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Plant succession in above-ground vegetation and soil 

seed banks following the poisoning of black-tailed prai- 

rie dogs (Cynomys ludovicianus) was studied at Wind Cave 

National Park, South Dakota. Prairie dog towns that were 

poisoned four to eight years previously were compared to 

both active ~rairie dos towns and uncolonized mixed-arass 

Successional processes had occurred on the poisoned 

prairie dog towns as evidenced by significant increases 

in average vegetation height, percent cover of litter, 

and importance of exotic plants over the active prairie 

i dog towns. The poisoned prairie dog towns were also 
1 
, significantly different than the uncolonized prairie 

! having a shorter vegetation height, less importance of 
, I 

perennial grasses, and a greater importance of monocarpic 
! 
I plants. 
i 
I Seed banks of all three treatments were studied 

using greenhouse germination. The poisoned prairie dog 

I towns had a minimum of 256 seeds/l (12,806 seeds/m2) in 

! . a  

the top 5 cm of soil. Active prairie dog towns had a 
p 

seed density of 294 seeds/l (14,706 seeds/m2), and j I 



iv 

seeds/m2). The seed banks of the active prairie dog 

towns and the poisoned prairie dog towns were similar in 

both density and composition, being dominated by native 

annual forbs such as V e r o n i c a  p e r e g r i n a ,  Androsace 

o c c i d e n t a l i s ,  and Hedeoma h i s p i d u m .  The uncolonized 

prairie had significantly smaller seed banks than the 

other two treatments and also had a greater percentage of 

graminoids, exotics, and polycarpic plants. 
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CHAPTER I 

INTRODUCTION 

Ecology of Prairie Dog Towns 

Black-Tailed Prairie Dogs 

Description. Black-Tailed prairie dogs (Cynomys 

ludovicianus) are large, herbivorous, burrowing rodents 

weighing approximately 750 g as adults (Koford 1958). 

The original distribution of the black-tailed prairie dog 

spanned the short and mid-grass areas of the Western 

Great Plains from Montana to western Texas (Koford 1958). 

These prairie dogs are colonial animals and have a highly 

evolved social structure (Hoogland 1982, 1985). The 

locations of prairie dog colonies are called prairie dog 

towns. These prairie dog towns can range from several 
7 .  

* t  acres to nearly 25,000 square miles (Merriam 1901). ti. 
. $9 

Current populations of prairie dogs are less than 

two percent of what they were fifty years ago due to 

widespread reduction programs aimed at reducing competi- , 
4 

k 
tion with livestock (Summers and Linder 1978). This F 

! 

prairie dog reduction program has largely been carried 
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out through poisoning with zinc phosphide and has been 

shown not to be cost effective for increasing cattle 

production (Collins et al. 1984). 
1' ' 

Diet. Early studies of prairie dog diets focused on 

whether the main component was grasses or forbs and 

conflicting results were found. One group (Clements and 

Clements 1940, Bond 1945, King 1955) found that prairie 

dogs prefer forbs, while the other group (Kelso 1939, 

Koford 1958) found that grasses were the most important 

part of the diet. Later studies found a wide range of 

dietary preferences depending upon available forage, but 

the general consensus is that graminoids are slightly 

preferred when available. 

Fagerstone et al. (1977) showed that prairie dogs 

are opportunistic foragers capable of altering their diet 

to exploit a wide range of plant communities. They 

studied the effects of a prairie dog reduction program 

that used a selective herbicide (2,4-D) to kill forbs on 

prairie dog towns. The herbicide treatment greatly 

decreased forb cover on the towns without affecting 
I 

graminoid cover. Before the treatment prairie dogs - !A 

consumed 73% forbs and 5% grasses compared to 9% forbs 
i 

and 82% grasses after the application. The major shift , 
i e 

in diet seemed to have no effect on prairie dog weights 

or population sizes. 
r . . 
i 
i 



Despite being opportunistic feeders, prairie dogs 

are selective in their dietary habits. Careful studies 

of diet contents and vegetation availability have found a 

25% (Uresk 1984) to 36% (Fagerstone et al. 1981) annual 

similarity between diet and plant cover. Preferences for 

individual plant species have been found as high as 65 

times the availability in the vegetation while other 

available species are not eaten (Fagerstone 1979). 

