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ABSTRACT

From 2008-2011, we analyzed brood habitat seleetra survival of Chinese ring-
necked pheasarljasianus colchicus) from hatch until approximately 30 days post-haitte
monitored 98 broods at two sites in Adams Counfy, Whese sites were previously enrolled in
the Conservation Reserve Program and were beinggedrunder a multiple land use system
including hayed, idled and season-long grazed éangell as no-till corndea mays) and no-till
barley Hordeum vulgare) crop treatments. Measurements pertaining tortbect and vegetation
community and structure were recorded at utilizexb) locations and available locations within
the study sites. Variability in brood survival waest explained by precipitation events,
temperature, brood age a linear and quadratictiiemel. Comparisons among models were made
using Akaike’s Information Criterion (Alg. Within our study area, no habitat selection was
found in the season-long, hay, and idle treatmeittsrespect to the habitat variables we

measured.
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INTRODUCTION

The Chinese ring-necked pheasdiiasianus colchicus) is an introduced game bird
species in North America (Trautman 1982). In Nantld South Dakota, this is the most
frequently harvested game bird during recent yédrsrefore, it draws significant attention due
to its economic importance and its historical lggamn abundance of pheasant has not always
occurred in the Dakotas, with large scale fluctuaiin North Dakota’s population common
throughout its colonization (Cluett 1941). In 198966 and 1969 pheasant populations in South
Dakota were low enough to close the pheasant lyisgason (Trautman 1982). Economically,
declines in pheasant hunting not only hurt theegatvenue through a loss of hunting licenses
sold, but also negatively impacts rural landowrkes may benefit from fee hunting or another

hunting related industry.

Pheasant populations respond to large scale cham¢gnd use such as conservation
easements, like the Conservation Reserve Progr&R)Created by the United States Congress
and the President. This program is implementedutiirahe United States Department of
Agriculture (USDA) (Riley 1995). The mechanisms inehthis relationship are most likely the
increased nesting and brood rearing habitat proMigeidled farmland under such programs
(Erickson and Wiebe 1973; King and Savidge 199%\Ri995; Ryan et al. 1998; Evard 2000;
Eggebo et al. 2003; Nusser et al. 2004). Nestiftdtas generally viewed as one of the biggest
factors limiting population size (Robertson 199@hjle other studies have found the brood
rearing stage as a critical period during the plwets life cycle (Warner 1984; Riley et al.

1998).



Conservation efforts similar to the CRP begandi6lwith the Soil Bank Act. Since their
establishment, these conservation practices hayeglan important role for North Dakota’s
agriculture and wildlife production. As of Decemi28x12, active CRP contracts in North Dakota
totaled 967,568 hectares in 32,379 contracts fr6/@6b farms, totaling around 5.3% of the
state’s land base (USDA 2012). These contractsigiecv temporary diversion from crop
production and promote the planting of perenniakges, providing valuable wildlife habitat,
improving water quality and reducing soil erosionmarginal and highly erodible farmlands.
Contracts last for ten years or longer. As contragpire many landowners will return their land

to active crop production, which is likely to hawepacts on the natural resources of the area.

Loss of CRP lands may negatively affect pheasaptijations in some areas as well as
limit incoming revenue through hunting related ates. The purpose of our study is to gain a
better understanding of pheasant habitat requiresytkming the brood rearing stage (mid to Late
Summer) under a multitude of land uses reflectimgahanges that occur when a CRP contract
expires. Understanding this relationship is crittogpredicting the impact that loss of CRP lands

will have on pheasant populations.

Understanding the micro-habitat and macro-habkg#gction by pheasant broods will
help us understand the impact that expiring CRRraots have on pheasant populations. This
information is valuable to landowners and wildiif@nagers in order to protect the tradition of
pheasant hunting as well as the monetary valuewigies. Furthermore, post-CRP land can be
returned to several different types of productemg different options may be more compatible
with pheasant production then others. Evaluatiodiftérent land uses on the critical life stages

of pheasant can allow landowners and wildlife psefenals to make conservation minded



decisions and protect future wildlife populatioasd provide a source of income to the rural

communities.



LITERATURE REVIEW

Importance of Hunting in Rural Economics

Chinese ring-necked pheasari®bdsianus colchicus), hereafter pheasant, are an
economically important natural resource in southeresNorth Dakota. Hunters annually
stimulate economic activity in these rural commigsithrough direct purchases of hunting
equipment and indirect service requirements sud¢bdigng and dining. By maintaining
pheasant habitat, landowners create recreatiomahue that is supplemental to ongoing
agricultural operations or conservation leases s€quently, loss of pheasants and habitat is
equivalent to the loss of money in these commumi#estudy of the northern bob-white qualil
(Colinus virginianus) in the southeastern United States found populatexline of this bird was
correlated with hunter attrition, lack of huntecm@éitment, and caused economic losses in rural
communities and specific industries (Burger efl8P9). Sustaining stable pheasant numbers and

habitat in North Dakota is both environmentally amdnomically important, for similar reasons.

Profits and revenues derived from hunting arelinoted to the purchase of hunting
licenses alone. Many of these additional expensestty benefit rural communities that support
pheasant hunting. Approximately 90% of the monegnspn pheasant hunting and 80% of non-
resident expenditures in South Dakota go towardsigjcservices, and hunting accommodations
(Trautman 1982). These expenses were clarifiediéiplsack (1999) when he described three
levels of economic impacts created by sportsmeasdtexpenses are directly applicable to
pheasant hunters in North Dakota. Direct impactscagated from the sales, income, and
employment generated through initial purchases {ees to landowners for hunting privileges).
Indirect impacts are the sales, income, and empdoyno those industries that support the

activity (e.qg., sale of hunting equipment, lodgiagd gasoline sales). Finally, induced impacts



are created when the recipients of this economgactcontinue to circulate this income (e.qg.,
commodities bought by employees of supporting itrtks. The sum of these three areas is the
total economic impacts created by sportsmen austilites the diversity of economic benefits
that come with pheasant hunting in North Dakotdc@ating these expenditures is not always

straightforward. However, a study by Grado et200() in Mississippi showed the diversity of

hunting related expenses for waterfowl! (Table 1).

Table 1. Distribution of expenditures ($/hunter/acivity day) in a six county region during
the 1998-1999 waterfow! hunting season in Missisgp(Grado et al. 2001).

Public sites Private lodges

Expenditure $ % $ %
Ammunition 3.95 6.5 1.95 1.0
Clothing, boots 1.25 2.1 0.03 0.0
Dog-related 0.08 0.1 4.07 2.0
Entertainment 5.00 8.3 1.70 0.8
Equipment-related 5.70 9.4 0.00 0.0
Game processing 0.50 0.8 0.00 0.0
Guns, knives, etc. 1.64 2.7 0.00 0.0
Hunter accessories 0.58 1.0 0.00 0.0
Hunting and site fees 1.05 1.7 185.75 92.3
Licenses 0.86 1.4 0.01 0.0
Lodging 11.04 18.3 0.00 0.0
Restaurants, groceries 14.86 24.6 3.26 1.6
Shopping 6.28 10.4 0.00 0.0
Transportation 7.61 12.6 4.36 2.2
Total 60.41 100.0 201.14 100.0

$ = U.S. Dollars

A study by Gan and Luzar (1993) on total impadtsvaterfowl hunters in Louisiana,
showed the average cost of hunting per seasorhésethunters who leased recreation access
was calculated at $1,371.93, which included hunteigted expenses such as lodging, gas, and

ammunition. They found that the total cost of hagtper season was not the biggest influence

5



on hunter’'s decisions to hunt waterfowl. Howevelximum duck bag limit and length of
hunting season were ranked as major influencesseltesults suggest that if the cost of hunting
increases, money from hunters will continue to lemteal communities if adequate game
remains in the area. Therefore, loss of habitatemreased pheasant numbers can diminish this

incoming revenue.

Loss of habitat has been found as a major factremting waterfowl hunters as well as
other outdoor enthusiast from pursuing their sport®ther states (Adams et al. 1997). The
similarities between waterfowl hunting and uplamang bird hunting imply that loss of pheasant
habitat could be directly equivalent to loss of mwrin rural North Dakota communities.
Furthermore, loss of habitat can lead to site cstige in remaining hunting areas. Site
congestion was a major influence on the decisiowluéther or not to hunt in a study done in
Louisiana (Gan and Luzar 1993). Other importantoiacthat influence hunters were travel time

to hunting area, type of hunting party and typauwiting areas.

Pheasant hunting not only provides a valuable @manstimulus to rural North Dakota
communities but also helps diversify the local emog. Creating multiple sources of income in
communities helps stabilize the economy and adtierese and adaptability during recession.
These benefits, which often go overlooked, are mamb factors for the future of any economy
and opportunities for diversification should beitafzed. In southwestern North Dakota the
addition of recreational hunting revenue to an ecoydriven mainly by agriculture, helps both

supplement and diversify the land owner’s income.



History of Ring-Necked Pheasant

Pheasant introductions in North America and Euttogpge a complex history. These birds
were introduced from Asia and have become an alnirsgecies in several countries outside
their natural range. Efforts to establish pheasaetg driven by its popularity as a game species,
and pheasant hunting in the United States is anaggizally and culturally significant activity
(Trautman 1982). The history of pheasant colorirsitnvolves many different subspecies and
several groups attempting to introduce the birdré&nly the pheasant subspecies of England is
a hybrid known as the “English ring-necked phedsamd this strain along with Asiatic
subspecies made up the early introductions intdJtieed States. These isolated attempts to
establish pheasant in North America all endediiarauntil a Chinese subspecies was
introduced in the Willamette Valley of Oregon. Tmgoduction combined with supplemental
introductions of other subspecies led to the cuirfgnerican strain containing a genetic makeup
of 15 different subspecies. The American strain émaerged from this complicated series of
breeding and introductions is known simplyPdsianus colchicus, Chinese ring-necked

pheasants, or pheasant

The earliest recorded attempt to establish phéagathe United States was by the
former Governor of New York, Colonel John Montgoraen 1733 (Studholme et al. 1956).
Montgomerie introduced one dozen Old English Bldekked Pheasants on Nutten Island now
known as Governors Island in New York. A secondmtit at pheasant introduction in 1790 was
carried out in New Jersey by Richard Bach, theisdaw of Benjamin Franklin. Later, in the
early 19" century, both George Washington and Governor Werthwof New Hampshire

introduced pheasant into the northeast but thesmgits were also unsuccessful. All of these



introductions most likely utilized the Old Engligttack Necked strains from aviaries or game

farms (Weigand and Janson 1976).

The first substantial and successful introductioaurred in 1882 through Judge Owen N.
Denny in the Willamette Valley/Peterson Butte dre@regon (Bent 1963). These birds were
shipped from the American Counsel in Shanghai, &haimd they flourished upon introduction.
Slightly later, in 1887, the eastern United Stéag its first successful introduction through
Rutherford Stuyvesant with pheasant taken from &yl Successful stocking efforts in South
Dakota took place quickly after these introductiofise release of pheasant in North Dakota
began only a few years later. However, North Dakadane and Fish Department personnel
suggest South Dakota’s stocking efforts had momnadhfluence on pheasant populations than

introductions within North Dakota (ND GF, First Amal Report, 1930, p. 54).

The first recorded effort to release pheasanbutis Dakota was documented in 1891 in
a Sturgis newspaper (Trautman 1982). The artigderted N. L. Witcher was in the process of
receiving pheasant from Oregon and planned ongielgahem in the West River grouse range.
However, it is unclear if these birds were eveeneed or released. In 1898, Dr. A. Zetlitz of
Sioux Falls, South Dakota received several vageatigpheasant from lllinois. Zetlitz released 10
of these birds, which were most likely the Englistg-neck variety, near the junction of the
Split Rock and Sioux rivers in Minnehaha CountyutbdDakota. These birds were initially
successful and were documented as far away as dfadldunty, South Dakota in 1902.
Eventually, this population of birds disappeared another release was carried out by Dr.
Zetlitz in 1903 near the Split Rock Township ofteas South Dakota. Trautman (1982)
suggested the original release may have been wssfotdue to poorly managed hunting. In

1908 and 1909, A. E. Cooper and E. L. Ebbert rel@ateasant in Spink County, South Dakota.
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These birds were purchased from a game farm indbramia but it is unknown what
subspecies these birds belonged to. This introolnetias also successful. Ten years later Spink
County became home to the first South Dakota pim¢dsanting season (1919). The South
Dakota Department of Game and Fish took over thentaof pheasant introductions in 1911.
Pheasant were purchased from aviaries and comrhgacree farms and released primarily in

East River counties in South Dakota.

The earliest stocking effort in North Dakota waswuimented in 1910 using 75 birds from
the St. John Hatchery (Johnson and Knue 1989)r,Liglbeasant stocking operations were aided
substantially by the Bottineau and Grafton Staten&&arms in 1915. The biggest effort in
North Dakota was made by the North Dakota Gamerastddepartment in 1932 when 15,460
birds were trapped in Dickey, Sargent, and Richlemehties and released in 45 counties
throughout the state. These efforts combined wattal kvork from farmers and sportsmen

throughout the state established strong pheasauoigtmns in most of North Dakota.

Table 2 (below) shows the first pheasant hunteagens in some states and provinces
around ND as well as Oregon, a state which playleslyaole in pheasant introductions
throughout North America. Hunting seasons in N@#kota were brief for the first 8 years
(1931-1938) and never lasted longer than 10 dasi{an 1982). By the mid 1940s pheasant
were abundant in North and South Dakota despiezdibag limits and longer hunting seasons.
South Dakota pheasant populations reached a pealeofl6 million estimated birds during
1945. Pheasant populations fluctuated widely df¢&5 and went into decline until the mid
1950s when another population boom occurred. Tén®@ of high density, between 1956-1963,
is often cited as a response to the abundant falehabitat established by idle farmland

through the Soil Bank Program (Trautman 1982; Johraéd Knue 1989).
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Table 2. Date of first hunting season in selectediases and provinces for ring-necked
pheasant (Studholme et al. 1956; Trautman 1982; Blal987; Johnson and Knue 1989).

State Year
Montana 1928
Wyoming 1933
Nebraska 1927
South Dakota 1919
Oregon 1892
North Dakota 1931
Minnesota 1924
Saskatchewan 1939
Manitoba 1941

Hunting success fluctuated widely during pheasaltnization. Cluett (1941) estimated
that 20 million birds were harvested in South Dakiodbm 1919 to 1940 with an average kill of
1.5 million per season between 1929 and 1940.dmp#ak harvest year of 1945 approximately
7.5 million birds were taken in South Dakota (Traah 1982). However, in 1953, 1966, and
1969 the South Dakota and North Dakota pheasastssavere closed. The latter two of these
closures were most likely associated with a sewaméer in 1964 - 1965 and the expiration of
Soil Bank Contracts returning idled land to agrietdl production (Johnson and Knue 1989). In
the 1970s pheasant hunting fell behind both shailpet grouse Tympanuchus phasianellus) and

hungarian partridgePerdix perdix) with respect to birds harvested. Current phedsamests in

North Dakota are fairly stable and average 622166 harvested birds per season for 2000—

2010 (North Dakota Game and Fish data; Table 3).
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Table 3. Number of ring-necked pheasants harvestad North Dakota from 2000-2010.

Year Resident Harvest| Non-Resident Harvest Total Haest
2000 199,514 84,245 283,759
2001 261,487 160,099 421,586
2002 339,669 178,152 517,821
2003 401,321 190,745 592,066
2004 353,234 230,785 584,019
2005 574,673 235,102 809,775
2006 529,356 221,431 750,787
2007 586,098 321,336 907,434
2008 586,645 190,064 776,709
2009 453,758 198,020 651,778
2010 401,920 150,964 552,884

Winter Habitat

Severe winter weather in the Northern Great Pleamsalter the availability of adequate
winter cover and cause increased mortality of plwetssGabbert et al. 1999). This critical
period, defined as the overwintering stage, takasepfrom late autumn to the onset of spring.
Overwintering is considered one of the criticags®within the annual life cycle of pheasant
along with the reproductive and brood rearing ssg@eautman 1982). Several studies
conducted in the Northern Great Plains suggestewsurvival may be the limiting factor for
pheasant populations in this region (Riley et 884 Evard 1996; Homan et al. 2000). Winter
survival in the Northern Great Plains can be descrias a breeding population bottleneck where
the severity of the winter season determines tbhpgstion of the autumn population that
survives to participate in the next breeding sed$oautman 1982). These poor winters result in
low autumn to spring hen carryover which resulta low breeding population. Kimball (1948)
found that pheasant in South Dakota will generalgerience severe winter mortality

approximately one out of every six years. Thesé pigriods of mortality are functions of
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extended snow cover that buries food sources artkrs certain habitat types ineffective
combined with extended periods of low temperatwseng winds, and increased diurnal
movement in search of resources (Frank and Woé&BRg9; Perkins et al. 1997). The pheasant of
the Northern Great Plains are not alone in thismgResearch from other regions, such as
southern Idaho, has also found that winter moytatiay be the limiting factor for pheasant

populations (Lepitch 1992).

Concentrated storms are an important cause oewmortality. A blizzard in early
March of 1966 killed 86% of pheasant in north-cahtounties of South Dakota (Trautman and
Fredrickson 1967). These events, combined withrgiber conditions, such as lower breeding
success, have the potential to wipe out populaiiohso years due to the short life span of these
birds. In order to avoid these local crashes iraphat populations there has been a tremendous
amount of research focusing on winter habitat siele@nd survival of this bird. Adequate cover
and food resources during severe weather evenis pthpulations to survive through the winter
(Trautman 1982). These studies span most of thasaln¢s range because local patterns of
habitat use and movements vary in response to latatat conditions which makes regional
data on pheasant behavior not universally applkcébBahtti et al. 1989). These studies generally
look for the disproportional use of some habitaiety over others. Furthermore, because winter is
often the season where the carrying-capacity feapants is the lowest, due to mowing and
harvest operation, land use is often a major cancer

Wetlands, sloughs, and marshlands serve as qualtgr habitat for roosting and
loafing when available during mild winters (FramdaNoehler 1969; Trautman 1982; Penrod
Hill 1985; Gatti et al. 1989; Gabbert et al. 19B@&man et al. 2000). Emergent vegetation within

these habitat types has stiff erect characterigtatsresists lodging and generally retains leaves
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throughout the winter. This vegetation providesried protection from storms and winds as
well as escape cover from predators. This planteonity is generally composed of willow
(Salix spp.) and cattail Typha spp.) species. In South Dakota this community was desdroy
Larsen et al. (1994) as primarily being made upatfails, river bulrushScirpus fluviatilis),
common reedRhragmites communis), and willow. In southern ldaho, this habitat vessociated
with irrigation drain water and consisted mostlycommon cattail Typha latifolia) and willow
which also provides habitat for overwintering pregdagLepitch 1992). In North Dakota,
pheasant were found to move into the semi-permametiand habitats from upland vegetation
when snow depths became&0cm (Homan et al. 2000). Peak use of shrub-seegiands,
which are distinctive Wisconsin wetland plant conmities dominated by small woody
vegetation, occurred in November and Decembemnkue the most widely used habitat from
October through April in Wisconsin (Gatti et al.88). Recently, there has been a push towards
cattail management in North Dakota favoring spassands of emergent vegetation with higher
ecological function and diversity. These practielsinate important thermal protection and
cover for overwintering pheasant (Homan et al. 2000

Despite preference for wetland habitats, pheadamwed plasticity in selection of
overwintering habitats during severe conditions.éWkind-driven snow inundates herbaceous
habitats and renders them unavailable for use, {@oddand food plot habitats are essential to
the winter survival of pheasants (Gabbert et 89)9In these conditions, pheasant habitat use
will shift towards wooded habitats such as sheéstor riparian woodlands (Trautman 1982;
Gatti et al. 1989; Gabbert et al. 1999; Homan .e2@00). Gabbert et al. (1999) investigated this
relationship using radio-marked hens and showegrafisant relationship between pheasant

survival and utilization of shelterbelts during rexhe winters. In Wisconsin, pheasant
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increasingly utilized upland hardwoods when snowec@xceeded 28cm (Gatti et al. 1989). In
North Dakota, this value was slightly higher arahsitions from cattail communities to
woodlands did not occur unt 38cm (Homan et al. 2000).

Shrubs and coniferous species are particulanhontant for effective woodland winter
habitat as they provide visual obstruction in thderstory creating thermal and protective cover
(Larsen et al. 1994). Bue (1949) found that shiettks should be at least 200 feet wide and
contain a substantial understory of low branchesare more row of dense shrubs around the
outside. In South Dakota the majority of shelteiyedenerally consist of seven to eight rows of
woody vegetation and were planted between 1936@.868. These shelterbelts lacked upkeep
and experienced improper use by livestock throudlbing, overgrazing, and excessive
trampling from high densities, causing many of éhesuctures to decline in value (Trautman
1982). Many of these shelterbelts may no longealide to provide effective severe winter
habitat for these birds.

A study done in central lllinois also noted théuesof continuous winter cover in the
survival of pheasant over the winter (Warner andi®®4982). In Utah, wooded habitat for
overwintering pheasant is provided by sagebrusmuonities (Smith and Greenwood 1983).
Understory visual obstruction is also importanthese communities and grazing was shown to
negatively affect pheasant utilization of these gamities over non-grazed units (Lepitch 1992).
Additionally, shelterbelts also may provide protectfrom raptor species and shade for wildlife
during the summer months, and thereby serve aglwpbse (Trautman 1982).

A winter food source is vital for the survival @ferwintering pheasant (Trautman 1982).
An eastern South Dakota study showed that femadagant with access to an adequate corn or

corn-sorghum food plot, had higher quality dietd arore fat reserves than females without
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access to food plots (Larsen et al. 1994). Witlawuannual food plot, pheasant will utilize weed
patches, grain stubble, harvested crop fields émer dood sources to meet energy requirements.
Animal food material in winter is scarce; mostlyiied to only grasshopper remains, and this
amount generally decreases steadily from Decenobéelbruary (Trautman 1982). Plant material
consumed during the overwintering stage is alsoesdmat scarce and made up largely of grain
hulls and waste grains. For this reason, agricallfpolicies that favor waste grain and mimic
more antiquated farming procedures will providegdamt with more food sources during the
overwintering stage. Artificial feeding, in conttas providing an annual food plot, is generally
ineffective and labor intensive for the land mama@downer or wildlife specialist (Trautman
1982).

In many localities, corn or sorghum whe&trghum bicolor) annual food plots are used
to support overwintering pheasant (Bogenschultd.et995). Comparisons between these two
food sources did not suggest that one diet provadeetter food source than another. Diets
consisting entirely of these food sources may t@kain nutrients or amino acids but pheasant
most likely supplement these diets with surroundiatyral foods in order to obtain all their
dietary requirements. Annual food plots can beadil as winter cover habitat in areas lacking
natural winter cover (Frank and Woehler 1969). Aaimlots of forage sorghums and sorghum-
sudan grass hybridS.(bicolor x S. sudanese) provide good winter cover on upland sites lacking
woodland or wetland winter habitat. Frank and Wee(il969) also showed that these annual
food/cover plots can be used to provide short t@mter cover until other winter habitats are
established such as a newly planted shelterbe#isd plots can even be supplemented by adding

corn and soybeans into the mixture.
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Juxtaposition of winter habitats to annual foodrses is important to pheasant winter
survival (Larsen et al. 1994; Bogenschultz et 885). Proximity of food sources to winter
habitats helps minimize diurnal movements and regenergy requirements (Warner and David
1982). Proximity is also a dominant factor for véinhabitat selection (Grondahl 1953). This
relationship was evident in a study conducted bgiK{1950) where 88% of the woodland
habitats utilized by pheasant were within ¥ mil@asignificant food source. As travel time
increases pheasant predation also increased (Taautf882; Gatti et al. 1989). This relationship
was displayed by Gatti et al. (1989) where thoseales preyed upon had significantly larger
home ranges then surviving females. Increases wrement may be a result of buried food
sources, loss of adequate habitat and increasegyeregjuirements all of which are correlated
with extreme winter conditions. Juvenile birds dhswe been found to have significantly larger
daily movements than adult pheasant (Homan eDa0R

Pheasant predation may occur from small mammahamvores such as; red foxXulpes
vulpes), raccoon Procyon lotor), badger Taxidea taxis), striped skunkNlephitis mephitis),
spotted skunkSpilogale putorius), and feral catKelis domesticus) or avian predation (Trautman
1982). Avian predation is correlated with increasedw depth and cover (Wagner et al. 1965;
Dumke and Pils 1973; Penrod and Hill 1985; Homaal.€2000). Furthermore, frequency of
occurrence of pheasants in red fox stomachs inesaasyears when winter severity is high
(Dumke and Pils 1973). Trautman (1982) suggestattile abundance of these predators has
probably increased due to changes in land use apithhalteration. Abandoned farmsteads,
establishment of woody species and removal of lprgdators may be responsible for the high

numbers of smaller carnivores.
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Starvation is also a frequent cause of death @agéint overwintering in South Dakota
(Trautman 1982). In the severe winter of 1936-188Po percent of the autumn population died
of starvation (Beed 1938). However authors notedl s mortality may have been influenced
by an earlier severe drought which produced a shaptage, limiting the food available to
overwintering pheasant. Starving pheasant wilvghen body weight reaches 50-60% of their
normal weight (Trautman 1982). These birds becdmmeand lethargic and unable to fly or
walk, they start feeding on extremely low qualibpdl sources such as straw, fragments of
cornstalks, manure and even carrion. These birlig@nerally perish in their roosts. Pheasant
may also perish from freezing, asphyxiation from bwildup on the nostrils, pneumonia, and
illegal shooting during the winter months (Gree®8pP For example, Warner and David (1978)
found that 82% of dead birds had food in their srapd normal reserves of body fat after an

intense winter storm suggesting a cause of deatir than starvation or predation.

Spring Dispersal and Territory Establishment

Pheasant are seasonally territoiadffingwell 1928; Wight 1933; Basket 1947; Taber
1949; Burger 1966). During late winter, pheasaatancentrated in areas offering food and
thermal cover (Burger 1966). As the days gradugditywarmer, males begin to appear further
away from these wintering areas marking the begoof the dispersal period. The newly
inhabited territory is defined as territory cover males and nesting cover for females. For
males, this is where territory displays and crowwild take place (Robertson 1996). These
movements coincide with the disintegration of ngleups and increased male to male conflict.
Females at this stage begin to form harems andtselaale to mate with. Some studies have

shown this period to be a gradual and leisurelysiteon from winter to summer range (Burger
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1966; Schmitz and Clark 1999). Other studies dbsdtie spring dispersal period to be an

explosive phenomenon (Gates and Hale 1974).

The spring dispersal period is one of two period®cal movement for an otherwise
sedentary bird with the other movement period bénegcongregation of winter habitat around
October (Hill and Ridley 1987). The majority of thele spring dispersal movement occurs in
April and males generally break up from pairs inrbha(Burger 1966). Dominant males may
tend to separate earlier from winter male groupder (1949) found that by the end of February,
the most successful and dominant males generalrated from one another. Females disperse
from winter habitat at a later date, generally kil to early May (Gates and Hale 1974).

