

1995, but were not seen in 1994. Similar patterns occurred in other

annuals in the lowland community. These patterns of seed production are

likely due to the variable environmental conditions in the two years,

which promoted the germination and growth of only certain annuals.

Annual species are obligate seed producers; those which were present in

the grassland also produced seed in that year.

Sedges
Seed production from sedges was greater in 1994 than 1995. In

1995 little seed was produced by sedges. Sedge seed was found in the
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grassland in late June and July in 1995, while seed production was

measured throughout the season in 1994. The lack of congruence of

seed production between years made it impractical to statistically
compare seed production between years. However, seed production was

analyzed within years. In 1994, SCSY was greatest during June and July
in the slope community, and in July in the lowland community. Maximum

1994 SCSY was between 1.0 - 1.5 kg/ha in late June in the slope
community, but was generally less than 0.5 kg/ha for most other

harvest dates and communities in 1994 (5% LSD = 0.5, SE = 0.2). In

1995, SCSY was less than 0.05 kg/ha at all harvest dates in all

communities. The dominant sedge species in the upland and slope
communities was Carex stenophylla which, like some other cool-season

graminoids, was negatively affected by the dry fall of 1994 and

following spring of 1995. Seed from this species appeared ubiquitous
in 1994, but was uncommon in 1995.

Shrubs

Shrubs were not common enough to statistically analyze as a

group. The common shrub species found in this study were Eurotia

lanata and Atriplex nuttallii in the upland community, and Rosa

arkansana in the slope community. Neither E. lanata or A. nuttallii

produced seed in 1994, but produced small amounts in 1995. Rosa

arkansana produced seed in both years.

Relative Seed Production in Plant Groups
The peak seed yield and density of species grouped according to

growth form was compared as a proportion of total production of all

growth forms (Figure 9). In the upland, seed production was dominated

by forbs (about 75%) throughout the study, with graminoids
contributing about a quarter to the production. Seed production from

perennial forbs and grasses differed between years in the slope
community. Perennial forbs had the greatest effect on relative seed

density, and grasses on seed yield in the slope community. In the

upland community, C4 grasses always produced less seed than C3 grasses.

Seed density of C4 grasses in the slope community in 1995 was greater
than C3 grasses. Annual species in the lowland community were the

dominant seed producers, except for the high contribution of A.

smithii to seed yield in 1994. The lowland community is essentially a

community whose seed production dynamics are dominated by annual

species and A. smithii; perennial forbs contribute little to seed

production and basal area compared with the other communities. In

mixed prairie of Kansas, the seed yield contribution of growth forms

according to slope position is different than this study. Annual

species had the greatest seed yield in upland, perennial forbs in
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midslope, and perennial grasses in lowland communities (Brown, 1943).
There was a trend toward decreased seed production from perennial

forbs in moving from the upland to the lowland. Basal cover of

perennial forbs in upland, slope, and lowland communities declined from

6.6%, 2.0%, to 0.72%, respectively. This drop in basal cover may be

related to the increasingly mesic and fertile conditions in lower slope

positions which favour the growth of fewer but taller species.Light
could be a greater limiting factor in lowland communities, and species
with short, prostrate morphologies might be shaded out. Because of

their morphology, grasses are better suited to compete in lowland

communities compared to most broadleaf forbs. The diverse responses in

seed production of many species in the two years of study indicates that

seed production fluctuations occur over relatively short periods. Brown

(1943) found even more severe fluctuations in seed production among

species and habitats in mixed prairie of Kansas. Lowest and highest
seed production years corresponded with lowest and highest precipitation

years. Similar trends were recorded in a long-term seed production
study in tallgrass prairie (Cornelius, 1950). Davies (1976) measured

seed production from shrubs and trees in aridrangelands of Australia and

found two patterns of production: species produced seed relatively
evenly or sporadically among years. There were a few years when almost

all species produced large or small seed crops. The primary factor

determining seed production in many species was the interaction between

high precipitation during the appropriate photoperiod and/or
thermoperiod. These same factors may also be important in northern

mixed prairie.

4.2.3 Cumulative Seed Yield and Density
Cumulative seed yield and density was obtained by summing the peak

seed yield (PSY) and density (PSD) of each species through the season

(Figure 10 and 11). Seed production from the dominant C3 grasses in

slope and lowland communities accounted for a large portion of total

cumulative yield on July 21 and August 7, 1994, respectively. In 1995

the greatest cumulative seed yield coincided with high production from

K. gracilis in the upland and S. spartea var. curtiseta in the slope on

July 21, R. columnifera in the upland on August 24, and H. spinulosus on

September 27. Cumulative seed density in 1994 had a large contribution

of seed from Plantago elongata on June 17 in the lowland, and from A.

millefolium and K. gracilis in the slope community on August 7. There

were no species adding higher amounts of seed to the cumulative seed

density in 1995.

Total cumulative seed yield (TCSY) and density (TCSD) is obtained

by summing the PSY and PSD of every species at the end of the growing
season. The TCSY and TCSD is an estimate of total community seed
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production. This method may underestimate TCSY and TCSD because some

species that produce seed indeterminately may not be fully represented.

However, adding the SY or SD (Section 4.2.1)
of every species would over-estimate community seed production by

species which retain seed on the plant from one harvest to another.

Total cumulative seed yield in 1994 in upland, slope, and lowland

communities was 13, 51, and 33 kg/ha, respectively. In 1995, TCSY was

10.2, 5.7, and 3.6 kg/ha in the upland, slope and lowland, respectively.
Total cumulative seed density (TCSD), was not as depressed in 1995 from

1994 relative to TCSY, and it actually increased in the upland of 1995.

In 1994 TCSD was 1189, 3090, and 6489 seeds/m2 in upland, slope, and

lowland communities, respectively. In 1995, TCSD was 2867, 1303, and

3360 seeds/m2 in the same communities.

The range of TCSY values among years and communities is low

compared to seed production measured in mixed prairie of Kansas (Brown,

1943). Brown's study was carried out during relatively drier and wetter

years, ranging from -33 to +20% of the long-term precipitation average.

As in this study, Brown corrected grass seed yield for filled seed.

Other seed production studies in North American grasslands have obtained

production estimates greater than reported here. In tallgrass prairie
the measured seed rain was 19,726 seeds/m2 (Rabinowitz and Rapp 1980),
and in a desert grassland of Arizona seed rain was 35,773 seeds/m2
(Pulliam and Riley Brand, 1975). The proportions of filled seed were

not reported in these studies. The TCSD measure reported here is more

conservative than that of Rabinowitz and Rapp (1980) and Pulliam and

Riley Brand (1975) because unfilled seed was excluded from the total.

If unfilled seed was not excluded in the total for this study, the SCSD

would, in most cases, be about double or triple the presented estimates.

The increase, however, would still be a lower seed denstiy than reported
in these studies.

Brown's method of measuring seed production was the same as in the

present study. The tallgrass and desert grassland studies used

containers on the ground surface to collect dispersed seeds. Rabinowitz

and Rapp (1980) consider their seed rain evaluation to be an

underestimate due to interference of seed rain into collection dishes

from the plant canopy, and the canopy disturbance associated with

changing collection dishes. Other sources of underestimation noted were

seed which did not disperse until winter, after the end of the study,
and the lack of a collection dish design which samples all species
equally (Rabinowitz and Rapp, 1980). Estimating seed production by
TCSD avoids these problems, however, it has other sources of

underestimation, the largest of which is that some species do not have

pronounced peaks of seed production, and produce seed over a relatively
long period. These factors likely result in underestimating seed
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production from some species. The frequency of harvesting seed also

causes variance in the estimate of peak seed production because the

actual peak production of a species may be missed.

A ratio comparing peak seed yield (PSY) to peak standing crop

seed density (PSD) between years and communities indicates that average

seed mass was greater in 1994 than 1995 in all three communities (Table
6). The average seed mass of species producing at least 1 seed/m2 in

1994 and 1995 was similar in the upland and lowland (Figure 12). In the

slope community species which produced seed in both years tended to be

lighter in 1995. Reduction in average seed mass in each community in

1995 indicates that species with different seed production strategies
(ie. produce many, light seeds vs. few, heavy seeds) differentially
produced seed each year in the upland and lowland community. This

relationship was not apparent in the slope community because seed mass

of individual species was not as stable among years.

Athough average seed mass was greater in all communities in 1994,

in 1995 some harvest dates had higher average seed mass than 1994. The

ratio of PSY:PSD was higher in 1995 than 1994 at three dates in the

upland and lowland community, respectively (Table 6). In the slope
community the average seed mass was greater at one harvest date on July

21, 1995. No consistent seasonal patterns in this ratio were apparent

among the three communities. The lack of a trend indicates there was no

extended period of time among the three communities where smaller,
numerous seeded and/or heavier, fewer seeded species dominated seed

production.

Table 6. Average seed mass (lx10-2 kg/ha) in 1994 and 1995 and average
for the season in three mixed prairie communities.

Community

Upland Slope Lowland
Harvest date 1994 1995 1994 1995 1994 1995

June 1 1.7 0.6 0.7 0.4 0.3 0.5
June 17 0.2 1.5 1.0 0.6 0.2 0.03

July 4 1.2 0.4 0.8 0.6 0.1 0.8

July 21 2.7 0.3 4.8 5.0 0.4 0.1

August 7 1.1 1.5 0.3 0.1 3.3 0.1

August 24 0.8 0.6 0.9 0.6 0.4 0.5

Sept 10 1.2 1.9 1.3 0.3 n/a 0.4

Sept 27 0.2 0.1 0.3

Range 0.1-2.7 0.2-1.9 0.3-4.8 0.1-5.0 0.1-3.3 0.1-0.8
Mean 1.28 0.88 1.41 0.96 0.78 0.36

n/a - no peak seed production from any species September 10, 1994, in
the lowland community.

In both years, average seed mass was heaviest in the slope and

smallest in the lowland. Seed production from large seeded species, as

a group, was lower in 1995 compared to 1994. Examples of such species
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are Stipa spp., Agropyron spp., and V. americana. Seed production from

smaller seeded species, as a group, did not appear to fluctuate as much

between years. Examples of species in this category include many annual

species, which as a group, may produce seed through most of the growing
season when conditions are favourable, and some perennials such as

Koeleria gracilis, Artemisia frigida, Haplopappus spinulosus, Achillea

millefolium, Antennaria spp. and Solidago spp ••

Although vegetative production of communities was not measured,
itappeared that lowland communities produced the greatest green biomass

and the upland produced the least. Other studies comparing biomass

production of grassland to landscape position support this observation

(Redmann 1975). Salisbury (1942) noted that seed size in

productive temperate grasslands is greater than in less productive ones.

In this study, the lowland which is the most productive vegetative

community had the smallest average seed mass. This small average seed

mass is caused by the high proportion of annual species in the lowland

which have relatively small seeds.

4.2.4 Species Richness of Seed Production

Over the two years of this study 98 species produced seed (80

species in 1994 and 71 in 1995). The number of species producing seed in

each community in 1994 was 39, 41, and 31 species in the upland, slope,
and lowland community, respectively. In 1995, 41, 45, and 27 species
produced seed in the same three communities. Individual species which

produced seed in each community are listed in Appendix I.

The total species richness (TSR), defined as the total of all

species producing seed in all stands of a community at one harvest date,

was greatest on August 7, 1994 in the slope community (Figure 13).

Twenty-six species were harvested on this date. The slope community had

the highest TSR at all harvest dates in 1994, followed by the upland and

lowland community. In 1995, TSR of seed at each harvest date was lower

than in 1994 in all communities. This occurred in spite of more species
which produced seed through the season in upland and slope communities

in 1995. The lowland community had the lowest TSR in both years.

Mean species richness (MSR) , the mean of species producing seed in

the 12 stands in a community at a harvest date, had a similar pattern to

TSR (Table 7), but the peak MSR did not always correspond with peak TSR.

The standard deviations and ranges were large in all communities and

harvest dates relative to the MSR. For example, the highest MSR was 8.2

in the slope community on July 21, 1994, but had a ranged from 6 to 11

species among stands (Table 7). This variability is probably due to the

unique biotic and abiotic characters of each stand in each community,
although, from a vegetation composition perspective, sites within a

community appeared similar.
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Table 7. Mean richness of species producing seed in 1994 and 1995. The range of species richness among stands in each co�munity is in brackets.

Community Jun 1 Jun 17 Jul 4 Jul 21 Aug 7 Aug 21 Sep 10 Sep27
1994

Upland 1.51;1.3 (0-4) 1.81;0.8 (0-3) 3.71;1.5 (2-7) 4.6:t1.3 (3-7) 5.41;1.7 (3-8) 3.81;1.6 (1-6) 4.91;2.5 (3-8) nla
Slope 2.71;1.1 (1-5) 3.6:t1.3 (2-6) 6. 6:t2. 2 (3-9) 8.21;1.7 (6-11) 7.71;2.3 (5-14) 5.31;1.6 (3-8) 5.O:t2.2 (1-8) nla
Lowland 1.1:t0.9 (0-3) 2.61;1.0 (1-5) 3.61;2.3 (0-8) 2.91;1.6 (1-6) 3.O:t1.8 (1-7) 2.21;1.5 (1-6) 2.O:t1.0 (1-4) nla

1995

Upland 0.91;0.5 (0-2) 1.51;1.4 (0-4) 1.41;1.4 (0-4) 2.9:t0.9 (2-5) 3.21;1.4 (1-6) 4.O:t1.0 (2-5) 4.31;1.6 (2-7) 4.41;1.3 (3-6)

U1Slope 0.31;0.5 (0-1) 0.81;0.7 (0-2) 1.51;1.3 (0-4) 3.71;1.9 (1-7) 4.51;1.7 (2-7) 2.91;1.2 (1-5) 2.41;0.8 (1-4) 3.21;1.0 (1-5)
I-'

Lowland 0.11;0.4 (0-1) 1.21;1.3 (0-3) 1.71;1.0 (0-3) 3.2:t1.6 (0-6) 2.2:t2.3 (0-7) 1.21;1.4 (0-4) 1.41;1.1 (0-4) 1.21;0.8 (0-2)

n/a - seed not harvested on this date.



