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ABSTRACT

The South Platte and Republican River basins provide examples of historical
channel changes on the western Great Plains. Flow regulation and diversion caused
substantial channel narrowing and vegetation encroachment along larger, perennial
rivers that head in the Rocky Mountains. Intensive groundwater pumping has reduced
the volume and longitudinal connectivity of refuge pools along smaller intermittent or
ephemeral channels that head on the plains. A case study from the Pawnee National
Grassland of Colorado illustrates the dynamics of intermittent streams, as well as
measures that can be taken to protect and restore refuge pools along these streams.

The implications of channel change, and the need to protect and rehabilitate rivers,
are less widely recognized for smaller rivers of the western Great Plains than for the
larger, perennial rivers. Our objectives in this chapter are to provide a regional con-

text for understanding changes in smaller plains rivers during the past century by
reviewing the diversity of channel types and historical changes in the western Great
Plains, and to briefly explore the dynamics of smaller plains rivers and the challenges

to preserving these riverscapes.

INTRODUCTION

Increasing recognition of human-induced alterations in
river ecosystems led to a dramatic rise in attempts to rehabilitate
rivers during the last decades of the twentieth century. Reha-
bilitation measures vary in method from intensive engineering
of channel fonm 1o modification of dam operatton or land uses
adjacent to the river channel (Kondolf. 1996: Bernhardt et al..
2005: Wohl et al., 200%). and in scope from short segments of

a few hundred meters of a stream channel to major rivers such
as the Kissimmee, Colorado. and Mississippi (Toth et al.. 1993;
Gloss et al.. 2005: O Donnell and Galat, 2008}, Rehabilitation
projects liave begun on some of the larger rivers of the west-

ern Great Plains, including the Missouri and the Platte (Graf

et al., 2005: Adams et al.. 2007). Smaller rivers of the western
Great Plains have received less attention in terms of rehabilita-
tion than smaller rivers in other regions of the United States,
despite the fact that the shortgrass prairie of the western Great
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to erosion than the underlying White River Group. The White
River Group includes fluvial and eolian sandstones, siltstones,
and shales. Most of these sediments are soft, densely fractured,
and readily erodible (Trimble. 1993). Deeply incised ephemeral
channels and badland topography commonly form where rocks
of the White River Group are exposed or close to the surface.

In general. groundwater slopes toward the south to south-
east. following the drainage network of the South Platte River.

‘The water table varies throughout the Grasslund as a result of

differences in permeability and thickness of the water-bearing
muatertal or as a result of additions (isolated recharge areas asso-
ciated with summer thunderstorms) or withdrawals of water.
Specific water-bearing formations in the Grassland are the Cre-
taceous Fox Hills Sandstone and the Laramie Formation. the
Paleogene White River Group, and the Neogene Arikaree and
Ogallala Formations. The Cretaceous strata consist of interbed-
ded sandstone, siltstone. and claystone units deposited in shal-
low-marine to nonmarine environments, Both the Cretaceous
Fox Hills Sandstone and Laramie Formation yield moderate sup-
plies of water to wells in the area and are under sufticient hydro-
static pressure 10 cause artesian wells (Babeock and Bjorklund.
1956). The Paleogene White River Group consists of interbed-
ded sandstone and mudstone units. Within the Brule Formation,
impermeable siltstones with fractures and joints lead to poten-
tial irrigation groundwater sources (Babcock and Bjorklund.
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Figure 1. Location map of the South Platte basin (darker shad-
mg ). Arikaree River basin (lighter shading). the two main units
of the Pawnee National Grassland (squares near Briggsdale). and
Briggsdale Inset shows Jocation of the detailed map within the
State of Colorado.
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1956). The Neogene Arikaree Formation consists exclusively of
sandstones. whereas the overlying Ogallala Formation shows a
complete suite of grain sizes from conglomerates through sand-
and siltstones to shales. In both units, water-bearing beds are
relatively thin and yield water for stock and domestic uses in the
area (Babcock and Bjorklund, 1956),

Soils in the Pawnee National Grassland are diverse, but are
predominantly well-drained. shallow to deep loams, clay loams.
and sandy loams of depths <<1 m (Crabb, 1981: NRCS, 2008).
Fluvial and eolian processes, along with underlying lithology.
create substantial spatial variations in soils despite the relatively
subdued topography of the region. Patches of exposed gravel and
cobbles and barren siltstone badlands alternate with sandy soils
along stream terraces and finer-textured soils in swales. Playas
and riparian arcas commonly have alkaline soils.