Although it has been hypothesized that selective 

herbivores should avoid plants with the C, photosynthetic 

pathway (Caswell et al. 1973), prairie dogs seem to 

select C, species equally with C, species. Fagerstone 

(1979) found that C, and C, species were equally preferred 

in the annual diet. Tieszen et al. (1988) used stable 

carbon isotopes to determine the percentage of C, plants 

in the diets of several herbivores at Wind Cave National 

Park. They found that the prairie dogs had the highest 

percentage use of C, plants out of all the herbivores 

studied. 

Several studies have shown that prairie dog diets 

can have a large seasonal variation. Prairie dogs seem 

to prefer plants when they are actively growing, eating 

more C, grasses and spring annuals during spring and 

(Fagerstone 1979, Uresk 1984). Prairie dogs have also 

been found to eat cacti during the winter months, presum- 

I f 
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ably to counter water stress (Xelso 1939, Tileston and 

Lechleitner 1966, Fagerstone 1979). 

Other Im~acts. Prairie dogs alter vegetation on 

their towns in ways other than herbivory. Prairie dogs 

create mounds of excavated soil at the entrances to their 

burrows that are 1 to 2m in diameter. These mounds are 

generally bare of vegetation and can number from 50 to 

300/ha (Whicker and Detling 1988). Prairie dogs will 

also clip vegetation for nesting material or as an aid in 

predator detection (Koford 1958). 

Po~ulation Fluctuations. Factors that have been 

found to influence prairie dog populations include degree 

of grazing by hoofed mammals, amount of time since prai- 

rie dog colonization, epidemic disease, poisoning by 

humans, and climatic variations. It has long been under- 

stood that severe amounts of grazing by large herbivores 

facilitates prairie dog colony expansion (Koford 1958). 

This expansion occurs because tall grasses that would 

normally inhibit prairie dog expansion are reduced by 

these other herbivores. In northeastern Montana, Knowles 

(1986) found that prairie dog colonies were significantly 

correlated with livestock grazing and other human distur- 

bances. 

When prairie dog towns are occupied for long periods 



of time the ground becomes denuded of vegetation. 

Coppock et al. (1983b) measured population densities of 

prairie dogs in a long occupied town at 50% of the densi- 

ties of recently occupied areas and Archer et al. (1987) 

stated that prairie dogs abandon large portions of colo- 

nies after graminoids are reduced. Climatic fluctuations 

can accelerate changes due to occupation and grazing. 

Periods of drought should facilitate prairie dog town 

expansion at the perimeters of towns due to a reduction 

in vegetation height and an abandonment of older town 

centers because of reduced forage availability. Con- 

versely, wetter periods should cause prairie dog town 

contraction, and recolonization of town centers (Koford 

1958, White 1986, Klukas 1987). 

Prairie dogs occasionally experience rapid popula- 

tion decimations. Because of their communal lifestyle 

prairie dogs are susceptible to epidemic diseases. His- 

torically the most common disease is sylvatic plague 

which can destroy a town of prairie dogs in a single year 

(Koford 1958, Hansen and Gold 1977). Poisoning programs 

in the last century have also been very effective in 

reducing prairie dog numbers on a large scale (Collins et 

al. 1984). 

Animals Associated With Prairie Dog Towns 
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Native Unuulates. The activities of prairie dogs 

alter vegetation structure and composition to such an 

extent that the towns become recognizably different to 

other species of animals and therefore receive different 

amounts of use by these animals. Koford (1958) early 

recognized that although prairie dogs compete with other 

animals for available forage, there may be beneficial 

relationships between prairie dogs and other animals. 

In areas where they are present, bison (Bison bi- 

son)are conspicuous associates on prairie dog towns. 

Koford (1958) stated that there was "a reciprocal ecolog- 

ic relationship between bison and prairie dogs each 

tending to maintain habitat ideal for the otherw. This 

statement was supported by more recent research. Coppock 

et al. (1983b) and Whicker and Detling (1988) found that 

bison strongly select prairie dog towns over uncolonized 

prairie, at least in the summer months. Analysis of 

foraging behaviors reveal that prairie dogs and bison 

have mutually beneficial effects on vegetation due to 

their grazing (Krueger 1986). Prairie dog towns are also 

preferred areas of bison wallowing (King 1955, Coppock et 

al. 1983b, Wydeven and Dahlgren 1985). These bison 

wallows are relatively bare depressions that contain 

unique vegetation assemblages (Koford 1958, Uno 1989). 