4.2.5 Similarity and Beta Diversity of Species Producing Seed

through the Season

Consecutive harvest dates had the highest similarity, while

similarity decreased with increasing time between harvest dates (Table 8).

Exceptions occurred at a few harvest dates in the lowland community due to

species such as Carex stenophylla which produced seed early in the season

but did not shatter causing high similarity when

few other species with seed were present. Harvest dates during the mid

season had the highest similarity to all other harvest dates. The

similarity of later harvest dates was greater than early harvest dates.

Higher similarity later in the season is lkely due to the slow seed

dispersal of several species which produce seed at mid-season, resulting in

high similarity for the remainder of the season.

Similarity of seed production between harvest dates was greater in

1994 than 1995 in all communities. Above-average early season

precipitation in 1994 may have been responsible for extending seed

production phases of early- and mid-season flowering species, increasing
the similarity among harvest dates. Callow et al. (1992)
noted the extension of flowering by mid- and late-season mixed prairie
plants caused by above-normal precipitation during these seasons. Below

average late-spring and early-summer precipitation of 1995 may

be responsible for shortening the seed production phase of species

flowering during this period, reducing similarity between harvest dates.

This similarity index is a liberal estimate because it is based on the

presence of the same species with seed across harvest dates. It is not

adjusted for the amount of seed produced from a species at each harvest

date which would cause lower similarities

between all harvests.

The beta diversity of community seed production through the season (a
relative measure comparing the diversity of species along a temporal

gradient) was greater in 1995 than 1994 in all communities (Table 9). Beta

diversity of seed production was more similar among

the three communities in 1994 than in 1995. The greatest relative

increase between years was in the slope community, and least in the lowland

community.
The overall richness of species producing seed in each community was

comparable between 1995 and 1994, but the similarity of species producing
seed decreased in 1995 in all communities. The shorter seed production

phases of most species reduced similarity between harvest dates in 1995

compared to 1994. This trend combined with overall species richness

remaining high, increased beta diversity of seed production in 1995 in all

communities. Beta diversity increased further in 1995 when the eightth
harvest date was included in the measure.
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Table 8. Similarity between species producing seed in 1994 and 1995.

UPLAND 1994
Jun17 Ju14 Ju121 Aug7 Aug24 Sepl0

Junl 57 35 23 21
\

9 9
Jun17 56 43 26 17 8
Ju14 70 50 48 29
Ju121 65 67 49

Aug7 70 65

Aug24 66

UPLAND 1995
Jun17 Ju14 Ju121 Aug7 Aug24 Sepl0 Sep27

Jun1 22 0 0 0 0 0 0
Jun17 53 12 0 0 0 0
Ju14 21 11 9 8 10
Ju121 42 42 31 9

Aug7 52 40 10
Aug24 66 48
Sepl0 59

SLOPE 1994
Jun17 Ju14 Ju121 Aug7 Aug24 Sep10

Jun1 57 29 21 12 7 7
Jun17 61 30 26 25 18
Ju14 60 48 46 35
Ju121 56 46 45

Aug7 71 61
Aug24 61

SLOPE 1995
Jun17 Ju14 Ju121 Aug7 Aug24 Sepl0 Sep27

Jun1 0 0 0 0 0 0 0
Jun17 40 0 0 0 0 0
Ju14 38 17 10 0 0
Ju121 40 15 0 0

Aug7 28 17 14

Aug24 40 38
Sepl0 60

LOWLAND 1994
Jun17 Ju14 Ju121 Aug7 Aug24 Sepl0

Junl 40 30 17 21 36 15
Jun17 56 43 33 38 33
Ju14 61 48 46 26
Ju121 69 55 38

Aug7 80 72

Aug24 74

LOWLAND 1995
Jun17 Ju14 Ju121 Aug7 Aug24 Sep10 Sep27

Junl 44 20 9 0 0 0 0
Jun17 50 33 9 0 0 0
Ju14 50 32 15 0 0
Ju121 56 21 11 0

Aug7 45 38 30

Aug24 66 43

Sep10 50
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Table 9. Beta diversity (in time) of seed produced during the first
seven harvest dates in upland, slope, and lowland mixed prairie
communities in 1994 and 1995. The bracketed value is the beta diversity
over eight harvest dates in 1995.

Year

Community 1994 1995

Upland 2.56 3.97 (4.20)

4.70 (4.86)

3.37 (3.60)

Slope 2.71

Lowland 2.61

4.2.6 Comparison Between Vegetative Cover and Seed Production

Similarity
Similarity between percent basal cover of plant species in each

community and percent PSY or PSD of seed of each species was variable,
but generally low (Table 10). Greatest similarity was between the plant

community in the lowland and the PSY of seed in 1994. This high

similarity is because A. smithii, which dominated the stand

vegetatively, also produced many seeds in 1994. Agropyron smithii seed

is heavy compared to other mixed prairie species (Qi, 1988) explaining
its large percent contribution to yield (kg/ha). The lowland community
of 1995 had the lowest similarity between seed production and the plant

community because A. smithii produced almost no seed, and annual

species, which produced a large amount of seed in both years, had a low

basal area. When peak

standing crop of seed is averaged over both years, similarity to the

vegetative community is less than 40% in all communities.

The slope community showed a trend where percent contribution of

seed yield was more similar to the vegetative community than percent
contribution of seed density. The slope community is more heterogeneous
than the lowland community, but many of the dominant species in the

plant community such as Stipa spp. and Agropyron spp. produce relatively

heavy seeds that causes higher similarity. In both the slope and

lowland communities, few of the species with high basal cover produce a

relatively numerous, small seeds. The less common species in these

communities tend to produce many, small seeds which reduces the

similarity to the plant community relative to yield.
Over both years, seed density in the upland commnunity was more

similar to the vegetative community than seed yield. The higher
similarity between basal cover and seed density in the upland is is

influenced by several species in the vegetative community that have high
basal cover which produce numerous, small seeds, as discussed in Section

4.2.3.
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Table 10. Similarity (%) between percent basal cover in 1994 and

percent peak seed yield (kg/ha) or peak seed density (#/m2) from each
vascular species from upland, slope, and lowland mixed prairie
communities, 1994 and 1995.

Basal Cover (%)

Peak Seed Yield or Density Upland Slope Lowland

1994

#/m2 16.7 20.5 15.2

kg/ha 17.4 43.7 63.7

1995

#/m2 43.9 8.4 1.3

kg/ha 32.8 37.2 2.9

1994-1995 Average
#/m2 30.3 14.4 8.2

kg/ha 25.1 40.4 33.3

In general, species with a high basal cover in the community

produced proportionally less seed than their basal cover. On the

other hand, species with low basal cover showed the opposite trend.

This trend was interrupted by the lack of seed production by some

species with high or low basal cover over both years of this study.
Rabinowitz (1981) found that many species dominant vegetatively in a

tallgrass prairie did not have seed in the soil. Assuming this trend

also occurs in mixed prairie, the dissimilarity between the rain and

bank is further confounded by the dissimilarity between the vegetative
community and seed production.

Some of the difference between the soil bank and seed rain

reported by Rabinowitz (1981) might be attributed to the variable seed

production of many species relative to their persistence in the soil.

For example, A. frigida has a persistent seedbank in the soil (Bai,

1993), but in 1994 it produced no seed. Many annual species, which have

a persistent seed bank, showed a similar pattern of lack of production
one year, but produced seed the next. Rabinowitz (1981) measured seed

rain for only one season, and could have missed seed production from

several species which input large amounts of persistent seed to the soil

in other years.

Dominance - Diversity Curves

The eveness component of seed production diversity was greater
than that of basal cover in all communities (Figure 14). In figure 14,

the more horizontal the line, the lower the dominance by a few species

(Magurran 1988). The vegetative community in the lowland had the lowest
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eveness and richness, while the pattern of diversity components was

similar in the upland and slope communities. There were many more

species recorded to produce seed compared to the number of species
recorded in the vegetation in all communities. Less species recorded in

the basal cover of the vegetation is because several species contributed

disproportionally high amounts of seed compared to their basal cover.

Although over 5500 points were measured in each community to estimate

basal cover, many species with low cover were not sampled.
Seed production was most diverse in the slope community, followed

by the upland, however, in these two communities, seed production was

initially less diverse than the vegetative community. This indicates

that species producing the most seed had a relatively higher dominance

in the community than species with the greatest basal area. As noted in

the previous section, high basal cover of a species does not correlate

with high seed production in most cases; species dominating seed

production often had a relatively small basal cover. The

diversity-dominance pattern of seed production in all three communities

is described as log-normal, which is characteristic of mature, diverse

ecosystems, regulated by many environmental factors (May 1975). The

vegetative communities are less diverse than seed

production communities, particularly the lowland community, which

resembles a log or geometric distribution, which is characteristic of

simple communities regulated by a single factor (May, 1975).

4.2.7 Effects of Chemical and Physical Disturbance

Vegetative Community

Species cover in late-summer 1995 was reduced by disturbance

treatments from May 1994 (Table 11). In the upland community, chemical

disturbance reduced plant cover by about one-half, and the physical
disturbance reduced plant cover by one-third. The species most affected

by disturbance was A. dasystachyum, which decreased 69 and 82%, in the

physical and chemical disturbance plots, respectively. Physical
disturbance in the slope community reduced plant cover at late-summer

1995 by about 20%, while chemical disturbance reduced plant cover by
44%. Bouteloua gracilis was noticeably reduced by physical and chemical

disturbances, while S. viridula was reduced by chemical treatment only.
Disturbance in the lowland community reduced plant cover least.

Cover after physical disturbance was similar to control; chemical

disturbance reduced plant cover by one-third. Cover of A. smithii was

reduced by chemical disturbance.

Recovery after disturbance in the slope and lowland communities

was due primarily to tillering of adjacent plants into the disturbed

area, recovery of top-killed plants, and by establishment of several

annual species. In the slope community, species apparently re-
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Table 11. Species cover within three disturbance treatments in upland,
slope, and lowland mixed prairie communities one year after application
of disturbance.

Species

Cover (%)

ChemicalUndisturbed Physical

UPLAND

graminoids
Agropyron dasystachyum
Bouteloua gracilis
Carex spp.
Koeleria gracilis
Muhlenbergia cuspidata
Stipa comata

Forbs
Antennaria spp.
Artemisia frigida
Chenopodium leptophyllum
Gallardia aristata
Guttierhiza sarothrae

Haplopappus spinulosus
Heterotheca villosa
Liatris punctata
Phlox hoodii
Ratibida columnifera
Solidago missouriensis
Solidago mollis
Tragopogon dubius
Total

SLOPE

Graminoids

Agropyron smithii
Bouteloua gracilis
Carex spp.
Koeleria gracilis
Muhlenbergia cuspidata
Poa sandbergii
Stipa spartea
Stipa viridula

Forbs
Achillea millefolium
Antennaria spp.
Artemisia frigida
Arnica fulgens
Astragalus dasyglottis
Cerastium nutans
Hedeoma hispida
Malvastum coccineum

Plantago palustris
Tragopogon dubius
Vicia americana
Zygadenus gramineus
Total

12.9
1.7
0.2
2.4

4.0
2.3
0.15
2.8
1.2
2.57.6

0.2
4.5

0.1
3.5

0.4
0.05

0.8
0.35
0.5
0.5
0.1
0.3
0.6
0.25
0.25

0.5

0.5

0.2
31.1 20.2

5.75
25.1
1.3

6.9
7.7
2.4
0.5

0.1

13.1
11. 7

13.7
11.4

0.7 2.5

0.7
3.9
0.9
0.1
0.15
4.1

4.6
0.3
1.0
0.2
0.5

0.15
67.7

0.5
0.05
52.2
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2.3
0.9
0.2
3.4

3.2

0.5
3.5
0.15
0.4
0.05

0.1
0.2
0.15
0.1
0.3
0.1
0.05
15.6

4.2
8.3
0.1

0.1
11.5
5.5

1.0
0.5
0.2
3.7
0.5
1.25
0.6
0.4
0.25
0.05

38.1



Table 11. (continued)

Lowland

Graminoids
Agropyron smithii 66.0 63.5 41.5
Alopecurus aequalis 0.65 2.7 3.5
Carex spp. 5.5 2.9 2.2

Forbs
Cerastium nutans 0.65 0.4 0.25
Chenopodium album 0.5

Chenopodium leptophyllum 0.05
Collomia linearis 0.3
Descurania sophia 1.2 0.8 2.2
Draba nemerosa 0.1 1.2 0.3

Erysimum inconspicuum 0.2

Lepidium densiflorum 0.3
Taraxacum officionale 0.8 0.8 0.1
Veronica peregrina 0.05
Total 75.4 72.3 50.8

establishing by tillering were B. gracilis and A. smithii. Cerastium

nutans, Draba nemerosa, and Plantago patagonica, were annual species
which established in the disturbed areas, along with other perennials
such as Malvastrum coccineum, Carex stenophyllum, and S. spartea var.

curtiseta. In the lowland community A. smithii, Achillea millefolium,
and Alopecurus aequalis re-established in the disturbed area along with

the annuals Cerastium nutans, Collomia linearis, Draba nemerosa,

Descurania sophia, and Lepidium densiflorum. Rhizomes growing below the

chemically disturbed patches grew through the ion exchange membrane

during soil nutrient supply sampling in the lowland community. The

tillers were probably from Agropyron smithii.

Recovery from disturbance appeared to be slowest in the upland

community, however, several perennial species were present one year

after disturbance. These were Solidago missouriensis, S. mollis,
Gaillardia aristata, Koeleria gracilis, Agropyron dasystachyum, Carex

stenophyllum, Stipa comata, and Artemisia frigida. Annual species

present were Chenopodium leptophyllum and Androsace septentrionalis.

Recovery of perennial species appeared to be from plants which escaped
fatal injury from the disturbances, e.g., they may have been only top
killed by the herbicide. Only Artemisia frigida appeared to be re

establishing by seedlings. This species has been reported to establish

quickly by seed after disturbance in mixed prairie (Bai and Romo, 1995).