April is also the period of the highest courtshigptay activity (Taber 1949). In June, July and
August pheasant gradually end their courtship aedding activity with males relinquishing
territories and ceasing to crow (Taber 1949). Winattes begin to peacefully congregate
together at a common feeding station, territoredidvior has ceased (Burger 1966).

Male territory habitat is often overlooked by mgees (Clark et al. 1999). However,
some research suggests that this habitat mayibetad factor in some areas of North America
(Robertson 1996; Leif 2005). Suitable male teryitoover contains shrubs and woody cover that
surrounds areas of relatively open habitat. Thesadries are also in close proximity to existing
patches of winter cover and suitable nesting hapi@oer 1949; Burger 1966; Smith et al. 1999;
Leif 2005). Males displayed avoidance for monotypabitats in a study by Burger (1966)
during this time period. However, in areas wherly omonotypic habitat is available, idled
herbaceous cover has been shown to meet both feeammdifemale breeding requirements.

Presence of woody cover with high ground-level stlemsity will enhance this habitat (Leif
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2005). Furthermore, Gates and Hale (1974) foundalsérong preference was shown for some
component of wetland cover in the breeding tene®of cocks in Wisconsin.

During this time period, breeding pheasants usedy@nd idled habitat more frequently
in midday hours and open habitats and croplandarearly morning. This pattern increases their
chances of being seen by potential mates in th@imgpand provides concealment from
predators and escape cover later in the day (I0€162 More dominant males, which are able to
defend local territories closer to wintering habiteave smaller home ranges that contain a larger
proportion of woody habitat and less open territddgles that are forced to disperse to more
ephemeral habitats have more enlarged home ranges greater proportion of open habitats.
This may reflect the lower suitability of these ng®bitats for territory cover. These open and
semi-open areas are used heavily by males as mealciowing sites, display sites and
courtship sites (Burger 1966). Areas of habitahviiigher proportions of cover were utilized
during the remainder of the day which suggestsghedator avoidance is also responsible for
habitat selection in the spring (Smith et al. 199Qirthermore, edge density within a hen’s
spring habitat had an inverse relationship to mtstaeous mortality such as mammalian and
avian predation (Schmitz and Clark 1999).

Spring dispersal movements vary considerably basesex and age (Gates and Hale
1974; Hill and Ridley 1987; Smith et al. 1999). Hexwe more mobile than cocks, and juveniles
are more mobile than established adults duringpineg dispersal period. There is also a
positive relationship between the density of theten population and the distance of dispersal in
the spring (Gates and Hale 1974). This relatignaiay function as a population control
mechanism as higher populations of pheasants quéred to disperse further in the spring into

lower quality habitat where reproduction is lesscassful. Finally, dispersion movements are
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also related to the severity of the winter (Gates ldale 1974; Leif 2005). More severe winters
cause habitat degradation from snow-pack, wetlé&Hhitg with water and matted herbaceous
cover that forces pheasant to move further in gnmg to find adequate habitat.

Leif (2005) studied pheasant in eastern South a&od found that males dispersed
further into lower quality upland habitat when thegre juveniles and stayed relatively closer to
winter habitats as adults. He divided these twaigsanto localized and ephemeral breeders.
Seventy three percent of male pheasants dispe&h»from winter habitat to their spring
breeding location and they moved an average of 8.3 km. Those males on the more
ephemeral territories held larger territories thwmralized males at 45.4 + 2.9 ha and 18.4 £ 0.9
ha, respectively (Leif 2005). Larger territory sagere not related to more females (Ridley and
Hill 1987).

Male territories show plasticity and may change ttuenvironmental changes, hen
movements, and pressure from adjacent cocks (Ti&l#). Territories changed in a gradual and
definite direction as the breeding season progdeasd males frequently followed harems
outside of their original territory (Burger 196@rritory size is inversely related to population
density, and changes will occur as latecomers aitéonestablish territories in already crowded
areas or when a male dies and creates a vacan®s &a Hale (1974) found that the territories
of cocks were overlapping and not confined to @deéd area. Instead, cocks formed zones of
intolerance. Males that ventured too close to améh defending territory, often while
following a harem of females, would elicit a tesril response from that male. Kuck et al.
(1970) found that South Dakota hens had an avéragee range of 12.5 ha in the spring and
summer. Females have been found to nest outsitie ohale’s territory that they copulated

with. Therefore, females generally have a largeittey then males at this time of year (Ridley
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and Hill 1987). During this period the female speadound 35% of her time outside the range of
the male.

As females disperse from winter cover they fornakken harem groups which will later
be accompanied by a male (Ridley and Hill 1987 Yere accumulate gradually and are not
only a function of females preferring to live irogps but most likely evolved as a function of
mate guarding with females selecting males that tdhharassment of other males. Excessive
energy expenditure during the early spring seasadsd to lower nesting success and females
escorted by a territorial male spend more timeifegdess time running and less time being
alert. This relationship infers that females aleceng for the quality of the occupying male in
the habitat and not simply the quality of the haibiiself.

Once females settle into their breeding rangeg imain monogamous with that male
(Ridley and Hill 1987). Harem size is larger th&wowld be expected in some harems which
imply that there are unequal breeding opportunitbesnales in the population (Ridley and Hill
1987; Swenson 197&oransson 1980; Ridley and Hill 1987). Femalescsdte established
males over new males and will breed with the sarake fior more than one year even if his
territory position has changed (Ridley and Hill I98Vales selected by females have
demonstrated that they are the undisputed domwmidmin the area. They spend significantly
less time feeding and more time alert then othdesnahich enable females to feed and remain
free of harassment by other males. Sparring, chablaoffing and other aggressive male to male
behaviors were found to be density dependent (TH®49; Burger 1966; Gates and Hale 1974).
As population pressure increases some males cagdnesparring 3-4 times daily (Taber 1949).

Spring dispersal is also correlated with crowiefdvior for male pheasant (Taber 1949;

Burger 1966). Crowing alerts rival males as welpatential mates of the cock’s location in the
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landscape. Maximum crowing intensity occurs fronmdiutes before to 30 minutes after
sunrise (Burger 1966). Cocks will begin crowindate February, with most of the cocks
crowing by mid-April. Crowing ceases by the endlohe. However, cocks that begin crowing
later in the season also stop crowing later instresson so that all males generally show a three
month crowing season. Variations in the initiatadrcrowing may be related to testis weight
which was shown to have a direct correlation witthweng intensity (Taber 1949). Bouts of mid-
day concentrated crowing are often triggered bgssage of hens into areas of higher cock
densities. These bouts generally involve 3 - 1Gesiall crowing for 15 - 40 minutes (Burger
1966).

Several studies documented the occurrence of eoietial males (Taber 1949; Burger
1966; Gates and Hale 1974, Hill and Ridley 1987f 2805). Males that failed to establish and
defend a territory may have done so for severaams Non-territorial males may be injured or
be in poor condition (Burger 1966). They may be-pased birds or birds with a direct lineage
to pen-raised birds that are more sedentary anbleit@successfully establish a territory (Gates
and Hale 1974; Leif 2005). Non-territorial malev&aever been documented crowing, they
retain small wattles until they are in very closatact with hens, which rarely happens, and they
do not cluck, fight, or display to hens after migtA (Taber 1949). Generally, non-territorial
males were as localized as territorial cocks dutiegbreeding season and were more

concentrated around winter habitat then in uplaedsa

Nest Selection
Providing attractive and secure nesting cover gmgs a hen’s chances of successfully
hatching a clutch (Robertson 1996). Many studie® eeen conducted to determine what

defines secure nesting cover throughout the pheesage in North America. This habitat is
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generally viewed as one of the biggest factorstimgipopulation size (Robertson 1996).
However, it should be noted that winter survivall amale territory cover can also play large
roles in determining pheasant abundance espeaiatigrtain regions. Nesting birds should
select parts of the landscape that will enhanceootion and survival (Clark et al. 1999). This
relationship allows researchers to study nestingicpreference based on nest success and the

habitat selection during nest initiation.

In most studies large blocks of grassland shovgtbatest nest success; however, the
surrounding landscape is also important (Clard.et399). During the initial one third of the
nesting season, from April to mid-May, residual/pldnt material from the previous year is the
only material available for nesting (Trautman 198&Ison et al. 2008). Therefore, mowing,
livestock grazing, burning and late summer plowimay not harm the current year’s nests but it
will take away from early season nesting covettherfollowing year. Furthermore, hay cutting
in late summer will also reduce the value of ngstiaver for pheasant the following spring
(Hays and Farmer 1990). Potential nesting sitemguhis early part of the nesting season are
mainly comprised of scattered fencerows, roadsites,groves, shelterbelts, sloughs, weedy
grain stubble, ungrazed or lightly grazed pastws&sp rough or wet patches in hayfields or odd
acreages, and those lands set aside as undistaritkdn mid-May, alfalfalledicago sativa)
quickly provides more nesting cover (Hanson andyiiske 1973).

Different regions vary in their ability to proviaeesting cover. In lllinois, forbs like red
clover (Trifolium pratense), alfalfa, sweet clovemelilotus officianalis), white clover Trifolium
repens), and grasses such as timothy gr&seum pratense) and smooth bromd3omus
inermis) are important species providing nesting covem@da 1970). Alfalfa and cool season

grasses were also found to be important nestingrdov pheasant in Nebraska (Baxter and
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Wolfe 1973). In our study plots, located in Adanmu@ty, North Dakota, nest sites were
composed primarily of cool season grasses (87%lydamg smooth brome and intermediate
wheatgrassThinopyrum intermedium), with alfalfa and sweet clover common legumes0&

of the composition (Geaumont 2009). Seeded warmsoseaastures for livestock forage such as
switchgrassFanicum virgatum), Indian grassSorgastrum nutans) and big bluestem
(Andropogon gerardii) provided suitable nesting cover for pheasantstudy conducted in lowa

(George et al. 1979)

A study by King and Savidge (1995) suggested\bgetation structure may be more
important to nesting birds than plant species. HaEssing in Wisconsin found a variety of plant
species acceptable for canopy cover so long gslamé's old or new growth provided
concealment (Dumke and Pils 1979). Plant heightdemdity were important factors in nest site
selection in lllinois (Hanson 1970) and in MontgdRandell and Ball 2004). Height and density
correlated positively with nest density. These vaten factors may reduce losses from
predators and provide cooler micro-environmentsugh shading which favor egg hatching. In
Adams County, North Dakota, the average Visual @bsbn Reading (VOR) around nests was
2.08 dm in season-long grazed pastures and 2.0nddieopastures (Geaumont 2009). The
greatest number of nests in these two cover tygasimitiated in areas of greater than or equal to
a VOR of 2.50dm. No nests were initiated in the480m VOR category (Geaumont 2009;
Table 4).

In many regionsingle-species stands of vegetation are rarely fegatesting (Dumke
and Pils 1979). However in drier regions, suchastern Colorado, winter whedir{ticum
aestivum) crops provide the most valuable nesting coveinduyears of high precipitation

(Snyder 1984).
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Table 4. Visual obstruction readings at ring-neckegheasant nests on idle and season-long

grazed Conservation Reserve Program lands in southest North Dakota, 2006-2008

(Geaumont 2009).
n=69
®h=35
Treatment
Season-Lony dle®
VOR Available | Nests/ha Nest Available | Nests/ha Nest
category| nesting available | Attempts nesting available | Attempts
(dm) | habitat (%)| covef (%) habitat (%)| covef (%)
0-0.49 8 0.00 0 2 0.00 0
0.50-
0.99 16 0.29 17 12 0.13 3
1.0-1.49 31 0.19 22 23 0.55 22
1.50-
1.99 22 0.26 22 19 0.66 25
2.0-2.49 14 0.11 8 24 0.32 16
> 2.50 9 0.95 31 20 0.66 34
C=pha’yrt

In 1979 and 1980, nests initiated in winter wheaastern Colorado contained an
average of 87% of the successful nests. The higtess rate of these nests may be due to the
grasslands in this area providing poor nestingtatiby having a lower vegetation height and
lower density. Similarly, pheasant in the high ptaof Texas utilized forage crops and small
grains as nesting cover (Whiteside and Guthery 1383wvever, pheasant tend to select suitable
cover at nest sites irrespective of plot-level ¢bods, suggesting birds select based on micro-
site selection rather than plot level conditiongr@ell and Ball 2004). Small variations within a
crop field or pasture may provide suitable nestioger that is often overlooked by managers

and landowners.

In most regions, diverted farmland and grasslasiyses are primary nesting habitats

(Dumke and Pils 1979, Warner and Etter 1989, Ralegl. 1994, King and Savidge 1995,
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Schmitz and Clark 1999). Warner and Etter (1988esk that diverted farmland that is safe
nesting cover has been and probably always widrbenportant component of prime pheasant
range in the Midwest. A study conducted in Wiscorisund that retired cropland was favored
over hayfields, wetlands, and strip cover becaugmvided adequate nesting cover for the
entire nesting season (Dumke and Pils 1979). Hokyaxetlands and strip cover were used early
in the nesting season. In Nebraska, cool seasdurpaswarm season pastures and native prairie
all had greater numbers of nesting females thap lenad (King and Savidge 1995). The most
successful nests, in a four year lowa study, waeated in idle cover and grassed waterways
(Riley et al. 1994). Grassed waterways containéd 8f.the nests, although they only
represented 3% of the study area. Schmitz and Cl&%9) also found that pheasant in lowa
selected home ranges in the spring with proportipnaore grassland than was available across

the landscape.

Nests are considered successful if the hen istalilatch at least one chick. However,
estimating nest success is not as straightforwedts can be evaluated as simply as the number
of nests observed that end up hatching, or theyoeagvaluated based on their stage of
development. By incorporating the stage of develapinmto the analysis, researchers account
for the amount of risk/exposure that a nest hasadly gone through before discovery.
Incorporating this factor into the analysis wasgaged by Mayfield (1969) and is known as the
Mayfield method. Agricultural operations, predatitrampling and nest abandonment are the
main causes of nest failure. A four year study cated in lowa found 44% of nesting females
were successful in their first nesting attemptdRRiét al. 1994). Their analysis did not
incorporate the Mayfield method into their estiroatilnitial nest success levels for each year

varied from 28% to 55% in this study.
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In North Dakota, Geaumont (2009) found that nastsess levels varied among cover
types, including season-long grazing, idled larayga pastures, no-till corn, and no-till barley.
Annual success rates did not differ between treatspéowever, a treatment X year interaction
was recognized which did not allow for a discussibtreatments (Geaumont 2009; Table 5).

Pheasant generally lay one egg per day and layemrage clutch size of 10 eggs. These
eggs are then incubated for 23-24 days. Therefloescomplete nesting cycle averages 33-34
days, which is generally incompatible with alfatfarvest for all but the earliest of nests
(Trautman 1982). Furthermore, the time spent otsnesreased with the amount of eggs laid
(Kuck et al. 1970). The length of time that nestoger remains undestroyed is an important
factor determining nest success in active agricaltareas. Seeded warm season pastures such as
switchgrass , Indian grass, and big bluestem hgdfiantly higher nest success than alfalfa,
orchard grasd)actylis glomerata) and other hay meadows due to early season cuttitige

later land uses (Fondell and Ball 2004).

Table 5. Pheasant apparent nest success (%) andrstiard errors by treatment on Post-
Conservation Reserve Program lands in southwest Nttr Dakota (Geaumont 2009).

Treatments
Year(s) Season-Long Idle Hay Pasture No-till No-till
Corn Barley
2006 80 (18) 10 (10) 50 (14) 0 100 (100
2007 50 (5) 60 (5) 100 (100) 0 0
2008 65 (48) 70 (31) 0 0 0
2006-2008 65 (17) 47 (32) 50 (21) 0 33 (33)
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Every region will have slightly different circunasices related to agricultural conflicts
and nesting activities. Any hay cutting during testing season reduces nesting success and
increases female and chick mortality (Warner andrB989). Generally, mowing/haying
operations should wait until after July in ordeettsure nests have hatched and broods are
mobile (Patterson and Best 1996). However, in easlelorado, cutting winter wheat crops
prior to the incubation stages (April to Early Maygreases nest success, otherwise nests will be
destroyed during the early spring harvest and stimgewill occur in wheat fields which could
then be destroyed again in July harvests (Snydé4)19

Poor timing with agricultural activities can sigoantly reduce pheasant populations. In
lowa, mowing operations in early June destroyededits and killed 73% of hens in an
alfalfa/orchard grass pasture (George et al. 19l cultivation of stubble fields destroyed
more pheasant nests than were lost to predateastern Colorado, thereby representing a
significant contribution to nest destruction (Snyti®84). About 65% of incubating hens were
struck by farm equipment in lllinois and only 1’©bhens struck during cutting was typically
alive at the end of the summer (Warner and Ett89)1Additionally, emergency hay cutting on
CRP fields during the pheasant nesting and broaxing season significantly reduced
production due to nest destruction and direct nigrt@days and Farmer 1990).

Trends in modern agriculture threaten nest sugd¥asner et al. 1999). In many areas,
the lack of undisturbed cover from increased adjuce production, leads to more nests in
vulnerable landscapes (Warner and Etter 1989).el'hests experience higher levels of nest
destruction from haying or trampling. There ha® &lsen a significant trend towards earlier hay
harvest in all states except Indiana and MissancesWWII. Most alfalfa in the Midwest is now

cut 4-5 times compared with 2-3 times only a fewadkes ago. Cultivation procedures and other
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structures installed on to machinery will decreasst destruction but are not commonly used
(Snyder 1984). Installing flushing bars onto famuipment is one practice found to increase
nesting success (Calverley and Sankowski 1995)ipEtent with these structures installed may
still destroy the nest but allows the hen to escHjpsvever, these structures can be costly for
producers and are rarely used.

Nest trampling by livestock is considered raredart be a direct result of livestock
presence (Fondell and Ball 2004). Ungrazed plotsisted of reduced forb cover, increased
litter cover, increased litter depth, and increa¢@mR of vegetation. Pheasant nest locations in
Montana were positively correlated with VOR andréfiere negatively correlated with grazing
(Fondell and Ball 2004). However, nest selectiocoselated with vegetation and grazing is
only a factor affecting the plant community. Theref grazing should not be looked at as the
chief factor determining nest site selection imagrevith grazing and nesting activity. Geaumont
(2009) found no significant nest success differeraraong different post CRP treatments, which
included season-long grazing and idled land, itudysdone in southwestern, North Dakota.

Several studies showed nest predation as the pricaase of nest failure (Chesness et al.
1968; Dumke and Pils 1979; Riley et al. 1994; Cktrial. 1999; Schmitz and Clark 1999;
Geaumont 2009). Mammalian predation was geneiadlydominant form of predation.

However, avian predation did play a significanerwl several areas including eastern Colorado
(Snyder 1985). In Colorado, great horned owlghbp virginianus), cooper’s hawksAccipiter
cooperii) and prairie falcongHalco mexicanus) were identified as the dominant avian predators.
In intensely farmed regions cro@drvus brachyrhynchos) can also become a common nest

predator (Chesness et al. 1968).

29



Predation was the primary cause of death to hrespring in an lowa study, and
accounted for 87.5% of the deaths (Schmitz anck@l@89). The majority of deaths (66.7%)
were due to mammalian predation. Another studypweal found that mammalian predation
accounted for 61% of nest losses over a four yeaog (Riley et al. 1994). Mammalian
predators accounted for 98% of nest failures irtrsgestern, North Dakota and striped skunks
(Mephitis mephitis) were the primary culprit (Geaumont 2009). Patterand Best (1996) found
that the primary mammalian predators of pheasastsnie lowa were red fox/(lpes vulpes),
striped skunk, raccooPfocyon lotor) and farm catsHelis catus). Chesness et al. (1968) found
a similar suite of predators in southern MN.

Predation varied depending on several factors;elvew predation was highest on poorly
concealed nests (Chesness et al. 1968). The higreskition rates were shown to take place on
nests established early in the season in residwalrdrom the previous year. Increased edge
habitat has also been shown to increase predaiank(et al. 1999). On a land with different
habitats, predators will concentrate their hunpngssure to areas with heavier cover (Chesness
et al. 1968). Therefore, increasing distance froigeeand limiting fragmentation are important
factors for improving nest success (Clark et a@Q9Birds showed preference for nesting in
areas further away from the edge.

Nest abandonment is another factor limiting nastess. Hens will sometimes abandon a
nest based on discovery of the researcher (Ga&&).1Ben of eleven abandonment cases in a
four year lowa study were investigator related€Riet al. 1994); four of five hens abandoned
their nests when they were initially radio-equippea study conducted in South Dakota (Kuck

et al. 1970). Geaumont (2009) found that 35% ofsneere abandoned in southwestern, North
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Dakota. However, hens are less likely to abandeir tiests as the length of incubation
progresses (Warner and Etter 1989).

The percentage of hens that eventually produgeadldis higher than the percentage of
nests that are successful (Gates 1966). Therdfers, will initiate another nest when the
previous one has failed; this behavior is calledesting. A period of renewed ovarian
development, called the re-nesting interval, tglase between nesting events. The re-nesting
interval lengthens as the stage of incubation ackk®mwhen the first nest was terminated. The re-
nesting interval for two hens in a South Dakotagtwas 10 and 11 days (Kuck et al. 1970).
However, re-nesting can be close to instantangossme situations when eggs are un-incubated
(Gates 1966). In Wisconsin, there was an averagedadays between nest loss and onset of
laying a second clutch (Dumke and Pils 1979). ia same study, all unsuccessful hens re-
nested at least once and many re-nested everitae®ne hen was recorded re-nesting four
times, hatching a brood on 3 August. Re-nestingresfiproduced 40% of the broods in
Wisconsin. Of hens losing their first nest, 71%ested during a four year study in lowa. Their
second nests had a success rate of 40% (RileyE2%4). Another study in lowa found that 83%
of adults re-nested after losing their first n@gtereas, only 58% of juveniles re-nested after
losing their first nest. However, juvenile re-nestye more successful than adult’s at 75% to
15% respectively (Riley et al. 1994). Hens are atsoe likely to re-nest if disrupted early in
incubation (Kuck et al. 1970).

Because of agricultural activity, the suite ofitadale nesting habitats for pheasant will
change from the initial nest selection period (Gdi®66). Pheasant usually do not re-nest in
tracts where their nests were destroyed, thereérnesting attempts may occur in an entirely

different cover types (Warner and Etter 1989). lis&insin, 79% of re-nesting efforts were
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initiated in cover types different from the origimaver (Dumke and Pils 1979). There was an
average distance between nests of 396 m, (range-63,264 m) between the first and second
nesting effort. In South Dakota, two hen pheasarewecorded re-nesting approximately 148 m
and 176 m from the first nest (Kuck et al. 1970).

Ranges for hens were 8 ha — 21 ha, and averaggdhd 2luring the nesting season (Kuck
et al. 1970). As incubation progresses hens renlager to their nests, shrinking their activity
centers (Hanson and Progulske 1973). Average hangersize was found to be the smallest
during the peak hatching period (15 - 30 June)$woath Dakota study (Hanson and Progulske
1973). Following hatching, home range sizes in@a@ashe post-breeding season with a large
increase in home range size in August and Septefberrange size increase could likely be a

response to crop harvests and activity centersshiyafter these events.

Brood Rearing

The brood rearing stage is another critical pedodng the pheasant’s life cycle.
Successful brood rearing is enhanced by accesatioyar food resources, mostly insects, as
well as appropriate cover habitat (Trautman 1982)er is dependent on vegetation
characteristics such as VOR and litter depth. Tipes® communities also support the insect
populations the broods depend on, therefore thvesedquirements are inter-related and are the
focus of many brood rearing studies (Hill 1985).odatching chicks are capable of
locomotion immediately; however, their ability tecape predators is still relatively undeveloped
and predation becomes a major threat to brood\&alr@irautman 1982). Riley et al. (1998)
reported mammalian predation was responsible faitgr than 85% of brood mortality in lowa.
Brood rearing habitat must provide for both theatg requirements of young chick as well as

their cover. Marginal habitats have been showmdtoeiase the territory that broods are required
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to cover to meet their resource needs. As a coeseguhese movements further expose broods

to the risk of predation (Warner 1984).

Adequate brood rearing habitat varies by regiah@an be affected by the predominant
agricultural activities in the area (Warner etl#99). In most localities broods show
disproportional use for certain habitat types abers available in the landscape (Hammer
1973). One exception to this rule is the Willamé&fttdley in Oregon where pheasant showed no
significant differences in use of cover types avaise available within the landscape (Meyers et
al. 1998; Table 6). Nevertheless, the survival adfamette Valley broods was related to the
habitat the birds utilized as well as the age eftifbods. Grain fields (wheat, o&tvéna sativa)
and barley) provided the most secure hatching arlgt brood rearing cover (from 1-7 days).
Strip cover (roadsides, fencerows and roadsidéel#cwas the least productive habitat for
hatching success and early brood survival dueddagiion pressure. However, it was shown to
be selected during nest establishment and wasfrespeently by broods that survived during
days 8 - 44. Survival of broods in the Willamettalley is therefore related to frequency and
timing of habitat use by broods.

Alfalfa, proved to be an important cover type tighout the brood rearing season for all
months from June to October in South Dakota (HamswhProgulske 1973). Alfalfa was the top
selection for overall preference during all periofishe brood rearing stage when analyzed with
a cover use index procedure developed by Robél €9¥0). Other habitats, such as sown small
grain fields, corn fields, and shelterbelts, wesediintermittently for nesting and roosting during
this same period. Pheasant targeted corn (33%)| grams (oats and ryeS¢cale cereal))

(23%), alfalfa (15%), and residual cover (14%) mibian any other land types. Residual cover

and small grains were most heavily used in eanlgraar and approximately 90% of the birds
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Table 6. Cover type use by pheasant broods compagrsurvived and perished for three
time periods in western Oregon, 1980-1983 (Meyers &. 1998).

Cover type used (%)

Hatching Days 1-7 Days 8-44
Broods Broods
Broods Broods that survivin
Cover Types | that Broods that Broods perished | g>45

perished | surviving | perished in| surviving between | days
in <7 days | >8 days | <7 days >8 days 8-44 days | (n=28;
(n=26;26% | (n=67;67§ | (n=26;27) | (n=70;130% | (n=26;94% | 277y

Grain fields 15 55 15 52 44 40
Strip

vegetation 35 8 11 4 5 15
Seed Grasses 27 15 19 18 16 7
Grassland 16 16 37 15 30 30
Miscellaneous 8 6 19 11 5 8

®Distribution of percentage among the 5 cover typese significantly different between those
broods that survived and those that did not fohgeariod. Significant individual comparisons
within a time period are shown with * €0.05) and ** (P < 0.01).

bSample size (number of broods; number of locations)

observed were in these locations during June anérdt half of July. In September, only 7% of
the locations were in these habitats. Small grare highly preferred from mid-June to mid-
July. Corn was used during all periods of the désrd July and was utilized progressively
more after mid-July.