Other native ungulates that have been found to feed 

on prairie dog towns are pronghorn antelope (Antilocarpa 



a 
americana) and elk (Cervus elaphus). Pronghorn select 

prairie dog towns for feeding more often than bison while 

elk feed on prairie dog towns but to a lesser degree than 

bison (Wydeven and Dahlgren 1985). Analysis of foraging 

behavior show that pronghorns prefer prairie dog towns to 

uncolonized prairie and prairie dogs have neither a 

positive or negative response to pronghorn grazing 

(Krueger 1986). 

Other Animals. Studies that have examined the 

populations of various other species in relation to 

prairie dog towns generally have found significant dif- 

ferences on and off towns. Studies of small mammal 

populations (Agnew et al. 1986, O'Meilia 1982) have found 

an increase in density but a decrease in species richness 

on prairie dog towns. Species that increased on prairie 

dog towns included grasshopper mice (Onychomys 

leucogaster) and deer mice (Peromyscus maniculatus), 

while hispid pocket mice (Perognathus hispidus) and 

Prairie voles (Microtus ochrogaster) decreased on prairie 

dog towns. Agnew et al. (1986) found that 13-lined 

ground squirrels decreased on prairie dog towns while 

O'Meilia (1982) found that they increased. 

Agnew et al. (1986) also examined bird populations 

on and off prairie dog towns and found an increased bird 

density and species richness on the prairie dog towns. 



These results contradict preliminary findings by Webb, 

Bennett and Preston (unpubl.) that found bird densities 

on prairie dog colonies to be less than in six other 

uncolonized grassland types. Bird species that Agnew et 

al. (1986) found to be significantly more abundant on 

prairie dog towns were horned larks (Eremophila 

alpestris), mourning doves (Zenaidura macroura), kill- 

deers (Charadrius vacitenus), barn swallows (Hirundo 

rustica), and burrowing owls (Athene cunicularia). 

Two separate studies have found that the desert 

cottontail (Sylvilagus audubonii) is strongly attracted 

to prairie dog towns. Dano (1952) found cottontail 

densities to be seven times greater on prairie dog towns 

and Hansen and Gold (1977) found populations approximate- 

ly 20 times greater on prairie dog towns. Cottontails 

prefer prairie dog towns presumably for improved forage 

and for use of prairie dog burrows as shelter (Koford 

1958). 

Invertebrate animals can have a large impact on 

grasslands but have been poorly studied. Two studies 

have examined arthropod biomass in relation to prairie 

dog towns. O'Meilia (1982) found three times less 

biomass on prairie dog towns than off, but Agnew (1983) 

found no significant difference. Neither study examined 

differences of individual species or of species groups. 

Ingharn and Detling (1984) measured populations of soil 
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nematodes on and off prairie dog towns and found 3.5 

times more individuals on prairie dog towns. Consumption 

of roots by nematodes averaged 12.6% of the annual net. 

root production on prairie dog towns compared to 5.8% off 

of towns. 

Vegetation on Prairie Dog Towns 

Plant Communities. Describing a vegetation type 

typical of prairie dog towns can be difficult because 

many different vegetation types are associated with 

prairie dog towns. Often this variability is contained 

within a single town and is related to the amount of time 

the area has been colonized (Whicker and Detling 1988). 

Osborn and Allen (1949) listed seven concentric zones of 

vegetation that were similar to successional stages of 

abandoned farmland in the same area. The center of the 

town was described as a mat forb stage with the outer 

zones becoming more similar to the native prairie. 

A common effect of prairie dog grazing is a decrease 

in the graminoid:forb ratio (Bohnam and Lerwick 1976, 

Agnew 1983, Coppock et al. 1983a, Archer et al. 1987, 

Whicker and Detling 1988) or an increase in forb cover 

(Agnew et al. 1986). This replacement of graminoids by 

forbs is moderate during the first eight years of prairie 

dog colonization but can be almost complete on areas 

% , ' 
I ' t '  
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colonized for more than 26 years (Coppock et al. 1983a). 

Several studies have shown that plant species rich- 

ness and diversity are greater on prairie dog towns than 

off (Koford 1958, Bohnam and Lerwick 1976, Archer et al. 