Soil Properties
Inorganic nitrogen and phosphorus supply was measured at a 2-6 cm

depth to indicate the effect of disturbance on soil properties.
Phosphorus supply, measured as phosphate (P063-), did not differ between
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disturbance treatments, perhaps because phosphorus supply is relatively
low in prairie soils (Thompson et al., 1954). It did, however, differ

significantly among upland, slope, and lowland communities at 0.38,

0.51, 1.07 �g/cm2/21 days, respectively (5% LSD=0.23, SE=0.08). This

topographic pattern of phosphorus supply has

been noted in other grassland soils (Gibson et al., 1985) and is

probably related to the larger amounts of organic matter at lower

landscape positions (Malo and Worcester, 1975) and P movement from

higher landscape positions.
Nitrogen supply, measured as nitrate (N03-), was greatest in the

chemical disturbance plot during the period of May 16-June 5 (Table 12).
The decrease of nitrate supply in the chemical disturbance plot during
the June 12 - July 4 time period is probably caused by increased uptake
of nitrate by adjacent plants which had roots extending under the

disturbance patch, and by plants re-establishing in the patch.

Precipitation was greater during the second sampling period (Table 13)
and may also have stimulated plant growth and nitrate uptake by roots.

Physical disturbance did not increase nitrate supply, perhaps because

the disturbance was not harsh enough to elicit a response.

Nitrate supply was greatest in the slope community during the

first sampling period (Table 14). It was greater than the upland

community probably because higher moisture content and higher organic
matter levels of the soil in lower slope positions creates conditions

suitable for a high mineralization rates (Malo and Worcester, 1975;

Qian et al., 1994). In the lowland community, however, nitrate was

lower than the slope community in the first period, but increased over

the slope community in the second period. In a cultivated soil, Qian

Table 12. Nitrate (N03-) supply (�g/10 cm2/21 days) at two burial
intervals and three disturbance types within mixed prair"ie soil, 1995,
one year following the application of disturbance. Burial depth was 2-6
cm. Probes were placed within the chemical disturbance and 5 cm

adjacent to the physical disturbance. Means followed by different
letters are significantly different (p<0.05).

Burial Interval (21 days)

Disturbance May 16 - June 5 June 12 - July 4

Undisturbed 1.07 a 1.39 a

Physical 1.24 a 1.22 a

Chemical 4.05 b 1.61 a

5% LSD = 1.15, SE = 0.4.
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Table 13. Interval of resin membrane burial and seven-day precipitation totals (mm), May 1 - July
4, 1995.

Burial 1 Burial 2

Date 5/1-7 5/8-14 5/15-21 5/22-28 5/29-6/5 6/6-12 6/13-19 6/20-26 6/27-7/3

Precipitation 6.4 1.0 11.4 o 6.8 16.6 28.2 12.8 13.1

Table 14. Nitrate (NO -) supply (�g/10 cm2/21 days) at two burial
intervals within uplana, slope, and lowland mixed prairie community
soils in 1995. Burial depth was 2-6 cm. Means followed by different
letters are significantly different (p<0.05).

Burial Interval

Community May 16 - June 5 June 12 - July 4

Upland 1.3 ab 0.8 a

Slope 3.0 c 1.2 ab

Lowland 2.0 bc 2.2 bc

5% LSD = 1.15, SE 0.4.

et al. (1994) found depressional areas had the highest supply of soil

nitrate. The low nitrate supply relative to the slope community in this

study may be caused by cooler soil temperatures due to higher soil

moisture and high litter accumulations shading the soil, which inhibited

mineralization in the spring compared to the slope community. Later in

the season, nitrate supply followed the topographic pattern of

cultivated soils. The amount of ammonium (NH43+) available in soils

was not affected by disturbance treatment or landscape position, but was

decreased from 0.37 to 0.23 �g/cm2/21 days (LSD=0.07, SE=0.02) between

the two sampling dates. This decrease was probably due to increased

nitrification and plant uptake during the second burial period.

4.2.8 Disturbance Effects on Seed Production

Seed production was increased in the upland, but not the slope and

lowland community one year following disturbance. In the upland

community, total seed production, measured as seeds/m2, was greatest in

chemically disturbed plots (Table 15). Total seed production was also

greater in physically disturbed plots, but not significantly. High
variability of seed production among many of the species measured among

replicates, particularly in disturbance treatments, reduced the power of

the statistical tests to indicate significant differences among

treatments. Only Koeleria gracilis demonstrated greater seed production
in physically disturbed plots compared to the control. Artemisia

frigida and Ratibida columnifera also showed a trend of increased seed

production in physical disturbance plots. The chemical disturbance
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increased seed production in all species except R. columnifera.

Seed production was not increased in the slope community by
disturbance. There was a trend (non-significant), however, of increased

production from Stipa spartea var. curtiseta and S. viridula following
disturbance (Table 16). It was difficult to accurately estimate seed

production from S. spartea var. curtiseta because of seed losses due to

shattering. Since one seed is produced per glume, it was possible to

Table 15. Seed Froduction from individual species* and total of these

species (seeds/m ) from physically, chemically, and undisturbed plots in
an upland mixed prairie community during the season following
disturbance. Means within a column with different letters indicate

significant differences between disturbance treatments (p<0.05). Least

significant differences (5%) are provided where applicable.

Species

Disturbance ARFR BOGR KOGR RACO STCO Total

Undisturbed 12 a 75 a 14 a 489 a 17 a 607 a

Physical 422 a 73 a 51 b 1103 a 11a 1660 a

Chemical 3998 b 200 b 129 c 3377 a 57 b 7761 b

5% LSD 1473 51 30 n/a 21 3093

SE 496 17 10 1202 7 1089
DOH1 Sep27 Aug21 Ju127 Aug21 Ju128

* - ARFR Artemisia frigida, BOGR = Bouteloua gracilis, KOGR

gracilis, RACO = Ratibida columnifera, STCO = Stipa comata.
1 - Date of Harvest, 1995.

Koeleria

Table 16. Seed Froduction from individual species* and total of these

species (seeds/m ) from physically, chemically, and undisturbed plots in
a slope mixed prairie community during the season following disturbance.
Means within a column with different letters indicate significant
differences between disturbance treatments (p<0.05). Least significant
differences are provided where applicable.

Species

Disturbance STSP STVI BOGR Total

Undisturbed 48 a 137 a 135 a 320 a

Physical 70 a 225 a 157 a 452 a

Chemical 148 a 314 a 80 b 542 a

5% LSD n/a n/a 46 n/a

Standard Error 57 111 23 67
DOH1 Ju117 Jul17 Aug21

* STSP = Stipa spartea var. curtiseta, STVI
Bouteloua gracilis.
1 - Date of Harvest, 1995.

Stipa viridula, BOGR
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estimate the production of seeds by counting the empty glumes. Control,

physical and chemical disturbance plots contained 358, 458, and 1603

glumes/m2 (5% LSD=994, SE=303). However, this estimate assumes that all

seed produced was full; seed fill of the collected seed was 30% ± 23.

Chemical disturbance reduced seed production from B. gracilis. In the

lowland community, seed production from A. smithii was low and the same

among treatments, averaging less than 2 seeds/m2.
Some species which produced more seeds following disturbance

have shown similar responses elsewhere. Bai (1993) found that Artemisia

frigida responded to mechanical disturbance with increased seed

production in northern mixed prairie. However, compared to Bai (1993),
A. frigida in this study produced less seed in undisturbed prairie.
This may be due to different weather and/or site conditions of this

study, but also because some seed may have been lost by seed shattering
before it could be collected. McGinnies (1984) found Bouteloua gracilis
produced more seed on chemically thinned rangeland in Colorado for

several years after disturbance. Nitrate additions to rangeland in

Oregon more than doubled the number of reproductive tillers produced in

Stipa thurburiana (Gurevitch, 1986).
The number of reproductive culms from Stipa comata also increased

at levels of N fertilization between 10-155 kg/ha (Johnston et al.

1967). Fertile culms decreased at higher N rates because S. comata

declined.

Grasses which responded to treatments by increasing seed

production appeared to have done so by increasing the number of

reproductive tillers rather than the number of seeds per inflorescence.

Artemisia frigida and R. columnifera had more inflorescences in

disturbances, and also had more flowers per inflorescence. Percent seed

fill of Koeleria gracilis increased in control, physical disturbance,
and chemical disturbance plots from 9.8%, 16.4%, to 18.4%, respectively
(P=0.07, SE = 2.4), but no apparent trend occurred between treatments

for Bouteloua gracilis in the upland (mean = 16.7%) or slope community

(mean = 4.9%). Seedfill of these two species was low compared to

potential of these grasses, suggesting that factors besides those

associated with disturbance controlled seedfill in 1995.

The relative effect of disturbance on seed production was greatest
in the upland and lowest in the lowland community; the slope was

intermediate. It appears the upland community is most limited by the

resources released by disturbance, the slope community is moderately
limited, and the lowland community is unaffected. The disturbance

treatments may not have had equal effect on seed production in each

community. For example, expansion and contraction of soils in the

lowland community caused by changing soil moisture content is a common

natural disturbance. Because this type of disturbance is common in
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lowland communities, the plants in the lowland community may respond

differently to the these disturbances than upland or slope plant
communities. It may also be that the disturbance treatments in the

slope and lowland affected processes other than seed production. The

life-histories of the dominant perennials in the slope and lowland are

relatively more competitive (Grime 1979) than the upland community.
Increased resources could have been used to increase plant dominance in

lower communities by vegetative rather than reproductive means, or may

not have been used at all. In seeded stands, s. viridula seed

production is not increased with fertilizers (Black and Reitz 1969), nor

was A. smithii by inter-row cultivation (stroh 1971). Dominant

perennial grasses found in slope and lowland communities in mixed

prairie may not be well adapted to positively respond to increases in

soil N (Tilman 1987). Another explanation may be that mechanisms, in

combination with or separate from those affected by disturbance, that

trigger seed production in lower slope positions were absent during the

phenological cycle of 1995.

Grasses cultivated for seed production planted at with bare soil

between rows usually increases seed production per unit area for a

longer time compared to solid swards (Dodds et al., 1987). Increasing
space between rows increases seed production until a certain plant

density when a threshold is reached and per area production declines

(McGinnies, 1971). There was no evidence to suggest that a disturbance

more severe than the chemical disturbance would have increased seed

production in the slope or lowland communities. It did not appear that

less of a disturbance would have increased seed production either.

Genetic differences causing differential allocation to seed production
between introduced and wild perennial grasses may account for part of

the low production response in slope and lowland communities.

The upland stand subjectively selected for the disturbance study
may have been relatively unproductive compared to the 12 stands used in

the community seed production study. Seed production from A. frigida,
B. gracilis, and K.gracilis in the undisturbed plots was much less than

the SD of these species in the community seed production measure

(Appendix D). Stipa comata seed production was greater in the

undisturbed plots compared to community seed production, and R.

columnifera was about the same. Chemical disturbance noticeably
increased seed production beyond the mean SCSD of the community seed

production study for A. frigida, R. columnifera, s. comata, and B.

gracilis, but only slightly so for the latter species. The slope stand

in the thinning experiment had higher seed production from S. spartea
var. curtiseta, S. viridula, and B. gracilis in undisturbed plots

compared to SD of the 12 stands in the community seed production study

(Appendix E). Seed production from A. smithii in the lowland community
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seed production was similar to that of the other 12 stands (Appendix F).

Although chemical disturbance increased seed production most in

the upland and slope communities, the absolute increase from perennial

grasses was relatively small. In the upland community, S. comata

produced 3.3x, B. gracilis produced 2.7x, and K. gracilis produced 9.2x

as much seed in the chemical disturbance than control. Artemisia

frigida and R. columnifera produced most of the seed. In the slope
community, Stipa viridula and S. spartea var. curtiseta produced 2.3x

and 3.1x as much seed in the chemical disturbance plot as the control,

respectively. The increased production appears high, but when one

considers the generally low seed production from these grasses, the

absolute yield increase caused by disturbance is small.
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5.0 MANAGEMENT IMPLICATIONS

This section considers management implications of mixed prairie
seed production for revegetation and grazing management. Of the former,
there are several methods of revegetation with seed of wild native

species from adjacent prairie. The first set of options is to use

active restoration methods, the second is to implement passive
restoration techniques (Redmann, 1995). Active restoration techniques
are used to speed up succession and can involve agronomic implements and

practices from the initial stage of seed collection, and can continue

all the way through to seedbed preparation, seeding, and post
establishment management. A passive approach allows succession to re

establish the community. These two approaches are not necessarily
mutually exclusive; combinations of these approaches can be used in many

circumstances. From the information gained by measuring seed production
from mixed prairie, harvesting seed for use in a form of restoration

that is relatively more passive would be most practical and inexpensive
for restoring large areas within suitable landscapes.

The amount of time, energy, and effort in using active restoration

techniques can range from techniques used in tallgrass prairie
restoration which involve collecting many species, processing the seeds,

preparing a seedbed, seeding them (usually simultaneously), and post
establishment management (Schramm 1990) to only collecting species and

adding them to the site to be restored (i.e. artificially dispersing
seed harvested from adjacent grasslands). The primary weakness of using
techniques developed in tallgrass prairie is high cost per acre of

establishing a diverse community. High cost/acre combined with much

greater areas of land potentially in need of revegetation in the mixed

prairie makes this approach prohibitive in most circumstances.

In mixed prairie where native grassland surrounds the area to be

restored, the collection and seeding of many species may be unnecessary.