In lllinois, an area that is intensely dominatgdrdw crop agriculture, brood activity was
significantly higher in oat fields compared to Hegyds (Warner 1979). Oat fields provide
appealing cover for pheasant in lllinois (Warne84p Ease of movement, concealment, and
abundance of insects make oat fields a prime fogagover for pheasants (Warner 1984). Prime
feeding areas during this time period are strorglyelated with insect abundance (Basore et al.
1987). During the early brood rearing stage (1-&ks¢ other habitats in lllinois, such as corn

and soybeans, are of little value to pheasant sielcause of their low arthropod abundance
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(Hill 1976). Nevertheless, pheasant broods wikrafpt to utilize the habitats available when
ideal cover types are absent. Basore et al. (1f@8nd that pheasant in lowa will utilize row
crops for food in the absence of hayfields forghdy brood rearing stage. In certain situations
arthropod abundance is not the primary factor dateng habitat selection. For example, a
British study found that during the first four weelb8% of pheasant chick locations were in
cereal fields, and only 8% in woodlands, which wagmificantly less then what was available
in this area (Hill 1985). Avoidance of woodland liabwas still present despite a higher level of
arthropod abundance. These pheasant also showedgpiee for rough grass, weedy areas and
winter barley Hordeum vulgare).

Several studies have shown that differences indsarvival are associated with the
habitats utilized during this time period (Meyetsk 1988; Riley et al. 1998; Clark and
Bogenschutz 1999). For example, broods hatchecain §elds perished significantly less
frequently than those hatched in other habitateenwillamette Valley of Oregon (Meyers et al.
1988). In northern lowa researchers found a pa&s#ssociation between hens with broods in
grassland cover and brood survival (Riley et a@8)9Lower amounts of grassland cover
corresponded to more variability in chick survivehis study also found that highly fragmented
landscapes, did not allow for high numbers of clugkvival. There is also a lower survival rate
associated with late-hatched chicks from re-nesttgmpts (Clark and Bogenschutz 1999).

Changes in modern agriculture have also had a&etedh brood rearing habitat (Warner
1979; Warner 1984; Basore et al. 1987; Clark angelechutz 1999; Warner et al. 1999). Oat
fields, which are high value brood rearing habigat threatened with changing farm practices
favoring less small grains and more soybeans andarops in lllinois (Warner 1984). Without

small grain habitat, pheasant broods will make tgraase of marginal brood rearing habitat such
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as corn and soybeans. Warner (1979) concludeatagability of insects and weedy forbs for
pheasant chicks in this area had reached crigwal$ which may detrimentally affect their
ability to complete normal life cycles. Under théstense agricultural situations, brood rearing
habitat may be equally as limiting as nesting lafiivarner 1979; Clark and Bogenschutz
1999). Other changes in modern agriculture, su¢heatate seeding of mono-typic oats in
lllinois, have also been found to be of little valio foraging pheasant (Warner et al. 1999). No-
tillage fields, while beneficial for soil healthéther ecological properties did not show a
significantly different availability of arthropodshen compared with other tillage practices in a
study done in lowa. However, the value of no-tildgplds to meet other requirements of the

brood rearing stage compared to conventional gilishunclear (Basore et al. 1987).

The effects of herbicide, pesticide and insecti@gplication have the ability to reduce
available food and quality habitat for pheasanbdeo(Warner 1984). Prior to the advent and
usage of herbicides, most crops had an undergroighassy weeds and forbs that provided
invertebrates and small seeds for young chicks (@faet al. 1999). Brood rearing habitat in
intensely farmed regions, such as lllinois, hasamiy decreased in size but has also declined in
guality. Researchers have shown improvements gkchrvival by eliminating the use of
pesticides on small grain field margins, therefireasing insect forage and providing more
food for pheasant broods (Chiverton 1994). Othadies such as Warner et al. (1982) have
found similar relationships; insect control for begn farming has been linked to smaller insect

populations in central lllinois and thus less fdodpheasant chicks.

Utilization of specific cover types throughout tthernal cycle has been another major
focus of brood rearing research (Hanson and Prkgul873; Warner 1979; Meyers et al. 1998).

Variation in this selection also appears to beaegiiand Meyer et al. (1988) found that there

36



was no difference in cover types used by broodsmdumorning, mid-day and afternoon time
periods in the Willamette Valley of Oregon. In c@st, South Dakota broods were found in corn
fields, pastures, and summer fallow pastures duhaglay but avoided these areas at night
(Hanson and Progulske 1973). They utilized smalirgfields equally throughout the 24 hour
period and shelterbelts were used at their greatgsht in the morning period but the least in the
afternoon. Alfalfa was found to be the most exteslgi used cover type for both day and night
throughout the brood rearing season. In Illinoiedences in cover type have been studied
based on the diurnal cycle (Warner 1979). Broodsded activity primarily in oat fields during
the day as well as the night when this habitat avaslable, suggesting that oat fields in this area
are valuable both as suitable roosting cover amtiagary feeding areas. In Nebraska, hayfields

were most frequented by pheasant at nighttime (Hamni@73).

The use of row crops by pheasants has generadly flgown to increase during the
afternoon hours (Bennet and Hendrickson 1938; Hanmi®€3; Hanson and Progulske 1973;
Warner 1979). Pheasant broods roosted primarihajnand small grains, and they were
relatively inactive until after sunrise (Warner 99.7Several researchers believe this period of
inactivity may correspond with dew accumulationvegetation (Fisher et al. 1947; Klonglan
1955; Warner 1979). During the early morning pepbéasant in lowa moved to open areas,
which was likely a response to the heavy dew irgtlass habitat. During the mid-day hours,
pheasant moved to heavier cover areas as the dgwrted (Warner 1979). Pheasant waited
until after daylight to leave nesting cover andiretto their roost. These daily movement

patterns were recorded by Warner (1979) and displéglow (Warner 1979; Table 7).
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Table 7. Frequency of locations of pheasant broodsy primary cover types for different
daily time periods in lllinois (Warner 1979).

Brood Locations
Observed v.| Corn and Hay and Edge, strip,
Time Period | Expected Soybeans Oats and Roadside Total
22
Night OBS 3 14 5 ) X2 =
(2131-0530) EXP? 7.3 9.6 5.1 4,58
Early
Morning OBS 36 46 28 110
(0531-0930) EXP 36.6 47.8 25.7 1 %2=0.29
Midday OBS 44 70 41 155
(0931-1330) EXP 51.6 67.3 36.2 [ X,°= 1.87
102
Afternoon OBS 45 44 13 X7 =
(1331-1730) EXP 33.9* 44.3 23.8 8.54%
Evening OBS 16 14 14 44
(1731-2130) EXP 14.6 19.1 10.3 [ 2= 2.82
Total 144 188 101 433
] ng =
% 7.43 3.56 7.08 |18.07%

®Expected values (EXP) calculated from the percentdgotal locations observed (OBS) in each
cover type for all periods combined: 144/43344 = 7.3.

PRepresenting the chi square notation using twoedegof freedom

*0.10 >P > 0.05;[1 0.05 >P > 0.025; 1 0.025 #> 0.01.

Considerable variation between home range sizeslsa been detected and varies by
location. The variation is correlated with the af¢he brood, agricultural activities and habitat
quality (Kuck et al. 1970; Warner 1979; Hanson Bnogulske 1973; Hill 1985; Riley et al.
1998). Immediately upon hatching females and brabalg close to their nest for several hours
unless predators, machinery or some other distaebmrce them to move (Baskett 1947).
During the peak hatching period, the home randeeat and their broods is the smallest it will
be for the entire brood rearing season (HansorPaogulske 1973). In South Dakota, significant

increases in home range size were seen afteraghsdoHanson and Progulske 1973). In South
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Dakota, brood ranges increased from the nestingerém12.9 - 15.7 ha in July through the first
two weeks in August (Hanson and Progulske 1973jinguhe last two weeks of August this
range increased to 28.7 ha followed by a rangesdserto 22.3 ha for the last two weeks of
September.

Another South Dakota study looked at hen homeeaswgiring the brood rearing stage
(Kuck et al. 1970). Home ranges were recordedlat 81 ha and averaged 12.5 ha. Brood
rearing was restricted to 2 — 4 ha around thefoeshe first 3 weeks following hatch. Similar
patterns were found in northern lowa (Riley etl&98). A four year study conducted by Riley et
al. (1998) found that broods generally stayed witthO m of their nest location for two 2 days
after hatch. After this, movements up to 1,000 menwsbserved. This study was conducted in
two counties in lowa; they found the mean home ezarga in the two counties to be 76 and 66
ha for the duration of the study (Riley et al. 19%8ble 8).

Comparisons of brood home range size were brokeam dy Hill (1985) for the first
three weeks of the brood rearing stage. In GreighiBrhome ranges were reported as 4.8 + 1.0
ha, compared to lllinois broods which occupied @ ha. In South Dakota, broods home ranges
were at 2 - 4 ha (Kuck et al. 1970) and 11 ha (Harad Progulske 1973). Movements between
successive nocturnal roosts were recorded by HB%) in Great Britain. Roosts had a mean
maximum range length (the distance between thextast widely separated locations) of 376 +
38 m (range 235-493 m), and the mean distance bats#ccessive nocturnal roosts was 75 = 13

m.
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Table 8. Home range area (ha) based on minimum coex polygon estimator of pheasant
hens with chicks during nesting and brood rearingn Palo Alto and Kossuth counties,
lowa, 1990-94 (Taken from Riley et al. 1998).

Palo Alto county, IA Kossuth county, 1A
Year mean SE M;® mean SE M;
1990 56 22 16 63 42 7
1991 21 6 19 15 2 3
1992 111 26 25 52 18 5
1993 84 17 15 179 90 3
1994 102 29 13 57 18 11
1990-94 76 20 88 66 30 29

& Number of hens with broods

Variations in brood home range size were foune@orrelated with the quality of brood
rearing habitat (Warner 1984; Hill 1985; Warneakt1999). lllinois pheasant broods in diverse
habitats had smaller home ranges than their cquartsrin corn-soybean monocultures (Warner
1984; Warner et al. 1999). These increases in raizgeare likely a function of food supply and
the brood’s dietary needs (Hill 1985). However, Waaret al. (1999) speculated that this
increase could represent the hen’s dietary req@nésras well because little is known about
whether brooding hens forage primarily in respdioseir own nutritional needs or if they will
alter their optimal feeding pattern to accommoddieks. Dietary analysis by Hill (1985) found
that there was overlap in diets between the heddsoods during the brood rearing stage.
However, arthropods were still only a minor partie hen’s diet. Increases in home range size

do not come without a price, and Hill (1985) comigd an increase in brood rearing failure with
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increases in distance between the two furthestitotaof nocturnal roost sites. Hill's research
(1985) also illuminated the diversity of arthropgutesent in the diet of pheasant chicks (Hill

1985; Table 9).

Table 9. Composition of arthropod component by dryweight (%) of pheasant
chick’s diets (seven brood) and selection index (kee derived by dividing arthropod
samples collected from the home range by the weighalue represented in the diet) of
pheasant in England (Hill 1985).

Food item Percent in the diet Selection Index
Araneidae 2.3 0.2
Aphididae 8.1 1.8
Cicadellidae 4.1 0.3
Delphacidae 10.4 1.3
Heteroptera 17.5 0.7
Sawfly adult 0.1 1.0
Sawfly larvae 18.6 4.0
Lepidoptera larvae 11.6 8.9
Ichneumonidae 0.7 2.3
Braconidae 1.1 0.4
Formicidae 0.7 7.0
Carabidae adult 2.3 2.9
Carabidae larvae 0.4 4.0
Staphylinidae adults 1.0 0.6
Staphylinidae larvae 0.6 6.0
Curculionidae 3.7 1.4
Elateridae 2.2 22.0
Other Coleoptera 1.6 0.6
Tipulidae 6.4 64.0
Other Diptera 5.7 0.5
Chrysomelidae 0.1 0.5
Dermaptera 0.6 6.0
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Many of the changes in behavior and home rangetBrbughout the brood rearing
season can be clarified by looking at the changkdtary requirements as pheasant chicks
mature (Hanson and Progulske 1973; Warner 1979n&Yd084; Hill 1985). Young chicks eat
animal matter almost exclusively (Hill 1976; Whitrecet al. 1986; Basore et al. 1987). Dietary
shifts towards a higher proportion of plant matecur from 2 - 4 weeks at which time pheasant
broods primarily target weed seeds and cultivatathg (Warner et al. 1982; Hill 1985). Hill
(1985) analyzed fecal matter from broods in Gra@aB at this stage and found a
significant increase in the biomassRufa annua andAgrostis spp. as chicks increased in age.
During this dietary shift home range size ofterréases and broods will show increased use of
cropfields until 6 - 7 weeks of age where this effevels off (Hanson and Progulske 1973;
Warner 1979; Hill 1985). This relationship becoraesmportant factor in determining the
guality of brood rearing habitat in an area. Ireirgely farmed regions, younger broods have a
significantly higher mortality rate than their siity older counterparts (Warner 1984; Meyers et
al. 1988). This difference may be due to the chamgelietary requirements that allow broods to
utilize new habitats but also their increased miyhgind flight ability which allows them to

escape predators.

It is important to note that not all researchexgenobserved this relationship (Ewing et al.
1992). In some areas, cover types may have thigyabilprovide for both younger and older
chicks without requiring an expansion in home rariges relationship is one that requires
further research and also requires a landscapkdaaéysis of an area. Agricultural activities
have also been cited for the increase in home raizgeas the aging of broods often coincides
with crop harvests (Kozicky 1951; Hammer 1973; Henand Progulske 1973; Warner 1979).

However, a study by Warner (1979) found that changeise of cover by broods over the
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summer appeared to be more a function of age ataratian rather than crop phenology or
harvest.

Because brood dietary requirements are a majtorfacdetermining behavior and
habitat use of young chicks, there have been mianyes targeting the needs and preferences for
young pheasant (Scott et al. 1955; Woodward dt97; Warner et al. 1982; Hill 1985; Basore
et al. 1987). Mortality has been linked to the antaf protein in the diet for young pheasants
with increases in protein leading to higher ratesupvival (Scott et al. 1955). Hill (1985) found
that arthropod densities in the home range of ls@gblained 75% of the variables often
coincide with chick survival during the brood regyistage but this relationship may not always
be directly caused by death from exposure to inelgmveather. Hill (1985) found that when
mean temperature in the month of May was combinéd wariations in insect abundance using
a multiple regression analysis, 95% of the varratiochick survival was explained.

Monthly temperatures and rainfall were able tolaxpvariation in arthropod
communities. Therefore, inclement weather whilk ditiectly causing mortality in some cases
also has an indirect effect of limiting the foogply to young broods, causing additional stress.
Insect abundance is strongly correlated with braadival (Hill 1985). However, most
arthropod abundances occur towards the end oltnengr after the majority of the brood’s
diets have already shifted towards plant basedsf¢Besore et al. 1987).

Receiving sufficient protein levels during thesti24 days post-hatch is necessary for
adequate growth (Warner 1984). High protein diat®f good early feathering and allow for
satisfactory growth (Woodward et al. 1977). Howethexse results decline with age, and the
amount of protein needed in the diets of older paptchicks to maintain adequate growth

becomes increasingly smaller up to 14 weeks. &barhtory study conducted by Woodward et
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al. (1977), optimal levels of dietary protein faung chicks were determined to be 24% for the
first 8 weeks, 20% for the next 8 weeks and 10% JRotein was sufficient after 16 total weeks.
Protein in this study was entirely plant based, aiestrating that sources other than arthropod
biomass can be important protein resources. Detémgithe minimal amount of arthropod
abundance needed for growing broods therefore dispamboth the characteristics of the plant
tissue in the habitat as well as the quality arahtjty of the protein source provided by the
insects.

Another laboratory study demonstrated that thieiihces in growth between pheasant
on a low and high protein diet were most evidemirdpthe first three weeks (Warner et al.
1982). Beyond 24 days both low protein diets as aghigh protein diets allowed for adequate
growth. Despite the need for protein in the dieyaiing pheasant, restricted protein diet studies
found that pheasant fed high protein levels andpostein levels all weighed the same by 20
weeks of age; however the timing of their growtrswat equal (Woodward et al. 1977).

A multiple regression analysis in Great Britainifid that weather variables and insect
abundance explained 95% of the variation in chigkisal (Hill 1985). In this analysis four
insect groups (carabids, chrysomelids and sawftllepidoptera larvae) explained 67% of the
variation, demonstrating that some insect groupsrare important during the brood rearing
stage than others. Using a fecal analysis, HilBE)3vas able to determine that several groups of
insects were highly preferred by pheasant brootigewseveral other groups (Araneidae,
Cicadellidae and Braconidae) were not. This studwyd that pheasant broods were
opportunistic feeders and would feed heavily ors artien they were present in large numbers.

Higher biomass consumption was shown to have iy@mselationship with chick

survival (Hill 1985). However, different insect &axwere found to explain significantly more of
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the chick survival than other arthropods. Thistreteship infers that some insect groups provide
higher quality food resources than other. Chickeating more sawfly larvae and Heteroptera
showed higher survival rates than other broods.

Insects found in pheasant diets were representedth corn and soybean fields in lowa
(Basore et al. 1987). These habitats have prewidiestn cited as marginal brood rearing habitat
despite the presence of the following orders (Is@p@draneida, Orthoptera, Homoptera,
Coleoptera, Lepidoptera, Diptera, Hymenoptera, @tmrNueroptera, Ephemeroptera,
Trichoptera and Hemiptera). Problems with this ssrvinent may be related to arthropod
distribution and density or other requirementsraidlal rearing pheasant such as roosting and

concealment.

Pheasant chick survival and mean brood size avetiaer indicators of population health
that are often documented (Riley et al. 1998; Raeg Riley 1999; Riley and Schulz 2001). In
North Dakota, mean brood size declined statewidied®n 1962 and 1993, and between 1971
and 1993 in the central region of the state (Raeg Riley 1999). In South Dakota the same
trend was observed between 1978 and 1996. Thera@dwmbeen a steady decrease documented
in brood survival in Illinois from 78% in the 1946554% in the late 1970s (Warner et al. 1999;
Riley and Schulz 2001). Survival has been even rextieme for young pheasant in northern
lowa where chick survival at 28 days was estimé&tdae 11-57% (Riley and Schulz 2001). The
significant, long term declines in mean brood sind chick survival for pheasants over much of
the Midwest have been attributed to habitat losgeeially grasslands due to their importance as
nesting and brood cover. However, extreme singlauti-year weather events during the

pheasant nesting and brood rearing season can decisges (Riley et al. 1999).
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Because predation takes such a large toll on pheasrvival, predator control programs
have often been implemented (Riley et al. 1999gyRand Schulz (2001) researched both the
feasibility and effectiveness of these programsaetdrmined that they can be effective in
increasing pheasant populations if practiced refuéand intensely. However, maintaining these
programs is costly and generally economically usifda. Investing money in conservation
practices that reduce predation pressure and esgewheasant production may be more
effective in increasing pheasant numbers than poedantrol alone (Riley and Schulz 2001).
For example, the cost of removing predators in édabs conservatively estimated at 736 labor
hours being used in 1995 - 1996 to remove 37 fd&éskunks, and 45 feral cats on two study
areas. The cost was calculated to be $75 to $1i00rpdator. Furthermore benefits to pheasant
populations last only as long as predator controyyams remain in effect and predator numbers
can quickly increase once control is removed.

Timing and mass at hatch have been linked to chuckival (Riley et al. 1998). Chick
mortality in lowa has been shown to increase by@@ each day chicks are hatched after
median hatch date (Riley et al. 1998). Mass athhates also found to be related to chick
mortality. For every gram above the average chieksrat hatch (18.5 £ 0.13g) survival was
decreased by 10%. Broods from late hatches orstnageattempts show lower clutch sizes,
lower chick mass, and subsequently reduced chickval. This evidence suggests that broods
from re-nesting attempts have a higher chance ofaiity, which demonstrates the importance
of quality nesting habitat that persists through sbason.

Exposure is another significant cause of mortdbtypheasant chicks and affects younger
chicks substantially more than older ones (RysdrMarrison 1954). Thermal neutrality in 14

day old domestic chicken&éllus domesticus), another gallinaceous species, has been shown to
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be around 35°C (Barott and Pringle 1946). Tempegathelow this can be acclimated to by
chicks but the acclimatization requires cold weastienulus (Scott et al. 1955). Cold snaps
before the acclimatization process, such as imnegliapon hatching can be detrimental for
pheasant broods. Young birds continue to be maeeguible to colder temperatures following
the hatching period and a laboratory study fourgbexre of three day old chicks to 30 min at
20°C was enough to kill 50% of the chicks, at sedays old this same temperature exposure
only killed 14%, and while at 11 days, no birds evkilled (Ryser and Morrison 1954). Riley et

al. (1998) inferred that starvation may also plagla in these deaths since arthropods, which are

the primary diet at this stage, are also unabkuteive these adverse weather conditions.

Conservation Reserve Program

The Conservation Reserve Program, Title XII of leeleral Food Security Act (i.e.,
Farm Bill), was created in 1985 under the admiatgin of the United States Department of
Agriculture, although similar conservation pracsieeere achieved with an earlier piece of
legislation, the Soil Bank Act in 1956. The goal<C&®P were to promote planting of perennial
grasses and forbs which would improve water qualitg prevent soil erosion, two consequences
associated with intensive agricultural practicesg@mont 2006). Under CRP, farmers are able
to enter 10-year contracts that defer marginalraghly erodible cropland from agricultural use.
Recently CRP contracts have also focused on cgeptime wildlife habitat, winter wildlife

food resources and pollinator habitat.

There have been other federal farm programs iedian the past that have also
temporarily retired private agricultural land frdsath crop production and livestock grazing
(Berner 1988). The Agricultural Act of 1956, crahthe Soil Bank Program allowing farmer’s

to retire cropland under contract for annual paytméne land retirement portion of this program
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was repealed in 1965. The Food and Agricultural &&965 continued the long term diversion
programs under the Crop Adjustment Program (CAAR®&5. Both programs contributed
significantly to wildlife habitat and were the pesgssors to the modern CRP program (Erickson
and Wiebe 1973; Berner 1988; Riley 1995). Receastuveries of pheasant populations have been

attributed to the perennial grasslands currentiplésd in the CRP (Schmitz and Clark 1999).

Poor nesting success and loss of native grassismdsajor factor for pheasant decline
in the Midwest (Clark et al. 1999; Eggebo et aD20 However, the large blocks of perennial
grassland set aside from the CRP have shown avgosdrrelation with pheasant abundance
(Erickson and Wiebe 1973; King and Savidge 199%\Ri995; Ryan et al. 1998; Evard 2000;
Eggebo et al. 2003; Nusser et al. 2004). Sevardlet have also shown positive trends in
nesting density and nesting success associateddREhland compared to other land uses in the
area (Luttschwager and Higgins 1992; Camp and B&#34; Patterson and Best 1996). Pheasant
have also been positively correlated with the laage level characteristics of an area (King and
Savidge 1995; Nielson et al. 2008). In Nebraskeaswith approximately 20% of the land
enrolled in CRP contracts contained significantiyrenpheasant than areas with <5% CRP (King

and Savidge 1995).

Utilization studies of CRP lands have also beemagor focus of research and pheasant
were found to be a frequent user of CRP lands imsKs, Nebraska, Minnesota, Wisconsin,
lllinois and Missouri (Best et al. 1995). Pheadamte been observed in the winter on CRP land
in Missouri (McCoy et al. 2001a) as well as lowacMgan and Kansas (Best et al. 1998). They
utilize these areas as valuable winter habitabiih iNorth Dakota and Nebraska (Delisle and

Savidge 1997; Homan et al. 2000).
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CRP contracts are not uniform throughout a regiah many decisions on plant
establishment have to do with program requiremdausiowner preference, location, slope, soil
type and the hydrology of an area. In North Dakb&main options for establishment are
permanent introduced grasses and legumes knownorasevation Practice 1 (CP1) and
permanent native grasses (CP2). Within these caésgihere are also several different options
for seed mixtures. However, common CP1 grass spewé&ide crested wheatgraggopyron
cristatum), smooth brome, timothy (Best et al. 1998; McCbgle2001a; Geaumont 2009).
Common CP1 legumes are alfalfa and sweet cldvietilotis spp.). Native warm season grasses
that are commonly planted in CP2 pastures are tigd#ess, switchgrass and big bluestem.
Recently alternative options for CRP have beermaiteitl including: permanent wildlife habitat
(CP4D), which is aimed at providing cover, food avfttllife; wildlife food plots (CP12), which
are generally annual crop species aimed at prayidiwinter food resource to wildlife; rare and
declining habitat (CP25), aimed at conservingaatl mixed grass prairie in certain counties in

North Dakota; and pollinator habitat (CP42), whestablishes plant species that aid pollinators.

Current active CRP contracts in the United Statesf July 2012, consisted of 11.97
million ha in 737,873 contracts from 409,374 famasionwide (USDA 2012). In North Dakota
current CRP contracts were totaled at 967,589h32j379 contracts from 16,065 farms,
totaling around 5.3% of the state land. Vegetasioacture was analyzed in CP1 and CP2
plantings established in 1986-1987 and analyzekddrsummer and winter of 1989 (Burger et al.
1990). Winter VORs were significantly higher in CplBts &[] = 7.6 cm) compared to CP1
plots (x[] = 2.9cm), summer VORs were higher with CP2, avapg3.2cm compared to
21.6cm in the CP1 plots. Litter depth did not difbetween CP1 and CP2 plots in winter or in

the summer.
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Comparisons between CP1 and CP2 pastures asleyiteasant habitat were carried out
by Eggebo et al. (2003) in a study conducted iteeasSouth Dakota. This study, which was
conducted in June, found that more crowing pheamashtrood sightings were recorded in older
(10-13 years) cool-season (CP1) CRP plots tharotrer age or cover type. Newly established
CP1 plots (1-3 years) acquired vegetation strudaseer than CP2 plots of a similar age and
these ew cool season fields were structurally indistiispable from old CP1 and CP2 fields one
year after establishment. These data help exgla@imbservation noted by Eggebo et al. (2003)
that many landowners have resisted planting wamsesegrass mixtures not only because the
seed is more expensive and requires specializadragut for planting but also because the

vegetation normally takes 3-5 years to establish.

CP1 fields 10-13 years of age provided the besagant habitat for both the nesting and
brood rearing season (Eggebo et al. 2003). Furivern2-3 and 10-13 year old CP1 fields
provided better nesting and brood rearing halfitan {ICP2 fields of comparable age. Researchers
also noted that intermediate aged fields (4-7 yeansch still contain a forb component may
provide optimal nesting cover and brood rearingthalFurthermore, CP2 fields, may have been
undervalued in this study due to the timing of skngp Researchers noted that an analysis
conducted later in the summer would show an iner@a€P2 vegetation structure after these
plants have completed their growing season. Thiesgspalso provide valuable winter cover due
to the stiffness of the vegetation associated wadlhm season species. From this study,
researchers recommended extending CRP contradtsea10 years to provide the adequate
vegetation structure. They also recommended hiigveability in seed choices including a
mosaic of both cool season introduced species amohweason grasses to aid pheasant

throughout their life cycle.
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The CRP contracts in 2004 were modified to incladggronger commitment to mid-
contract management. Practices included diskingraedseeding to replenish the forb
component of CRP pastures. Without these practiaesy CRP lands increasingly convert to a
monotypic grassland with thick litter accumulatidsillenbah et al. 1996, McCoy et al. 2001b).
Matthews et al. (2012a, 2012b) looked at the respafi pheasant populations to these
management practices compared to traditionally @ &RP field in northeastern Nebraska.
Hens showed selection for greater forb cover amticad density, therefore favoring the
interseeded CRP over the traditionally managedupast The mechanisms behind this selection
may be related to greater invertebrate abundamntetfaerefore, food resources from the
increased forb component, as well as the vegetatrocture and its effects on predators
(Matthews et al. 2012b). Therefore disking andrsgeding legumes could be responsible for

increases in nest survival and brood rearing (Matthet al. 2012a, Matthews et al. 2012b).

