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Abstract: Northern bobwhite€6linus virginianus) have been in decline over the past 50
years. Although land management practices, anddidbss and degradation are known
contributors to bobwhite decline, it is less certahether the availability of arthropod
forage taxa contribute to decreases in bobwhitellatipns. Despite the fact that
brooding hens and chicks rely heavily on arthrofumege taxa for protein, fats, water,
and micronutrients, little research has been dbaeacterizing ground-dwelling
arthropod communities in terms of richness, abucéasize class, and evenness in areas
occupied by quail. During the summers of 2012 ati32 we investigated these
community characteristics by collecting arthropadmg pitfall traps placed in

vegetation zones quail are known to occupy in teav@r and Packsaddle Wildlife
Management Areas (WMA) of western Oklahoma. Diffiees in arthropod relative
abundance were quantified using a split plot areamgnt in a randomized complete block
design with repeated measures, where each tramasatonsidered a block, each habitat
type a main unit factor, and each size class apii factor, with an autoregressive
period 1 covariance structure used to compare ledises within traps and across dates
and planned contrasts used to compare simple fbéttabitat type given size class and
date. During 2012 in Beaver WMA, arthropod relatadeindance was higher later in the
summer. During 2013 in Beaver WMA, arthropod rekatbundance was higher in the
middle of the summer and during 2013 in Packsad@A arthropod relative

abundance was higher towards the end of the sunimeifferent zones and on different
sampling dates, differences in arthropod relativenalance were detected when
comparing arthropods of the same size class ieréffit zones in both the Beaver and
Packsaddle WMA. Although quail appear to have eharghropod forage taxa available
later in the season, there also appear to be titeevals in both Beaver and Packsaddle
WMAs during the early part of the brooding seasdweng arthropod forage taxa tend to
be scarce relative to what is suggested to becgeritiin previous studies.
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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

Introduction

Colinus virginianus (Galliformes: Odontophoridae), commonly known lzs northern
bobwhite, are native to the Midwestern United Stakdexico, and parts of the Caribbe@n.
virginianus are ground-dwelling birds named for their “bob-tghimating call. Bobwhites are
small, round-bodied gallinaceous birds 24 to 27lang (Roseberry 1984. virginianus males
are indicated by a white band across the eye, awtthite underbelly and reddish brown feathers
on the upper body. Bobwhites currently occupy @eaextending from Mexico to Wisconsin,

from the Midwest to eastern United States (Giuliahal. 1995, Lusk et al. 2001).

Bobwhite populations increased across this rangritiinout the late 1800’s and early
1900’s due to diversified land use practices siscbl@aring forests for small farm plots, open
grazing of cattle, and rotational cropping (Luskaket2001). Changes in land use practices, such
as intensive grazing, restricted use of fire ino@mforests, and joining patchwork fields into
increasingly large tracts of land have contributedteep declines in bobwhite populations over
the past 50 years (Cain and Lien 1985). This decgirconcerning because bobwhites are the
most popular game birds in Indiana, Georgia, Migsamd Oklahoma, with approximately 1.7

million registered bobwhite hunters nationally (\i¢het al. 2005).



One factor implicated in the decline of bobwhitesilack of suitable arthropod forage
taxa (Doxon and Carroll 2010). Northern bobwhiteeks receive approximately 80- 95% of
their calories from arthropods (Doxon and Carr6l@). Brooding hens also rely heavily on
arthropods to get enough protein and micronutrismtomplete the brooding process (Doxon
and Carroll 2010, McNaughton and Haymes 1975). Botengut content analyses confirm
Orthoptera, Coleoptera, Hemiptera, Hymenoptera Aaadea are typically the most common
arthropods in quail diets (Harveson et al. 2004)s research primarily focuses on ground-
dwelling arthropods from those groups that are ¢oumngrassland ecosystems in western

Oklahoma.

Previous studies on bobwhite forage communitiesnodinalyze the communities at the
ordinal level and record primarily biomass of colel arthropods (Doxon and Carroll 2010).
This approach overlooks differences in terms ofnalamce, diversity, evenness, and richness in
quail habitat that may affect the quality and aafaility of arthropod forage. Understanding the
diversity and evenness of arthropod communitiekeafamily level is relevant for a variety of

different reasons.

Different arthropods are available to bobwhitesaaiing times of the year and at
different life stages. Arthropods also tend talistributed differently within the landscape
based upon vegetation profiles, vertical structure other biotic and abiotic factors. Total
biomass or abundance of arthropods within a syst@ynot necessarily reflect availability of
suitable forage taxa or availability in the halstiequented by quail chicks at the most critical

time in their development. Most arthropods pealibandance later in the summer, during the



months of July and August (Vikram Reddy and Venigdtd 990). Chrysomelidae are often
abundant in the spring relative to other arthropgtiemmack et al. 2010). Nymphal stages of
grasshoppers are often abundant relative to othi@oaods in the early months of the summer
(Copock 1962). Both of these taxa have been dootedeas preferred forage of quail chicks

(Doxon and Carroll 2010).