Unlike restoration projects which are isolated within cultivated land,

many desired species, over time, will pioneer into the area to be

restored. Several late-seral species that are seeded into tallgrass

prairie stands do not appear for several years (Schramm 1990). In this

time, in a mixed prairie restoration project that is adjacent to native

prairie, many late seral species may migrate and establish, reducing the

need for such a diverse mix of seed at the initial planting.
Based on seed production findings, harvesting large volumes of

seed from mixed prairie in southwest Saskatchewan for revegetation of
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disturbed land presents many challenges. Areas which are cultivated are

typically level, upland sites. Using seed from the same range site is

likely the best option for restoration, however, yield and density of

seed production from the upland community, compared to other grasslands,
was low in both years. It would also be difficult to harvest the

majority of this seed on an efficient scale. Once harvested, preparing
these species for drill seeding would also be costly. The low

architecture of upland species and varied microtopography makes

harvesting seed from most species with implements difficult compared to

dominant grasses in lower slope positions.
Dominant grasses in lower slope positions showed better potential

for seed harvests. Stipa viridula and S. spartea var. curtiseta in the

slope community, and A. smithii in the lowland community are suitable

for harvesting on a large scale with implements because they have tall

flowering culms, an even distribution, and large seeds which allows for

easy collection. crop breeders have already recognized the favourable

agronomic characters of two of these grasses, and have developed
cultivars of S. viridula (Schaaf and Rogler, 1970) and A. smithii

(Smoliak and Johnston 1983). A cultivar of S. spartea var. curtiseta

has not been developed likely because of it's long awn, high shattering,
and lack ot synchronous seed maturation within an inflorescence. Wild

seed collection of these, and virtually all other species in mixed

prairie, must be opportunistic because of the variation in seed

production among years. While these cultivars, or wild types, can

be used for revegetation, it must be stressed that they represent only a

fraction of the species and genetic diversity present in a native

grassland. Most other species in the slope and lowland communities

would be difficult to harvest efficiently. It may be possible that

seeding only a few of agronomically suited species to stabilize the

site, and then allowing migration of other species to occur will result

in an end similar to that of seeding a diverse mixture of species. The

assumption with this approach is that seeding a few high seral grasses

native to mixed prairie (cultivars or wild-types) will facilitate

succession and proceed toward a mixed prairie composition. This

assumption has not been tested. Using exotic species to stabilize

disturbed patches within mixed prairie does not facilitate succession

(Wilson 1989), and native cultivars have been selected, to a degree, for

aggressive characters similar to the exotics.

For upland species and species in the slope and lowland

communities that are difficult to harvest, species possessing adequate

agronomic characters could be collected in relatively small amounts, and

then grown in nurseries for seed production. Nurseries have been

successfully used for native forb and grass seed production (Dickerson
et al., 1981; Dodds et al., 1987). Costs of such an endeavour, however,
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may be limiting if several species were grown. Nursery multiplication
of seed in only a few species thought to be critical for successful

establishment and successional promotion may reduce costs.

Those harvesting seed from native grasslands should be well versed

in the phenologies of prairie plants and be able to determine if a

species has produced seed, and if so, what percent of the seed is viable

before it is harvested. This sounds simple, but in practice, species
which produce very small seeds can produce inflorescences, flower, and

produce empty seed which, superficially, appears full. As an example,
B. gracilis produced inflorescences in 1994, but it did not flower and

no seed was produced. Seed harvests would have resulted in many pounds
of sterile seed. In 1995, B. gracilis produced many more

inflorescences, however, seedfill was only 10%.

Doerr et ale (1983) expressed a need for innovative techniques
rather than standard agronomic techniques for revegetation of semiarid

rangelands. Techniques of passive restoration should be explored to

determine if they can mitigate the weaknesses (ie. high cost, low

species diversity) of active restoration. Passive restoration

techniques, allowing succession, would be best suited to areas which are

surrounded by native prairie and have a high length of edge to volume

ratio (Redmann, 1995). There are several landscape-scale methods which

may be used to potentially speed succession in these areas, although

many are untested. Examples of such are: 1) the use of wind-barriers

(ie. snow-fences) in disturbed lands which trap dispersing seeds,

ameliorate the microclimate, and accelerate establishment and

succession, 2) light grazing in the revegetation and the surrounding
grassland has potential to increase seed movement into the disturbed

land due movement of seeds in cattle fur, hooves, and dung (light
grazing may also help control exotic annual species (Lawrence et al.,

1989), 3) treatments (i.e. grazing, manipulating animal movements

(Archer and Pyke, 1991), and fire) which reduce the distinct edge
between prairie and disturbed land will facilitate seed movements across

this boundary.

Moving seeds from prairie into the restoration site using
mechanical means that are less intensive than harvesting, processing and

seeding individual species may be of use in mixed prairie, particularly
in disturbed sites that are isolated from mixed prairie. Applying seeds

found in native prairie hay would be an appropriate way to move seed

from one site to another in a less intense manner. Wenger (1943)
demonstrated the success of this method in restoring native species in

large scale restorations of mixed prairie of Kansas. Ries et ale (1980)
concluded that this method should not be overlooked as a source of seed

for restoration, as a high diversity of species can be attained.

Research provided herein also confirms the high species richness of seed
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produced at mid-season in mixed prairie of southern Saskatchewan could

be used to a restoration manager's advantage.

Using haying or seed harvesting implements
to collect seed is a method of collection. Rotary brushes with

collection bins that collect seeds can be adjusted to harvest at or near

ground-level, a height which most upland species produce seed. Sites

from which seed is to be collected could be fertilized in advance to

increase the amount of seed produced, and/or alter the diversity of

species producing seed (Johnston et al., 1967). Adding this mulch of

seed to the disturbed area will potentially add species diversity to the

restoration site, speed succession, and limit erosion (Ries et al.,

1980). The mulch may also increase the establishment of species found

in the hay and species which may be directly seeded before the hay is

spread (McGinnies, 1987). Another advantage of this method is that

species become available for use that are less agronomically suited to

harvesting, processing, or drilling. For example, threshing may reduce

germination of seed because of damage to the embryo (Booth, 1984; 1990)
or damage to accessory structures used for proper seed placement
(Sheldon, 1974; Peart and Clifford, 1987; Young et al., 1987).

Native hay has been used successfully as a tool for revegetation

(Wenger, 1943; Gates, 1962; Eck et al., 1968; Darling and Young, 1984),
but a major drawback is the risk associated with introducing undesirable

species from native hay. Darling and Young (1984) re-estab1ished S�ipa
coma�a from prairie hay, but the hay was harvested in an area infested

with Bromus �ec�orum and B. japonicus, and these undesirable species
also established. In mixed prairie of southern Saskatchewan,

introducing exotic perennial species such as Agropyron cris�a�um, A.

deser�orum, Bromus inermis, and Euphorbia esula from hay would be of

high concern. Whomever would be in charge of collecting seed with this

method must identify these species and avoid them.

Although disturbance increased seed production in the upland and

slope community in 1995, the economic value of increased seed production
relative to the cost of applying the disturbance, and potential for

increased erosion and increased chance of invasion by exotic species may

be, at best, marginal. Increased levels of nitrogen, which is caused by
disturbance has lead to the increase in exotic species in tallgrass
prairie (Tilman 1987).

Although this research did not compare differences in seed

production between different grazing histories, grazing by cattle and

wildlife can impact seed production and, ultimately, succession in

grasslands (O'Connor and Pickett 1992). Grazing of desirable plant
species reduces seed production (Willms, 1991; O'Connor and Pickett,

1992; Milton, 1995), and the seed banks of these species (Johnston et

al., 1969; O'Connor and Pickett, 1992; Willms, 1995). Lack of
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recruitment of new individuals from the seed bank will, in time, cause a

decrease of desirable species (Willms 1995), and possibly local

extinction (Mack and Thompson, 1982; O'Connor, 1991; O'Connor and

Pickett 1992). Heavy, long-term grazing may not be enough to eliminate

a species, but combined with drought, a local population may become

extinct (O'Connor, 1992). Long-term drought, on its own, can eliminate

local populations in severe circumstances (Weaver, 1943). In

general, the life form and life history of species most susceptible to

population decreases from grazing have the following characters:

obligate seed producers (i.e. a caespitose growth form), produce low

amounts of large seeds, seeds are poorly dispersed, possess short-lived

seed banks, are palatable to herbivores, and live in environments

subject to periodic, but extended droughts (O'Connor, 1991). Examples
of species in mixed prairie which appear to fit most of these characters

are Andropogon scoparius, stipa viridula, Agropyron dasystachyum,
Eurotia lanata, and Festuca hallii.

Planned rest by improving grazing management is a potential method

to ensure that desirable species receive adequate rest and remain

productive over the long-term. A reason for using planned rest within

grazing management plans is to allow seed production and to promote
recruitment and a stable long-term population of desired species
(Tainton 1971). Increased seed production following rest may vary among

species within communities. Grazing management systems in mixed

prairie, to ensure seed production and adequate recruitment, must budget
for the lack of seed production caused by periods of drought which will

also reduce the vigour and seed production from desirable species.
Therefore, grazing managers should ensure that the amount of rest

allowed is meeting pre-determined objectives.
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6.0 CONCLUSIONS

1. In the upland community the dominant vascular species, based

on basal cover, were Bouteloua gracilis, Koeleria gracilis, and Stipa
comata. The slope community was characterized by stipa spartea var.

curtiseta, Bouteloua gracilis, and Agropyron smithii. The lowland

community was dominated by Agropyron smithii. Indicators of upland,
slope, and lowland communities were, respectively, less than 10% litter

in the presence of Selaginella densa, at least 10% litter cover in the

presence of S. densa, and the absence of S. densa.

2. Seed yield (SY) was greatest in both years in July 1994 (44.3

kg/ha) in the slope community, and in August 1994 (20.5 kg/ha) in the

lowland community. Average SY in the slope and lowland communities was

similar to the SY of the upland community in 1995, while upland SY

remained stable (maximum = 6.6 kg/ha), but low, over both years.

3. The seed density (SD) was highest in the lowland community in

1994 during this study. Greatest SD occurred in June in the lowland

community and in August in the slope community over both years. Highest
SD of the study occurred on June 1994 (4251 seeds/m2) in the lowland

community. Over the two years, the highest SD in the upland and slope
was 1345 seeds/m2 in September 1995 and 1730 seeds/m2 in August 1994,

respectively.
4. The highest SY of perennial grasses in the slope and lowland

communities resembled the community SY in both years. '3 grasses with

relatively heavy seeds produced high amounts of seed in 1994 compared to

1995, which highly influenced community SCSY. Upland community SY of

perennial grasses was relatively low at all harvest dates in both years.

The 1994 SD of perennial grasses was greatest between late July and

early August in the slope and in early August in the lowland. In 1995,

upland SD was greater than other communities during late July-early
August due to high seed production from Koeleria gracilis which produced

many seeds. Perennial C4 grasses produced seed only in 1995, but had

relatively small influence on the total SY of all perennial grasses.

Seed production from perennial grasses, as a group, in the upland

community was relatively stable from year to year compared to the slope
and lowland communities. This stablility may be due to the relatively
divergent phenologies of grasses in the upland community which may be

less affected by variable climate through the season.

5. Standing crop seed yield of perennial forbs was not different

between communities, harvest dates, and years. Within years, SY was
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greatest in the upland community late in the season due to production
from several composite species. The 1994 SD of perennial forbs was

greater in the latter half of the season in all communities. In 1995,

SCSD was increased over other harvest dates and communities only in the

upland community late in the season.

6. The SY and SD of annuals did not differ between years. Of the

three communities, SD of annuals was greatest in June (3183 seeds/m2),
and had considerable influence in the SCSD of the entire lowland

community at this date. Seed production from sedges was greater in 1994

than 1995, but was relatively low compared to the other growth forms.

7. Changes of slope and lowland community seed production between

years is probably related to the altered precipitation patterns between

years. May-June 1994 precipitation was above average, promoting seed

production from many early- and mid-season flowering species dominant in

these communities. Precipitation in May-June 1995 was below average,

negatively affecting seed production. Increased precipitation in July
and August 1995 increased seed production from later flowering species,
but had little effect at the community scale. Seed production in the

upland community was less affected by the different precipitation
patterns between years.

8. Seed production in the upland community was dominated by

perennial forbs (about 75%) in 1994-1995. Seed production was most even

between perennial forbs and grasses in the slope community; grasses

produced more seed in 1994 while forbs produced more seed in 1995. In

the lowland community, the dynamics of seed production shifted between

years between annual species and Agropyron smithii. Either can dominate

seed production in the lowland, depending on the year. Perennial forb

seed production decreased from the upland to the lowland, likely in

relation to perennial forb densities in the three communities.

9. Extreme variation in seed production in the two years was

exhibited among most species. Several species producing seed in one

year did not produce seed the other. Higher variation of seed

production among and within species could occur when climate between

years is more divergent than this study.
10. Differences between stands within a community were greater

than differences between communities, harvest dates and years. These

differences are believed to be due to the patchy distribution and/or
seed production of many species in this study, particularly annuals and

some forbs. Many species produced seed in some stands, but not others,
within a community in both years of the study. The differences in seed

production of species among stands may have been due to the lack of

physical conformity among stands caused by the heterogeneous landscape.
11. Seasonal seed production (yield) from the upland, slope and

lowland communities was 13, 51, and 33 kg/ha in 1994 and 10, 6, and 4
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kg/ha in 1995, respectively. The density of seed production over the

season was 1189, 3090, and 6489 seeds/m2 in 1994 and 2867, 1303, and

3306 seeds/m2 in 1995 in the upland, slope, and lowland communities.

This estimate is lower than other North American grasslands, although

comparisons with some studies are difficult because of differences in

methodology.
12. At the community scale, the three communities had a smaller

average seed mass in 1995 although the difference was less in the upland

community. The smaller average seed mass in 1995 was due to species
which produce a few, large seeds producing less seed in 1995 in the

slope and lowland community.
13. Although SD and SY decreased in 1995, species richness of

seed production over the entire season increased in the upland and slope
communities, but decreased in the lowland community. Species richness

in 1994 and 1995 was greatest in the slope community (41 and 45 species,

respectively), medial in the upland (39 and 41 species, respectively),
and least in the lowland community (31 and 27 species, respectively).
The highest total number of species and average number of species with

seed at one harvest date occurred in the slope community in August 1994

(26 species) and in July 1994 (8.2 species), respectively. Species
richness of seed production in each stand of a community was highly
variable.

14. The similarity of species producing seed through the season

was higher in 1994 than 1995 likely due to high spring precipitation in

1994 extending the phenologies of many species. Harvest dates later in

the season had a higher similarity both years in all communities.