Landscape Effects

As technology increases there are an increasimbauof state and national databases
available to assess landscape level agricultudheanironmental trends in natural resources
(Nusser et al. 2004). Obstacles to large scaleatatbeing overcome by federally sponsored
surveys that monitor the status and trends in lesgg natural resources and agricultural
practices, including the U.S. Forest Service Inegnand Analysis Program, the USDA Census
of Agriculture, and the USDA National Resourceselmory which shows trends for non-federal
lands. State based surveys, such as the lllingigd@er Database, have helped landscape level
analyses related to wildlife research. Improvenesbftware has also aided these assessments
and programs like Geographic Information SystemS§)Q.andsat, Remote Sensing and Spatial

Pattern Analysis Program for Categorical Maps (FRRAGTS). Older databases are also being
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used for landscape level research such as blacwhitel aerial photography (Woodward et al.
2001).

Habitat use is a multi-scale phenomenon and tastzape context should always be
evaluated (Best et al. 2001). Constible et al. §2@fated that landscape characteristics have the
ability to influence biotic processes, abiotic @eses, and species’ interactions to influence the
space use in certain species. These charactehstesbeen broken down into several commonly
analyzed macro-habitat variables that are curreh#yfoci of these research studies. Some of
these variables include, but are not limited tdgitad patch size, patch shape, isolation or
connectivity, proximity to edge features, habitahness, evenness, interspersion, juxtaposition,
mean landscape composition, changes in landscapeasition or Landscape Change Index
(LCI), current landscape composition, proportioraafertain cover type and proximity to
resources such as water. Knowledge of the extehdistribution of potentially suitable
landscapes can enhance management efforts asswidtermine the presence or absence of a
suitable landscape matrix (Roseberry and Sudkar@f)19

This research has helped clarify many relatiorssthat wildlife have with their habitat,
which would have been hard to determine with smaltale studies. For example, a study done
in lowa utilized large scale units such as Majondlé&Resource Area (MLRA), eight digit
Hydrological Unit Code (HUC), and the county toidefpolygons throughout the state (Nusser
et al. 2004). These polygons were then matcheditpogunt data from the state’s annual
pheasant population survey to analyze the impdd®R&® on pheasant populations. Landscape
level analyses also have the ability to tease edam data relationships that would be hard to
reveal using conventional smaller scale studieslsdn et al. (2008) looked at a variety of

habitat types including CRP across nine stated@unttl that of these habitats, percent
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herbaceous vegetation in CRP within 1,000 m wagipely associated with pheasant
populations. There have been several other landdeapl studies focused on a variety of
species. This research offers valuable insight tdsvéhe tools and methods that can be used to
enhance our understanding of the pheasant relatpmsth their landscape. These studies

should be a major focus of future research.
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MATERIALS AND METHODS

Study Area

This study was conducted at two separate sitesHhet@inger, North Dakota, in Adams
County located approximately eight to ten km adaoth sites were located on private land
leased to North Dakota State University to condeséarch on CRP lands. The two study sites
will be hereby known as the Fitch and Clement sifésy their landowners. These sites were
located in an un-glaciated region of the NortheraaBPlains characterized by rolling terrain and
scattered buttes. Adams County lies entirely withenMajor Land Resource Area (MLRA) 54,
known as the Rolling Soft Shale Plains (NRCS 20Tf8js MLRA is located primarily in North
and South Dakota, with a small fraction (3%) lodateMontana. This area comprises 75,870
km? and is underlain by soft calcareous shales, @ilest, and sandstones which contain the
principal sources of groundwater in this regiortniag and ranching operations are the major
land uses in this area, producing a combinatiozash grains and livestock. Over half of this
MLRA still supports native grasses and shrubs shaport grazing livestock. Around one-third
of the land is used for dry-farmed crops like wheatley, oats, rye, flax.{(num usitatissimum),

corn, alfalfa, and sunflowersiélianthus annuus). Small portions of this region are irrigated.

The climate in this region is continéraiad semiarid, characterized by warm
summers and relatively cold winters (Ulmer and @difi87). Annual precipitation in this
region is 31.5 cm, with an average air temperanfi®14°C over the last 21 years (NDAWN
2012). Approximately 80 percent of this precipibatis received from April through September
(NDAWN 2012). This area is prone to fluctuatingvilal and drought cycles. The town of

Hettinger, which is near both study sites, haslevaegion of 813.8 meters above mean sea level.
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Parent materials on these study sites are calesusdale and sandstone (Ulmer and
Conta 1987). Three dominant soils and several nsoils exist. At the Clement site, Vebar-
Flasher and Vebar-Parshall are the dominant sodsShambo loam, Harriet loam, and Arnegard
are the minor soils, both dominant soils are welirted (Sebesta 2010; USDA-NRCS 2012a).
The dominant ecological sites associated with tkeddypes are sandy for Vebar-Flasher and
loamy overflow for Vebar-Parshall. However, otheolegical sites that were associated with the
Clements site are loamy, shallow loamy, and loaimg $and. On the Fitch site, Vebar-Parshall
and Harriet loam are the dominant soils while B#ifiSavage-Daglum and Daglum-Rhoades are
the minor soils (Sebesta 2010; USDA-NRCS 2012bjrietdoam soils are generally poorly
drained. The dominant ecological site associateld KWarriet loam soils is saline lowland.
Primary conservation concerns in our study regidh vespect to soil are wind erosion, water
erosion, maintenance and control of organic matt@nagement of soil moisture, and control of

saline seeps (USDA-NRCS 2010)

The Clement site was 259 ha and located on secti®rand 30, T129N, R95W, and 24,
T129N, R96W, approximately four km south of HetengThe Fitch site was also 259 ha and
located on sections 31 and 32, T130N, R96W, apprately eight km west of Hettinger. Both
sites have a vegetation composition in regulatich ®@RP requirements (USDA-SCS 1988,
1989, 1992). The Fitch site was established as @REr vegetation in 1989 under a permanent
introduced grasses and legumes (CP1) mixture.sit@svas planted as 60% intermediate
wheatgrassH|ymus hispidus (P. Opiz) Melderis), 30% alfalfaviedicago sativa L.), and 10%
yellow sweet clover. The Clement site was madefupo separate contracts. The first of these
was established in 1988 and reflects the same aggetover as the aforementioned Fitch site.

The second portion of the Clement site, enrolletldf2, also planted as a CP1 mixture, was
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established with a seed mixture of 30% intermedidteatgrass, 30% crested wheatgrass

(Agropyron cristatum (L.) Gaertn), 30% alfalfa, and 10% yellow sweetvelo

Treatment Application

Research was conducted in compliance with the Noatkota State University
Institutional Animal Care and Use Committee (IACU@Houghout this study (Protocol # A0845
and A11034). Our study sites were developed taesgmt two replicates in order to evaluate the
ability of a multiple land use management systemravide both agricultural and wildlife
outputs on post-CRP lands in North Dakota. Theimsigstudy employed a randomized
complete block design (RCBD) with four treatmermnid a control, with the treatments including:
1) 129 ha season-long grazing (SL); 2) 32 ha hag (&lAY), 3) 32 ha no-till corn (NTC), 4) 32
ha no-till Barley (NTB); and 5) a control, consmgjiof 32 ha of land left idle (IDLE) and

represented CRP under continued enrollment.

The SL treatment was grazed from June 1 to Jarfuannually with Angus cattle.
Stocking rates were adjusted annually to meet 5€epé disappearance of vegetation and varied
between 33 and 45 cow-calf pairs for the 129 hatitnent per year. Stocking rates for our grazed
treatments varied between 1.6 AUM/ha and 2.4 AUMlnaughout the four years of the study
(Table 10). These densities were determined bgitb& ability to produce forage and maintain
wildlife cover, which varied depending on weathaetbrs such as precipitation, and

temperature.
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Table 10. Stocking rates (AUM/ha) by treatment ontie Fitch and Clement sites near
Hettinger, ND, in 2008-2011.

Years| Clement Season-| Clement Cropland| Fitch Season-long Fitch Cropland
long Treatment Treatment

2008 2.1 2.1 2.1 2.1

2009 2.3 2.3 1.9 1.9

2010 1.8 2.4 1.6 2.1

2011 1.8 2.4 1.6 2.1

The HAY treatment was harvested annually by thesgeveek in July, with the
harvested hay fed to cattle during the spring oghgeason. Both the NTB and NTC plots were
sprayed with glyphosate at a rate of 5.22 I/haia-April, 2006, when the crops were
established. In early May, barley was planted aliywath a no-till seeder in the NTB
treatments and later harvested as hay. The NT(plaated with a no-till seeder in early June
and left as standing feed for cattle and wildldeaige. Cattle were allowed to graze the NTC and

residue from the NTB from January 1 until mid-April

Nest Searching

In order to tag broods with radio tracking devicge,needed to be present with the
chicks during, or quickly after, the hatching peri®Ve located nests in late spring and early
summer using two primary methods. Our first mettmbbcate nests utilized the chain drag
technique as described by Higgins et al. (1969)s tethod required a 30 m chain, 0.80 cm in
diameter attached behind two all-terrain vehicled driven 20 m apart at 11 to 15 km/hour
across each treatment. When hens were flushedrdlaevas scanned thoroughly until a nest was

found or it was determined that no nest was pregauh treatment was searched in its entirety
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four to five times annually. The time between sbkascvaried from between 10 to 14 days. Any

previously located nests were avoided during fuhe®t searches.

Any nests containing at least one egg were maokealhandheld Global Positioning
System (GPS) device and a wire stalked flag pl&cednorth of the nest. The second method
(Chessness et al. 1968) used to locate nests edguairestigators to search on foot through pre-
marked 0.405 ha plots. Investigators walked abtbastigh the plots using PVC poles or sturdy
sticks to part the vegetation in front of them wlthey walked. Each plot was covered in its
entirety. Ten percent of the SL treatment and e¢dietrol were searched at each site. A small
number of our nests were found by following radiarked hens which were the focus of another

ongoing study looking at winter survival.

We determined nest stage and initiation date @htst by utilizing the egg floating
method developed by Westerskov (1950). This metised the development and enlargement of
the air sack inside the egg and its correspondiagges in buoyancy to determine hatching date
and stage of development. In this method, an eggmeved from the nest and placed into water.
Prior to becoming buoyant the angle at which thgests in the bottom of the water will
gradually change with development until the eggasitioned vertically in the column. These
angles are correlated with embryo developmentidite¢o eleven days of embryo development
the egg floats above the water plane. Upon buoyaheyarea of the egg above water can be
measured to predict the days until hatch. Nestheag began the first week of May and

continued until early or mid-July.
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Marking Broods

Investigators returned to each nest on the daiqgied for egg hatching. Newly hatched
chicks were captured by hand after the hen hatid¢ldisrom the nest. Chicks were tagged with
two different radio transmitters depending on teanthey were captured. We used a 0.56 gram
transmitter with a warranty life of 15 days in 208& 2009. However, in 2010 and 2011 we
switched to a 0.65 gram transmitter with a warrdiméyof 33 days. This switch was done in
order to collect a greater amount of data and aedbyoods at a later stage of development.
These transmitters did not contain a mortality slwifTo attach these transmitters a small area of
feathers were shaved from between the chick’s wimgjse scapular region and attached to this
bare region using superglue. A study done lookireysimilar, but more invasive radio-marking
technique, found the transmitters of similar wesgtaused no significant weight differences,
growth behaviors, survival differences or peckimfpdviors in pheasant chicks (Ewing et al.

1994).

Investigators attempted to attach transmitteist teast three chicks in each brood.
However, if fewer than three birds were captured l&ss than three transmitters were available

broods were still tagged with one or two transmétteut excluded from the survival analysis.

Monitoring Broods

Broods were tracked on 1-3 day intervals usingradheld Yagi antenna and R2000
receiver (Advanced Telemetry Systems). Broods \Wweraed using the homing technique as
described by White and Garrott (1990). Some bragele classified as un-located when
searches were terminated due to it being unreakottatransmitters were still active and
investigators determined they were unlikely to fthd brood. In some cases, lightning
threatened the safety of the researchers usingédtg equipment and searching was ended
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prematurely. Depending on time, these broods wéterdfound later that same day or became
the primary target of the next day’s search to enghat the brood was not lost entirely. In some
instances, broods moved onto private land. Sondolaners allowed us to track these broods
while others did not permit access. In the latierasions, triangulation was used whenever
possible to determine the land use cover that thedowas utilizing (White and Garrott 1990).
Signals that failed to move and were located ondessible private land were determined
dead/lost after failure to move for three or moagsd Nevertheless, these signals were still

located daily to ensure that the brood was notguseedingly sedentary.

When brood movement between two days was smbberdverage, we would flush the
hen and brood in order to ensure survival. Eacbkclould be located individually to ensure the
bird was alive and that the radio transmitter walsadtached to the chick. This method was also
used when one signal from a chick was separatadesisonable distance from the remainder of
the brood. Failures to locate broods later in #esen were generally due to loss of battery
power in the radio transmitter. These failures ddag supported by the number of days the
transmitter had been deployed. Other failures ¢ati chicks were attributed to dispersal of the
brood which increased travel distances among clanokismore frequent and farther movements

onto adjacent private land.

Successfully located broods were recorded by imcatsing a GPS handheld receiver.
We avoided flushing the hen whenever accurate reads be taken. This was especially true
on cold and wet days with younger broods to avatudbing young chicks already experiencing
thermal stress. Time of day, land use and GPS owiss were taken at brood location. We
made an effort to find broods utilizing all covgpeés at different times throughout the diurnal
cycle to have a wide range of informative data fieach year. Time stages were divided into
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four periods: morning (sunrise to three hours gfterdday (five to eight hours after sunrise);
evening (four hours before sunset to sunset); &t (one hour after sunset to one hour before

sunrise).

Vegetation Sampling

Vegetation characteristics were taken at approxamavery fourth known brood
location regardless of treatment. Vegetation charetics were quantified within a week of the
brood’s presence to ensure the vegetation commesitilityeflected the same characteristics
present upon utilization. To determine availableecavithin each treatment, a random point
within 50 m of the used location was generatedwtation was quantified at each random
point using similar techniques as those used dt bamnd location. Random points were kept

within the same treatment type as its correspondsagl location.

Vegetation at both used and available points wastfied along two perpendicular 25
m transects that intersected either the used dorarpoint. Visual Obstruction Readings (VOR)
were collected using a Robel pole at 1.5 m in heagidl marked out at 0.25 dm intervals (Robel
et al. 1970). The Robel pole was observed frons&adce of 4.0 m and at a height of 1.0 m from
the four cardinal directions. The first markingtte Robel pole that was not obstructed was
recorded by investigators and the pole was readdtt of the four cardinal directions. The mean
of these four measurements was calculated to oatsite average. Litter depth, maximum live
and maximum dead standing vegetation measurememnésgathered at one meter intervals
along each transect. The VOR, litter depth, maxiniivenand dead standing vegetation from
each set of perpendicular transects were averagedsaall frames to generate one set of data for

each quantified brood or available location.
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Canopy cover was estimated using a 1°Grame placed at two meter intervals along
each transect. Measurements were calculated fqrettoent of each vegetative species within
the frame using ocular estimates. This technique mwadified from the Daubenmire method
(Daubenmire 1959). The Daubenmire frame is 20 &%) where our frame was 1.0°m
Measurements were taken on an undisturbed trasskecto avoid a human trampling effect.
Along with the percent of each plant species oaegrn each frame, the percent litter and
bareground within each frame were recorded. Trdrdaa were an average from all frames to
generate one set of data for each quantified boo@vailable location. We also formed
functional group categories based on the averageedata for each plot. Functional groups

included grass, grass-like, shrubs, and forbs.

Basal cover was estimated using a 10-pin poimiérat 1 m intervals along each transect
(Owensby 1973; Cook and Stubbendieck 1986). Thsisument allows for 10 narrow aluminum
pins to drop vertically onto basal cover, allowingestigators to determine the basal cover
percentages attributed by litter, bare ground amddpecies. The 10-pin point data were
averaged across all frames to generate one seatafal each quantified brood or available

location.

Insect Sampling

Insect collections were performed on the sames it were used during vegetation
sampling within 36 hours of brood discovery to aately reflect the insect community when the
brood was present. We collected insects using apwet, 40.5 cm in diameter, designed for
sampling insects. This device consisted of a tdlxoth sealed at one end with a circular metal
frame connected to keep the cloth open. The fraasattached to the end of a wooden handle.

Insects were sampled by starting at one end of 2ach transect and sweeping insects as the
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sampler walked along the right side of the tapd the end was reached. The sampler then
turned around and swept insects on the opposieasithe tape until reaching their original
starting point. Insects collected at each perprmal 25 m transects were combined to make
one sample representative of either a brood lotcairan available site. All collection was done

at walking speed.

The investigator would quickly close the net opgrtio keep flying insects from escaping
at the end of the collection. The contents of theep net were transferred into a one gallon re-
sealable plastic bag for storage and future arsl@llections were frozen ferl2 hours to Kill
insects prior to sorting. After freezing, all planatter was removed from the collections and
insects were sorted by order (Orthoptera, Hemiptéoéeoptera, Diptera, Hymenoptera, Aranae,
Nueroptera, and others). These orders were weighed separation giving us a wet weight of
each insect order at each used or available lotafi® also calculated total insect biomass for

each used or available location.

Statistical Analyses

To facilitate the evaluation of differences in theect and plant communities at used and
random plots, we performed a non-metric multi-disienal scaling (NMS) on both the plant
species data (frequency) and insect data basetsentiorders. The NMS procedure can be used
as an ordination technique or it can be used tesashe dimensionality of a data set (McCune
and Grace 2001). We used the NMS analyses as aedhietion technique to reduce the
dimensionality of our plant species and insect datan to selected axes which best described
the data. For the NMS analyses, we grouped all asddavailable plots regardless of treatment.
We used PC-ORD 6, manufactured by MjM Software ienéden Beach, Oregon, U.S.A. and
the Relative Sorenson distance measure during NMfses (Kruskal and Wish 1978; Clarke
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1993; McCune and Mefford 2011). Starting coordiaatere random and supplied by a random
number generator within PC-ORD 6. We set the marmimumber of iterations to 500 and the
maximum number of axes to six. The NMS analyse&wwerformed using the autopilot tool
provided in PC-ORD 6. Axes selection used the falhg criteria: 1) the highest dimensions
with a reduction of 5 or more in the stress of d&th, 2) a R 0.05 for the Monte Carlo test
comparing stress for the real data to a randondagakset, and 3) final solutions with stress < 20,
number of iterations <150, and instability <0.0088.graphical outputs were varimax rotated.
Plant species or insect orders that had-ealue of > 0.4 or < 0.4 with the selected axesewer
considered significant drivers of our ordinationsaand provided the ability to describe the
patterns of plant and insect community ordinatBaoth the insect and plant species data were
transformed prior to analyses. We used the arctsamsformation for the plant canopy data.
Insect data were transformed using the squarenmaadformation. Budescu and Appelbaum
(1981) recommended this transformation when thgektrvariances are found in the largest
samples of the data set and when the largest sasnplere than five times the size of the
smallest sample in the data set. Our insect datdoth these criterion justifying our

transformation procedures.

Axis scores for the selected axes of each tramgexa recorded and used in future
logistic regression analyses. This procedure alibuseto detect differences in the assemblage of
plant or insect species at each transect whichmoape apparent when the data are analyzed by
functional forms or total insect biomass alone.

Due to too few brood locations in some treatmaeinitisin certain years, we were unable
to evaluate habitat variables within some treatséMe considered five used locations per

treatment per year as sufficient; however, thiseann was not easily met for both the NTB and
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NTC treatments. Therefore, we choose to group asddandom locations at both study sites in
the season-long treatment by year (Table 11). Mteselected to group used and random
locations at both study sites within the idle aagl treatments by year. Hence, we compared
brood habitat use between a grazed (season-lodg)regrazed (idle and hay) treatment.

Table 11. Season-long (SL) and Non Grazed (NG) trement by year groupings and the
number of pheasant brood utilized transects in eacgroup. These groupings contained

enough utilized observations to be used in the laglic regression procedure in a study near
Hettinger, ND 2008-2011.

Study area, Number of Used Study area, Number of Used
treatment and year Transects treatment and year Transects
Fitch SL 2008 40 Clement SL 2008 11
Fitch SL 2009 17 Clement SL 2009 14
Fitch SL 2010 7 Clement SL 2010 10
Fitch SL 2011 19 Clement SL 2011 7
Fitch NG 2008 6 Clement NG 2009 16
Fitch NG 2009 8 Clement NG 2011 10
Fitch NG 2011 5

Univariate logistic regression was performed ttededifferences in the selected axis
scores generated during NMS analyses between useavailable plots. We used logistic
regression to assess differences in VOR, littetidgpaximum and dead vegetation height, and
for each functional group between used and availpldts within each grazed and non-grazed
grouping. We also used logistic regression to asdéferences in basal area density which was
assessed with our 10-pin intercept frame. ForealistaP-value of< 0.05 for the Likelihood

Ratio statistic was considered significant. We hilgpsized that there would be no difference
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between used and random sites for all selectedires@haracteristics (Manly et al. 2002). We
chose logistic regression opposed to other formegression because of its ability to handle
multiple continuous variables (ratio and intervata) as well as discrete, scale and categorical
variables which allows us to comprehensively evaltlae influence of the habitat variables on
brood locations at the micro-habitat scale (Neted.€1996; Hosmer and Lemeshow 2000). The
regression procedure was run using the SAS PROCIRDIG procedure as implemented in the
Enterprise program (SAS Institute 2010).

We excluded four measurements from our logistigassion analysis due to their
irregular data properties and their overall lack@sence in our study. These four variables
were forb and grass density assessed using thenJibmt frame, and shrub and grass-like
canopy cover plant functional groups. Shrubs aadsgtike plants were mostly absent from the
transects, although some sedges such as threaskhbgd Carex filifolia) and sun sedg€arex

heliophila) were found.

Following logistic regression analyses, we useédta fusion procedure known as
Fisher's combined probability test to perform a am@balysis on the independent tests conducted
using logistic regression (Mosteller and Fisher8)9&isher’'s combined probability test
produces a test statisti¢ ¥hat has a chi-squared distribution with 2k degrafefreedom with k
being the number d?-values being combined. The null hypothesis of &i'shcombined
probability test assumes the null hypothesis fargwndependent test is true. This method helps
assess a global null hypothesis that pheasantvegighowing selection or avoidance for any of
these habitat variables regardless of treatmenipgro AP-value< 0.05 was considered

significant.
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Daily survival rates (DSR) of broods were estirdaising the nest survival capability
available in program MARK (White and Burnham 1999%e of this analyses type was justified
due to the irregularity with which some broods wienend (Dinsmore et al. 2002). We estimated
DSR as a function of the additive contributiongved or more explanatory and time-specific
individual covariates (White and Burnham 1999). iieked candidate models based on
Akaike’s Information Criterion (AICc) corrected femall sample size (AlCAkaike 1973,
Burnham and Anderson 2002). Al@as been justified for selecting the most parsimasi
models through balancing uncertainty and varianaaadel selection (Sugiura 1978; Hurvich
and Tsai 1989). Those models scoring the lowest Aive the shortest Kullback-Leibler
distance, and represent the models closest ttrdi, which is never completely known. We
usedAAIC, a second order variant to AIC, to rank modedsn the most to least supported by
the data (Rotella et al. 2004). We calculated A&aileights ;) for our models which
represented weight of support for each motléé summed the Akaike weights for like models
that contained common terms to evaluate the supmogach term or covariate (Burnham and
Anderson 2002). Models were run using the logik-hanction available through program
MARK. We standardized all years to a common staté @f 6 June which was the earliest hatch
date recorded throughout our study. Furthermoeelast day we monitored broods throughout
our study was 29 July, resulting in 54 estimateB8R. We were unable to perform goodness of
fit testing for our specific data type because rathad currently exists in Program MARK. We
proceeded under an assumption of normality dururgaoalysis as well as an assumption of a
moderate to low level measure of over-dispersiamnivdel averaging was performed with our
data due to recommendations against this proceduee working with survival data which

incorporate linear or quadratic time trends foumdMilson et al. (2007).
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Analyses of DSR were performed in two stages baseal priori models attempting to
explain the variation on survival rates. During finst stage of analysis, we fit a null model with
no covariates and a constant DSR for comparisdm mvddels that included covariates. We then
evaluated the impact of habitat type, year, anddage with constant, linear (T) and quadratic
(T?) time trends on DSR of broods. We treated yeaseparate attribute groups. We evaluated
eight models during stage one of DSR analyses. Wethesized that DSR would vary by year,
habitat type, within the brooding season, and lmptrage.

During the second stage of DSR analyses, we cadphe best model from stage one
analyses with models that added other temporahbkes to the best model from stage one.
Models used in stage two included all possible€4,-3-way additive combinations of temporal
variables including, maximum daily temperature (@i)nimum daily temperature (C°), daily
precipitation (cm), and a one day lag in preciptat The weather data used for these analyses
were from the North Dakota Agricultural Weather Wetk Station in Hettinger, North Dakota.
We hypothesized that survival would increase withér maximum temperatures and decrease
following precipitation events. Mechanisms undertythese relationships may be the inability
of chicks to thermo regulate during the early stagfdife (Aulie 1976; Horak and Applegate

1999). We evaluated nine models during stage tvatyaas of DSR.
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RESULTS

Habitat Characteristics

We observed 90 broods from 2008 through 2011; 2008, 21 in 2009, 12 in 2010 and
24 broods in 2011. A total of 786 pheasant broedtions were observed throughout the four
year study (Table 12). These locations can be cozdpa the brood’s original tagging locations
found in Table 13. Yearly observations consisted(#, 143, 73, and 368 sightings from 2008
through 2011; respectively. The majority of pheasacations occurred in the season-long
treatment. Habitat data were recorded on 389 tcasiseith 197 brood locations and 192
random locations comprising the total transectsnier of transects by land use type utilized by
the broods is displayed in Table 14.

Table 12. Number of pheasant brood observations byear and treatment near Hettinger,
ND, in 2008 - 2011.
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Observations
2008 2009 2010 2011 Treatment Totals

Season-Long 112 53 25 114 304

Hay 29 31 10 74 144

Idle 24 23 13 31 91

Corn 8 0 0 6 14

Barley 7 20 9 22 58

Private 18 15 16 105 154

Other 4 1 0 16 21

Annual Total 202 143 73 368 786



Table 13. Original tagging locations by treatment ad year of pheasant broods near
Hettinger, ND, in 2008 - 2011.