The area of the Pawnee National Grassland has a highland
continental climate. Westerly winds dominate throughout much
of the year. Most of the moisture that these winds carry inland
from the Pacific Ocean is lost as air masses cross the Rocky
Mountains. creating a rain shadow that keeps the western Great
Plains semiarid. Annual precipitation averages 30-38 cm across
the region. Cold, polar air masses travel southward into the
region during autumn and winter. creating extremely low tem-
peratures of —29 to —34 °C; the average winter temperature is
=2 °C (Crabb. 1981). Warm, moist air traveling inland from the
Gulf of Mexico reaches the area during spring and summer. The
heaviest rainfalls occur during spring, when air masses from the
Pacific, the Arctic, and the Gult of Mexico collide over the west-
ern plains. Seventy 1o eighty percent of the annual precipitation
falls between April and August (Badaracco, 1971). Although an
average of 100 cm of snow falls in northeastern Colorado, desic-
cating winds create high rates of sublimation, and relatively little
of the snow actually melts and infiltrates except on the leeward
sides of hills and around shrubs (Hazlett, 1998). Summer temper-
atures on the Grassland can exceed 38 °C; the average summer
temperature is 21 °C (Crabb. 198]; WRCC, 2008). Precipitation
duning summer falls from localized convective storms that create
flash floods. Relative humidity is typically low throughout the
year (Badaracco. 1971).

Severe weather in the form of tornadoes. hailstorms, bliz-
zards. and droughts are a regular part of the climate of the western
Great Plains. Droughts, in particular. strongly influence regional
vegetation and stream characteristics. A 400 yr climatic record
from tree rings in western Nebraska indicates an average period
of only 20.6 yr between droughts that persist for 5 vr or more; on
average. droughts persist for 12.8 yr (Weakly, 1943).

The Grassland lies within the central shortgrass prairie
ecoregion (The Nature Conservancy, 1997), also known as the
shortgrass steppe. All of the available soil moisture is trans-
pired before the end of the growing season, and less than half
of the ground surface is covered by vegetation (Hazlett, 1998;.
Dominant plant species include blue grama grass (Bowteloua
grucilis). buffalo grass (Buchloe dactylvides). threeawn grass
{Aristida pupurea), fringed sage (Artemisia frigida). rabbitbrush
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(Chrysothamnus nauseosus h, snakeweed (Guticrrezia sarothrae).
ring muhly (Muhlenbergia torrevi), prickly pear cactus (Opuntia

polvacantha), western wheatgrass (Puscopyron smithii). scurt

pea (Psoralidium tenuifforum). and scarlet globemallow (Spla-
eralced coceinea) (Hazlett, 1998). Sand sage (Arremisia filifolia)
and soapweed (Yucca glauca) are common on sandy soils, several
species of aquatic plants are present in seasonal wetlands, and
cottonwoaod trees (Popudus deltoides) and sandbar willow (Salix
exigua) oceur along some riparian corridors (Hazlett. 1998).

The Pawnee National Grassland was established after the
1930s Dust Bowl in response to severe soil erosion from agricul-
taral lands. An estimated 60%% of the grassland in Weld County.
which includes the Grassland, had been plowed by 1930 (Hazlett.
1998), mostly for dryland agriculture. At present, the area within
the Grassland is a mosaic of lands owned by the federal gov-
ernment. the state government, and private individuals. Although
some dryland cropping occurs. the most widespread land use is
grazing of domestic cattle.