Different arthropods contain different levels otments, which may explain why
bobwhites are known to eat a diverse assortmeartiofopods (Doxon and Carroll 2010). All
guail need certain nutrients such as Zinc, lror¢iGm, fats, proteins, and carbohydrates in
order to have fully functioning immune systems (laller et al. 1993). Quail must consume
1,200 kilocalories per 2.2kg of bodyweight whendalimg, as well as higher quantities of
potassium, calcium, magnesium, Vitamin B, and tlmafiMcNaughton and Haymes 1975).
Larval and adult arthropods provide different rtidnal value in terms of calcium, magnesium,
potassium, iron, fats, proteins, and water, whi@y mxplain why quail eat a variety of both
immature and mature arthropods (Studier and Sed@&R). Insects in the orders Lepidoptera
and Coleoptera are often good sources of fats estdips, while the family Formicidae is

usually a good source of Zinc (Studier and SevR$2).

Literature suggests bobwhites prefer “bite sizatfirapods over larger ones (Campbell-
Kissock et al. 1985). Most bobwhite chicks areyanfew centimeters tall, so a bite-sized
arthropod for a chick would have to be less thaargimeter in length (Campbell-Kissock et al.
1985). Few studies have taken arthropod size imsideration when determining suitability of

arthropod forage communities for both chicks anashe



In addition to providing nutritional benefits toajly arthropods benefit them indirectly
because by supporting many processes that promatgyoguail habitat, including; pollination,
decomposition, and altering plant communities byimg seeds and establishing relationships
with plant species (Canner et al. 2012, Meuriss¢.4.999, Vergara and Badano 2009).
Arthropods that provide ecological services aréesbinto “functional groups” based on the type

of service they provide.

Examples of functional groups common among groundHthg arthropods include
fungivores, micropredators, macropredators, decaenso and shredders (Meurisse et al. 1999).
Fungivores perform the role of consuming fungi (Msse et al. 1999). Examples of
fungivorous arthropods are springtails (Order: @ulbola), many species of soil-dwelling mites
(Orbatida and Cryptostigmata), many beetle taxazawtle range of other invertebrates
(Meurisse et al. 1999). Springtails have been aatsuatwith increased soil aggregate stability,

suggesting that Springtails may promote soil he@ittdiky et al. 2012).

Increased aggregate stability may increase gasaegehwithin soils, reduce erosion, and
contribute to the flow of nitrogen (Siddiky et 2aD12). Springtails are capable of consuming
enough fungi to slow the rate of litter decompasitin grasslands, further suggesting springtails
play an important role in grassland nutrient cygl{isenhauer et al. 2011). The health of the
soil contributes to overall quail welfare by prowig nutrition for the plants they consume and
use as vegetative cover when nesting (Kim and Ailp0/egetation supports the arthropod
communities quail rely on for sustenance when #reybrooding or developing as chicks
(Bohan et al. 2005, Fay 2003). Fungivores aregfatlarger functional grouping of
decomposers, which includes shredders, bacteaakgs, and scavengers. These organisms play

an important role in breaking down dead organictenam a system and cycling nutrients.
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Springtail abundances are highly dependent onahlailsoil moisture (Greenwood et al.
2011). Rainfall events can trigger an abundanapohgtails when they capitalize on fungal
growth following rain events (Greenwood et al. 20so, during rain events, the foraging and
breeding activity of springtails greatly increag@seenwood et al. 2011, Kim and An 2014,
Pfander and Zettel 2004). Springtails resist sunaesiccation by going dormant, and can also
be brought out of dormancy when rainfall enablesrthody water content to rise above
approximately 50% (Pfander and Zettel 2004). Thests are relevant to the study of bobwhite
forage because they suggest springtails will bet mnvlable to chicks following rain events that
punctuate extended periods of dryness. Althoughunhcertain whether chicks consume
springtails, many springtails provide food for athethropods such as beetles that quail have
been known to eat. The relationship of arthropadde taxa to quail will be discussed in greater
detail later in the literature review when arthrd@mmmunities present in quail habitat are

described.

Due to the close relationship between quail anar@piods, this study will investigate
whether the availability of arthropod forage comities may play a role in rece@t
virginianus decline in Beaver and Packsaddle WMAs in Oklahohha. two WMA's contain
different vegetation zones, so arthropod commuitidl be compared in terms of relative
abundance, diversity, richness, evenness, and hamedy between the different zones over the
course of the summer, with an emphasis placed aluaing ground-dwelling arthropod forage
taxa during times when quail chicks and hens feesdtmeavily on these taxa. This project will
also examine arthropod relative abundance by &&s,cand the similarity of different arthropod
communities in different zones will also be consgde The size classes used will be less than 2

mm in length, 2 mm to 5 mm in length, 5.1 mm toni® in length, and 10.1 mm and above. We



will also collaborate with botanists and ornithakig to gather more specific data about plants in
the different vegetation zones and to determinelwvhones have the largest numbers of

successful quail nests.