Tagging Locations by Treatment
Season-long Idle Hay Corn Barley Othel Total
2008 24 6 2 0 0 1 33
2009 11 5 3 0 2 0 21
2010 7 3 2 0 0 0 12
2011 13 4 5 0 0 2 24

Table 14. Number of transects for utilized pheasanbroods by year and location, and
number of transects by land use type within year athlocation near Hettinger, ND in 2008 —
2011.

Utilized Transects
2008 Clement 2008 Fitch
14
Transectg Hay 3| 53 Transects| Hay N
Season-long 11 Season-long 40
2009 Clement Idle 5
32
Transects Hay 12 Barley 3
Season-long 14 Corn 3
Idle 4 2009 Fitch
Barley 2| 25 Transects| Hay 4
2010 Clement Season-long L7
12
Transecty Hay 1 Idle 4
Season-long 10 2010 Fitch
Idle 1| 13 Transects| Hay P
2011 Clement Season-long 7
23
transects| Hay 6 Idle 2
Season-long 7 Barley 2
Idle 4 2011 Fitch
Barley 6| 25 Transects| Hay 2
Season-long 19
Idle 3
Other* 1

* Fallowed Barley field
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The earliest recorded hatch of the study occurrel June 2008. The latest recorded first
hatch of the season occurred on 11 June 2009.1® @0d 2011, the first hatch occurred on 9
June and 8 June, respectively, resulting in a maryow difference in initial hatch dates for all
four years. The latest recorded hatch for eachweaarl4 July, 9 July, 15 July and 20 July in

2008 through 2011, respectively. Hatching dateslaseribed throughout the season for each

year in Figure 1.
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Figure 1. Number of ring-necked pheasant nests hated within five 10 day periods near
Hettinger, ND in 2008 - 2011.

Vegetation

The average ring-necked pheasant brood locatio@N&@R of 2.0 dm, maximum live
vegetation height of 7.23 dm, and average litt@tlhief 0.29 cm (Table 15). The typical brood
location consisted of a canopy cover of 37.6% Qr2&82% forbs, 12.5% litter cover and 20.1%
bare ground (Table 15). Basal cover at these sitesisted of 21.5% bare ground, 71.3% litter

cover, 5.1% grass and 2.1% forbs (Table 15).
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Table 15. The overall mean and standard deviatiorns] for each habitat variable used by
ring-necked pheasant broods for the Clement and Fh study sites near Hettinger, ND,
from 2008-2011.

Vegetation Variable Mean for all broods and stuitlyss | Standard Deviations{
VOR 2.0 dm 1.2 dm
Maximum Live Height 7.23 dm 2.0dm
Litter Depth 0.29 cm 0.37 cm
Canopy Bare Ground 20.1% 16.9%
Canopy Litter Cover 12.5% 10.8%
Canopy Forbs 29.2% 24.1%
Canopy Grass 37.6% 21.0%
Basal Bare Ground 21.5% 23.1%
Basal Litter 71.3% 21.4%
Basal Grass 5.1% 5.0%
Basal Forbs 2.1% 2.3%

! (dm) = Decimeter

%(cm) = Centimeter

The average random point had a VOR of 1.97 dnrageemaximum live vegetation
height of 7.12 dm, and average litter depth of @30(Table 16). A canopy cover characteristic
of these random transects averaged 36.1% grad$/o3arbs, 13.5% litter cover and 18.4% bare
ground (Table 16). Basal cover characteristiche$¢ random transects were 23.2% bare
ground, 69.8% litter cover, 5.1% grass and 1.9%ddmable 16). Some of these transect

characteristics are broken down further in Appenlix
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Table 16. The overall mean and standard deviations] for each habitat variable of random
locations for the Clement and Fitch study sites neaHettinger, ND, from 2008-2011.

Vegetation Variable Meafor all broods and study sites Standard Deviations]
VOR 1.97 dm 1.38 dm
Maximum Live Height 7.12 dm 2.02 dm
Litter Depth 0.30 cm 0.46 cm
Canopy Bare Ground 18.4% 17.7%
Canopy Litter Cover 13.5% 10.8%
Canopy Forbs 31.1% 24.3%
Canopy Grass 36.1% 22.9%
Basal Bare Ground 23.2% 22.8%
Basal Litter 69.8% 21.4%
Basal Grass 5.1% 7.5%
Basal Forbs 1.9% 2.2%

1 (dm) = Decimeter

Z(cm) = Centimeter

Non-metric Multi-dimensional Scaling

The plant community analysis had a final stressesob12.31 with 110 iterations and a
final instability of <0.001. Axis one explained 8% of the structure in the data while axis two
explained 31.1% and axis three 24%. A total of in@bvidual plant species occurred in our
random and used plots. Axis scores generated dMiin§ analyses are presented in Appendix
A-D. These scores were the values used in ourtlogegression analysis between grazed and

non-grazed treatments, study year and study site.

We found that axis one had a negative relationsftip smooth bromer{value = -0.507)
and Kentucky bluegrass-yalue = -0.676 (Appendix E). Axis one had a pwsitielationship
with intermediate wheatgragsvalue = 0.528) and alfalf@-value = 0.658). Axis two had a

positive relationship with intermediate wheatgrasgalue = 0.73). Finally, axis three had a
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positive relationship with crested wheatgré@ssalue = 0.642) and a negative relationship with

smooth bromér-value -0.638).

Logistic Regression Analysis

We found no difference$€0.05) in vegetation axis scores between used aamthble
plots generated using NMS (Appendix G). Of the RRIependent logistic regression tests run
on the various vegetation variables, six tests wtagstically different according to the
likelihood ratio test. Two of these were relatedégetative habitat characteristics, maximum
height of live vegetation in the Clement 2009 NGugr P=0.0395) and percent bare ground in
the Fitch 2011 season-long grazed grdepQ.0096). No differences were seen with respect to
any other vegetative variables between used vangitable plots in these groupings. All

regression test results are reported in Appendix G.

Fisher's Combined Probability Test

The meta-analysis using Fisher’s combined proligitéist with all thep-values from the
vegetative variable logistic regression analysggpsuted the overall null hypothesis; there is no
evidence that pheasant broods are showing seldotidhe measured vegetative habitat
variables compared to those that are availableinvabr study sites. Results of the meta-analysis
test for vegetation are presented in Tables 1718néHowever, the logistic regression and meta-
analysis tests were only applicable to our previpodsscribed treatment groupings of season-
long grazed and non-grazed treatments. Becau$e dihtited number of samples in certain
treatments that necessitated the grouping of tresatisrover sites, the original design and

treatments were not investigated with this analysis
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Table 17. Incremental R values from non-metric multi-dimensional scaling aalysis of the
vegetation composition data on pheasant brooding b#at near Hettinger, ND, in 2008 -
2011.

Vegetation
R2
AXis Increment
1 0.325
2 0.311
3 0.240

Insects

Utilized brood locations had an average totaléghbegomass of 3.15 g per transect
throughout the duration of the study (Table 19)e Tost abundant order of insects, in terms of
biomass, was Orthoptera with an average 1.83 gdit etilized transect. Neuroptera was the
least abundant insect order, although more raecir@ders may have been present but were
included in the other category in our analysisdntrast, random transects had an average total
insect biomass of 3.46 g (Table 20). Orthoptera stilgshe most abundant Order reported,
averaging 2.04 g per transect. Similarly, Neurapteas the least abundant Order with an

average 0.01 g per transect. Total insect bionsalssoken down further in Appendix I.
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Table 18. Results from Fisher's combined probabili test ran on independent logistic
regression tests between used and available pheashrood vegetative habitat variables,
combining p-values by variable for grazed and non-grazed treaents, near Hettinger, ND,
from 2008-2011.

Grazed Treatments Non-Grazed Treatments
Factors Probability | Number of Factors Probability | Number of
Score p-values Score p-values
combined combined
Bare Ground 0.3002 8 Bare Ground 0.7312 5
VOR 0.5917 8 VOR 0.7950 5
Canopy % 0.5727 8 Canopy % 0.8638 5
Grass Grass
Canopy % 0.8016 8 Canopy % 0.5805 5
Forbs Forbs
Litter Depth 0.8772 8 Litter Depth 0.4844 5
Basal Bare 0.6506 8 Basal Bare 0.9709 5
Ground Ground
Basal Litter 0.9360 8 Basal Litter 0.7571 5
Canopy % 0.8988 8 Canopy % 0.4551 5
Litter Cover Litter Cover
Max Live 0.7379 8 Max Live 0.4112 5
Plant Plant
Max Dead 0.7173 8 Max Dead 0.3714 5
Plant Plant
Vegetation 0.8281 8 Vegetation 0.8565 5
Axis 1 Axis 1
Vegetation 0.7818 8 Vegetation 0.5032 5
AXis 2 AXis 2
Vegetation 0.8724 8 Vegetation 0.5667 5
Axis 3 AXxis 3




Table 19. Meaninsect biomass in grams (g) by Order from transectstilized by ring-
necked pheasant broods near Hettinger, ND, from 2@32011.

Order Mean Insect Biomass (g) per Transect
Orthoptera 1.83
Hemiptera 0.54
Coleoptera 0.24
Diptera 0.14
Hymenoptera 0.05
Araneae 0.05
Nueroptera 0.02
Other 0.27
Total Biomass 3.15

Table 20. Mean insect biomass in grams (g) by Orddérom transects available to ring-
necked pheasant broods near Hettinger, ND from 2008011.

Order Mean Insect Biomass (g) per Transect
Orthoptera 2.04
Hemiptera 0.66
Coleoptera 0.22
Diptera 0.19
Hymenoptera 0.07
Araneae 0.06
Nueroptera 0.01
Other 0.23
Total Biomass 3.46

Non-Metric Multi-Dimensional Scaling
The insect analysis using non-metric multi-dimenal scaling showed a final stress of
8.42 for the 3-dimensional solution, with 70 iteas and a final instability of 0.00. Axis one

explained 54.8% of the structure in the data wéiis two explained 26.7% and axis three
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14.2%. The order Orthoptera had a positive relahgmwith axis onerfvalue = 0.585)

(Appendix 1). There were no orders that had-aalue deemed interpreted for Axis 2 or 3.
Logistic Regression Analysis

Based on logistic regression analysis, there Weee differences between used and
available plots with respect to the axis scoreeggrd from NMS of insect biomass. These
differences included insect Axis 2 in the Clemeb@& season-long grazed grod=0.04),
insect Axis 2 in the Fitch 2009 season-long gragedip £=0.0365), and insect Axis 3 in the
Fitch non-grazed 2009 group<0.038) (Appendix G). Another difference<0.0481) was
revealed in total insect biomass between used aamthble plots in the Fitch season-long 2008

grazed group.
Fisher's Combined Probability Test

The Fisher’'s combined probability test using phealues from various insect variables
found no differencedP<0.05) between brood locations and available sResults of the meta-
analysis test for insects in Tables 21 and 22. ¢Jthep-values from all the variables the
Fisher's combined probability test found that neitthe grazed or non-grazed analyses resulted
in any significant differences between used andaba (Table 23).

Table 21. Incremental R values from non-metric multi-dimensional scaling aalysis of the
Insect community data on pheasant brooding habitahear Hettinger, ND, in 2008 - 2011.

Insect Community
R2
AXis Increment
1 0.548
2 0.267
3 0.142
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Table 22. Results from Fisher's combined probabili test ran on independent logistic
regression tests between used and available pheashrood habitat insect variables,

combining p-values by variable for grazed and non-grazed treaents, near Hettinger, ND,
from 2008-2011.

Grazed Treatments Non-Grazed Treatments
Factors Probability | Number of Factors Probability | Number of
Score p-values Score p-values
combined combined
Total Insect 0.4381 8 Total Insect 0.3882 5
Biomass Biomass
Insect Axis 1 0.3752 8 Insect Axis 1 0.7189 5
Insect Axis 2 0.3199 8 Insect Axis R 0.6087 5
Insect Axis 3 0.8746 8 Insect Axis 3 0.1432 5

Table 23. Results from Fisher's combined probabili test ran on independent logistic
regression tests between used and available pheashrood habitat variables, combiningp-

values by study site, treatment and year, as welkdor all years and all habitat variables for

grazed and non-grazed treatments near Hettinger, NDfrom 2008-2011.
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For All Factors Combined with
Combined Factors, Each Treatment/Year Treatment
Number
of p-
Combined values Probability | Combined

Treatment/ Year p-value combined Test Score p-value

All Grazed,
Clement SL 2008 0.6621 17 | All Factors 0.9943 136

All Non-

Grazed, All
Clement SL 2009 0.8609 17 | Factors 0.9448 85
Clement SL 2010 0.8347 17
Clement SL 2011 0.8557 17
Fitch SL 2008 0.5697 17
Fitch SL 2009 0.5799 17
Fitch SL 2010 0.9904 17
Fitch SL 2011 0.7338 17
Clement NG 2009 0.2047 17
Clement NG 2011 0.9981 17
Fitch NG 2008 0.7002 17
Fitch NG 2009 0.3658 17
Fitch NG 2011 0.9637 17




Brood Survival Analysis

Sixty-eight broods were used during survival anegyBased on stage one analysis of
daily survival rates (DSR), brood survival was adtion of brood age, linear time trend, and a
guadratic time trend (Table 24). This model esteddbur parameters and had an Akaike’s
Information Criterion score (AICc) of 250.62. Supipfor this model was only 0.14 AICc units
better than the second best model with three estanzarameters. However, the second best
model also included a linear time trend and a catadtime trend. Summed AlQveights were
greatest for the linear time trend (0.95; Table Z4e DSR of broods tended to increase
throughout the brood rearing season with perioegliltictions in success. Also, DSR of broods
increased as the brood aged, although the confdieterval for this parameter included zero
(,[?bmodagg 0.06 (95% CL =-0.02, 0.13). There was little gonp for models that included habitat

or year effects. Beta estimates from the top madeincluded in Table 24.

Stage two analysis of DSR indicated that, in adidito broodage, linear time trend, and
guadratic time trend, brood survival was a functda one day lag in precipitation and
maximum daily temperature (Table 24). This modéhested six parameters and had an
Akaike’s Information Criterion adjusted for smadinsple size score (AICc) of 244.92. This
model was 1.82 AlCunits better than the second model which inclutiecaddition of
minimum daily temperature. In general, DSR of bddcreased the day following a rain event
and increased with increasing maximum daily tentpees. However, several parameter
estimates on a logit scale included zero. Betanadéis for the top model are presented in Table

25.
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Table 24. First and second stage models of dailyrsival rates of ring-necked pheasant
broods near Hettinger, ND from 2008-2011. Models aranked by difference in Akaike’s
Information Criterion for small sample size (AAIC ¢), T* = Linear Time Trend, T? =
Quadratic Time Trend.

AlCc
No. of Delta | weights
Models parameters| AICc AlICc (W)
First-stage models
S*(Broodage + [1] + [T¥) 4 250.62| 0.00 0.38
ST+ [T3) 3 250.76 0.14 0.30
S(iE)) 2 251.83| 1.22 0.18
S(Broodage + [1]) 3 252.35 1.74 0.14
S(Null) 1 255.42 4.80 0.08
S(Broodage) 2 256.01 5.40 0.02
S(ldle + Season-Long + Hay) 3 258.61 8.0 Q.01
S(Year) 4 260.43 9.82 0.001
Second-stage models
S(Broodage + [1] + [T?] + Precipitation
Lag + Maximum Temperature (C°)) 6 244.92 0.0 Q.37
S(Broodage +[] + [T?] + Precipitation
Lag + Maximum Temperature (C°) +
Minimum Temperature (C°)) 7 246.12 1.21 0/20
S(Broodage +[1] + [T?] + Precipitation
Lag) 5 246.64 1.72 0.16
S(Broodage + [1] + [T?] + Maximum
Temperature (C°)) 5 246.96 2.05 0.13
S(Broodage + [1] + [T?] + Precipitation +
Precipitation Lag) 6 248.31 3.39 0.07
S(Broodage + [1] + [T?] + Precipitation
Lag + Minimum Temperature (C°)) 6 248.66 3.74 0.06
S(Broodage + [1] + [T?] + Precipitation) 5 25232 7.41 0.01
S(Broodage + [] + [T?] + Minimum
Temperature (C°)) 5 252.611 7.70 0.01

*S = Survival probability as a function of the camted variables
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Table 25. Parameter estimates for the model with #hlowest AIC; score in Program MARK
evaluating daily survival rate for Linear Time Trend (T), Quadratic Time Trend (T?), One
Day Lag in Precipitation (LagPrecip), and Maximum Daily Temperature for pheasant
broods near Hettinger, ND from 2008-2011.

95% Confidence Interval
Parameter Beta Standard Error Lower Upper
Broodage 0.0% 0.04 -0.03 1.13
T 0.10 0.08 -0.06 0.25
T? -0.001 0.001 -0.003 0.001
LagPrecip -1.11 0.50 -2.09 -0.13
MaxTemp 0.0§ 0.03 -3.75E-04 0.11

The estimate for a one day lag in precipitatiahrbt include zero and had a combined
AIC. weight of 0.80 (Table 25). We evaluated the eff@ftbrood age, one day lag in
precipitation, and time within the brooding seasarDSR by plotting curves with select values
for each variable in the logistic regression eaqmatlsing precipitation data from 2010, Figures
2 and 3, show the effect of precipitation on breadvival for broods that were one and 20 days
of age during early, mid, and late brood rearirgssa while holding the maximum daily
temperature at an average value. We consideredlda8sas early (6 June-23 June), days 19-36
as mid (24 June-11 July) and 37-54 as late (122eduly) within the brood rearing season.
Broods occurring during each time period had sinslavival patterns as those depicted in
Figures 2 and 3 with broods hatching early in #e&ssn having lower survival rates than those
hatched mid and later in the season. Regardleggsefperiod in which broods occurred the
effect of precipitation on brood survival was négaiand resulted in decreased survival. Data
from 2010 were used to evaluate the effect of marinaaily temperature on brood survival for

a brood which was present early, mid, and latengutie brooding season for broods at 10 days
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(Figure 4). Conversely to the negative effect @ggitation on brood survival, warming

temperatures increased the survival probabilitgrobds throughout the season.

0.8 DSR 20 day old Broods by Precipitation 1 day lag
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Figure 2. Daily survival rate (DSR) of pheasant brods modeled by precipitation one day
lag near Hettinger, ND in 2010, representing broodthat were beginning rearing stage at

20 days of age. Days 1-18 on the x-axis represeimtiv the early 1-18 (6 June-23 June), days,
the mid; days 19-36 (24 June-11 July), and late dayd7-54 (12 July-29 July) depending on
line style. Brood age was held constant at 20 dag§age.
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Figure 3. Daily survival rate (DSR) of pheasant brods modeled by precipitation one day
lag near Hettinger, ND in 2010. Graphs represent lwods that were beginning rearing stage
at 1 day of age. Days 1-18 on the x-axis represdtth the early 1-18 (6 June-23 June),
days, the mid; days 19-36 (24 June-11 July), andtéadays 37-54 (12 July-29 July)
depending on line style. Brood age was held constaat one day of age.
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Figure 4. Daily Survival Rate (DSR) of pheasant brods modeled by temperature data
beginning at 10 days of age near Hettinger, ND in(20. Days 1-18 on the x-axis represent
both the early 1-18 (6 June-23 June) days, the midays 19-36 (24 June-11 July), and late
days 37-54 (12 July-29 July) depending on line st/IBrood age was held constant at 10

days of age.
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DISCUSSION

Habitat Selection

Despite the presence of individual habitat varigthat showed selection by pheasant
broods, these results were not indicative of anmalvpattern of selection as demonstrated by the
combinedp-value test. The combingevalue test attempts to reveal the probabilityhef t
sequence of independent measures of brood seledhich under this study was found to be
consistent with a series of chance events. Previddgfe studies have found that animals will
select for specific vegetation characteristics lagitat resources such as thermal cover, food
abundance, and predator avoidance (McDonald 80&R). Selection for food resources may
occur to maximize energy intake, obtain specifitrieats or minimize toxin intake. These
selection processes enhance survival or diminighas of mortality. Several opportunities
should exist within our study areas that would ¢adJy benefit these broods. For example,
higher levels of insect biomass should provide nadmendant food sources for pheasant broods.
Furthermore, this relationship could have beemihated by the higher forb components these
insects depend on. Nevertheless, higher forb asettrabundance were not selected by broods

compared to available habitat.

Higher measures of visual obstruction should akdp conceal broods and protect them
from predation; therefore, diminishing their chaontenortality. These survival advantages
related to concealment cover were found in Han$8i(@) from research on pheasant nest
density and vegetation characteristics. FondellBelt(2004) noted a similar relationship in
their research in Montana with pheasant nestinggiti@nd density correlated positively with
nest density. These vegetation factors may rechsse$ from predators. Other vegetation

characteristics allowing efficient escape from pteds should also enhance brood survival. This
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relationship, between escaping ability of the paag the characteristics of the vegetation in the
habitat, was illuminated in a study by Rumble atak& (1983) while looking at waterfowl
broods in South Dakota. Several other hypothesealsl & formulated in addition to these
explanations. However, there are also several aaptans for the lack of significant selection

and avoidance processes we observed.

Pastures at our study sites were all plantedeatéindard 1989 CP1 permanent and
introduced grass mixtures explained earlier in th@uscript. One possible explanation for the
lack of selection or avoidance is that these pastdid not contain enough variability to detect
any differences because of this uniform plantingt udy sites were fairly uniform throughout
the 259 ha, with only a few exceptions such asalsaline seep at the Fitch season-long
treatment and a small area of low productivityha southwestern portion of the Clements
season-long treatment. This lack of variability nhaye precluded any selection processes
occurring within our study areas. However, thisitelapparently meets all the requirements for
brood rearing pheasant. Pheasant broods mighteniarbed to select for specific locations
within the study site because all of their needseweet regardless of where they sit on the
landscape. The selection between habitats or lapddevel selection was not analyzed in this
study. This study was restricted to micro-habigéstion within treatments or habitats. There
could very well be selection among habitats anddaapes. Such an analysis if undertaken
could very well show that habitats with low coneeaht values and thermal protection like the
corn treatment was different from perennial vegetatConducting this same study design on an
area with more variability, such as native pastoray either elucidate brood rearing habitat
selection or require broods to show selection wisatot occurring at our study area. The

guestion remains that even if selection was sha@aetoccurring in diverse habitats is that
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selection essential for meeting the requiremente@broods in this area given those

requirements were met without selection on thesatriments?

Another possible explanation for these resultdccbe explained by the availability of
food during the first eight weeks of brood reariBgring these critical weeks, broods are
dependent on insects as their primary food soutde1976; Whitmore et al. 1986; Basore et al.
1987). These insects are dependent on forbs (Wa@8&) which were abundant on our study
sites. A diminished forb component, which can oaitin pasture age, could have the ability to
constrain a pheasant brood’s food resource. Tagdysesign, repeated on pastures with a less
abundant forb component may have revealed seleptamesses occurring with respect to forb

abundance as well as insect biomass dependingesa fiants.

Additionally, the pheasant’s ability to colonizieerse habitats throughout North
America demonstrates their adaptability as a géisespecies. This trait may help explain some
of our observations. Generalist species have thiéyab meet their habitat and survival
requirements easier than some other species, garticthose dependent on a specific plant or
insect species. In our study area, pheasant broagishave all their brood rearing habitat
requirements met, utilizing their advantage asregsist species and therefore failing to show

any selection processes occurring in our study.

No other pheasant brood rearing studies, thatrevawmare of, found a total lack of
selection similar to our research. This may reffeany things including the somewhat
conservative grazing intensity that we utilizedhedl as the uniformity of our study sites.

Furthermore, our results may be specific to ouroregNevertheless, our management practices
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on these study sites show evidence that we crepigty brood rearing habitat. This may be

related to the surrounding landscape and land rasxtiges.

Brood Survival

Results from the brood survival analysis contaitveal closely parsimonious models
when we evaluated our results using A#Cores, which have the ability to balance theffthe
model against the number of parameters estimatesseltwo models explained the variability in
brood survival through daily temperature, precipita events, brood age, and a linear and
guadratic time trend. These analyses rarely pravidenechanisms behind these variables and
our study is no exception. However, several ofdlretationships have been reported in other
research studies allowing us to make strong priedietabout these underlying mechanisms

behind these models (Ryser and Morrison 1954; AL9ig6; Horak and Applegate 1999).

Brood survival was shown to increase throughoaitsgason, and in our study, common
causes of mortality in pheasant broods were expoguedation, and conflict with haying
equipment. As broods gain mobility and flight atyilvith age, they have a stronger ability to
evade predators (Aulie 1976; Horak and Applega@9)1.9t is possible that this increase in
mobility may also help broods avoid haying equiptn@mother mechanism underlying this
relationship may come from increased cold resigtaamd thermoregulatory abilities pheasant
chicks gain with body mass and age (Ryser and Btamrii954). These traits affect a chick’s
ability to survive inclement weather and precipiatevents. Young chicks frequently perish
following rainstorms coupled with cold temperatyiest as broods age their chances of
surviving these events becomes greater (Horak gpde8ate 1999). Therefore, this relationship
not only helps explain the presence of brood agkamodel, but also relates to maximum
temperature and the precipitation lag variable. giteeipitation lag variable has been tested in
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other avian brood rearing studies and nest surgtwalies (Moynahan et al. 2007). This variable
may be related to the predation of young broodss&lare two weather components that showed

a direct impact on brood survival.

The effects of the precipitation lag variable naéso be explained by the moisture
facilitated predation hypothesis (Lehman et al.80The mechanisms underlying this
hypothesis state that as precipitation increasespids create more scent from increased
bacterial growth on the skin and feathers (Syrotl@k2). Mammalian predators relying on
olfactory cues are then able to locate these Ibetker, increasing predation. Therefore, the days
following precipitation events, when the birds atid wet and the predators are active, could

lead to an increase in chick mortality through matam predation.

The presence of the linear and quadratic timedsém this model suggest that brood
survival increased as the season progressed, diw thecrease, or curvature in survival was
present somewhere throughout the season. Thisoredhtp may also be related to weather. The
presence of early spring storms and cold tempasitduring early June may have an impact on
brood survival. Curvature of survival could be adtion of our haying operation on these study
sites, which was responsible for an increase iokcmortality. However, this curvature could
also be related to other factors such as incrgaszthtion or weather characteristics. Additional

research would be needed to uncover the undenyechanism behind this relationship.