Channels and Riparian Zones
Stream channels on the Pawnee National Grassland are inter-

mittent or ephemeral. All of the channels drain south-southeast to
the South Platte River. The degree of incision along individual

Woh! et al.

channels is highly longitudinally variable. Many channels begin
downstream of broad. shallow., unchannelized grassy swales that
have low (<1 m). arcuate scarps spaced irregularly downstream
(Fig. 2). These characteristics, along with the presence of sniall
pipes in channel cutbanks. suggest that subsurface piping strongly
influences the surface expression of channels. The chunnelized
portion of a network commonly shows indications of past inci-
sion. although the contemporary channel may now take the form
of a grassy swale with a relatively broad, shallow, active chan-
nel (Fig. 3). Active headeuts and short (50-300 m) segmients of
deeply incised channel occur at irregular intervals downstream.
Incised channel segments commonly begin at amphitheater-
shaped headcuts and increase only slightly in width downstream.
suggesting that piping exerts an important control on the loca-
tion of headcuts and actively incising segments. Although hitile
is known of the history of channel incision in the area. coring
of junipers (Juniperus scopulorunt) growing within stabilized
incised channels suggests that incision occurred prior to 115
200 yr ago (Badaracco. 19715

Ephemeral channels flow briefly, primarily during spring and
summer in response to snowmelt and rainfall. Intermittent channels
are supplied by groundwater recharge from shallow, perched aqui-
ters. Most of the Grassland is underlain by the Ogallala Formation.
and the Brule member of the White River Group also serves as an

Figure 2. Upstream view of a collapse feature along South Pawnee Creek on the Pawnee National Grassland.
Photagraph taken in October. when the channel 1s dry but for refuge pools (upstream edge of pool in lower
right corner of photo}. Notice the unchannelized swale upstream.
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aqguifer in some areas. Wells pumiped by windmills and for residen-
tial use commonly tap into these units at depths >45 m. Artesian
springs that feed intermittent channels may be supplied by these
deeper units, but may also be supplied by shallower, perched aqui-
ters formed in Quaternary fluvial and eolian sediments where less
porous and permeable bedrock rises to within a few meters of the
surface along drainages. Many of these springs are identified and
ramed on 1:24.000-scale topographic maps, suggesting that they
are persistent features. Observations by residents and Forest Ser-
vice employees indicate that some of these artesian springs com-
monly go dry during the later summer and autumn, whereas others
typically persist throughout the year.

The only other form of surface water that persists through-
out the year along the network of ephemeral channels occurs in
depressions along the channels that appear to be piping-collapse
features (Fig. 2). These depressions create pools that support resi-
dent populations of several native plains fishes. including plains
topminnow  (Fundulus sciadicus), plains killifish  (Fundulus
zebrinus), green sunfish (Lepomis cvanellus). fathead minnow
(Pimephales promelas), lowa darter (Etheostoma exile), northern
creek chub (Semotilus arromaculutus), black bulthead (Ameiu-
rus melas), and white sucker (Carostomus commersoni). as well
as frogs, turtles, salamanders, and aquatic insects. Although the
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depressions appear to be collapse features. scour and fill resulting
from flash floods during summer thunderstorms probably also
modify the depressions.

Methods

Biologists with the Colorado Division of Wildlife and the
U.S. Department of Agriculture Forest Service beguan monitoring
the physical characteristics and organisms present in a series of
refuge pools in the Pawnee National Grassland in 1988, Mea-
surements have continued to the present but have been carried
out by different individuals and have not consistently included
the same parameters each year. Our first task therefore was to
assemble the data collected from a variety of records kept at dif-
terent agency offices. From these data we chose a subset of 13
refuge pools for which we could compile the most information
(Fig. 4: Table 1). Because all of the stream channels containing
refuge pools are ungauged, and the annual surveys were not ref-
erenced to benchmarks. we cannot evaluate the effects that scour
and fill during brief, infrequent flash floods might have had on
pool location or geometry.

Our analyses of pool locations were designed 1o evalu-
ate whether average pool volume correlated with the physical

Figure 3. Downstream view of & now mostly stabilized incised channef network on the Pawnee National
Grassland. Note the grassy bottom of the channel at the lower left of the photo and the presence of scattered
luniper trees along the channel network: vegetation indicates contemporary stability of much of the incised
valley bottom.
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characteristics of the drainage area. elevation, relict, or mupped
rock unit or soil unit. Although we interpret the refuge pools as
pipmg-collapse features (on the basis of longitudinally discon-
tinuous. arcuate scarps associated with pools) with volumes that
predominantly reflect subsurface flow and erosion and the loca-
tion of the local water table, we wanted to determine whether
pool volume might be predictable on the basis of the character-
istics listed above. We conducted multiple regression analyses
(ANOVA ) using average pool volume and average number of fish
caught during annual surveys. respectively, as response variables.