Although species richness remained high in 1995, similarity between

harvest dates declined, causing a greater gradient (beta diversity) of

species through time in 1995 compared to 1994.

15. Species composition of seed production was a poor predictor
of the composition of the vegetative community. Averaged over both

years, the similarity between seed production and the vegetative
community was equal to or less than 40%. In general, species with a

high basal cover in the community produced proportionally less seed than

their basal cover; conversely, species with low basal cover showed the

opposite. Highest similarity occurred between vegetation and seed yield
in the slope and lowland communities when the dominant grasses produced
seed. High similarity also occurred between vegetation and seed density
in the upland when dominant grasses and forbs produced seed.

16. Seed production was more even in all communities compared to

basal cover of the vegetative community.
17. The stature and low seed yield of the upland community is not

well suited for large-scale seed harvesting techniques commonly used for

tallgrass prairie restoration. Greater potential exists for seed
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harvest of a few species in slope and lowland communities.

18. Seed production from selected perennial species one year

after disturbance was greatest in the upland community, less affected in

the slope, and unaffected in the lowland community. Absolute increases

in seed production were not large for perennial grasses although seed

production increased greatly from Artemisia frigida in the upland
community. The perennial grasses in the slope and lowland communities

may be less stimulated by disturbance than the perennial grasses in the

upland community.
19. In the upland community, physical disturbance only increased

seed production from Koeleria gracilis, but chemical disturbance

increased seed production from K. gracilis, Stipa comata, Bouteloua

gracilis, and A. frigida. Physical disturbance did not increase seed

production in the slope community. Nitrate release from chemically
disturbed soil was greater than undisturbed grassland. Nitrate release

from physically disturbed soil was not greater than undisturbed

grassland, suggesting that disturbance was not severe enough to increase

seed production. Phosphate and ammonium levels were unaffected by
disturbance. Disturbances which increase soil N may not greatly
stimulate seed production from high-seral prairie grasses in slope and

lowland communities, although further study is required. Recovery from

disturbance appeared to be progressing fastest in the lowland and

slowest in the upland. Several annual species established in the

disturbed patches in all three communities, while tillering from

adjacent plants was least in the upland and greatest in the lowland

community.
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8.0 APPENDIX

Appendices A through F provide the amount of seed production by
species in upland, slope, and lowland mixed prairie communities in 1994
and 1995 in Grasslands National Park, Saskatchewan. Seed production
values for each species at each date is an average of the 12 stands
measured per community per year. Abbreviations: species abbreviations
are provided in appendix G, #/m2 = seed density (number of seeds/m2), kg/ha
= seed yield, t = less than 0.1 seeds/m2, G-C3 = C� grass, G-C4 = C4 grass,
PF = perennial forb, AF = annual forb. Append�x H provides the ANOVA
tables and means of community seed production, and seed production from
plant groups.

Appendix A. Seed Production From Individual Species in the Upland Mixed Prairie Community
at Seven Harvest Dates 1994

1-Jun 17-Jun 4-Jul 21-Jul 7-Aug 24-Aug 10-Sep
Species Growth Form #/m2 kg/ha #/m2 kQ/ha #/m2 kg/ha #/m2 kg/ha #/m2 kg/ha #/m2 kg/ha #/m2 kg/ha
Agda G-C3 0.3 0.004 77.0 1.360 2.7 0.070 6.8 0.920

Agsm G-C3 0.3 0.007 9.5 0.123
Cael SEDGE 7.6 0.070 8.5 0.120 5.0 0.060 6.3 0.590 4.4 0.043 2.0 0.018 1.1 0.006

Cape SEDGE 1.2 0.010
Ko gr G-C3 35.5 0.098 98.2 0.293 94.7 0.223 17.8 0.083
Po sa G-C3 9.5 0.018 9.2 0.018 15.1 0.056
St co G-C3 7.4 0.420 13.5 1.539 10.3 0.573 0.8 0.045 0.8 0.039
Stvi G-C3 1.3 0.033
AI te PF t t

Anap PF 31.2 0.070 2.2 0.006 1.9 0.001
An pa PF 3.0 0.003
Anse AF 2.9 0.003 2.4 0.003 8.1 0.009 4.3 0.004 t t
Ar re PF t t 0.5 0.0003 17.9 0.009
As 10 PF 0.4 0.200 2.0 0.038 18.0 0.289 0.8 0.013

Aspe PF 1.8 0.075 0.4 0.013
He vi PF 0.3 0.001 3.0 0.008 0.6 0.002 8.8 0.028 21.2 0.510
Orne AF 0.2 0.001 0.3 0.002 t t
Erca PF 13.8 0.020 4.3 0.005
Erin PF 2.0 0.003 10.3 0.022 9.3 0.Q19 17.3 0.032
Gaar PF 27.1 1.158 43.1 0.878 0.3 0.004

Grsq PF 37.3 0.298

Hasp PF t t 5.9 0.022

Hy ri PF 11.1 0.067
Lede AF 1.6 0.004 5.2 0.007 1.1 0.004 0.5 0.002
Li pu PF 5.9 0.242 129.3 2.840
Liri AF 2.5 0.017 50.5 0.480 71.1 0.515 8.9 0.104 41.0 0.276
Maco PF t t
Mudi PF 14.9 0.280 0.6 0.003 1.0 0.008 0.7 0.002 0.2 0.002
Or fa PF 0.002 0.002
Oxse PF 61.0 0.840 34.6 0.379 28.2 0.279 123.1 0.946 4.3 0.048
Peal PF 0.4 0.003
Pe ni PF 4.0 0.048
Pe pu PF 18.2 0.328
Ph ho PF 0.2 0.001
Raco PF 18.9 0.342 433.7 3.538 367.4 2.239
Seca PF 1.6 0.011
Tose PF 2.2 0.004
Trdu PF 0.1 0.003
Vi am PF t t 0.2 0.023 0.5 0.113 2.2 0.360 0.3 0.037
Total 28.0 0.359 43.0 0.198 96.0 1.434 200.5 2.866 392.8 4.140 757.1 6.495 679.5 6.270
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Appendix B. Seed Production From Individual Species in the Slope Mixed Prairie
C S H D 1994ommunitvat even arvest ates,

t-Jun 17..Jun 4-Jul 21-Jul 7-Aug 24-Aug 1Q..Sep
Species Growth Form #/m2 ka/ha #/m2 ka/ha #/m2 kg/ha #/m2 kg/ha #/m2 ka/ha #/m2 ka/ha #/m2 kg/ha
Ag da G-C3 3.2 0.054 t t

Agsm G-C3 0.7 0.022 4.1 0.169 0.9 0.032

Ag su G-C3 t t 0.3 0.003
Cado SEDGE 0.1 0.0004 0.5 0.004
Cael SEDGE 118.1 0.998 99.5 1.034 76.1 0.818 52.4 0.727 17.9 0.188 14.4 0.168 51.7 0.558
Ca pe SEDGE 18.0 0.265 32.4 0.456 21.6 0.348 26.7 0.373 1.3 0.020
Ko gr G-C3 626.4 1.412 850.7 2.328 109.9 0.256 100.2 0.302
Po sa G-C3 33.6 0.096 33.6 0.095 90.2 0.258 23.7 0.059 3.7 0.011
Stco G-C3 18.4 1.270 31.9 2.812 0.8 0.042 0.8 0.045 0.1 0.006

Stsp G-C3 179.1 25.693 212.6 31.956 8.5 1.470
Stvi G-C3 100.7 2.300 111.6 3.280 28.2 0.800 0.5 0.013
Acmi PF 448.7 0.373 403.2 0.336 327.9 0.156
Aggi PF 4.0 0.084
Alte PF t t
An ap PF 30.7 0.030 24.6 0.057
An se AF 59.9 0.071 20.1 0.034 11.1 0.040 13.1 0.086
Ar co AF 2.5 0.002
Ar fu PF 54.0 1.175 123.8 1.123 1.6 0.017 5.6 0.044 1.5 0.011 0.7 0.002
Ar re PF 18.0 0.011 84.7 0.112
As da PF 0.2 0.002
Ca ro PF 71.1 0.028
Ce ar ?? 40.4 0.070 60.6 0.060 0.8 O.OOS 0.9 0.008
Ce nu AF 1.7 0.0005 1.9 0.0005
Ci un PF 0.5 0.052
Coli AF 0.8 0.004
Dr ne AF 30.9 0.014
Er in PF 0.2 0.0005 8.5 0.019
Ga ar PF 9.2 0.183
Ga co PF 0.4 0.059
Gr sq PF 5.3 0.465
He hi AF 6.0 0.009 47.0 0.399 44.8 0.073 2.7 0.004 11.4 0.017
Hevi PF 1.0 0.004 0.1 0.0003
Li pu PF 0.9 0.017
Lo fo PF 11.9 0.613 0.1 0.002
Or lu AF 1.7 0.002 0.5 0.008

Plpa AF 93.9 0.595 1.5 0.007 23.6 0.143
Po ar PF 140.8 0.044 12.7 O.OOS
Po bi PF 115.7 0.130
Po gr PF 312.8 0.518 13.3 0.025
Ps ar PF 0.4 0.005

Raab PF 16.5 0.054
Ra co PF 2.4 0.043 36.2 0.288 35.8 0.167
Roar SHRUB 1.9 0.134 0.3 0.044 0.1 0.004
Si dr PF 2.1 0.003 1.0 0.017 73.1 0.065
Somo PF 2.8 0.011 4.0 0.003
Ta of PF 32.8 0.163 0.2 0.001
Viam PF 0.7 0.040 1.7 0.190 16.0 1.692 0.3 0.024 1.2 0.077 0.4 0.023
Vi nu PF 18.9 0.163 2.5 0.019 1.7 0.013
Zv gr PF 22.3 0.397 28.9 0.419 4.4 0.083 0.4 0.008
Total 284.7 1.727 378.81 3.585 695.9132.045 1769.8144.040 1729.317.076 682.111.657 585.012.118
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Appendix C. Seed Production From Individual Species in the Lowland Mixed Prairie

Community at Seven Harvest Dates, 1994.
1-Jun 17-Jun 4-Jul 21-Jul 7-Aug 24-Aug 10-Sep

Species Growth Form #/m2 ka/ha #/m2 ka/ha #/m2 kalha #/m2 ka/ha #/m2 kalha #/m2 kalha #/m2 kg/ha
Ag sc G-C3 177.4 0.088 50.0 0.041

Agsm G-C3 527.9 19.798 413.5 18.033 201.7 9.243
Alae G-C3 158.4 0.793 191.4 0.338 89.5 0.213 103.9 0.109 17.6 0.017 20.8 0.020
Cado SEDGE 0.4 0.027
Cael SEDGE 49.2 0.383 26.2 0.026 18.7 0.202 30.3 0.308 4.3 0.050 3.0 0.015 2.3 0.028

Cape SEDGE 6.4 0.040
EI ac SEDGE 1.2 0.0002 4.5 0.002 713.2 0.042 244.8 0.159 4.3 0.002 2.8 0.002

Hoju G-C3 0.7 0.018

Kogr G-C3 6.8 0.016 7.0 0.018 1.5 0.003 9.6 0.029
Poca G-C3 16.7 0.045
Po sa G-C3 40.7 0.120 60.7 0.156 57.5 0.128 25.9 0.062
Acmi PF 29.4 0.025 27.0 0.018 27.1 0.013

Anap PF 4.1 0.011
An se AF 35.7 0.067
Arhi PF 0.4 0.0008 532.2 0.188 167.1 0.081
Asda PF t t
Cear PF 3.2 0.001
Ce nu AF 15.5 0.0007 20.4 0.014 16.4 0.008
Coli AF 3.2 0.143 1.9 0.021
Orne AF 55.2 0.013 10.0 0.004 13.7 0.005
Erin PF 23.1 0.012 15.9 0.040 3.4 0.007 223.5 0.618
Getr PF 0.3 0.004
He hi AF 9.2 0.013 1.6 0.003
Iv ax AF t t
Lede AF 3.2 0.005 3.7 0.008 1.6 0.005 6.0 0.022
Nemi AF 0.3 0.002
Plel AF 3847.2 8.312 1620.1 4.183 764.3 1.343 26.8 0.077 3.1 0.007 5.1 0.014
Poar PF 2.4 0.002
Th ar AF 0.2 0.0003

Vepe AF 184.3 0.103 83.3 0.061 9.5 0.003
Vi am PF 14.7 2.242 0.3 0.037
Total 147.7 0.503 4249.8 9.246 2729.5 5.197 1978.4 4.785 1005.2 20.424 504.1 18.188 491.7 9.968
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Appendix O. Seed Production From Individual Species in the Upland Mixed Prairie
C H tOt 1 5ommunitv at Seven arves a es 99

1-Jun 17-Jun 4-Jul 21-Jul 7-Aug 24-Aug 10-Sep 27-Sep
Species Growth Form #/m2 kg/ha #/m2 kg/ha #/m2 kglha #/m2 kglha #/m2 kg/ha #/m2 kglha #/m2 kg/ha #/m2 kolha
Ag da G-C3 0.1 0.0008
Agsm G-C3 t t
Bo gr G-C4 153.6 0.837 102.7 0.442 70.1 0.354
Camo G-C3 0.4 0.0004 6.9 0.026 7.9 0.011
Ca pe SEDGE 3.2 0.063
Ko gr G-C3 506.51.174 143.3 0.332 16.8 0.048 11.0 0.025
Mu cu G-C4 t t
Po sa G-C3 0.1 0.0007
Stoo G-C3 12.2 0.690 5.3 0.238 2.5 0.105 0.4 0.013
Stvi G-C3 0.1 0.002
AI te PF 3.2 0.063 2.4 0.058
An se AF 0.1 0.0002
Arfr PF 698.4 0.419
Ar re PF 4.2 0.0040 3.4 0.004
As pe PF t t
Atnu SHRUB 1.9 0.060 0.5 0.015
Ch Ie AF 0.1 0.0003 1.7 0.003 6.3 0.001
He vi PF t t 4.0 0.017 0.3 0.001 2.4 0.008 11.6 0.031
Coum PF 0.1 0.112
Eroa PF 17.7 0.025
Erin PF 2.5 0.007
Eu la SHRUB 0.3 0.005
Gaar PF 1.8 0.044 1.5 0.029 12.8 0.234 0.3 0.006