Researchers also found that intense hailstornig ieathe year could significantly
increase brood mortality. Weather events suchesethas well as differences in predator
abundance from year to year, can help explain trani@ annual brood survival. Survival can

also be attributed to the differences in the gualitnesting habitat as well as the quality of
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breeding adults each season, both of which aretatfdoy weather and the size of the pheasant
population in the immediate area. Population pneskas been shown to force competition for
guality nesting habitat and territory cover whi@narain pheasant of precious energy reserves
during this critical period. Gates and Hale (19idjninated this relationship by showing a
positive relationship between winter populationgignand the distance of dispersal in the
spring. This loss of energy may carry over to theoHd rearing stage and may also force hen’s to
re-nest after their first attempt is unsucces$eknesting attempts have been shown to have
higher failure rates and those nests that hatchHdradso be at a disadvantage (Riley et al. 1994).
Additionally, hard winters with excessive snow p#&kve much less senesced vegetation for
nest concealment, forcing pheasant to move furthégre spring to find adequate habitat which
continues to support the relationship between @i size, weather and brood survival
variation (Leif 2005). However, many more factorayninfluence annual brood survival

variation and only a targeted research study ctaade out these relationships for each

individual year.

Weather Data

Weather differences among years were not drastiogénto cause year to be a
significant driver of brood survival. Nevertheleggather variables were an important aspect of

brood survival as predicted by several top models.

Precipitation and temperature varied within eaictne four studied brood rearing
seasons. July and August were the hottest monttgriatudy region based on average
maximum daily temperature and focusing on the moottMay through August (Table 26).

Rainfall was generally the greatest in June angl\With the exception of 2009 where July only
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received 3.18 cm (NDAWN 2012). Throughout the stutg month with the highest amount of
rainfall was June of 2008 with 14.40 cm. Basedrmnrhonths of May through August, 2010 was
the wettest, with 33.83 cm of precipitation falljrR909 was the driest brood rearing season with
20.3 cm. Our results clearly demonstrate the raatter can play on brood survival and
therefore need to be considered as we draw coonasisiom this research and managers make
management decisions. However, while managersaamnot such things as grazing pressure
and land use, they have little ability to manipeltte weather and therefore need to make
management decisions that provide ideal habitattiibaid pheasants during times of
precipitation and cold weather events.

Table 26. Weather variables during the pheasant brad rearing season from 2008 — 2011
from the North Dakota Agricultural Weather Network Hettinger station (NDAWN 2012).

Average Average Total Rain-fall
Maximum Minimum (cm)
Temperature| Temperature
Year Month (C°) (C°)
2008 May 19 3 2.67
June 23 11 14.40
July 26 13 12.24
August 27 13 3.63
2009 May 19 4 3.94
June 23 10 6.35
July 25 11 3.18
August 24 11 6.83
2010 May 20 8 5.74
June 24 12 9.70
July 27 15 9.80
August 27 15 8.59
2011 May 18 6 7.98
June 24 13 6.65
July 29 16 8.08
August 27 14 4.50
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Regional Pheasant Data

Regional changes in pheasant abundance were ar@zadtby the North Dakota Game
and Fish Department’s annual brood survey (TabjeB&sed on the North Dakota Game and
Fish Department’s brood count data, the southwisiat, which encompasses our study area,

had the highest concentration of broods in 200&{n personal communications, January

2012). During this year, there was an average of B®ods observed for every 100 mile or

160.9 km transect. The lowest brood concentraticere seen in 2011. Bird concentration was
the greatest in 2008 with 205.7 birds observednamsect and it was the lowest in 2009 with
113.7 birds per transect. These regional valuedylikfluence the pheasant abundance on our

study sites and must be taken into consideratiognvevaluating our results.

Table 27. North Dakota Game and Fish Department phasant brood summary from the
southwest district (district 3) from 2008 — 2011 (SKohn personal communications,

January 2012).

Totals
Observed

2008

2009

2010

2011

Broods per 10(
miles

23.4

14.8

18.9

14.0

Birds per 100

miles

205.7

113.7

160.3

118.7

Economic Considerations

North Dakota’s pheasant population is an imporémainomic resource, particularly in
some rural communities. Their value can be seautir revenue generated from fee hunting,

lodging expenses, the sale of hunting supplies sandral other sources (Steinback 1999). CRP

contracts are a closely related economic issuehngrictect and retain this population.
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Unfortunately, CRP contracts have undergone a ®vognt reduction in the percentage of North
Dakotan land enrolled in CRP between 2002 and 208DA 2012). This reduction went from
7.3 percent to 5.3 percent. The trend is expeaedtinue due to fluctuating agricultural

prices. As the value of certain crops rise, CRRraghholders may discover economic

opportunities through retiring their CRP contraeiher than renewing them.

Homan et al. (1998) and Geaumont (2009) showaddR& lands are important pheasant
habitat in North Dakota. Conversions of active Gi®Rtracts into row crops may impact the
ability of the landscape to support pheasant pdjomis (Luttschwager and Higgins 1992; Camp
and Best 1994; Patterson and Best 1996). Whilestugly shows no direct evidence that brood
rearing would be threatened in a row crop dominatdditat, it does show that active CRP
contracts as well as land uses that retain pereveggtation likely meet all the habitat
requirements for these broods, which supports pimtagompatibility with moderate grazing
levels. We would suggest retention of CRP contradtscontinue to support pheasant
populations and that these contracts also serra@stant habitat during the brood rearing
stage. Furthermore, economic opportunities thaedrom agricultural fluctuations may be short
lived, whereas, wildlife habitat and the populasidhey support; provides a long term renewable

resource.

Food Resources

Food availability is another primary concern dgrthe brood rearing stage. Pheasant
brood-rearing habitat requires a food resource fastiropods which are aided by forb
abundance. A healthy forb community will ensureoadyarthropod population. While our
research did not detect any selection processegard to insect or forb abundance, researchers
did note that the pastures retained an abundamtcfanponent contributed to the ability of these
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pastures to provide adequate brood rearing halitder stands with diminishing forb
components can be improved through reseeding, whialtommon practice with many CRP

contracts. Forb abundance can also be improveddhrprescribed grazing and burning.
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CONCLUSIONS

Our results suggest perennial vegetation retaimedigh active CRP contracts, and those
land conversions that retain perennial vegetatmget habitat requirements for the pheasant
brood rearing stage. There are several factorshwhizy limit the applicability of these findings
to other situations. Our results may be specifisdothwestern North Dakota and northwestern
South Dakota. Furthermore, it also may be spetfithose stands within this region with an
abundant forb component and similar ecologicaksated uniformity. Native range situations
and other deviations from our study area may shifferdnt relationships with pheasant brood

rearing habitat selection.

Our research does uphold the importance of CRRparehnial vegetation for pheasant
habitat and notes that declines in CRP, espeaidibn that land is converted to cropland, may
limit the species’ ability to successfully hatchdaear offspring as was alluded to by the lack of
brood locations occurring in our cropping treatnsehtabitats similar to our study area, both
vegetative and with respect to insect abundancéeaxpected to meet brood rearing
requirements. Our management suggestions supocbtiservation of these habitats as well as

some of the more traditional management practielesed to harvesting protected nesting cover.

Our survival analysis supports some of the refetigps found by other brood rearing
research. Survival of young broods is heavily iefloed by weather patterns as well as predation
and altercations with farm equipment. As broods agecan expect their likelihood of survival

to increase.

Extensions of our research to landscape levettetecould aid our knowledge and

future decision making. Other more closely relajadstions, could help researchers
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discriminate more selection processes. Additioag¢h @ould also be used to analyze selection
processes in cropland habitat and aid researctilititg more complex models of resource

selection within broods.

Furthermore, it would be beneficial to study thigestion in areas practicing different
grazing systems. Our grazed pasture proved to t@aitible with the pheasant brood rearing
stage, more intensive grazing may have been inctbbhpaHowever, the compositional changes
that occur after grazing may offer benefits by vegorating forb species. Changes in cover,
plant species composition and patchiness undeardiit grazing strategies should be included in

the future of pheasant research.
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MANAGEMENT IMPLICATIONS

There are several important management considesatinat our research generates. The
most important of these being CRP land, as wedligagultural practices retaining perennial
vegetation on post-CRP lands, provides both breadng and nesting habitat for pheasant in
southwestern North Dakota and northwestern Soukof@alf pheasant conservation is a
concern for CRP contract holders, they should barathat removal of this habitat may affect
their land’s ability to provide habitat during tleesritical life stages. If CRP contracts are to be
retired, agricultural uses retaining perennial ¥agen, such as grazing and haying on these
lands will provide adequate habitat for brood neguand nesting pheasant. In those lands
converted to a haying operation, pheasant consenvean likely be enhanced by haying later in
the season, altering traditional cutting patteamg] using structures such as flushing bars.
Protecting food availability to brooding pheasanthiese habitats depends on maintaining a
healthy and abundant forb component. Older pastuitésa diminished forb component can
likely be enhanced as brood rearing habitat byeiasing desirable forb species which in return

should provide habitat for arthropods that younggdant rely on.
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APPENDIX A: MEANS AND STANDARD DEVIATIONS ( ¢) OF HABITAT
VARIABLES AT PHEASANT BROOD LOCATIONS AND RANDOM PO INTS FOR
THE CLEMENT AND FITCH SEASON-LONG (SL) AND NON-GRAZ ED (NG)
TREATMENTS NEAR HETTINGER, ND, IN 2008 — 2011

(dm) = Decimeter
(cm) = Centimeter

% Bare

. 0,
VOR (dm) L'“e(grﬁ)e PR Ground ga?u[)ass
Canopy Py
mean| ¢ |mean] ¢ |mean] 6 |mean| o n
Clement SL2008| ) 54 | 117 045/ 035 2538 1372 4850 6.36
Utilized
Clement SL 2008| ; g5 | 133 0.50| 0.37 2561 14.96 4480 815
Available
Clement SL2009| | 59 | 1 15| 021| 015 1074 11.73 1884 17.71
Utilized
Clement SL 2009 54 | 057 0.14| 009 1405 7.92 18836 2946
Available
Clement SL2010| 5 51 | gg0| 027| 043 492 38 4902 2001
Utilized
Clement SL 2010\ 534 | 131| 036 064 957 7.6 4609 9.07
Available
Clement SL 20111 ) 95 | 0.69| 0.6/ 0.4 27.87 1010 44/70 1267
Utilized
Clement SL 20111 4 35 | 1.00| 015/ 014 3097 9.88 3484 1154
Available
Fitch NG 2008 | 1 55 | 02| 1.11| 060 1381 1242 3671 10.12
Utilized
Fitth NG 2008 | 4 g | 106| 1.53] 091 1021 1521 44p0 1121
Available
Fitch NG 2009 | 1 5 | 0og| 048] 052 203 081 810 16|73
Utilized
Fitch NG 2009 | 4 57 | 075 0.44] 050 7.05 o966 282 2.93
Available
Fitch NG 2011 1 5 99 | 0.73| 0.16| 009 1945 549 4397 2064
Utilized
Fitch NG 2011 1 5 47 | 1.10| 0.21| 009 17.70 1588 45062 19.09
Available
Clement NG 2009| 2.03 | 0.90] 043 050 654 7.08 2029 12|61
Utilized
Clement NG 2000] 1.81 | 0.72| 027| 042 920 931 2470 1307
Available
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% Bare
VOR (dm) Litter Depth Ground % Grass
(cm) Canopy Canopy
mean| o mean| o¢ mean| o mean c
Clement NG 2011| 3.30 | 0.91| 0.21] 0.09 23.69 11.832 3919 13.66
Utilized
Clement NG 2011| 3.06 | 0.96| 0.18| 0.08 25.45 13.59 36,27 10.85
Available
Fitch SL 2008 1.31 | 0.39] 0.25| 0.23 3559 13.94 47099 8,20
Utilized
Fitch SL 2008 1.25 | 0.48| 0.31] 0.33 3458 14.08 46091 531
Available
Fitch SL 2009 0.98 | 0.43| 0.16| 0.07 4.18 416 493 7.77
Utilized
Fitch SL 2009 0.97 | 0.39| 0.17| 0.09 10.05 2341 581 1524
Available
Fitch SL 2010 1.38 | 0.42| 0.17| 0.0% 10.20 11.03 56,21 8,98
Utilized
Fitch SL 2010 1.77 | 1.45| 0.26] 033 791 7.183 6046 10,46
Available
Fitch SL 2011 3.18 | 0.85| 0.14| 0.03 23.24 6.64 4581 10.17
Utilized
Fitch SL 2011 3.44 | 0.79| 0.15| 0.03 17.29 5.05 46.35 13.76
Available O‘
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APPENDIX B: CLEMENT GRAZED TRANSECT AXIS SCORES FOR INSECT

ORDER AND PLANT SPECIES NMS ANALYSIS

* N/R = not recorded

Insect Insect Insect Veg Veg Veg Axis
Used v Available| Year| Axis1 Axis 2 | Axis 3 Axis 1 AXis 2 3
Available 1 0.3453 0.1934| -0.0352| 0.7287| 0.8241 0.0639
Available 1 -0.6253 0.1939| -0.2172| -0.1131| -0.6409 1.7910
Available 1 -0.8155 0.4928| -0.3794| -1.0807| -0.0938 0.6492
Available 1 -0.8981 0.3728| 0.0799| -0.4223| -0.3230 0.9669
Available 1 -1.0749 0.2531| 0.0927| 0.7650{ 0.3901 0.0528
Available 1 -0.9208 0.8767| -0.2545| 0.7592| 0.4781 0.0879
Available 1 -0.6978 0.8795| -0.2553| 0.1706| 0.4634 0.1199
Used 1 0.4589 -0.2226/ 0.3090| 0.6402| 0.4923 -0.0419
Used 1 -0.0993 0.8634| -0.1911| 0.7499| 0.3944 0.1232
Used 1 -0.0136 -0.1328| -0.1415| 0.6656| 0.7415 0.0193
Used 1 0.3917 0.1267| -0.4363| -0.3058| 0.1981 -0.5268
Used 1 0.2783 0.0559| 0.0588| 0.6451| 0.9038 0.1069
Used 1 -1.0384 0.4462| 0.1244| -0.1704| -0.6540 1.7533
Used 1 0.1202 -0.3898| -0.1807| -0.1657| -0.5783 1.6561
Used 1 -0.723% -0.5038| 0.4390| -0.5000| 0.1857 0.4877
Used 1 -0.9388 -0.7581| 0.3996| 0.6529| 0.6788 0.1127
Used 1 -0.3836 -0.2981| -0.6812| 0.7987| 0.6834 0.0532
Used 1 0.2562 -0.1330f -0.1401| 0.7383| 0.5719 0.0709
Available 2 -0.4533 -0.3663| 0.0113| 0.7518]| -0.9318 -0.2822
Available 2 -0.4673 -0.6171| 0.5932| 0.4703| -0.7937 -0.4304
Available 2 -0.3268 -0.5029| 0.0590| -0.4854| -0.8474 0.1436
Available 2 -0.3834 -0.3150| -0.1143| 0.7460| -0.8811 -0.2346
Available 2 0.3466 0.0629| -0.0191| 0.5843| -0.8678 -0.2066
Available 2 0.3968 0.0402| 0.0679| 0.6425| -1.0005 -0.2867
Available 2 0.8198 0.2223| 0.0737| -0.4966| -0.4019 1.4062
Available 2 0.6939 0.2074| 0.0618| 0.6266| -0.8459 -0.2264
Available 2 0.2876 -0.0782| -0.0161| 0.6275| -0.9856 -0.2748
Available 2 -0.056Q -0.2722| 0.0321| 0.7884| -0.9502 -0.2725
Available 2 0.9408 0.1905| 0.0847| 0.5528| -1.1129 -0.3577
Available 2 0.643Q -0.1653| -0.4236| -0.3878| -0.4031 1.3239
Available 2 1.0788 0.0832| 0.0210| 0.2764| -0.9837 1.0251
Used 2 -0.7344 -0.7434| 0.7368| 0.5757| -0.8378 -0.3071
Used 2 -0.638% -0.6375| 0.3539| 0.5553| -0.8708 -0.2778
Used 2 -0.5104 -0.5078| 0.1500| -0.6391| -0.5869 0.2662
Used 2 0.3069 -0.0540{ 0.0880| 0.1381| -0.7406 -0.5921
Used 2 0.3876 0.1184| 0.0793| 0.2443| -0.8065 -0.4770

113




Insect Insect Insect Veg Veg Veg Axis
Used v Available| Year| Axis1 Axis 2 | Axis 3 Axis 1 AXis 2 3
Used 2 0.2228 -0.2285| -0.0728| 0.5668| -1.1468 -0.3006
Used 2 0.7134 0.0181| -0.1004| 0.0746| -0.4824| -0.0536
Used 2 -0.3905% -0.0095| 0.2815| 0.3047| -0.7490 0.0353
Used 2 0.2134 -0.1646| -0.0293| -0.7712| -0.4189 0.6873
Used 2 0.6374 -0.0284| -0.0616| 0.3682| -0.8275 -0.4188
Used 2 0.0071 -0.2940| 0.1373| 0.7713]| -0.9571 -0.3163
Used 2 0.3673 -0.0448| -0.3953| -0.0072| -0.4878 -0.3391
Used 2 0.4878 0.0871| -0.0579| 0.4956| -1.3752 -0.2151
Used 2 0.3707 0.1515| -0.2139| -0.1809| -0.4446 -0.0798
Used 3 N/R* N/R* N/R* 0.1554 -0.5098 1.3850
Available 3 0.0851 0.1231| 0.2690| 0.5961| 0.5074 0.0826
Available 3 0.7182 -0.0793| 0.1823| -0.8726| -0.4671 1.0260
Available 3 -0.1242 -0.4750| 0.7421| 0.6889| 0.4371 0.0543
Available 3 0.0135 -0.1077| 0.0870{ 0.7096| 0.4088 0.0428
Available 3 0.9341 -0.0596| 0.0038| -0.9431| -0.4653 0.9473
Available 3 0.7014 -0.0624| 0.1363| -0.1831| -0.7818 1.5125
Available 3 0.9655 0.0519| 0.0580| 0.5288| 0.6518 0.2675
Available 3 0.6696 -0.1054| 0.2012| 0.7075| 0.3922 0.0177
Available 3 0.7912 0.0369| 0.1441| -0.3736| -0.3500 1.1240
Available 3 0.6235 0.0322| 0.1773| 0.6871| 0.4251 0.0788
Available 3 -0.8866 0.7775| 0.4788| 0.7707| 0.4480 0.0240
Available 3 0.1809 -0.0483| 0.1579| 0.6851| 0.4539 0.0532
Used 3 0.3795 -0.2602| 0.3531| -0.4628| -0.5143 1.3607
Used 3 -0.5053 -0.5745| -0.0345| 0.4813| 0.5176 0.4546
Used 3 0.8062 -0.0310{ 0.1531| -0.7575| -0.3593 1.1206
Used 3 -0.0127 0.7024| 0.2153| 0.3190| 0.1440 0.4262
Used 3 0.7579 0.3032| 0.0965| -1.1142| 0.7252 0.6305
Used 3 0.8536 -0.0463| -0.5826| 0.5852| 0.4094 0.0040
Used 3 0.7013 0.2112| -0.0997| 0.7367| 0.3608 0.0458
Used 3 0.8667 -0.0177| -0.1585| -0.3890| 0.5257 0.5535
Available 4 -0.9790Q -0.2752| -1.2724| 0.0426| 0.3495 0.0689
Available 4 -0.9352 -0.1301| 0.4140{ 0.8055| 0.3448 0.1139
Available 4 -0.4183 0.0539| 0.0745| 0.7633| 0.2317 0.2609
Available 4 0.5469 0.0582| -0.0330| 0.1751| -0.2484 1.5984
Available 4 -0.3247 -0.2609| 0.5079| 0.4808| 0.4429 0.1630
Available 4 -1.0732 1.1687| 0.1694| 0.6256| 0.2777 -0.0098
Available 4 -0.2451 -0.7546| -0.0751| -0.7935| -0.0128 0.7426
Used 4 -0.6721 0.3991| -1.0088| 0.1493| 0.6495 0.3188
Used 4 -0.9291 -0.2873| 0.4265| 0.6588| 0.3127 0.0067
Used 4 -0.8498 0.5565| -0.0305| -0.4528| 0.2186 0.0500
Used 4 0.5286 0.0302| 0.0461| -0.4540| -0.1743 1.2041

114




Insect Insect Insect Veg Veg Veg Axis
Used v Available| Year| Axis1 Axis 2 | Axis 3 Axis 1 AXis 2 3
Used 4 -0.3232 -0.6502| 0.4355| 0.6270| 0.6112 0.0915
Used 4 -0.8874 1.5989| 0.2401, 0.5046| 0.3164 0.1098
Used 4 -0.7828 -0.3692| 0.6574| -0.8591| -0.3021 0.8974
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APPENDIX C: CLEMENT NON-GRAZED TRANSECT AXIS SCORES FOR INSECT
ORDER AND PLANT SPECIES NMS ANALYSIS

* N/R = not recorded

Used v Insect Insect Insect | Veg Axis | Veg Axis | Veg Axis
Available Year Axis 1 AXis 2 AXis 3 1 2 3

Available 1 0.2394 -0.1664| 0.2107| -0.1256 0.5717| -0.1538
Available 1 -0.7532 0.6646 0.5548 0.3832 0.8379| -0.1328
Available 1 -1.2008§ 0.0424| 0.8685 0.1173 0.5673| -0.1550
Available 1 -1.2814 -0.1030 0.4399 0.6336 0.9952 0.1204
Available 1 -0.3539 0.2961| -0.2732| -1.3147 0.0815| 0.3824
Available 1 0.9622 0.0388 0.1062 0.5078 0.8337 0.0068
Available 1 -0.6978 0.8795| -0.2553| -0.8258 0.1812| -0.7631
Available 1 0.0773 -0.1285 0.4166 0.5698 0.8014| -0.0221
Available 1 0.8947 -0.0194| 0.1032| -1.3714| -0.1639| 0.5947
Available 1 -1.1347 -0.5153 0.3229| -0.8134 0.4595| 0.6088
Available 1 -1.0762 0.1510 0.2428 0.2752 0.2291 0.3611
Available 1 -1.0952 -0.6878 0.1023 0.7083 0.8539| 0.0952
Available 1 -0.9038 -0.4608 0.5029| -0.1765 0.7897 0.0684
Available 1 -0.7157 -0.7967 0.5716 0.1977 0.7732| -0.2482
Used 1 -0.0411 -0.5120 0.6593 0.1920 0.5259| 0.0882
Used 1 -1.1404 -0.0105 0.9571 0.5039 1.1148| 0.0025
Used 1 -0.6812 -0.8302 0.8649 0.2849 0.8301| -0.0207
Used 1 0.0470 -0.5173] -0.3812 0.4038 1.0311 0.3211
Used 1 0.0634 0.2635 0.3123 0.4938 1.0232 0.1347
Used 1 -0.7081 0.3586| -0.1470 0.1987 0.8444| -0.3394
Used 1 0.0179 0.2423] -0.3266| -0.2571 1.2182 0.9143
Used 1 0.4491 -0.1280 0.0587| -0.8380 0.2284| -0.6180
Used 1 -0.2693 -0.7764| 0.6455 0.0788 0.7938| 0.2068
Used 1 -0.3451 -0.6745 0.7952 0.5890 0.6424| -0.0636
Used 1 -0.192% 0.7591| -0.1863 0.0856 0.8189| -0.1793
Used 1 -0.0339 0.3589| -0.0906 0.2749 0.8373] 0.2735
Used 1 0.162% 0.1667| -0.1167| -1.0572 0.0308| -0.7204
Used 1 0.2554 0.9526 0.1872| -1.0062 0.3579] 0.3298
Used 1 0.1091 -0.5423 0.1214| -1.0719 0.0211] -0.6371
Used 1 -1.1810 0.3624| 0.7967| -0.8552 0.9436 1.5188
Used 1 -0.4606 -0.5653 1.1287 0.6278 0.9488| 0.2012
Used 1 -1.0197 -0.6630| -0.7663| -0.8095 0.8326 1.4892
Used 1 0.5480 -0.1416| -0.8214| -1.1006 0.6305| 0.9551
Used 1 0.3286 0.2847| -0.3730f -0.2305| -0.1388| -0.6709
Used 1 -0.3679 -0.1991| -0.1251 0.5210 0.8073| 0.1876
Used 1 -1.1384 -0.6104| -0.5905 0.1252 0.9316| 0.0491
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Used v Insect Insect Insect | Veg Axis | Veg Axis | Veg Axis
Available Year Axis 1 AXis 2 AXis 3 1 2 3

Used 1 -1.1404 -0.0104| 0.9571 0.1203 0.7961| -0.2267
Used 1 0.1508 -0.3835 0.4916 0.4007 0.8105| -0.0710
Used 1 0.4589 -0.2226 0.3090 0.0149 0.7001| -0.4995
Used 1 0.9574 -0.6379| -0.5857 0.1320 1.0635| 0.2824
Used 1 0.2076 0.0605 0.3109 0.3861 0.8351| -0.0293
Used 1 0.0573 0.0469 0.3778 0.4060 0.9413| -0.0962
Used 1 0.2437 0.4131] -0.0638| -0.8132 0.0558| -0.7393
Used 1 -1.1173 0.8325 0.7144| 0.5417 0.7503| 0.1179
Used 1 -0.3468 -0.8003 0.2188 0.4706 0.7287 0.3447
Used 1 -0.1071 0.6815 0.3495 0.1504 0.7429| 0.0777
Used 1 -0.9418 -0.9567 1.1353 0.5782 0.9345| 0.1291
Used 1 N/R* N/R* N/R* 0.0654 0.7908| -0.0260
Used 1 -0.5624 0.8306 0.4416| -0.9198 0.1405| -0.4916
Used 1 0.900% 0.3347 0.8936 0.3920 0.8951 0.0420
Used 1 0.9582 -0.6457| -0.5761| -1.1795 0.5404| 0.0563
Used 1 0.0753 -0.0164| -0.3464| 0.3005 0.7914| -0.1504
Used 1 -1.1748 0.7808| -0.3333 0.2446 0.7056| 0.2622
Used 1 -0.8550 -0.3250 0.3465 0.2556 0.5897| -0.0246
Available 2 1.1146 0.0877 0.0531| -0.7624| -0.1009| -0.3549
Available 2 1.0555 0.1558 0.0554| 0.2997| -1.0660| -0.4294
Available 2 1.0518 0.0750 0.0089| -0.8607 0.1302| -0.8501
Available 2 0.8268 0.2026] -0.0537| -0.5523| -0.0240| -0.8138
Available 2 1.0123 0.0749| -0.0047| -1.3993 1.8633| -0.6303
Available 2 1.0224 0.1492 0.0235| -0.3996| -0.7816]| -0.0496
Available 2 0.8501 0.0158| -0.0092| -0.1797| -0.9152 0.0455
Available 2 0.8023 0.0754| 0.0112 0.5117| -1.1417| -0.3455
Available 2 0.8341 0.1481 0.0192| -0.0647| -0.8173| -0.3702
Available 2 0.7883 -0.0120 0.0310 0.4347| -0.9886| -0.2288
Available 2 0.8461 -0.0362| -0.1150 0.1842| -0.7532| -0.5323
Available 2 1.0084 0.1806 0.0581| -0.0688| -0.8485| -0.5891
Available 2 0.9440 0.1738 0.0156| -0.8517 0.0221] -1.0931
Available 2 1.0730 0.0736 0.0720 0.3572| -1.3177| -0.3292
Available 2 0.8068 0.0545 0.0835 0.3035| -0.9347 0.0563
Available 2 1.0739 0.0802 0.0457| -1.0551 0.5853 1.1511
Available 2 0.8324 0.0780 0.0758 0.2365| -0.7408| -0.2505
Used 2 0.7631 -0.1048 0.0497| -1.0548| -0.0685| 0.2611
Used 2 1.1021 0.0896 0.0765| -0.5276| -0.2014| -0.3325
Used 2 1.1039 0.1489 0.0626] -0.3872| -0.0622| -0.9266
Used 2 1.0846 0.0824| 0.0484| -0.4266| -0.0390| -0.9697
Used 2 1.0081 0.0510 0.0161| -1.2283 0.0647 0.2929
Used 2 0.9088 0.0388| -0.0063 0.5804| -1.1200| -0.2559