Northern Bobwhites

When not breeding, bobwhites live in small groogked coveys during the fall, summer,
and spring. Multiple coveys come together in thetan and may disperse over the summer
(Roseberry 1984). Bobwhites feed on insects anatplaroughout the year depending on

availability; however, bobwhite behavior varies éé®n the season.

Cold winter temperatures require bobwhites to hedidim January to approximately
April. Despite this adaptive behavior, quail mattais often highest during November and
December, due in part to cold weather causing deagxposure or starvation. Surviving birds
then form mating pairs in mid-April and construessts by digging shallow indentations in the
ground and lining the holes with grasses. Bobwhigpgally seek out areas with forbs, tall
grasses, and fescue to construct suitable nestsebnon tall vegetation for concealment from
nest predators. Nests are often within 75 feenhad@en area for escape purposes. Typically 25%

of nests are successful (Barnes et al. 1995).

Bobwhites breed from early April through Septemii@sed on the climate; however,
peak breeding activity throughout the United St&éeassually in June and July (Roseberry 1984).
Bobwhites have recently been breeding only oncespermer in Oklahoma, with peak breeding
activity occurring during late April and early M@goseberry 1984). They lay approximately 12
eggs that take 23 days to incubate, with poss@igesting events if conditions related to plant

cover and climate are appropriate (Roseberry 1984).



Quiail brood from June to October, and show a peefse for habitat with erect forbs and
sparse leaf litter with enough bare ground fordhieks to move freely. Quail often prefer a
habitat with more legumes, because increased leganmeeassociated with increased arthropod
abundance. Ragweedrbrosia spp.), partridge pe&hamaecrista fasciculate), and annual
bush cloversl{espedeza spp.) provide improved nutrition and support argiads in Midwestern

qguail habitats compared to areas without thesapl@arnes et al. 1995).

Coveys will often fluctuate in size as the sumpragresses. Birds will often group
together shortly after breeding then disperseendbe summer and early fall, as part of a “fall
shuffle” behavior. Optimal covey size includes apqmately eleven birds, with smaller groups
having lower group persistence and lower individtwalival, and larger groups (15 — 22 birds)
having lower masses per bird, lower than averadeigtual survival, and increased movement
(Williams et al. 2003). Coveys with approximatelgven birds forage more efficiently, and
some anecdotal evidence suggests that they agr betvoiding avian predators (Williams et al.

2003).

When the final covey forms, it often includes yodram multiple broods, and the covey
will settle in a “headquarters” area, from whichwitl not move more than about a quarter mile
as winter approaches (Roseberry 1984). This aredsrie have shrubs, brambles, or small trees
to protect the birds from extreme conditions. Qpagfer to roost on the ground, but will roost in

trees if snow obscures too much of the groundHfentto find suitable cover.

Despite the numerous and complicated facets thmpdee quality quail habitat, a
system of evaluating quail habitat quality has beéevised called the Climate-Soil-Vegetation

Type Interaction Model (Bidwell et al. 2013). Tlshematic enables land managers to



determine whether habitat is suitable for quaithexy can limit the resources spent on areas with
“limited potential” and devote the majority of theesources to more promising areas. Sand sage
grassland, Shinnery oak grassland, Mesquite grassRost oak/blackjack oak grassland, and

other types of oak forests are known to be higlemitdl quail nesting sites (Bidwell et al. 2013).

Although suitable vegetation, cover, and winterpgenatures are important components
of bobwhite habitat, abundant arthropod foragdss aecessary to quail success. Arthropods
serve as the food source for chicks and as an paqtadietary supplement for brooding hens.
The relationship between bobwhites and arthropoagietaxa should therefore be elucidated to

maximize the efficiency of conservation efforts.

Arthropod Forage Communities

The most abundant quail forage arthropods in gradsl are usually represented by the
insect orders Coleoptera, Hymenoptera, Diptera,Hariptera (Fay 2003, Manske 2007). Ants
are typically abundant in dry ecosystems and aeetare likely prey items for quail in dry
habitats like Beaver and Packsaddle (Eisenhawadr 2010). Springtails are often the most
abundant arthropods in grasslands, however sonrggtgls go dormant during the hottest parts
of the summer, therefore it is important to idgntithich springtails are located in quail habitat
and at what times (Pfander and Zettel 2004). Santeopod abundance is typically lowest early
in the summer, and quail usually brood during thmag, arthropods may be scarce when hens

and chicks rely upon them most heavily for broocang growth (Little et al. 2013).