Grsq PF 0.5 0.007
Gu sa PF 31.4 0.077
Ha sp PF 9.5 0.046 146.1 0.555 464.5 2.20
He hi AF 0.1 0.00003 2.1 0.005
La eo AF 2.5 0.016 3.9 0.058
Le ar PF 0.6 0.004 0.2 0.002
Lede AF 31.7 0.076 33.9 0.086 6.3 0.012
Li pu PF 8.4 0.270 8.1 0.085
Mu di PF 1.6 0.036
Oxse PF 29.0 0.395 60.7 0.684 23.7 0.227 1.3 0.011 4.9 0.055
Pe pu PF 3.2 0.040
Ph ho PF 2.8 0.080 5.3 0.07
Ps ar PF 0.1 0.010
Raoo PF 459.300 2.910 27.1 0.191 9.2 0.055
Somi PF 38.4 0.099
Ta of PF 0.6 0.003
Tose PF 0.7 0.005
Viam PF 0.3 0.021
Total 4.1 0.088 46.5 0.292 75.4 0.640 605.6 2.762 157.9 0.623 686.0 4.466 318.1 1.627 1345.0 3.401
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Appendix E. Seed Production From Individual Species in the Slope Mixed Prairie
D t 995Communitv at Seven Harvest a es 1

1-Jun 17-Jun 4-Jul 21-Jul 7-Aug 24-Aug 10-Sep 27-Sep
Soecies Growth Form #/m2 ka/ha #/m2 ko/ha #/m2 ka/ha #/m2 ka/ha #/m2 ka/ha #/m2 ka/ha #/m2 ka/ha #/m2 ka/ha
Agsm G-C3 0.5 0.017
Agsu G-C3 0.1 0.003 0.2 0.006 0.1 0.003
Bo gr G-C4 73.2 0.359 33.2 0.110 36.8 0.116
Cael SEDGE 0.1 0.001
Gamo G-C3 0.7 0.0009
Ko gr G-C3 1.4 0.004 1.6 0.004
Mu cu G-C4 234.00.205
Po sa G-C3 t t 0.2 0.001 t t
Stco G-C3 t t

Stsp G-C3 17.3 2.140 0.6 0.037
Stvi G-C3 37.5 0.790 4.8 0.097 2.6 0.064
Acmi PF 388.2 0.327 55.7 0.038 55.5 0.040 15.3 0.010

Ag gl PF 0.5 0.011
Ar fr Shrub 21.9 0.025
Arfu PF 132.2 0.904 22.1 0.140 1.5 0.007 3.7 0.024
Argn PF 11.7 0.009
Cear ?? 4.5 0.003
Ce nu AF 4.4 0.003 0.3 0.0002
Ch Ie AF 17.8 0.057 17.8 0.053 0.8 0.002
Coar ?? 0.1 0.004
Coli AF 0.1 0.001
De so AF 8.0 0.011
Dr ne AF 2.8 0.0009 7.2 0.002

Grsq PF 1.4 0.010
Ha sp PF 2.3 0.011 9.4 0.045 0.8 0.003
He hi AF 0.9 0.001 0.2 0.003
Hevi PF 1.3 0.006
La ec AF 3.9 0.041
Li pu PF 0.3 0.012 2.7 0.100
Lo fo PF 0.7 0.026
Orlu AF 4.8 0.005 0.4 0.0004
Oxse PF t t
Pe pu PF 1.2 0.018

Plpa AF t t
Poav AF t t
Ra co PF 8.7 0.062
Ro ar SHRUB 0.8 0.118 t t 0.7 0.100
Si al AF 50.1 0.003

Sipa PF 5.3 0.007
Somi PF 10.4 0.011
Somo PF 201.3 0.178
Ta of PF 12.8 0.051
Vi am PF t t
Vi nu PF 23.7 0.112 9.0 0.130
Zvor PF 0.1 0.002 0.1 0.001
Total 12.8 0.051 27.2 0.139 157.4 1.044 85.8 3.097 702.9 0.788 155.7 0.729 124.2 0.271 304.3 0.567
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Appendix F. Seed Production From Individual Species in the Lowland Mixed Prairie
C ·t t S H tOt 1995ornmurutv a even arves a es

1-Jun 17-Jun 4-Jul 21-Jul 7-Aug 24-Aug 10-Sep 27-Sep
Soecies Growth Form #fm2 kQfha #fm2 kQfha #fm2 kQfha #fm2 kQfha #fm2 kgfha #fm2 kgfha #fm2 k_Qfha #fm2 kafha

Agsc G-C3 30.3 0.014 t t

Agsm G-C3 2.5 0.060 t t
AI ae G-C3 42.9 0.110 10.6 0.019

Bogr G-C4 2.2 0.011 0.2 0.0007
Cael SEDGE t t
Ko gr G-C3 t t
Po sa G-C3 0.5 0.003
Acmi PF 49.8 0.054 5.3 0.003 0.4 0.0004
Argn PF 59.2 0.159
Cenu AF 31.4 0.018 1.7 0.0009 6.4 0.006
Chal AF 4.2 0.029 17.7 0.076
Ch Ie AF 0.7 0.002 33.8 0.140 32.8 0.082 67.5 0.181
Coli AF 248.9 0.727 93.9 0.904 13.6 0.062
De so AF 275.00.303 458.1 0.595 220.8 0.331 30.0 0.033
Orne AF 2215.5 0.580 7.9 0.002 47.6 0.017
Er in PF 30.4 0.102 133.3 0.286 23.6 0.054 3.2 0.006

Grsq PF 5.6 0.038 16.4 0.075
He hi AF 1.2 0.001 1.3 0.002
Lede AF 10.0 0.022 20.0 0.049 40.5 0.110 0.6 0.001
Nemi AF t t
Plel AF 4.8 0.006 9.2 0.016
Poav AF 3.2 0.052
Sial ?? 34.6 0.162 43.6 0.059
Ta of PF 1.4 0.007 0.1 0.006
Th ar AF 0.8 0.008

Vepe AF 51.3 0.020 50.0 0.026 109.4 0.045 9.9 0.008
Vi am PF t t
Total 2216.9 0.587 96.30.060 358.2 0.793 591.5 1.500 650.0 1.119 441.0 0.917 115.2 0.287 146.7 0.421
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Appendix G. Species that produced seed in upland (U), slope (S), and lowland (L) mixed prairie
communities in 1994 and 1995. Species abbreviations are also provided.

1994 1995

Species Abbreviation U S L U S L

Graminoids
Agropyron dasystachyum Ag da * * *

Agrostis scabra Ag sc * *

Agropyron smithii Ag sm * * * * * *

Agropyron subsecundum Ag su * *

Alopecurus aequalis Al ae * *

60uteloua gracilis 60 gr * * *

Carex douglasii Ca do * *
Carex eleocharis Ca el * * * * *

Calamagrostis montanensis Ca mo * *

Carex pensylvanica Ca pe * * * *
Eleocharis acicularis El ac *
Hordeum jubatum Ho ju *
Koeleria gracilis Ko gr * * * * * *

Muhlenbergia cuspidata Mu cu * *

Poa canbbi Po ca *
Poa sand erg i i Po sa * * * * * *

Stipa comata St co * * * *

Stipa spartea v. curtiseta St sp * *

Stipa viridula St vi * * * *

Forbs and Shrubs
Achillea millefolium Ac mi * * * *

A�oseris glauca A� gl * *

A l ium textile A te * * *

Antennaria aprica An ap * * *

Antennaria parvifolia An pa *
Androsace septentrionalis An se * * * *
Arenaria congesta Ar co *

Artemisia frigida Ar fr * *

Artemisia gnaphlodes Ar gn * *

Arabis hirsuta Ar hi *

Arabis retrofracta Ar re * * *

Astragalus danicus As da * *

Astragalus lotiflorus As lo *

Astra�alus pectinatus As pe * *

Atrip ex nuttallii At nu *

Campanula rotundifolia Ca ro *

Cerastium arvense Ce ar * * *

Cerastium nutans Ce nu * * * *

Chenopodium album Ch al *

Chenopodium leptophyllum Ch le * * *

Circium undulatum Ci un *

Convolvulus arvensis Co ar *

Collomia linearis Co l i
Comandra umbel lata Co um

Descurania sophia De so * *

Draba nemerosa Dr ne * * * * *

Erigeron ceaspitosus Er ca * *

Erysimum inconspicuum Er in * * * * *

Eurotia lanata Eu la *

Gaillardia aristata Ga ar * * *

Gaura coccinea Ga co *

Geum triflorum Ge tr *

Grindelia squarossa Gr sq * * * * *

Guttierhiza sarothrae Gu sa *

Haplopappus spinolosus Ha sp * * *

Hedeoma hispida He hi * * * * *

Heterotheca villosa He vi * * * *

Hymenoxys richardsonii Hy ri *

Iva axillaris Iv ax *

Lappula eChinata La ec * *

Lesquerella arenosa Le ar *

Lepidium densiflorum Le de * * * *

Liatris punctata Li pu * * * *

Linum rigidum L i ri *

Lomatium foeniculaceum Lo fo * *

Malvastum coccineum Ma co *

Musineon divaricatum Mu di * *

91



Appendix G. Continued.

1994 1995

Species Abbreviation U S L U S L

Nevarretia minima Ne mi * *

Orobanche fasciculata Or fa *

Orthocarpus luteus Or lu * *

oxytropis seriaca Ox se * *
Penstomon albidus Pe al *
Penstemon nitidus Pe ni *

Petalostemon purpureum Pe pu * *

Phlox hoodii Ph ho * *

Plantago elongata Pl el * *

Plantago patagonica Pl pa * *

Potentilla arguta Po ar * *

Polygonum aviculare Po av * *

Potentilla bipinnatifida Po bi *

Potentilla gracilis Po gr *

Psoralea argophylla Ps ar * *

Ranunculus abortivus Ra ab *

Ratibida columnifera Ra co * * * *

Rosa arkansana Ro ar * *

Senecio canus Se ca * *

Sisymbrium altissimum Si al * *

Silene parryii Si pa * *

Solidago missouriensis So mi * *

Sol idago moll is So mo * *

Taraxacum officionale Ta of * * * *

Thlaspi arvese Th ar * *

Townsendia seriaca To se * *

Tragopogon dubius Tr du *

Veronica peregrina Ve pe * *

Vi cia ameri cana Vi am * * * * * *

Viola nuttall i i Vi nu * *

Zygadenus gramineus Zy gr * *
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Appendix H. ANOVA tables and data of mean standing crop seed yield and density of all species, perennial grasses,
perennial forbs, annuals, sedges, and C3 and C4 grasses in 1994 and 1995.

ANOVA Table of Standing Crop Seed Yield of all Species,l994.
Source OF MS F P
Harvest 6 1310 4.26 0.000

Community 2 2457 4.88 0.014
RepHcate(Community) 33 503 1.64 0.022
Harvest x Community 12 1517 4.93 0.000
Error 198 307
Total 251

ANOVA Table of Standing Crop Seed Yield of all Species,199S.
Source OF MS F P

1.0
W

Harvest 7 24 4.26 0.000

Community 2 37 4.07 0.026

RepHcate(Communlty) 33 9 1.61 0.024
Harvest x Community 14 9 1.64 0.070
Error 231 6
Total 287

ANOVA Table of Standing Crop Seed Yield of all Species In 1994-1995, Harvest 1-1.
Source OF MS F P
Year 1 6050 4.82 0.272'
Harvest 6 794 1.46 0.328

Community 2 1058 0.7 0.587'

RepHcate(Communlty) 33 253 1.55 0.030
Year x Harvest 6 543 0.77 0.607
Year x Community 2 1416 2.01 0.176
Harvest x Community 12 821 1.17 0.397

YearxHarvestxcommunity 12 703 4.29 0.000
Error 429 164
Tolal 503

Mean Standing Crop Saed Yield of all Species,1994.
Harvest Community n mean (kq/hal

l-Jun upland 12 0.371
l-Jun slope 12 1.641
l-Jun lowland 12 0.504

17-Jun upland 12 0.237
17-Jun slope 12 3.565
17-Jun lowland 12 9.662
4-Jul upland 12 1.429
4-Jul slope 12 32.620
4-Jul lowland 12 6.918

21-Jul upland 12 2.064
21-Jul slope 12 44.298
21-Jul lowland 12 4.922

7-Aug upland 12 5.422

7-Aug slope 12 7.868
7-Aug lowland 12 20.553

24-Aug upland 12 6.632

24-Aug slope 12 1.510

24-Aug lov.1and 12 8.843

to-see upland 12 6.420

1� slope 12 2.270
1 �SeD lowland 12 8.979

'no exact F-test available, p value estimated using satterthwaite's approximation (Steel and Torrle 1980).