1987), but Agnew et al. (1986) found a decrease in spe- 

cies richness on prairie dog towns. Collins and Barber 

(1985) concluded that plant diversity on prairie dog 

towns was greater than in grazing exclosures but less 

than on lightly grazed prairie. Age of prairie dog towns 

also has an impact with young towns being more diverse 

than old towns and town edges (Coppock et a1.-1983a). 

Vesetation Structure. The vegetation structure of 

prairie dog towns is often so different from the sur- 

rounding prairie that it creates a strong visual patch 

(Whicker and ~etling 1988a). One reason for the visual 

impact is that prairie dog towns have a greatly reduced 

amount of litter and standing dead vegetation (Coppock et 

al. 1983a, Agnew et al. 1986, Archer et al. 1987). This 

makes green plant tissue more visible. Although more 

visible, there is generally a decrease in plant cover on 

prairie dog towns (Agnew et a1.1986, Archer et al. 1987). 

The height of vegetation on prairie dog towns is 

shorter than that on surrounding prairie due to both 

increased grazing, and clipping of unpalatable vegetation 

(Koford 1956, Agnew et al. 1986, Archer et al. 1987, 
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Whicker and Detling 1988b). Agnew (1983) observed that 

during a wet year the height of vegetation on uncolonized 

prairie was much greater than in previous years but there 

was no change in the height on the prairie dog town 

suggesting that the prairie dogs keep a cap on the height 

of the vegetation. 

Effects of Removal of Prairie Dogs on Vegetation 

There have been a few studies that have examined 

plant successional changes in the first five years fol- 

lowing removal of prairie dogs. Cid et al. (1991) mea- 

sured vegetation in prairie dog exclosures for two years 

but did not measure pre-exclosure vegetation. Uresk 

(1985) measured plant production both before poisoning 

and 1 and 4 years after poisoning. Klatt and Hein (1978) 

examined vegetation on three prairie dog towns that had 

been poisoned 1, 2, and 5 years and compared those towns 

to an active town. Osborn and Allen (1949) examined a 

prairie dog town that had been naturally abandoned one 

year before. 

These studies, in general, have either been incon- 

clusive or contradictory. Cid et al. (1991) found an 

increase in both graminoid and total plant biomass two 

years after exclusion, but Uresk (1985) found no signifi- 

cant change in either measure and Klatt and Hein (1978) 



found a decrease in graminoid and total plant cover. 

Klatt and Hein (1978) found a slight increase in western 

wheat grass cover, and Uresk (1985) also found an in- 

crease in western wheatgrass production but he used a 

significance level of .20. Koford (1958) observed that 

after prairie dogs were removed from some areas, previ- 

ously stunted shrubs grew rapidly. He also observed 

vegetative differences between a town that had been 

poisoned seven years earlier and adjacent prairie. 

Soil Seed Banks 

Introduction 

For too long ecologists and other field workers have 
tended to give greater emphasis to aboveground phenome- 
na and pay less attention to the hidden life below the 
surface. (Baker 1989, pg. 21) 

The soil seed bank is the total of all viable seeds 

present on or in the soil or associated litter (Simpson 

et al. 1989). Seed banks have been studied since Darwin 

(1859), but often they are ignored in studies of plant 

populations and communities where they may play an impor- 

tant role. Many studies of soil seed banks have been 

conducted in the last 25 years, but comparisons among the 

studies is often difficult because of the differences in 

methods (Simpson et al. 1989). 



Soil Sam~linq. The method of collecting soil sam- 

ples can potentially have a large influence on the re- 

sults of a seed bank experiment. Since seed numbers tend 

to decrease with soil depth (Kemp 1989), the depth of 

soil samples will affect the relationship between volume 

and area measurements of seed densities. Deeper soil 

samples will increase seed densities expressed in units 

of area, but will decrease seed densities expressed in 

units of volume. Plant litter potentially contains many 

seeds, and its inclusion or exclusion can alter seed 

densities. 

Seed banks of many species are spatially clumped so 

that a large number of samples may be necessary to get a 

reasonable estimate of seed densities (Thompson 1986, 

Bigwood and Inouye 1988). Determination of seed bank 

composition is time consuming so it is often recommended 

that a large number of small samples is the most reliable 

method of seed bank sampling. The time of year the soil 

was sampled will also have an influence on the seed bank 

contents, especially in temperate climates (Thompson and 

Grime 1979). 