117




Used v Insect Insect Insect | Veg Axis | Veg Axis | Veg Axis
Available Year Axis 1 AXis 2 AXis 3 1 2 3

Used 2 0.6481 -0.0492 0.0076 0.6246| -0.9985| -0.2630
Used 2 0.8368 0.0974| 0.0046 0.4180| -0.8834| -0.4361
Used 2 0.6364 0.0694| 0.0064| 0.3518| -0.8345| -0.3136
Used 2 0.8844 0.0288 0.0768 0.0237| -0.8417| -0.1915
Used 2 0.9121 0.0069 0.0001 0.1508| -0.8483| -0.2891
Used 2 0.8591 0.0034| 0.0578 0.2482| -0.9462| -0.1997
Used 2 0.5650 0.0480 0.0040| -1.2957| -0.1966| 0.3749
Used 2 0.9102 -0.0144| 0.0737| -0.7830| -1.1083| 0.1384
Used 2 0.4413 -0.2911| -0.2479| -0.7524| -0.0239| -0.6038
Used 2 1.0780 0.0859| -0.0091| -0.9686| -0.0442| -0.7992
Used 2 1.025% 0.0646 0.0485| -0.8607| -0.0444| -0.5703
Available 3 1.0490 0.2353| -0.0025| -1.3650| -0.1657 0.6797
Available 3 N/R* N/R* N/R* -0.8323 0.0506| -0.6804
Available 3 1.1312 0.1196| -0.0043| -0.4676 0.4618| -1.2580
Available 3 0.1128 0.3648 0.2858| -0.0099 0.7974| -0.1460
Available 3 -0.5348 -0.0780 0.3518| -0.4423 0.1383| -0.6197
Available 3 N/R* N/R* N/R* 0.6668 0.9681 0.0761
Available 3 N/R* N/R* N/R* -1.0599 0.0127| -0.1909
Used 3 N/R* N/R* N/R* -0.7228 0.1061| -0.5480
Used 3 1.1933 0.1237 0.0545| -0.0833 0.4951| -0.1667
Used 3 N/R* N/R* N/R* -1.2721 -0.1236| 0.2706
Used 3 N/R* N/R* N/R* 0.2416 0.4571 0.3285
Used 3 0.4604 0.0504| -0.0110f -0.0576 0.4429| -0.1803
Used 3 0.2479 0.1158 0.2667| -0.4542 0.1683| -0.5159
Used 3 1.1932 0.1237 0.0545| -0.6938 0.3005| 0.3073
Available 4 -0.9993 0.0788 0.2720 0.4613 0.5275| 0.1279
Available 4 -0.7838 -0.1870| -0.3618| -0.9071 0.1432| -0.9568
Available 4 -1.1989 -0.4960, -0.0084| -0.0738 0.3243] -0.1699
Available 4 0.4381 0.0004| -0.0576 0.1393 0.3569| -0.0360
Available 4 0.9000 0.1829| -0.0335| -0.0124 0.1495| -0.4633
Available 4 0.9071 0.0257 0.0660 0.0748 0.3433] -0.2384
Available 4 1.0628 0.0783| -0.0014| -1.0803 0.0806| -0.1783
Available 4 1.0135 0.0677 0.0702| -1.2445| -0.0765| -0.0473
Available 4 -0.3582 0.1433] -0.1343 0.6500 0.2429| 0.0872
Available 4 0.9694 0.0716| -0.0975 0.3396 0.1168| 0.0663
Available 4 0.6253 0.0083 0.1864| 0.1809 0.2073| -0.2331
Available 4 0.7073 0.0746| -0.0293 0.8405 0.3536] 0.0148
Available 4 1.0279 0.0867| -0.0437 0.7910 0.3267| -0.0187
Available 4 1.0812 0.0859| -0.0052| -0.6655 0.4058| -0.4397
Available 4 0.9329 0.0566 0.0160 0.5499 0.2991| -0.0222
Available 4 0.8383 -0.0129 0.1419 0.4733 0.3687| -0.2544
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Used v Insect Insect Insect | Veg Axis | Veg Axis | Veg Axis
Available ear Axis 1 AXis 2 AXis 3 1 2 3

Available 4 0.2636 -0.0598| -0.0659 0.4183 0.0861 0.2549
Available 4 0.6187 -0.1360 0.2257 0.8476 0.1883| -0.1339
Available 4 N/R* N/R* N/R* 0.6184 0.3953| -0.0979
Used 4 -0.7684 -0.6915| -0.1091| -0.1291 0.4986| 0.3811
Used 4 -0.7417 -0.3479| -0.4594| -0.9415 0.1667| -0.5831
Used 4 -1.0513 -0.2636 0.0749 0.5398 0.3926| -0.0548
Used 4 0.1799 0.0141 0.0269 0.1361 0.4165| -0.3187
Used 4 0.7442 0.0189 0.0145| -0.1785 0.3991| -0.0281
Used 4 1.0063 0.1497 0.0089| -0.1782| -0.0988| -0.7154
Used 4 1.025% 0.0632 0.0176] -1.0034 0.1288| -0.6607
Used 4 1.1149 0.0848 0.0576| -1.0737 0.0800| -0.4723
Used 4 -0.0454 -0.0318| -0.0740 0.7739 0.3977| -0.0535
Used 4 0.9420 0.1113 0.0521 0.7147 0.4742 0.0248
Used 4 0.8556 0.0212 0.0686 0.7115 0.2717 0.0027
Used 4 0.838% 0.0058 0.0218 0.0961 0.2356| -0.2418
Used 4 1.1933 0.1237 0.0545 0.2995 0.2984| -0.2561
Used 4 0.8143 0.1200 0.0332 0.3376 0.5170] 0.1226
Used 4 0.7913 0.0869| -0.0504| 0.7210 0.3288| 0.0132
Used 4 1.0149 0.0644| 0.0279 0.2089 0.3766/ -0.0309
Used 4 0.2517 -0.3284| 0.4248 0.7519 0.3976| -0.0653
Used 4 0.8586 0.1843| -0.3267 0.3107 0.3863| -0.3779
Used 4 N/R* N/R* N/R* 0.3824 0.2803| -0.3293
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APPENDIX D: FITCH GRAZED TRANSECT AXIS SCORES FOR | NSECT ORDER
AND PLANT SPECIES NMS ANALYSIS

* N/R = not recorded

Used v Insect Axis | Insect Axis | Insect Axis | Veg Axis | Veg Axis | Veg
Available | Year 1 2 3 1 2 Axis 3
Available 1 0.2394 -0.1664 0.2107| -0.1256| 0.5717| -0.1538
Available 1 -0.7532 0.6646 0.5548/ 0.3832] 0.8379| -0.1328
Available 1 -1.2008 0.0424 0.8685| 0.1173| 0.5673| -0.1550
Available 1 -1.2814 -0.1030 0.4399| 0.6336] 0.9952| 0.1204
Available 1 -0.3539 0.2961 -0.2732| -1.3147| 0.0815| 0.3824
Available 1 0.9622 0.0388 0.1062| 0.5078| 0.8337| 0.0068
Available 1 -0.6978 0.8795 -0.2553| -0.8258| 0.1812| -0.7631
Available 1 0.0773 -0.1285 0.4166| 0.5698| 0.8014| -0.0221
Available 1 0.8947 -0.0194 0.1032| -1.3714| -0.1639| 0.5947
Available 1 -1.1347 -0.5153 0.3229| -0.8134| 0.4595| 0.6088
Available 1 -1.0762 0.1510 0.2428| 0.2752| 0.2291| 0.3611
Available 1 -1.0952 -0.6878 0.1023| 0.7083] 0.8539| 0.0952
Available 1 -0.9038 -0.4608 0.5029| -0.1765| 0.7897| 0.0684
Available 1 -0.7157 -0.7967 0.5716 0.1977 0.7732| -0.2482
Used 1 -0.0411 -0.5120 0.6593| 0.1920| 0.5259| 0.0882
Used 1 -1.1404 -0.0105 0.9571| 0.5039 1.1148| 0.0025
Used 1 -0.6812 -0.8302 0.8649| 0.2849| 0.8301| -0.0207
Used 1 0.0470 -0.5173 -0.3812|  0.4038 1.0311| 0.3211
Used 1 0.0634 0.2635 0.3123| 0.4938 1.0232| 0.1347
Used 1 -0.7081 0.3586 -0.1470, 0.1987| 0.8444| -0.3394
Used 1 0.0179 0.2423 -0.3266| -0.2571 1.2182| 0.9143
Used 1 0.4491 -0.1280 0.0587| -0.8380| 0.2284| -0.6180
Used 1 -0.2693 -0.7764 0.6455| 0.0788] 0.7938| 0.2068
Used 1 -0.3451 -0.6745 0.7952| 0.5890| 0.6424| -0.0636
Used 1 -0.1925 0.7591 -0.1863| 0.0856| 0.8189| -0.1793
Used 1 -0.0339 0.3589 -0.0906/ 0.2749| 0.8373| 0.2735
Used 1 0.1625 0.1667 -0.1167| -1.0572| 0.0308| -0.7204
Used 1 0.2554 0.9526 0.1872| -1.0062| 0.3579| 0.3298
Used 1 0.1091 -0.5423 0.1214| -1.0719| 0.0211| -0.6371
Used 1 -1.1810 0.3624 0.7967| -0.8552| 0.9436| 1.5188
Used 1 -0.4606 -0.5653 1.1287| 0.6278] 0.9488| 0.2012
Used 1 -1.0197 -0.6630 -0.7663| -0.8095| 0.8326| 1.4892
Used 1 0.5480 -0.1416 -0.8214| -1.1006] 0.6305| 0.9551
Used 1 0.3286 0.2847 -0.3730] -0.2305| -0.1388| -0.6709
Used 1 -0.3679 -0.1991 -0.1251) 0.5210/ 0.8073| 0.1876
Used 1 -1.1384 -0.6104 -0.5905| 0.1252] 0.9316| 0.0491
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Used v Insect Axis | Insect Axis | Insect Axis | Veg Axis | Veg Axis Veg
Available | Year 1 2 3 1 2 Axis 3
Used 1 -1.1404 -0.0104 0.9571| 0.1203| 0.7961| -0.2267
Used 1 0.1508 -0.3835 0.4916| 0.4007| 0.8105| -0.0710
Used 1 0.4589 -0.2226 0.3090/ 0.0149| 0.7001| -0.4995
Used 1 0.9574 -0.6379 -0.5857| 0.1320 1.0635| 0.2824
Used 1 0.2076 0.0605 0.3109| 0.3861| 0.8351| -0.0293
Used 1 0.0573 0.0469 0.3778| 0.4060| 0.9413| -0.0962
Used 1 0.2437 0.4131 -0.0638| -0.8132] 0.0558| -0.7393
Used 1 -1.1173 0.8325 0.7144| 0.5417| 0.7503| 0.1179
Used 1 -0.3468 -0.8003 0.2188| 0.4706| 0.7287| 0.3447
Used 1 -0.1071 0.6815 0.3495| 0.1504| 0.7429| 0.0777
Used 1 -0.9418 -0.9567 1.1353| 0.5782] 0.9345| 0.1291
Used 1 N/R* N/R* N/R* 0.0654 0.7908| -0.0260
Used 1 -0.5624 0.8306 0.4416| -0.9198| 0.1405| -0.4916
Used 1 0.9005 0.3347 0.8936] 0.3920| 0.8951| 0.0420
Used 1 0.9582 -0.6457 -0.5761| -1.1795| 0.5404| 0.0563
Used 1 0.0753 -0.0164 -0.3464| 0.3005| 0.7914| -0.1504
Used 1 -1.1748 0.7808 -0.3333| 0.2446| 0.7056| 0.2622
Used 1 -0.8550 -0.3250 0.3465| 0.2556| 0.5897| -0.0246
Available 2 1.1146 0.0877 0.0531| -0.7624| -0.1009| -0.3549
Available 2 1.0555 0.1558 0.0554| 0.2997| -1.0660| -0.4294
Available 2 1.0518 0.0750 0.0089| -0.8607| 0.1302| -0.8501
Available 2 0.8268 0.2026 -0.0537| -0.5523| -0.0240| -0.8138
Available 2 1.0123 0.0749 -0.0047| -1.3993 1.8633| -0.6303
Available 2 1.0224 0.1492 0.0235| -0.3996| -0.7816| -0.0496
Available 2 0.8501 0.0158 -0.0092| -0.1797| -0.9152| 0.0455
Available 2 0.8023 0.0754 0.0112| 0.5117| -1.1417| -0.3455
Available 2 0.8341 0.1481 0.0192| -0.0647| -0.8173| -0.3702
Available 2 0.7883 -0.0120 0.0310f 0.4347| -0.9886| -0.2288
Available 2 0.8461 -0.0362 -0.1150| 0.1842| -0.7532| -0.5323
Available 2 1.0084 0.1806 0.0581| -0.0688| -0.8485| -0.5891
Available 2 0.9440 0.1738 0.0156/ -0.8517| 0.0221| -1.0931
Available 2 1.0730 0.0736 0.0720f 0.3572| -1.3177| -0.3292
Available 2 0.8068 0.0545 0.0835 0.3035/ -0.9347| 0.0563
Available 2 1.0739 0.0802 0.0457| -1.0551| 0.5853| 1.1511
Available 2 0.8324 0.0780 0.0758| 0.2365| -0.7408| -0.2505
Used 2 0.7631 -0.1048 0.0497| -1.0548| -0.0685| 0.2611
Used 2 1.1021 0.0896 0.0765| -0.5276| -0.2014| -0.3325
Used 2 1.1039 0.1489 0.0626| -0.3872| -0.0622| -0.9266
Used 2 1.0846 0.0824 0.0484| -0.4266| -0.0390| -0.9697
Used 2 1.0081 0.0510 0.0161| -1.2283| 0.0647| 0.2929
Used 2 0.9088 0.0388 -0.0063| 0.5804| -1.1200| -0.2559
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Used v Insect Axis | Insect Axis | Insect Axis | Veg Axis | Veg Axis Veg
Available | Year 1 2 3 1 2 Axis 3
Used 2 0.6481 -0.0492 0.0076] 0.6246| -0.9985| -0.2630
Used 2 0.8368 0.0974 0.0046| 0.4180| -0.8834| -0.4361
Used 2 0.6364 0.0694 0.0064| 0.3518| -0.8345| -0.3136
Used 2 0.8844 0.0288 0.0768| 0.0237| -0.8417| -0.1915
Used 2 0.9121 0.0069 0.0001] 0.1508| -0.8483| -0.2891
Used 2 0.8591 0.0034 0.0578| 0.2482| -0.9462| -0.1997
Used 2 0.5650 0.0480 0.0040| -1.2957| -0.1966| 0.3749
Used 2 0.9102 -0.0144 0.0737| -0.7830| -1.1083| 0.1384
Used 2 0.4413 -0.2911 -0.2479| -0.7524| -0.0239| -0.6038
Used 2 1.0780 0.0859 -0.0091| -0.9686| -0.0442| -0.7992
Used 2 1.0255 0.0646 0.0485| -0.8607| -0.0444| -0.5703
Available 3 1.0490 0.2353 -0.0025| -1.3650| -0.1657| 0.6797
Available 3 N/R* N/R* N/R* -0.8323 0.0506| -0.6804
Available 3 1.1312 0.1196 -0.0043| -0.4676] 0.4618| -1.2580
Available 3 0.1128 0.3648 0.2858| -0.0099| 0.7974| -0.1460
Available 3 -0.5348 -0.0780 0.3518| -0.4423| 0.1383| -0.6197
Available 3 N/R* N/R* N/R* 0.6668 0.9681| 0.0761
Available 3 N/R* N/R* N/R* -1.0599 0.0127| -0.1909
Used 3 N/R* N/R* N/R* -0.7228 0.1061| -0.5480
Used 3 1.1933 0.1237 0.0545| -0.0833| 0.4951| -0.1667
Used 3 N/R* N/R* N/R* -1.2721| -0.1236| 0.2706
Used 3 N/R* N/R* N/R* 0.2416 0.4571| 0.3285
Used 3 0.4604 0.0504 -0.0110, -0.0576] 0.4429| -0.1803
Used 3 0.2479 0.1158 0.2667| -0.4542| 0.1683| -0.5159
Used 3 1.1932 0.1237 0.0545| -0.6938/ 0.3005| 0.3073
Available 4 -0.9993 0.0788 0.2720| 0.4613| 0.5275| 0.1279
Available 4 -0.7838 -0.1870 -0.3618| -0.9071| 0.1432| -0.9568
Available 4 -1.1989 -0.4960 -0.0084| -0.0738| 0.3243| -0.1699
Available 4 0.4381 0.0004 -0.0576/ 0.1393] 0.3569| -0.0360
Available 4 0.9000 0.1829 -0.0335| -0.0124| 0.1495| -0.4633
Available 4 0.9071 0.0257 0.0660/ 0.0748| 0.3433]| -0.2384
Available 4 1.0628 0.0783 -0.0014| -1.0803| 0.0806| -0.1783
Available 4 1.0135 0.0677 0.0702| -1.2445| -0.0765| -0.0473
Available 4 -0.3582 0.1433 -0.1343| 0.6500] 0.2429| 0.0872
Available 4 0.9694 0.0716 -0.0975| 0.3396] 0.1168| 0.0663
Available 4 0.6253 0.0083 0.1864| 0.1809| 0.2073| -0.2331
Available 4 0.7075 0.0746 -0.0293| 0.8405| 0.3536| 0.0148
Available 4 1.0279 0.0867 -0.0437) 0.7910] 0.3267| -0.0187
Available 4 1.0812 0.0859 -0.0052| -0.6655| 0.4058| -0.4397
Available 4 0.9329 0.0566 0.0160f 0.5499| 0.2991| -0.0222
Available 4 0.8383 -0.0129 0.1419| 0.4733] 0.3687| -0.2544
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Used v Insect Axis | Insect Axis | Insect Axis | Veg Axis | Veg Axis Veg
Available | Year 1 2 3 1 2 Axis 3
Available 4 0.2636 -0.0598 -0.0659| 0.4183] 0.0861| 0.2549
Available 4 0.6187 -0.136 0.2257| 0.8476| 0.1883| -0.1339
Available 4 N/R* N/R* N/R* 0.6184 0.3953| -0.0979
Used 4 -0.7684 -0.6915 -0.1091| -0.1291| 0.4986| 0.3811
Used 4 -0.7417 -0.3479 -0.4594| -0.9415| 0.1667| -0.5831
Used 4 -1.0513 -0.2636 0.0749| 0.5398| 0.3926| -0.0548
Used 4 0.1799 0.0141 0.0269| 0.1361| 0.4165| -0.3187
Used 4 0.7442 0.0189 0.0145| -0.1785| 0.3991| -0.0281
Used 4 1.0063 0.1497 0.0089| -0.1782| -0.0988| -0.7154
Used 4 1.0255 0.0632 0.0176] -1.0034| 0.1288| -0.6607
Used 4 1.1149 0.0848 0.0576| -1.0737| 0.0800| -0.4723
Used 4 -0.0454 -0.0318 -0.0740, 0.7739] 0.3977| -0.0535
Used 4 0.9420 0.1113 0.0521| 0.7147| 0.4742| 0.0248
Used 4 0.8556 0.0212 0.0686| 0.7115/ 0.2717| 0.0027
Used 4 0.8385 0.0058 0.0218| 0.0961| 0.2356| -0.2418
Used 4 1.1933 0.1237 0.0545| 0.2995| 0.2984| -0.2561
Used 4 0.8143 0.1200 0.0332] 0.3376] 0.5170| 0.1226
Used 4 0.7913 0.0869 -0.0504| 0.7210| 0.3288| 0.0132
Used 4 1.0149 0.0644 0.0279| 0.2089| 0.3766| -0.0309
Used 4 0.2517 -0.3284 0.4248| 0.7519| 0.3976| -0.0653
Used 4 0.8586 0.1843 -0.3267| 0.3107| 0.3863| -0.3779
Used 4 N/R* N/R* N/R* 0.3824 0.2803| -0.3293
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APPENDIX E: CORRELATION SCORES OF PLANT SPECIES FROM NON-METRIC

MULTI-DIMENSIONAL SCALING ANALYSIS FROM THE CLEMENT  AND FITCH
STUDY AREAS NEAR HETTINGER, ND, IN 2008-2011
AXis 1 2 3 AXis 1 2 3
r r r r r r

Achillea Hordeum
millefolium -0.38| 0.02| -0.10| jubatum -0.17| 0.12| 0.15
Agropyron Hordeum
cristatum -0.07| -0.25| 0.64| wulgare 0.02| -0.01| 0.05
Ambrosia
artemisiifolia -0.15| 0.05| -0.03| Juncusbalticus | -0.04|-0.11| -0.07
Ambrosia Koeleria
psilostachya -0.09| 0.01| -0.07| macrantha -0.05| -0.12| 0.19
Anemone Lactuca
patens -0.04| -0.04| 0.13] oblongifolia -0.20| -0.10| 0.18
Antennaria
neglecta 0.08| -0.10| -0.03] Lactuca serriola | -0.15| 0.01| -0.03
Antennaria
parvifolia 0.06| 0.09| -0.01] Lactucatatarica | -0.08| -0.05| 0.10
Artemisia Lepidium
campestris -0.14| -0.01| 0.01| densiflorum 0.00| -0.08| 0.01
Artemisia
dracunculus -0.01| -0.09| -0.05| Liatruspunctata | -0.17| -0.06| 0.20
Artemisia Lomatium
frigid -0.19| -0.06| 0.28| foeniculaceum -0.10| -0.01| 0.01
Artemisia Lygodesmia
ludoviciana -0.35| -0.05| 0.08] juncea 0.01|-0.13| 0.16
Asclepias
speciosa -0.11| 0.01| -0.11| Medicago sativa | 0.66| -0.23| -0.17
Asclepias Melilotus
syriaca -0.10| -0.01| -0.05| officinalis 0.19| 0.13| 0.15
Aster
ericoides -0.10| -0.03| 0.04| Nassdllaviridula | -0.16| -0.06| 0.10
Aster
spp. -0.11 0.08| 0.03| Opuntiafragilis | -0.13| -0.04| 0.04
Astragulus Opuntia
spp. -0.12| -0.08| -0.11| polyacantha -0.01| -0.06| 0.19
Bouteloua Panicum
dactyloides 0.03] -0.08| -0.05]| virgatum 0.06| 0.02| 0.12
Bouteloua Pascopyrum
gracilis -0.09| -0.10| 0.22| smithii -0.29] -0.06| 0.15
Brassicaceae Penstemon
spp. -0.08| -0.04| 0.01] glaber 0.04| 0.04| 0.04
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AXis 1 2 3 AXis 1 2 3
r r r r r r

Bromus Plantago
inermis -0.51| 0.03| -0.64| patagonica -0.06| -0.14| 0.17
Bromus Poa
japonicas -0.02| 0.07| -0.13| pratensis -0.68| -0.11| 0.16
Bromus Potentilla
tectorum 0.01| 0.02| -0.03] fruticosa -0.09| 0.00| -0.07
Buchloe Psoralea
dactyloides -0.07| -0.01| 0.04| argophylla -0.13| -0.14| 0.28
Calamovilfa Psoralea
longifolia -0.08| -0.12| -0.01| esculenta -0.09| -0.01| 0.11
Carex Ratibida
Filifolia -0.07| -0.16| 0.36| columnifera -0.07| -0.05| 0.18
Carex
heliophila -0.10| -0.03| -0.07| Rosaarkansana | -0.07| -0.08| -0.09
Carex Rumex
praegracilis -0.10| 0.07| 0.08] crispus -0.12| 0.06| 0.07
Chenopodium Rumex
album -0.17| -0.04| -0.01| occidentalis -0.10| 0.01]| -0.08
Chrysopsis Salsola
villosa 0.03| 0.05| 0.07|iberica 0.07| -0.06| 0.01
Cirsium Salsola
arvense 0.03| 0.08| 0.05] tragus 0.05| -0.04| -0.04
Cirsium Schizachyrium
flodmanii -0.13| 0.02| -0.03| scoparium 0.05| -0.04| 0.07
Cirsium Senecio
undulatum -0.14| -0.02| -0.04| spp. -0.04 -0.05| 0.15
Collomia Solidago
linearis -0.17| -0.11| 0.04| missouriensis 0.01| 0.02| -0.07
Convolvulus
arvensis 0.14| -0.29| -0.13| Solidago mollis | -0.09| -0.07| 0.01
Conyza Solidago
Canadensis 0.07| 0.05| 0.01]|rigida -0.17| -0.03| 0.05
Dalea
pur purea -0.02| -0.07| 0.16| Sonchusarvensis | -0.13| -0.07| -0.03
Descurainia Son
pinnata 0.04| 0.04| 0.02| ole -0.12| 0.03]-0.13
Descurainia Spartina
Sophia 0.07| -0.09| -0.10| pectinata -0.15| 0.07] -0.05
Distichlis Sphaeralcea
spicata -0.08| 0.01| -0.09| coccinea -0.16| -0.13| 0.36
Dyssodia Sporobolus
papposa -0.11| -0.01| -0.01| airoides -0.08| 0.02]| -0.12

125




AXis 1 2 3 AXis 1 2 3
r r r r r r

Echinacea Sa
angustifolia 0.06| 0.04| 0.01]ten -0.03| 0.05| 0.06
Elytrigia Sipa
repens -0.09| -0.03| -0.07| comata -0.11| -0.03| 0.12
Elymus Sym
trachycaulus -0.21| 0.16]| 0.26] ei -0.04| 0.03]| -0.09
Erigeron Taraxacum
strigosus 0.08| 0.06| 0.01] officinale -0.07| -0.16| 0.07
Erysimum Thinopyrum
asperum 0.04| 0.03| 0.05] intermedium 0.53| 0.73| 0.05
Euphorbia
esula -0.09| 0.04| -0.02| Thlapsi arvense | -0.13| -0.03| -0.01
Gaura Tragopogon
coccinea -0.13| -0.01| 0.08| dubius 0.15] -0.05| -0.04
Glycyrrhiza
lepidota -0.25| 0.01| -0.08| Unknown 1 0.04| -0.08| -0.04
Grindelia
squarrosa -0.10| 0.04| 0.03| Unknown 2 -0.08 0.02| 0.02
Hedeoma
hispida -0.01| -0.05| -0.03| Unknown 3 -0.09 0.03| 0.04
Helianthus
annuus -0.07| -0.03| -0.03| Viciaamericana | -0.14| -0.05| 0.05
Helianthus Zea
maximiliani -0.17| 0.01| -0.06| mays -0.04| -0.12| 0.11
Hesper ostipa
comate -0.08| -0.11| 0.26
Heterotheca
villosa -0.10| -0.05| 0.03
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APPENDIX F: FITCH NON-GRAZED TRANSECT AXIS SCORES F OR INSECT
ORDER AND PLANT SPECIES NMS ANALYSIS