Mean Standing Crop Seed Yield of all Species,199S.
Harvest Community n mean (kq/hal

l-Jun upland 12 0.188
l-Jun slope 12 0.051
l-Jun lov.1and 12 0.007

17-Jun upland 12 0.275
17-Jun slope 12 0.139
17-Jun lowland 12 0.653
4-Jul upland 12 0.612
4-Jul slope 12 0.977
4-Jul lowland 12 0.812

21-Jul upland 12 2.770
21-Jul slope 12 3.115
21-Jul lowland 12 1.623
7-Aug upland 12 1.530

7-Aug slope 12 0.892

7-Aug lowland 12 1.121

24-Aug upland 12 4.256

24-Aug slope 12 0.730
24-Aug Iov.1and 12 0.921

I�Sep upland 12 1.706

I�Sep slope 12 0.28

I�Sep Iov.1and 12 0.287
27-Sep upland 12 3.571

27-Sep slope 12 0.616
27-SeD Iov.1and 12 0.422



ANOVATables of standing Crop Seed Density of all Specles,1994. Mean standing Crop Seed Density of all Specles,l994. Mean standing Crop Seed Density of all Specles,1995.Source OF MS F p Harvest Commun!!Jt n mean Iseedslm21 Harvest Commun!!Jt n mean (seeds/m21Harvest 6 8395224 1.26 0.279 l-Jun upland 12 29 l-Jun upland 12 4Community 2 34525252 2.18 0.129 l-Jun slope 12 286 1-Jun slope 12 13RepUcate(Communlty) 33 15818134 2.37 0.000 1-Jun io'Mand 12 155 1-Jun lowland 12 1HarvestxCommunity 12 11896194 1.78 0.053 17-Jun upland 12 51 17-Jun upland 12 46Error 198 6677140 17-Jun slope 12 382 17-Jun slope 12 27Total 251 17-Jun io'Mand 12 4250 17-Jun lowland 12 2304
4-Jul upland 12 96 4-Jul upland 12 754-Jul slope 12 701 4-Jul slope 12 157ANOVATables IIf standing Crop Seed Density of all Specles,l995. 4-Jul io'Mand 12 2745 4-Jul lowland 12 228Source DF MS F P 21-Jul upland 12 208 21-Jul upland 12 601Harvest 7 2483533 1.05 0.399 21-Jul slope 12 1674 21-Jui slope 12 86Community 2 3286618 0.98 0.386 21-Jul io'Mand 12 1979 21-Jul lowland 12 649RepWcate(Community) 33 3350611 1.41 0.076 7-Aug upland 12 328 7-Aug upland 12 373�HarvestxCommunity 14 3568338 1.5 0.111 7-Aug slope 12 1729 7-Aug slope 12 705"'"Error 231 2372750 7-Aug io'Mand 12 1012 7-Aug lowland 12 612Total 287 24-Aug upland 12 751 24-Aug upland 12 686

24-Aug slope 12 462 24-Aug slope 12 15624-Aug lowland 12 527 24-Aug lowland 12 441ANOVATable" of standing-CrOp Seed Density of aD Specles,1994-1995, Harvest 1-7. lG-Sep upland 12 781 lG-Sep upland 12 331Source DF MS F P 1G-Sep slope 12 652 io-sec slope 12 127Year 1 38196152 4.05 0.182" lG-S!!Q io'Mand 12 501 to-see lowland 12 115Harvest 6 8924311 4.27 0.050
27-5ep upland 12 1345Community 2 28899314 2.16 0.263"
27-5ep slope 12 306RepUcate(Communlty) 33 8515335 1.67 0.013
27-5ep lowland 12 147YearxHarvest 6 2088740 0.79 0.592

YearxCommunity 2 9964943 3.79 0.053
HarvestxCommunity 12 12407999 4.72 0.006
YearxHarvest x community 12 2628775 0.52 0.904
Error 429 5092340
Total 503
"noexactF·test available, p value estimated using satterthwaite's approximaUon (Steel and Tonie 1980).



ANOYATable of standing Crop Seed VIOId of Perennial Grasses,I994. Mean Standing Crop Seed Yield of Perennial Grasses,1994. Mean Standing Crop Seed Yield of Perennial Grasses,1995.
Source OF MS F P Harvest Commun� n mean (kDl!!!) Harvest Commun!r. n mean ��a)
Harvest 5 827 2.46 0.035 17·Jun upl.nd 12 0.00 4-Jul upland 12 0.001
Community 2 2599 4.39 0.020 17·Jun slope 12 0.00 4-Jul stope 12 0.000

R.p6c.te(Co"""""Hy) 33 592 1.76 0.011 17-Jun Iowl.nd 12 0.78 4-Jul lowI.nd 12 0.000
HarvestxCommunity 10 1883 5.60 0.000 4-Jul upl.nd 12 0.42 21-Jul upl.nd 12 1.876
Error 165 336 4-Jul slope 12 28.70 21-Jul slope 12 2.951
Tot.1 215 4-Jul Iowl.nd 12 0.55 21-Jul lowland 12 0.123

21-Jul upland 12 0.93 7-lWg upI.nd 12 0.968
21-Jul slope 12 39.63 7-lWg slope 12 0.318

ANOYATable of Standing Crop Seed Yield of Perennial Grasses,1995. 21-Jul Iowl.nd 12 0.49 7-lWg lowI.nd 12 0.022
Source OF MS F P 7-/Wg upI.nd 12 1.06 24-/Wg upland 12 0.998
Harvest 5 13 10.41 0.000 7-/Wg slope 12 5.00 24-/Wg slope 12 0.448
Community 2 12 7.44 0.002 7-/Wg Iowl.nd 12 20.10 24-/Wg lowland 12 0.073
Rep6cat.(Communlty) 33 2 1.28 0.157 24-lWg upland 12 0.47 I()'Sep upland 12 0.507
�HarvestxCommunlly 10 4 3.18 0.001 24-lWg slope 12 0.54 l()'Sep slope 12 0.110

UlError 165 1 24-/Wg Iowl.nd 12 18.11 I()'Sep lowland 12 0.001
Tot.1 215 1 o-see upl.nd 12 0,42 27-Sep upland 12 0.366

l()'Sep slope 12 0,47 27-Sep slope 12 0.169
1 ().Sep lowl.nd 12 9.29 27-Sep lowland 12 0.001

ANOYATable of Stending Crop Seed VIOId of Perennial Grasses In 1994-1995, Harvest 3-7.
Source OF MS F P
Y••r 1 5553 7,19 <0.005"
H.rvest 4 336 1.57 0.337

CommunHy 2 1507 0.91 nsd"

Rep6cate(Cornmunlty) 33 361 1.69 0.013
Ye.rxHarv.st 4 214 0.2 0.930
YearxCommunity 2 1612 1.53 0.274
H.rvestxCommunity 8 1179 1.12 0.439
Ye.rxHarvest x community 8 1053 4.93 0.000
Error 297 213
Total 359
"noexactF-t.st avallabl., p value .stlmated using satterthwaite's approximation (st.eland Toni. 1960).



ANOVATables of standing Crop Seed Density of PerennIal Gras58s,1994. Mean standIng Crop Seed Density of PerennIal Grasses,1994. Mean standing Crop Seed Density of PerennIal Grasses,l995.
Source DF MS F P Harvest Communi!! n mean (seedslm21 Harvest Commun!!l! n mean (seedslm2)
Harvest 5 1545437 8.16 0.000 17-Jun upland 12 0.00 4-Jul upland 12 0.14
Community 2 2496379 7.10 0.003 17-Jun slope 12 0.10 4-Jul slope 12 0.010
Repficate(Community) 33 351503 1.86 0.006 17-Jun lowland 12 155.30 4-Jul lowland 12 0.000
HarvestxCommunity 10 748404 3.95 0.000 4-Jul upland 12 7.40 21-Jul upland 12 514
Error 165 189281 4-Jul slope 12 328.40 21-Jul slope 12 57
Total 215 4-Jul lowland 12 252.30 21-Jul lowland 12 73

21-Jul upland 12 60.10 7-Aug upland 12 317
21-Jul slope 12 1006.90 7-Aug slope 12 113

ANOVATables of standing Crop Seed Denstty of Perennial Grasses,1995. 21-Jul lowland 12 249.50 7-Aug lowland 12 11
Source DF MS F P 7-Aug upland 12 131.40 24-Aug upland 12 173
Harvest 5 223605 13.00 0.000 7-Aug slope 12 983.50 24-Aug slope 12 77
Community 2 693683 24.00 0.000 7-Aug lowland 12 746.30 24-Aug JooMand 12 5
Repficate(Community) 33 28477 1.63 0.024 24-Aug upland 12 101.00 to-see upland 12 121
\0HarvestxCommunity 10 111265 6.38 0.000 24-Aug slope 12 145.50 lO-Sep slope 12 33

mError 165 17438 24-Aug lowland 12 450.10 l0-5ep io'Mand 12 0.170
Total 215 to-see upland 12 151.60 27-5ep upland 12 78

lO-Sep stope 12 123.90 27-Sep slope 12 37
lQ.Sep lowland 12 232.20 27-Sep lowland 12 0.020

ANOVATables of standing Crop Seed Density of PerennlaiGrasses,1994-1995, Harvest 3-7.
Source DF MS F P
Year 1 4829902 1.71 nsd"
Harvest 4 1237711 3.44 0.129

Community 2 516219 0.16 nsd"

Replicate(Community) 33 190040 1.49 0.047
YearxHarvest 4 359365 0.57 0.693
YearxCommunity 2 3088538 4.89 0.041
HarvestxCommunity 8 310807 0.49 0.832
YearxHarvest x community 8 631439 4.94 0.000
Error 297 127867
Total 359
"noexactF-test available, p value estimated using satterthwaite's approximallon (steel and Torrie 1980).



MlOVATable of Standing Crop Seed Yield of Perennial Forbe,1994.
Source OF MS F P

Mean Standing Crop Seed Yield of Perennial Forbs,1994.
Harveet Community n mean (kg/ha)

Harvest 6 25 1.87 0.088

Community 2 63 2.47 0.100

Repllcate(Community) 33 26 1.92 0.003
HarvestxCommunity 12 36 2.74 0.002
Error 198 13
Total 251

l-Jun upland 12 0.288
l-Jun slope 12 0.655
l-Jun lov.1and 12 0.000

17-Jun upland 12 0.089
17-Jun slope 12 2.128
17-Jun lov.1and 12 0.004
4-Jul upland 12 0.913
4-Jul slope 12 1.621
4-Jul Iov.1and 12 0.611

21-Jul upland 12 0.642
21-Jul slope 12 3.068
21-Jul Iov.1and 12 2.620

7-Aug upland 12 2.554

7-1Wg slope 12 1.547

7-1Wg lov.1and 12 0.182

24-Aug '4'iand 12 6.013

24-Aug slope 12 0.744
24-Aug lowland 12 0.029
1 a-Sep upland 12 5.725

la-Sep slope 12 1.092
la.5ep lov.1and 12 0.667

ANOVATable of Standing Crop Seed Yield of Perennial Forbe,1995.
Source OF MS F P

�
-....J

Harvest 7 9 2.13 0.041

Community 2 33 5.76 0.007

Replicate(Community) 33 6 1.37 0.093
HarvestxCommunity 14 7 1.72 0.053
Error 231 4
Total 287

ANOVATable of Standing Crop Seed Yield of Perennial Forbs In 1994-1995, Harvest 1-7.
Source OF MS F P
Year 1 148 13.1 <0.05'
Harvest 6 22 2.57 0.138

Community 2 68 2.65 nsd'

Repncate(Community) 33 23 2.89 0.000
YearxHarvest 6 9 0.72 0.643
YearxCommunity 2 11 0.87 0.446
HarvestxCommurity 12 30 2.44 0.068

YearxHarvestxcommunity 12 12 1.530.111
Error 429 3430
Total 503
'noexactF-test available. p value estimated using satterthwaite's approximation (steel and Tonie 1980).

Mean Standing Crop Seed Yield of Perennial Forbs,199S.
Harvest Communi!}! n mean {kg/hal

l-Jun upland 12 0.091
l-Jun slope 12 0.051
l-Jun lov.1and 12 0.007

17-Jun upland 12 0.130
17-Jun slope 12 0.138
17-Jun lov.1and 12 0.002
4-JuJ upland 12 0.492
4-JuJ slope 12 0.892
4-Jul Iov.1and 12 0.000

21-Jul upland 12 0.886
21-Jul slope 12 0.108
21-Jul Iov.1and 12 0.000

7-1Wg upland 12 0.561

7-Aug slope 12 0.179

7-1Wg lowland 12 0.157

24-1Wg upland 12 3.469

24-Aug slope 12 0.159

24-1Wg lowland 12 0.286

Ia-Sep upland 12 0.601

Ia-Sep slope 12 0.098

to-sep lowland 12 0.095

27-Sep upland 12 3.182

27-Sep slope 12 0.345
27-Sep lowland 12 0.240



ANOVATables of Standing Crop Seed Density of Perennial Forbs,1994.
SOUf"ce DF MS F P Mean Standing Crop Seed Density of Perennial Forbs, 1994. Mean Standing Crop Seed Density of Perennial Forbs, 1995.

Harvest Commun� n mean iseedslm2) Harvest Comm!!.!!!x n mean (s••dslm21
l-Jun upland 12 18.00 l-Jun upland 12 4.00
l-Jun slope 12 108.00 l-Jun slope 12 13.00
l-Jun lowland 12 0.00 l-Jun lowland 12 1.00

17-Jun upland 12 40.00 17-Jl.Il upland 12 9.00
17-Jun slope 12 124.00 17-Jl.Il slope 12 24.00
17-Jun lowland 12 0.33 17-Jl.Il lowland 12 0.40
4-Jul upland 12 70.20 4-JIA upland 12 37.00
4-Jul slope 12 217.00 4-Jul slope 12 141.00
4-Jul lowland 12 15.00 4-Jul lowland 12 0.00

21-Jul upland 12 83.00 21-Jul upland 12 81.00
21-Jul slope 12 515.00 21-Jul slope 12 23.00
21-Jul lowland 12 6H.00 21-Jul lowland 12 0.00
7-AJ.Jg upland 12 121.00 7-AJ.Jg upland 12 55.00
7-A1Jg slope 12 690.00 7-A1Jg slope 12 216.00
7-A1Jg lowland 12 213.00 7-A1Jg lowland 12 80.00

24-A1Jg upland 12 637.00 24-A1Jg upland 12 509.00
24-AJ.Jg slope 12 296.00 24-A1Jg slope 12 73.00
24-AJ.Jg lowland 12 46.00 24-AJ.Jg lowland 12 133.00
10-Sep upland 12 588 10-Sep upland 12 55.00
10-500 slope 12 510 10-Sep slope 12 65.00
10-Seo lowland 12 260 10-Sep lowland 12 34.00

27-Sep upland 12 1267.00
27-500 slope 12 51.00
27-500 lowland 12

Harvest 6 1095152 2.43 0.027

Communily 2 773982 1.15 0.330

Repficale(Communlly) 33 674633 1.50 0.050
HarvestxCommunily 12 488698 1.08 0.375
Error 198 450694
Tolal 251

ANOVATables of Standing Crop Seed Density of Perennial Forbs,1995.
aeeree DF MS F P

1.0
CO

Harvest 7 894676 5.02 0.000

Community 2 1227647 6.34 0.005

Rep6cale(Commun�y) 33 193572 1.09 0.352
HarvestxCommuMY 14 771008 4.32 0.000
Error 231 178325
Total 287

ANOVATables of Standing Crop Seed Density of Perennial Forbs,1994-1995, Harvest 1-7.
Source DF MS F P
Year
Harvest

Community
Rep6cale(Communily)
YearxHarvest
YearxCommunity
HarvestxCommunity
YearxHarvest x community
Error
Total

1 3727438 5.99 0.05·
6 873183 1.9 0.228
2 594778 1.08 nsd"

33 476173 1.8 0.005
6 480446 2.94 0.053
2 318136 2.03 0.173
12 455617 2.91 0.038
12 156398 0.59 0.849

429 284209
503

•
noexactF-test available, p value estimated using satterthwaite's approximation (steel and Tome 1980).