Determininq seed bank composition. Two types of 

methods are used to determine seed bank composition; the 
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bioassay method of germinating seeds in the soil, and 

separation of seeds from the soil. The bioassay method 

involves placing the seeds in a greenhouse or other 

controlled environment and simulating conditions favor- 

able to germination. Dormancy breaking methods such as 

cold stratification or soil mixing are often used, but it 

is often impossible to satisfy the germination require- 

ments of all seeds in a sample, so bioassays generally 

underestimate the size of a seed bank (Simpson et al. 

1989). 

Two methods have been used to separate seeds from 

the soil for counting. Soils can be dissolved in aqueous 

solutions and the seeds "floated out" (Malone 1967), or 

soils can be passed through fine mesh sieves that trap 

the seeds. Both of these methods just count the number 

of seeds in the soil, but if information on viability is 

wanted then further tests must be done by either 

germinating the seeds or staining with tetrazolium. 

Santanachote (1991) compared two methods of seed 

bank analysis; bioassay, and floatation. Her results 

show that neither of the methods is able to determine the 

complete composition of a grassland seed bank. Each of 

the methods revealed similar densities of seeds, but the 

species composition was different. 

Seed Dormancy and Germination Requirements 
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There is a large variation in the length of time 

that a seed can remain dormant in the soil. Some trees, 

such as the para rubber tree (Hevea braziliensis) and 

quaking aspen (Populus tremuloides), must germinate 

within days or loose their viability, while others can 

remain viable for many years (Fenner 1985). There have 

been many studies attempting to determine maximum longev- 

ity of seeds, and some have been consequently found to be 

fraudulous (Priestly 1986, Baker 1989). The current 

record seems to be 10,000 year old Lupinus arcticus seeds 

from Canada (Porsild et al. 1967). 

The physiological mechanisms of seed dormancy are 

complex and variable among plant species (Baskin and 

Baskin 1989). The environmental cues that stimulate 

germination are not only different among species, but can 

be variable within species or even change with time 

within an individual seed. Some of the environmental 

conditions that have been found to influence seed germi- 

nation are moisture regimes, temperature regimes, light 

regimes, seed age, physical scarification, chemicals 

(both stimulatory and inhibitory), and biotic influences 

such as passing through an animal gut, presence of 

mycorrhizae, or proximity to a host plant root (Wells 

1981, Fenner 1985, Baker 1989). 

Evolutionary Considerations of Seed Banks 



The presence of a large persistent seed bank can 

have a large evolutionary significance for a population. 

Germinating seeds from a persistent seed bank will be 

from parents existing at widely different times, giving 

these species an "evolutionary memory" (Fenner 1985 ) . 
The presence of a large seed bank increases the size of 

the effective breeding population, increases genetic 

variation, and buffers a population against genetic drift 

and selection (Baskin and Baskin 1987, Levin 1990). 

Levin (1990) theorized that since mutation rates are 

known to increase with seed age, persistent seed banks !$ I @ 

may also be a source of genetic novelty and evolutionary i 

i 
potential. 

Brown and Venable (1988) described with a mathemati- 

cal model how seed bank "strategy" varies with the pre- 

dictability of climatic conditions in desert annuals. 

They reasoned that annuals having a smaller persistent 

seed bank would have a more  conservative" growth form. 

Annuals with a larger seed bank can be more "mesic", 

being able to afford high mortality in bad years in 

exchange for "big bang" seed production in good years. 

Seed Banks in Relation to Succession 

Successional stage has been found to be very 

important in relation to the quanity of seeds in the 
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soil. Early successional communities generally have 

larger seed banks than later successional communities 

(Donelan and Thompson 1980). colonizing species usually 

have the largest seed banks within a community with 

climax species often underrepresented (Oosting and 

Humphrey 1940, Thompson 1978, Fenner 1985). 

Some species with persistent seed banks are adapted 

to colonize a certain type of disturbance (Pickett and 

McDonnell 1989). In tropical forests seed banks often 

consist of gap colonizing species that are adapted to 

particular gap conditions such as treefall pits (Putz 

1983, Lawton and Putz 1988). Other seed banks are adapt- 

ed to larger scale disturbances such as fire (Marks 1974, 

Rundel and Parsons 1984, Parker and Kelly 1989). 


























































































































