* N/R = not recorded

Used v Insect Axis | Insect Axis | Veg Axis | Veg Veg

Available | Year | Insect Axis 1 2 3 1 Axis 2 | Axis 3
Available 1 -0.2845 -0.1164 -0.3879 0.9011| -0.2748| -0.4858
Available 1 -0.3388 -0.0406 -0.5309| -1.0601| 0.0595| -0.6471
Available 1 -0.8698 -0.5553 -0.2534 0.5694| -0.4559| 0.6230
Available 1 -0.2867 0.8071 -0.4823| -0.0900| 0.3583| -0.0658
Available 1 0.5469 -0.2283 -0.4832| -1.2958| -0.2196| 0.3121
Available 1 -0.9698 1.8089 0.5364 0.6337| 0.2287| -0.2800
Available 1 -0.9047 -0.8586 0.0196| -1.1573| -0.0636| -0.4901
Available 1 -0.6400 -0.5556 0.1189| -1.0249| 0.0588| -0.8236
Used 1 -1.2140 0.5611 -0.1817 0.9337| -0.5959| 0.7141
Used 1 -0.3539 0.2961 -0.2732| -1.3105| -0.3065| 0.4378
Used 1 -1.3547 -0.2365 -0.3364 0.0810| 0.3010| -0.4422
Used 1 -0.9699 1.8084 0.5378| -0.8813| 0.2524| -0.9434
Used 1 0.3909 -0.8788 0.0765| -0.3890| 0.4895| -0.1814
Used 1 -0.6754 -0.1328 0.7949 0.4378| 1.0145| 0.1333
Available 2 0.2704 -0.2384 0.0108 0.2765| -0.7429| -0.4029
Available 2 0.2515 -0.4452 -0.0745| -0.9060| 0.0740| -0.7664
Available 2 0.0959 0.0903 -0.0392| -1.1754| -0.0760| -0.2860
Available 2 -1.0763 -1.1339 0.2651 0.2503| -0.4549| -0.4748
Available 2 0.3341 -0.2856 0.3779| -1.0486| 0.0043| -0.6983
Available 2 -0.8414 -0.7632 0.1530| -0.3348| -0.4703| -0.4315
Available 2 -1.0537 -0.3101 0.2931| -0.2886| -0.4844| -0.1182
Available 2 -0.8476 0.2463 0.3597 0.5697| -0.8435| -0.2332
Available 2 0.0773 -0.1974 0.1969 0.6686| -0.8566| -0.0716
Available 2 0.0862 -0.1651 0.2815 0.8049| -0.7196| -0.1973
Used 2 -0.6844 -0.6615 0.4836| -0.2063| -0.7885| -0.0435
Used 2 0.4373 -0.0678 -0.4606| -0.8959| 0.1955| -1.1105
Used 2 0.3620 0.1753 -0.1213| -0.3241| -0.5096| -0.6617
Used 2 0.9332 0.0810 -0.0042| -0.9461| -0.4522| -0.8254
Used 2 -0.4318 -0.2210 -0.2703 0.5045| 0.0740| -0.0509
Used 2 -0.038% -0.6461 -0.4124| -1.1180| -0.1024| 0.0849
Used 2 -0.1430 -0.3284 -0.5654| -0.2042| -0.3212| -0.8055
Used 2 N/R* N/R* N/R* -0.2395 0.0240| 0.0019
Available 3 -0.3535 0.3173 0.2303 0.0387| 0.0831| 0.0545
Available 3 -0.2864 -0.8422 0.5215| -1.1864| -0.0844| -0.1059
Available 3 -0.0281 -0.5393 0.2278| -0.1587| 0.2974| 0.3855
Available 3 -0.1825 0.3298 -0.2053 0.1150| 0.5454| 0.0015
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Used v Insect Axis | Insect Axis | Veg Axis | Veg Veg

Available | Year | Insect Axis 1 2 3 1 Axis 2 | Axis 3
Used 3 0.1508 -0.3835 0.4916 0.0607| 0.8654| 0.1116
Used 3 -0.1326 -0.3505 0.5138| -1.0085| 0.3962| -0.1638
Used 3 N/R* N/R* N/R* 0.1158 -0.1052| -0.6777
Used 3 N/R* N/R* N/R* 0.3381 0.5692| 0.2303
Available 4 -0.7202 0.3183 -0.5290| -1.0809| 0.0083| -0.4368
Available 4 -1.0702 1.3384 -0.8817| -0.7681| 0.1900| -0.0270
Available 4 -0.9558§ 0.5131 -0.9880| -0.2801| -0.1124| -0.8891
Available 4 -1.0934 -0.2789 -0.6882 0.0823| -0.0838| -0.5364
Available 4 -0.40072 0.7482 -0.6772| -0.7677| -0.0431| 0.0903
Used 4 0.0584 -0.3200 -1.0104| -1.2071| -0.2527| 0.1363
Used 4 -0.9698 1.8081 0.5388| -0.9070| -0.1268| -0.2651
Used 4 -0.6134 0.1805 -1.0268| -1.2316| -0.3708| 0.1521
Used 4 -1.0092 -0.1786 -1.1781| -0.3663| -0.1094| -0.3565
Used 4 -1.1149 -0.1065 -0.8785 0.2379| 0.0846| -0.1042
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APPENDIX G: UNIVARIATE TESTS, UNIT ODDS RATIOS (UOR ) AND 95%
CONFIDENCE INTERVALS (95% CI) FROM UNIVARIATE LOGIS TIC
REGRESSIONS COMPARING UTILIZED BROOD LOCATIONS TO A VAILABLE
LOCATIONS IN GRAZED (SL) AND NON-GRAZED (NG) PERENN IAL
VEGETATION TREATMENTS (SEASON-LONG GRAZED, HAY PAST URE AND
IDLE TREATMENTS) ON TWO STUDY SITES (REFERRED TO AS FITCH AND
CLEMENT) FROM 2008-2011 IN SOUTHWESTERN ND, USA

Treatment/Covariate X P value UOR 95% ClI
Fitch NG 2011
% Bare Ground Cover 0.0662 0.7969 1.016 0.903-1.143
VOR 0.8328 0.3615 2.088 0.430-10.148
Total Insect Biomass 0.0034 0.9532 0.966 0.306-3.052
% Forb Cover 0.0175 0.8948 1.006 0.924-1.095
% Grass Cover 0.0214 0.8837 1.005 0.937-1.078
Litter Depth 1.0904 0.2964 <0.001 <0.001->999.999
Basal Bare Ground Density 0.1764 0.6745 2.851 0.021-379.08(
Basal Litter Density 0.1932 0.6602 3.001 0.022-403.226
% Litter Cover 0.0087  0.9257 0.997 0.935-1.063
Maximum Height Live Vegetation| 0.8784 0.3486 0.493 0.112-2.165
Maximum Height Dead Vegetation 0.6843 0.4081 1.635 0.510-5.245
Insect Axis 1 Score 0.2617 0.6089 0.389 0.010-14.489
Insect Axis 2 Score 0.3310 0.5651 1.750 0.260-11.766
Insect Axis 3 Score 0.0204 0.8864 0.821 0.055-12.218
Vegetation Axis 1 Score 0.1725 0.6761 1.718 0.136-21.744
Vegetation Axis 2 Score 1.7501 0.1859 >999.999 0.016->999.999
Vegetation Axis 3 Score 1.5398 0.2147 0.044 <0.001-6.150
Fitch NG 2009

% Bare Ground Cover 1.3478 0.2457 1.157 0.904-1.481
VOR 0.0010 0.9751 1.018 0.322-3.224
Total Insect Biomass 0.7998 0.3711 0.597 0.193-1.850
% Forb Cover 1.0351  0.3090 1.038 0.966-1.117
% Grass Cover 0.6642 0.4151 0.944 0.822-1.084
Litter Depth 0.0249 0.8745 0.856 0.124-5.906
Basal Bare Ground Density 0.0016 0.9685 0.789 <0.001->999.999
Basal Litter Density 2.1006  0.1472 <0.001 <0.001-91.367
% Litter Cover 3.0162 0.0824 0.880 0.762-1.017
Maximum Height Live Vegetation| 0.0229 0.8796 0.922 0.324-2.625
Maximum Height Dead Vegetation 0.4188 0.5176 5.303 0.034-829.944
Insect Axis 1 Score 0.3054 0.2532 0.331 0.050-2.204
Insect Axis 2 Score 0.2211 0.6382 0.505 0.029-8.690
Insect Axis 3 Score 4.3070 0.0380 222.293  1.350->999.999
Vegetation Axis 1 Score 1.0142 0.3139 2.210 0.472-10.344
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Treatment/Covariate ¥ | Pvalue UOR | 95% CI
Vegetation Axis 2 Score 1.7478 0.1861 0.136 0.007-2.619
Vegetation Axis 3 Score 0.1312 0.7172 1.664 0.106-26.199

Fitch NG 2008
% Bare Ground Cover 0.2517 0.6159 0.980 0.904-1.062
VOR 0.3627 0.5470 1.500 0.401-5.611
Total Insect Biomass 1.5992 0.2060 1.850 0.713-4.802
% Forb Cover 0.0751 0.7840 1.010 0.939-1.087
% Grass Cover 1.5328 0.2157 1.076 0.958-1.207
Litter Depth 0.9826 0.3216 2.105 0.483-9.171
Basal Bare Ground Density 0.2219 0.6376 0.417 0.011-15.833
Basal Litter Density 0.2276  0.6333 2.796 0.041-191.107%
% Litter Cover 0.5300  0.4666 0.973 0.903-1.048
Maximum Height Live Vegetation| 0.0981 0.7541 1.140 0.503-0.7541
Maximum Height Dead Vegetation 2.6014 0.1068 0.316 0.078-1.282
Insect Axis 1 Score 0.5960 0.4401 2.336 0.271-20.138
Insect Axis 2 Score 0.2031 0.6523 0.745 0.207-2.681
Insect Axis 3 Score 1.5051 0.2199 0.165 0.009-2.930
Vegetation Axis 1 Score 0.0818 0.7749 0.829 0.228-3.007
Vegetation Axis 2 Score 1.0059 0.3159 0.230 0.013-4.068
Vegetation Axis 3 Score 0.4414 0.5064 0.487 0.058-4.075
Clement NG 2011
% Bare Ground Cover 0.1091 0.7412 1.013 0.940-1.090
VOR 0.3634 0.5466 0.737 0.273-1.987
Total Insect Biomass 0.5251 0.4691 0.864 0.583-1.283
% Forb Cover 0.0002 0.9874 1.001 0.911-1.100
% Grass Cover 0.3030 0.5820 0.979 0.908-1.056
Litter Depth 0.8868 0.3463 0.003 <0.001-625.37
Basal Bare Ground Density 0.0838 0.7722 1.669 0.052-53.412
Basal Litter Density 0.0550 0.8146 0.657 0.020-21.927
% Litter Cover 0.2416 0.6231 1.052 0.858-1.290
Maximum Height Live Vegetation| 0.2421 0.6227 0.866 0.489-1.535
Maximum Height Dead Vegetation 0.0260 0.8719 0.949 0.503-1.792
Insect Axis 1 Score 0.0126 0.9106 1.097 0.218-5.514
Insect Axis 2 Score 1.5019 0.2204 0.140 0.006-3.255
Insect Axis 3 Score 0.0398 0.8419 1.161 0.267-5.045
Vegetation Axis 1 Score 0.1606 0.6886 1.720 0.121-24.444
Vegetation Axis 2 Score 0.0000 1.0000 1.000 0.011-87.612
Vegetation Axis 3 Score 0.2463 0.6197 1.657 0.226-12.164
Clement NG 2009
% Bare Ground Cover 0.8790 0.3485 1.042 0.956-1.135
VOR 0.6510 0.4198 0.702 0.297-1.659
Total Insect Biomass 2.1253 0.1449 1.334 0.905-1.966
% Forb Cover 1.0060 0.3159 0.977 0.933-1.023
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Treatment/Covariate ¥ | Pvalue UOR 95% CI
% Grass Cover 1.0288 0.3104 1.028 0.974-1.086
Litter Depth 1.0821 0.2982 0.436 0.092-2.081
Basal Bare Ground Density 0.3173 0.5733 6.523 0.010->999.999
Basal Litter Density 0.1343 0.7140 4.026 0.002->999.999
% Litter Cover 0.9484  0.3301 0.952 0.861-1.051
Maximum Height Live Vegetation| 4.2399 0.0395 0.506 0.265-0.968
Maximum Height Dead Vegetation 1.4604 0.2269 2.519 0.563-11.266
Insect Axis 1 Score 0.5169 0.4722 1.929 0.322-11.566
Insect Axis 2 Score 0.9941 0.3187 8.640 0.125-599.112
Insect Axis 3 Score 2.6603 0.1029 22.812 0.532-977.731
Vegetation Axis 1 Score 0.3245 0.5689 0.623 0.122-3.172
Vegetation Axis 2 Score 0.0259 0.8721 1.317 0.046-37.804
Vegetation Axis 3 Score 1.1893 0.2755 3.183 0.397-25.493
Clement SL 2008
% Bare Ground Cover 0.0013 0.9718 1.001 0.933-1.075
VOR 0.2934 0.5880 1.249 0.559-2.789
Total Insect Biomass 1.0835 0.2979 0.754 0.443-1.284
% Forb Cover 0.6430 0.4226 1.032 0.956-1.115
% Grass Cover 1.1298 0.2878 0.916 0.780-1.077
Litter Depth 0.6781 0.4102 3.245 0.197-53.468
Basal Bare Ground Density 0.3308 0.5652 8.470 0.006->999.999
Basal Litter Density 0.1699 0.6802 0.194 <0.001-470.18)7
% Litter Cover 0.0298  0.8629 1.015 0.857-1.203
Maximum Height Live Vegetation| 0.0711 0.7897 1.073 0.64-1.798
Maximum Height Dead Vegetation 0.0205 0.8861 0.876 0.143-5.367
Insect Axis 1 Score 3.2693 0.0706 0.132 0.015-1.185
Insect Axis 2 Score 4.2187 0.0400 36.73 1.179->999.999
Insect Axis 3 Score 0.4982 0.4803 0.286 0.009-9.220
Vegetation Axis 1 Score 0.6579 0.4173 0.496 0.091-2.704
Vegetation Axis 2 Score 0.5046 0.4775 0.498 0.073-3.406
Vegetation Axis 3 Score 0.3358 0.5623 1.526 0.365-6.380
Fitch SL 2008

% Bare Ground Cover 0.0563 0.8125 0.995 0.952-1.039
VOR 0.2242 0.6359 0.696 0.155-3.119
Total Insect Biomass 3.9082 0.0481 1.972 1.006-3.865
% Forb Cover 0.6681  0.4137 1.043 0.943-1.154
% Grass Cover 0.2178 0.6407 0.980 0.902-1.065
Litter Depth 0.6706 0.4128 2.584 0.266-25.055
Basal Bare Ground Density 1.6613 0.1974 0.009 <0.001-11.52(
Basal Litter Density 0.1723 0.6781 0.426 0.008-23.967
% Litter Cover 0.0383  0.8448 1.006 0.947-1.068
Maximum Height Live Vegetation| 3.1732 0.0749 0.591 0.331-1.054
Maximum Height Dead Vegetation 1.1377 0.2861 0.434 0.093-2.013
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Treatment/Covariate ¥ | Pvalue UOR 95% CI
Insect Axis 1 Score 2.0771 0.1495 0.481 0.178-1.301
Insect Axis 2 Score 0.0010 0.9751 1.019 0.312-3.329
Insect Axis 3 Score 0.0010 0.9751 1.019 0.312-3.329
Vegetation Axis 1 Score 0.0870 0.7681 0.862 0.321-2.312
Vegetation Axis 2 Score 1.9088 0.1671 0.284 0.048-1.693
Vegetation Axis 3 Score 0.0012 0.9723 0.977 0.262-3.642

Clement SL 2009
% Bare Ground Cover 0.0183 0.8923 0.995 0.921-1.074
VOR 2.0364 0.1536 0.513 0.205-1.283
Total Insect Biomass 0.2897 0.5904 1.104 0.77-1.584
% Forb Cover 0.0332 0.8554 0.997 0.964-1.030
% Grass Cover 0.1842 0.6678 0.992 0.956-1.030
Litter Depth 0.0043 0.9475 0.832 0.004-196.709
Basal Bare Ground Density 0.2043 0.6513 2.692 0.037-197.244
Basal Litter Density 0.1880 0.6646 0.427 0.009-19.922
% Litter Cover 0.6546  0.4185 1.049 0.934-1.177
Maximum Height Live Vegetation| 0.3057 0.5803 0.891 0.591-1.343
Maximum Height Dead Vegetation 2.0221 0.1550 0.489 0.182-1.311
Insect Axis 1 Score 0.7330 0.3919 1.960 0.42-9.151
Insect Axis 2 Score 0.2328 0.6294 1.996 0.120-33.088
Insect Axis 3 Score 0.1116 0.7383 0.579 0.023-14.284
Vegetation Axis 1 Score 1.0224 0.3120 2.446 0.432-13.852
Vegetation Axis 2 Score 0.7185 0.3966 0.246 0.010-6.290
Vegetation Axis 3 Score 1.6170 0.2035 3.037 0.548-16.822

Fitch SL 2009

% Bare Ground Cover 0.5023 0.4785 1.040 0.933-1.159
VOR 0.0062 0.9374 0.935 0.176-4.975
Total Insect Biomass 0.0433 0.8333 1.021 0.842-1.238
% Forb Cover 1.0834 0.2979 0.973 0.924-1.024
% Grass Cover 0.0475 0.8275 1.006 0.950-1.067
Litter Depth 0.0668 0.7960 3.264 <0.001->999.999
Basal Bare Ground Density 2.3906 0.1221 >999.999 0.065->999.999
Basal Litter Density 1.2262 0.2681 0.011 <0.001-31.40(
% Litter Cover 0.0327  0.8565 0.991 0.9-1.091
Maximum Height Live Vegetation| 2.3339 0.1266 1.687 0.862-3.300
Maximum Height Dead Vegetation 1.8338 0.1757 0.463 0.152-1.411
Insect Axis 1 Score 1.4594 0.2270 15.600 0.181->999.999
Insect Axis 2 Score 4.3759 0.0365 >099.999  2.330->999.999
Insect Axis 3 Score 0.0780 0.7800 4.825 <0.001->999.999
Vegetation Axis 1 Score 0.3234 0.5695 1.382 0.453-4.216
Vegetation Axis 2 Score 0.0099 0.9209 1.055 0.365-3.052
Vegetation Axis 3 Score 0.0430 0.8358 0.849 0.182-3.972
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Treatment/Covariate ¥ | Pvalue UOR 95% CI
Clement SL 2010
% Bare Ground Cover 2.8456 0.0916 1.155 0.977-1.367
VOR 0.0830 0.7732 1.117 0.526-2.373
Total Insect Biomass 1.0209 0.3123 1.247 0.812-1.915
% Forb Cover 0.1463 0.7021 1.013 0.947-1.084
% Grass Cover 0.1291 0.7194 0.989 0.934-1.048
Litter Depth 0.1409 0.7074 1.363 0.270-6.879
Basal Bare Ground Density 0.3085 0.5786 0.186 <0.001-70.40¢
Basal Litter Density 0.0998 0.7520 2.440 0.010-616.73(
% Litter Cover 1.3759  0.2408 0.900 0.755-1.073
Maximum Height Live Vegetation| 0.0004 0.9843 1.004 0.684-1.474
Maximum Height Dead Vegetation 0.5560 0.4559 0.446 0.053-3.724
Insect Axis 1 Score 0.1568 0.6922 0.690 0.11-4.324
Insect Axis 2 Score 0.0418 0.8380 0.740 0.041-13.251
Insect Axis 3 Score 2.5594  0.1096 260.921  0.286->999.999
Vegetation Axis 1 Score 1.0910 0.2960 2.101 0.522-8.456
Vegetation Axis 2 Score 0.0009 0.9767 0.973 0.153-6.203
Vegetation Axis 3 Score 0.9580 0.3277 0.428 0.078-2.340
Fitch SL 2010
% Bare Ground Cover 0.2364 0.6268 0.969 0.855-1.099
VOR 0.4655 0.4951 1.564 0.433-5.651
Total Insect Biomass 0.0001 0.9930 1.002 0.709-1.416
% Forb Cover 0.6615 0.4160 0.946 0.828-1.081
% Grass Cover 0.7007 0.4026 1.053 0.933-1.189
Litter Depth 0.4172 0.5183 7.536 0.016->999.99
Basal Bare Ground Density 0.1484 0.7001 0.099 <0.001->999.9¢
Basal Litter Density 0.1581 0.6910 0.061 <0.001->999.9¢
% Litter Cover 0.3716  0.5421 1.058 0.882-1.270
Maximum Height Live Vegetation| 0.0862 0.7691 0.911 0.491-1.692
Maximum Height Dead Vegetatiopn 0.0001 0.9909 0.996 0.489-2.029
Insect Axis 1 Score 0.5910 0.4421 0.371 0.03-4.646
Insect Axis 2 Score 0.4213 0.5163 64.620 <0.001->999.9¢
Insect Axis 3 Score 0.4331 0.5105 31.463 0.001->999.99
Vegetation Axis 1 Score 0.0500 0.8231 0.807 0.123-5.305
Vegetation Axis 2 Score 0.1211 0.7279 1.803 0.065-49.882
Vegetation Axis 3 Score 0.7550 0.3849 0.358 0.035-3.632
Clement SL 2011

% Bare Ground Cover 0.3752 0.5402 1.037 0.924-1.163
VOR 1.7992 0.1798 0.359 0.08-1.605
Total Insect Biomass 1.0093 0.3151 0.831 0.579-1.193
% Forb Cover 2.5857 0.1078 1.169 0.966-1.415
% Grass Cover 2.1281 0.1446 0.925 0.833-1.027
Litter Depth 0.0373 0.8469 0.442 <0.001->999.9¢
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Treatment/Covariate ¥ | Pvalue UOR 95% CI
Basal Bare Ground Density 0.7162 0.3974 9.041 0.055->999.99
Basal Litter Density 0.7654 0.3817 0.090 <0.001-19.884
% Litter Cover 0.0176  0.8943 1.009 0.882-1.154
Maximum Height Live Vegetation| 0.0000 0.9988 1.000 0.558-1.795
Maximum Height Dead Vegetation 0.1083 0.7421 1.137 0.529-2.444
Insect Axis 1 Score 0.0657 0.7977 1.313 0.164-10.542
Insect Axis 2 Score 0.3440 0.5575 0.598 0.107-3.333
Insect Axis 3 Score 0.2378 0.6258 0.601 0.078-4.644
Vegetation Axis 1 Score 0.8079 0.3688 2.488 0.341-18.168
Vegetation Axis 2 Score 0.0531 0.8178 0.649 0.016-25.799
Vegetation Axis 3 Score 0.0200 0.8874 1.168 0.136-10.008
Fitch SL 2011
% Bare Ground Cover 6.7026 0.0096 0.836 0.730-0.957
VOR 1.4107 0.2349 1.658 0.720-3.822
Total Insect Biomass 0.6026 0.4376 0.952 0.841-1.078
% Forb Cover 0.3646  0.5460 1.019 0.959-1.082
% Grass Cover 0.0160 0.8992 1.004 0.949-1.061
Litter Depth 1.7282 0.1886 >999.999 <0.001->999.9
Basal Bare Ground Density 0.0140 0.9058 0.777 0.012-50.732
Basal Litter Density 0.0103 0.9193 1.241 0.019-80.727
% Litter Cover 1.0411  0.3076 1.041 0.964-1.123
Maximum Height Live Vegetation| 0.1262 0.7224 1.119 0.603-2.076
Maximum Height Dead Vegetation 0.0209 0.8851 1.038 0.625-1.725
Insect Axis 1 Score 0.0525 0.8188 0.898 0.357-2.257
Insect Axis 2 Score 0.3535 0.5521 2.942 0.084-103.17(
Insect Axis 3 Score 0.0842 0.7717 1.850 0.029-118.034
Vegetation Axis 1 Score 0.0073 0.9321 0.955 0.330-2.763
Vegetation Axis 2 Score 1.6873 0.1940 0.048 <0.001-4.679
Vegetation Axis 3 Score 0.1643 0.6852 1.638 0.151-17.809
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APPENDIX H: MEANS AND STANDARD DEVIATIONS ( ¢) OF UTILIZED AND

AVAILABLE INSECT BIOMASS COLLECTIONS FROM THE CLEME  NT AND

FITCH NON-GRAZED (NG) AND SEASON-LONG GRAZED (SL) T REATMENTS
NEAR HETTINGER, ND, IN 2008 — 2011

Total Insect Total Insect
Biomass (grams) Biomass (grams)
Clements mean o Fitch mean o
2008 SL Utilized 3.21 2.65| 2008 SL Utilized 0.86 7D0.
2008 SL Available 2.10 0.94| 2008 SL Available 3.05 3.75
2009 SL Utilized 3.63 1.67 | 2009 SL Utilized 5.52 15,
2009 SL Available 4.96 3.14| 2009 SL Available 577 2.97
2010 SL Utilized 2.86 3.31| 2010 SL Utilized 4.98 1%6.
2010 SL Available 4.15 2.26| 2010 SL Available 5.00 4.05
2011 SL Utilized 5.34 5.73| 2011 SL Utilized 6.94 5%.
2011 SL Available 2.86 1.71| 2011 SL Available 55 414
2009 NG Utilized 3.19 1.86| 2008 NG Utilized 0.92 9.
2009 NG Available 4.14 1.87| 2008 NG Availahle 2.83 2.94
2011 NG Utilized 4.08 2.64| 2009 NG Utilized 1.96 04.
2011 NG Available 3.32 2.15 2009 NG Availahle 156 0.81
2011 NG Utilized 1.33 1.18
2011 NG Available 1.29 1.23
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APPENDIX I: CORRELATION SCORES OF INSECT ORDERS FROM NON-METRIC
MULTI-DIMENSIONAL SCALING ANALYSIS FROM THE CLEMENT  AND FITCH
STUDY AREAS NEAR HETTINGER, ND, IN 2008 — 2011

AXis 1 2 3
r r r
Orthoptera 0.585 0.047 0.031
Hemiptera -0.223 -0.339 0.281
Coleoptera -0.343 -0.013 -0.359
Diptera -0.086 -0.184 -0.256
Hymenoptera -0.045 -0.186 -0.118
Araneae -0.097 -0.130 -0.270
Nueroptera -0.085 -0.166 0.094
Other -0.191 0.299 0.037
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