ANOVATable of Standing Crop Seed Yield of Annuals,1994.
Source OF MS F P
Harvest 6 36 1.24 0.289

Comml6lity 2 81 1.02 0.370

RepHcate(Communlty) 33 79 2.72 0.000
HarvestxCommunity 12 42 1.44 0.150
Error 198 29
Total 251

ANOVATable of Standing Crop Seed Yield of Annuals,1995.
Source OF MS F P

\0
\0

Harvest 7 1 1.43 0.206

COITlITIlrity 2 12 5.51 0.009

Repicate(Communlty) 33 2 3.13 0.000
HarvestxCommunity 14 1 1.21 0.277
Error 231 1
Total 287

ANOVATable of Standing Crop Seed Yield of Annuals In 1994-1995, Harvest 2-7.
Source OF MS F P
Year 1 37 2.93 nsd'
Harvest 6 20 1.17 0.428

Community 2 76 2.02 nOO'

Replicate(Community) 33 38 2.26 0.000
YearxHarvest 6 17 0.83 0.570
YearxCommunity 2 16 0.78 0.481
HarvestxCommunity 12 22 1.07 0.454
YearxHarvest x community 12 21 1.21 0.270
Error 429 17
Total 503
'noexactF-test available, p value estimated using satterthwaite's approximation (Steel and Tome 1980).

Mean Standing Crop Seed Yield of Annuala,1994. Mean Standing Crop Seed Yield of Annual., 1995
Harvest Communi!}! n maan !kg/hal Harvest Communi!}! n msan!k!l!!!al

1-Jun upland 12 0.003 17-Jun upland 12 0.019
1-Jun slope 12 0.072 17-Jun slope 12 0.001
l-Jun 1000and 12 0.081 17-Jun lowland 12 0.632

17-Jun upland 12 0.005 4-JIoj upland 12 0.117
17-Jun slope 12 0.034 4-JIoj slope 12 0.004
17-Jun io'Mand 12 8.425 4-JIoj ioYAand 12 0.812
4-Jul upland 12 0.027 21-JIoj \4)Iand 12 0.085
4-Jul slope 12 0.241 21-J1oj slope 12 0.003
4-Jul lowland 12 3.430 21-J1oj ioYAand 12 1.515

21-JIoj upland 12 0.496 7-Aug upland 12 0.000
21-Jul slope 12 0.484 7-Aug slope 12 0.201
21-Jtd io'Mand 12 1.385 7-Aug lowland 12 0.941
7-Aug \4)Iand 12 0.521 24-Aug \4)Iand 12 0.008
7-Aug slope 12 0.670 24-Aug slope 12 0.005
7-Aug 1000and 12 0.081 24-Aug lowland 12 0.570
24-Aug upland 12 0.106 1G-Sep upland 12 0.014
24-Aug slope 12 0.012 1G-Sep slope 12 0.088

24-Aug lowland 12 0.015 1G-Sep ioYAand 12 0.191

lG-Sep upland 12 0.276 27-Sep upland 12 0.000
1G-Sep slope 12 0.160 27-Sep slope 12 0.002
1G-Sep io'Mand 12 0.017 27-Seo ioYAand 12 0.182
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ANOVATable of Standing Crop Seed Density of Annuals,1995.
Source OF MS F P

Mean Standing Crop Seed Density of Annuals,1995. Mean Standing Crop Seed Density of Annuals,1995.
Harvest Communl� n mean (seedslm21 Harvest Convnunl� n mean (seedslm21

1-Jun upland 12 3 17-Jun upland 12 3
l-Jun slope 12 62 17-Jun slope 12 3
l-Jun lowland 12 98 17-Jun lowland 12 2303

17-Jun upland 12 3 4-J(.j upland 12 38
17-Jun slope 12 22 4-J(.j slope 12 12
17-Jun lowland 12 4063 4-J(.j lowland 12 228

4-Jul upland 12 13 21-Jul upland 12 6

4-Jul slope 12 51 21-J(.j slope 12 1

4-Jul lowland 12 1410 21-Jul lowland 12 576

21-Jul upland 12 60 7-fwg upland 12 0

21-Jul slope 12 60 7-fwg slope 12 72

21-Jul lowland 12 796 7-Aug lowland 12 520

7-Aug upland 12 72 24-Aug upland 12 4

7-Aug slope 12 139 24-Aug slope 12 5

7-Aug Iovoiand 12 29 24-Aug lowland 12 303

24-fwg upland 12 9 1().Sep upland 12 6

24-fwg slope 12 5 1O-Sep slope 12 28

24-Aug lowland 12 9 io-see lowland 12 81

l()'Sep upland 12 41 27-Sep l4lIand 12 0

l()'Sep slope 12 35 27-Sep slope 12 1

to-see IoYAand 12 7 27-SeD lowland 12 68

Harvest 6 8559434 1.43 0.207

Community 2 21447088 1.32 0.280

RepUcate(Communlty) 33 16188614 2.70 0.000
HarvestxCommunity 12 9006806 1.50 0.127
Error 198 6005287
Total 251

ANOVATable of Standing Crop Seed Density of Annuals, 1995.

Source OF MS F P
Harvest 7 2415797 0.98 0.440

Community 2 9092534 2.90 0.069

RepUcate(Communlty) 33 3136829 1.27 0.160

HarvestxCommunity 14 2482901 1.01 0.443

Error 231 2463881
Total 287

ANOVATable of Standing Crop Seed Density of Annuals In 1994-1995, Harvest 2-7.

Source OF MS F P
Year 1 2236530 1.77 nsd'
Harvest 6 9752589 7.65 0.013

Community 2 28848118 2.89 nsd'

RepUcate(Communlty) 33 8606249 1.82 0.004

YearxHarvest 6 1274853 0.91 0.519

YearxCommunity 2 1388997 0.99 0.399

HarvestxCommunity 12 10136600 7.24 0.001

YearxHarvest x community 12 1400539 0.3 0.990

Error 429 4732806
Total 503
•
noexactF-test available, p value estimated using satterthwaite's apprOximation (steel and TOtTie 1980).



ANOVATable of Standing Crop Seed Yield of Sedges.1994.
Source OF MS F P

Mean Standing Crop Seed Yield of Sedges.1994.
Harvest Community n mean (kg/hal

Harvest 6 2.42 5.72 0.000

Community 2 15.08 15.180.000
Replicate(Community) 33 0.99 2.34 0.000
HarvestxCommunity 12 0.97 2.28 0.010
Error 198 0.42
Total 251

1-Jun upland 12 0.070
1-Jun slope 12 1.262
1-Jun lowland 12 0.409
17-Jun upland 12 0.125
17-Jun slope 12 1.503
17-Jun lowland 12 0.197
4-Jul upland 12 0.070
4-Jul slope 12 1.287
4-Jul lowland 12 0.642

21-Jul upland 12 0.059
21-Jul slope 12 1.101
21-Jul lowland 12 0.457

7-Aug upland 12 0.043

7-Aug slope 12 0.212

7-Aug lowland 12 0.050

24-Aug upland 12 0.018

24-Aug slope 12 0.167

24-Aug lowland 12 0.029

10-Sep upland 12 0.007

10-Sep slope 12 0.557
10-Sep lowland 12 0.027

Mean Standing Crop Seed Yield of Sedges.1995.
Harvest Community n mean (kg/hal

I-'
o
I-'

ANOVATable of Standing Crop Seed Yield of Sedges.1995.
Source OF MS F P

17-Jun upland 12 0.042
17-Jun slope 12 0.000
17-Jun lowland 12 0.001
4-Jul upland 12 0.000
4-Jul slope 12 0.000
4-Jul lowland 12 0.001

21-Jul upland 12 0.000
21-Jul slope 12 0.001

21-Jul lowland 12 0.000

Harvest 2 0.002 1.39 0.257

Community 2 0.002 1.34 0.277

Replicate(Community) 33 0.002 1.00 0.487
HarvestxCommunity 4 0.002 1.39 0.246
Error 66 0.002
Total 107
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ANOVATable of Standing Crop Seed Density of Sedges,1994.
Source OF MS F P
Harvest 6 3E+05 1.22 0.298

Community 2 5E+05 0.99 0.384

Replicate(Community) 33 5E+05 1.730.012
HarvestxCommunity 12 3E+05 1.070.390

Error 198 3E+05
Total 251

ANOVATable of Standing Crop Seed Density of Sedges, 1995.

Source OF MS F P

Harvest 2 11 1.45 0.243

Community 2 11 1.39 0.262

Replicate(Community) 33 8 1.000.487

HarvestxCommunity 4 11 1.500.211

Error 66 8

Total 107

Mean Standing Crop Seed Density of Sedges,1994.
Harvest Community n mean (seedsfm21

1-Jun
1-Jun
1-Jun

17-Jun
17-Jun
17-Jun
4-Jul
4-Jul

4-Jul
21-Jul
21-Jul
21-Jul

7-Aug
7-Aug
7-Aug

24-Aug
24-Aug
24-Aug
10-Sep
10-Sep
10-Sep

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

upland 12

slope 12
lowland 12

8
136
54
8

132
22
6

98
721

6
55
253

4
20
5
2
14
3
1

52
2

Mean Standing Crop Seed Density of Sedges, 1995.
Harvest Community n mean (seedsfm21
17-Jun upland 12 2.90
17-Jun slope 12 0.00
17-Jun lowland 12 0.03
4-Jul upland 12 0.00
4-Jul slope 12 0.00
4-Jul lowland 12 0.01

21-Jul upland 12 0.00
21-Jul slope 12 0.13
21-Jul lowland 12 0.00



I--'
o
w

GrowthForm

ANOVATable for Standing Crop Seed Yield of C3 and C4 Grasses, 1995, Harvests 3-8
Source OF MS F P

Harvest

Community
Replicate(Community)
GrowthForm x Harvest
GrowthForm x Community
Harvestx Community
GrowthForm x Harvest x community
Error
Total

1 7.3 7.82 0.006
5 9.0 9.63 0.000
1 0.3 0.24 0.631

22 1.1 1 .22 0.231
5 13.7 14.62 0.000
1 0.7 0.75 0.386
5 1.2 1.31 0.261
5 1.2 1.25 0.287

242 0.9
287

Mean Standing Crop Seed Yield of C3 and C4 Grasses, 1995.
Growth Form Harvest Community n mean (kg/ha)

C3 4-Jul upland 12 0.001
C3 4-Jul slope 12 0.000
C3 21-Jul upland 12 1.877
C3 21-Jul slope 12 2.952
C3 7-Aug upland 12 0.940
C3 7-Aug slope 12 0.150
C3 24-Aug upland 12 0.153
C3 24-Aug slope 12 0.174
C3 10-Sep upland 12 0.071
C3 10-Sep slope 12 0.000
C3 27-Sep upland 12 0.011
C3 27-Sep slope 12 0.004
C4 4-Jul upland 12 0.000
C4 4-Jul slope 12 0.000

C4 21-Jul upland 12 0.000
C4 21-Jul slope 12 0.000
C4 7-Aug upland 12 0.098
C4 7-Aug slope 12 0.134

C4 24-Aug upland 12 0.837
C4 24-Aug slope 12 0.360

C4 10-Sep upland 12 0.442
C4 10-Sep slope 12 0.110
C4 27-Sep upland 12 0.354

C4 27-Sep slope 12 0.166



GrowthForm

ANOVATable for Seed Density of C3 and C4 Grasses, 1995, Harvests 3-8
Source OF MS F P

�
o
"'"

Harvest

Community
Replicate(Community)
GrowthForm x Harvest
GrowthForm x Community
HarvestxCommunity
GrowthForm x Harvest x community
Error
Total

1 8238 0.39 0.533
5 172332 8.16 0.000
1 282598 8.95 0.007

22 31573 1.5 0.076
5 230708 10.93 0.000
1 269301 12.76 0.000
5 82562 3.91 0.002
5 178037 8.43 0.000

242 21113
287

Mean Standing Crop Seed Density of C3 and C4 Grasses, 1995.
Growth Form Harvest Community n mean (seeds/m2)

C3 4-Jul upland 12 0.140
C3 4-Jul slope 12 0.010
C3 21-Jul upland 12 513.920
C3 21-Jul slope 12 56.780
C3 7-Aug upland 12 252.780
C3 7-Aug slope 12 8.810
C3 24-Aug upland 12 19.610
C3 24-Aug slope 12 4.050
C3 10-Sep upland 12 18.330
C3 10-Sep slope 12 0.000
C3 27-Sep upland 12 7.870
C3 27-Sep slope 12 0.150
C4 4-Jul upland 12 0.000
C4 4-Jul slope 12 0.000
C4 21-Jul upland 12 0.000
C4 21-Jul slope 12 0.000
C4 7-Aug upland 12 64.620
C4 7-Aug slope 12 234.070
C4 24-Aug upland 12 143.980
C4 24-Aug slope 12 73.210
C4 10-Sep upland 12 102.780
C4 10-Sep slope 12 33.230
C4 27-Sep upland 12 70.160
C4 27-Sep slope 12 32.060
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