In order o evaluate regional controls on pool dynamics,
we compared pool volume to annual precipitation at the clos-
est precipitation gauge (Briggsdale, Colorado: Fig. 1). This also
provided a means of evaluating our assumption that the pools
predominantly reflect subsurface processes rather than surface

runoft. Finally, we visited 11 mapped springs in the vicinity of

the refuge pools during November 2007 to determine whether the
ongoing drought had caused any of these springs to go dry.

Results and Discussion

One of the most striking characteristics of the refuge pools
surveyed on the Pawnee National Grassland is the extreme inter-

VS VHEIN
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annual variability in pool volume and the number of fish caught. as
refiected in the large standard deviations i these numbers (Table
1). Some of the larger pools have even gone dry for i year o two
at a time during the two decades of discontinuous monitoring.
Pool volume has little correlation witl annual precipitation
(Fig. 5). although this is not surprising given the high spatial
vartability in precipitation from the summer convective stormis
that produce much of the surface runoff in the region. Annual
precipitation at Briggsdale varied from 20 10 39 cm over the
short period of 2000-2007. 1t is likely that interannual variability
was just as high across the study area. and annual totals varied
between sites. Our visits to mapped springs during the dry season
of the year also indicate that the continuing regional drought has
not caused the springs 1o cease flowing. Ten of the 11 springs
were flowing steadily in November 2007, and nearby residents
who have lived in the area for three generations said that the dry
spring has always flowed only briefly during springtime. Six of
the 11 springs are underlain by the Ogallala Formation. the pri-
mary regional aquifer; the remaining sites are underlain by the
White River Formation. The refuge pools, in contrast, are mostly
underlain by other formations (Table 1) that do not form aquifers
as effectively. Although the continued activity of springs does not
detinitively indicate that the regional drought is not the primary

Figure 4. Location map of the refuge
pools and springs at the Pawnee National
Grassland. Inset map shows the two units
of the Grassland (gray shading): detailed
map shows the primary ephemeral and

intermittent channels (solid lines). topo-
graphic contours (dashed lines). springs
(asterisks), and refuge powls (ellipses).
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pumping along the Arikaree reduces local water tables and vol-
ume of refuge pools. with a very short lag ume between the
start and cessation of pumping and the response of pool vol-
umes. Pools at the Pawnee Grassland are not subject to local
water withdrawals and drawdowns but still exhibit tremendous
interannual variability in volume and ability to support aquatic
life. Although we were not able 1o statistically demonstrate the
controls on this variability. further examination of subsurface
parameters thut influence the water tuble locally might improve
the ability to predict which pools most reliably contain suffi-
cient water to support fish populations.

PROTECTING AND RESTORING RIVERSCAPES OF
THE WESTERN PLAINS

The Great Plains as a whole is an exceptionally endangered
ecosystem. An estimated 1% of grasslands with native plant com-
munities remain across the spectrum of tallgrass prairie in the east-
ern plains, mixed-grass prairie in the central plains, and shortgrass
prairie in the western plains (Manning, 1995). Alterations of plant

Wohl er ul.

communities. soils. and topography have resulted primarily from
agricultural land use. and to a lesser extent from transportation
corridors and urbanization. Plains rivers of varying size have also
been substantially altered during the past 150-200 yr. Channel-
ization. flow regulation, levees. and increased sediment yields are
the most important land-use changes to alter rivers in the eastern
plains, whereas groundwater pumping and flow regulation have
created the greatest effect on rivers of the western plains.

Several studies have documented the historical metamor-
phosis of channel form and function along larger rivers of the
western Great Plains that originate in the Rocky Mountains (Wil-
liams. 1978 Nadler and Schumm. 1981; Eschner et al., 1983:
Johnson. 19943, as well as the effects of this metamorphosis on
native fishes, migratory birds, and other species of plants and ani-
mals (Propst and Carlson. 1986: Graf et al.. 2005). Public aware-
ness of the negative aspects of these historical changes has led
1o efforts to restore some of the form and function present along
these rivers prior to 1850. These efforts range from national-
scale studies and coordinated programs (e.g.. Graf et al.. 2005)
to groups of local stakeholders who organize public information
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Vanishing riverscapes:

e and commission studies and restoration projects Big
Thompson Watershed Forum, Annual South Platte Forum).
b
Public awarer gous historical changes
smaller, ’Ezw?méiéﬁzzt and ephemeral rivers of the western
is much lower, perhaps i part because of fewer and
e changes and their g%és;’g{s on biotic

eople do not

analo

scientific studies of the
sominunities, and perhaps in part because many
think of ephermeral or intermittent channels as supporting riverine
stems. Loss of refuge pools and longitudinal connectivity
,i§€3§%2 i%u«& smaller channels is likely to have the greatest impact
on aguatic communities, aithough riparian grazing may create an
equally s ,,’z%?ié.‘zii'ziiéﬁgaiti on riparian cormmunities. Loss of pools
and longitudinal connectivity may reflect changes in the rainfall-
runoff regime as a result of land use, but fluctuations in regional
and local, perched water tables are likely to be the most important
control at many sites, including the Arikaree Riv
and Pawnee National Grassland sites discussed %iz sf?i\ pa.
ing the relative importance of variables 1

Understandi
fluctuations in water tables thus becomes critical for
managing populations of native plants and antmals ’%;ui; areatr sxi
because of loss of riparian and aquatic habitat along ephemeral
and intermittent streams.

Research to date on smaller rivers of the western plains
has been undertaken primarily by fish biologists who, as Labbe
and Fausch (2000) note, *. . . typically assumed that abundance
within habitats was primarily controlled by local environmental
factors and that, once established, most populations would per-
sist indefinitely” (p. 1774). Research by Fausch and others sug-
gests that ecosystem-scale processes exert an important control
by creating a context within ‘ahi{j’} smaller-scale physical and
biotic processes influence the distribution and abundance of
plains fishes, Conseque vation of plaing bio-
diversity requires a landscape-scale approach that considers the
controls on movement of fishes between isolated habitat refugia.

Labbe and Pausch’s (2000) study of the distribution of
Arkansas darters (Frhee 1) i two pools in small,
headwater subwatersheds within the 8412-km’ watershed of Big
Sandy Creek in southeastern Colorado provides an example of
how processes operating at éaifa;sm scales interact to influence
fish populations. Darters persisted in the deeper pools that v
most permanent during sumimer droughts, dying only w h&; ,%*!
pools dried out. Flow variation among seasons and vears con-
trolted habit spersal, repro

fistribution and age composition of darters, Juvenile darte
example, were more abundant and hatched earlier and grew faster
in the warmer u}m’;szg am gm %E;«;f can m
have harsh, v
dominaie
darters were more maobile, dis
iy carl ing and returning a;;s%i;‘w%zz %”zs:/?am the onset of sum-
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concluded that “To be effective, efforts for

g variable environments must consider muliiple

es that create o

actors that regulate the abundanc
ns” {pp. 1774)

here examines the

sequently e

species ;;é%hzs}iz%;z

i maintain

scales, from lands
refugia to fine-scale 1
sistence of local populat

The ¢ summarized

importance of regional-

refative
sale controls on ;Ez@ gmimm

se study

! \,{}{}; and intensiv

Durnford et al, 2 %}?} do not appear to
be the most significant influences on longitudinal connectivisy
ns in refuge pools at the Pawnee si
Instead, nonhuman, local-scale controls dominate connectivity
and pool volume through their influence on local water ables.
Our results imply that protecting and restoring riverscapes and
ecological communities in the Pawnee drainages require identi-
fying the most consistently suitable refuge pools and then limit-
ing patterns of land use that could af

groundwater g}tzsézg:tirefg

and water-level fuctuatio 5,

fect either water tables or
longitudinal stream connectivity in these drainages. This is likely
to be easier to implement than restoration strategies in catch-
ents such as the Arikaree River, where the existence ¢ ”;’rzg;ie{
iculture implies that refuge pools can be most effectively ¥ Dro
ed if gmgaam;ﬁ ive on adiacent lands is reduced o
fsiéz inated. The recognition that many endemic, endangered §§x§w
species of the western Great Plains depend on refuge pools, and
that afﬁ; nt land uses can alter the ability of these pools 1o sus-
tain ‘%z populations, can guide efforts 10 manage scarce water
resources in the region,
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