Previous studies have been conducted in Texasalaae the possibility that female
bobwhite reproductive activity would be differentareas with different arthropod biomass. A

study by Harveson et al. (2004) investigated tbissbility in the Rio Grande Plains and the



Gulf Coast Plains. The study determined that desgp& Gulf Coast Plains having significantly
more arthropods, there was no difference in thegrgage of laying females between the two
areas. The study suggested that areas with pantigubw biomass (0.58 kg/ha) of arthropods
might be unsuitable for quail, due to low reprodeetctivities of quail in these areas (Harveson
et al. 2004). This study inferred that althoughhhegthropod abundance may not be necessary
for sustaining high quail populations, low abundanan negatively affect reproductive
activities. This study also provides a parameteef@luating whether an area has a deficient

number of arthropods to sustain quail numbers.

One aspect of this study that could be further@neul is the possibility of analyzing
arthropod communities in different vegetation zowéhin a wildlife management area
(Harveson et al. 2004). Literature shows thatowegiarthropods are available in different plant
communities, which suggests that diverse plant conities may offer different nutrients for
guail (Rosa Garcia et al. 2010, Vikram Reddy andRdé&iah 1990). A study conducted in
India during the year 1990 suggests arthropods mere abundant in grassland vegetation
zones with planted trees than in grasslands witaouttrees (Vikram Reddy and Venkataiah
1990). This study also showed that certain arthdspwrmally only found during certain parts
of the year such as rainy seasons and warm seegolusbe found year-round in zones with
planted trees. The tree-planted communities hac mor genera than grassland zones without
trees (Rosa Garcia et al. 2010, Vikram Reddy antkataiah 1990). The trees that were planted
were Eucalyptus varieties, and were planted inaimdjrasslands that were mostly dominated by
grasses, forbes, and small shrubs. This findingestg that grassland areas with trees may be

supportive of more arthropod taxa and a largerapibd abundance; which is possibly relevant



to quail conservation because quail occupy aretisamd without trees in Oklahoma grasslands.

The primary tree species in these grasslands pieatly oaks Quercus spp.).

Arthropod abundance and diversity can be diffebetiveen zones with different
numbers and types of oak trees (Baini et al. 2002 possibility is significant to quail
conservation in Oklahoma because Shinnery Qaiercus harvardii) is a common tree in many
guail habitats (Lusk et al. 2001). Ground beetles$ @ntipedes showed increased richness,
diversity, and equitability in areas recently refsted with different oak species compared to a
native oak forest (Baini et al. 2012). Areas witugger oaks supported more arthropods,
suggesting arthropod forage taxa may vary in amdese oak trees are relatively new (Baini et

al. 2012).

Although zones with trees may have different aplbabundances than zones without
trees, other vegetation types can affect arthr@imohdance. A study evaluating arthropod
abundance and diversity in agricultural vegetationes suggests that planting areas with
wildflowers, grasses, or mixtures of the two cale@farthropod communities (Meek et al.
2002). Soldier beetles were more common in areagqd or sown with wildflowers (Meek et
al. 2002). Ground beetles, spiders, and ants were abundant in zones where grasses and
flowers were taller and more diverse (Meek et @02). It was suggested that spiders needed
the taller plants to construct webs. These findergsrelevant because ground beetles, spiders,
ants and soldier beetles have all been shown e serpreferred arthropod forage taxa of quail
chicks (Doxon and Carroll 2010). Ladybird beetlesevpresent in greater abundance in zones
where flowering plants had been added (Meek é&t(4l2). These results suggest grassland zones
with wildflowers and native grasses may providéedént arthropod forage for quail than areas

without many wildflowers or grasses.



Arthropod diversity is important not only becausprovides quail with different
nutrients, but also because arthropod diversitpstp plant communities that quail rely on for
food and cover. Studies confirm that in grasslahdse is a link between plant diversity and
arthropod diversity (Eisenhauer et al. 2010). &uneh study showed that insecticide
applications which killed below-soil arthropods uedd plant growth, despite the ability of the
pesticides to kill herbivorous soil-dwelling inse¢Eisenhauer et al. 2010). Over the course of
the summer, diverse soil communities of springt@rabled greater decomposition of biomass,

and are associated with increased plant heighefiBesuer et al. 2010).

The aforementioned studies show that arthropod aamitres can be variable in zones
with different vegetation communities, and thatheospods are generally supportive of qualil
habitat vegetation. Since quail habitat often idelu different vegetation zones, it is possible
quail may have different arthropod forage optiomailable when they move throughout their
range. Since the arthropod forage communitiesrap®itant to chicks and brooding hens, it may
be necessary to characterize arthropod communnitiesrms of abundance, richness, diversity,
and evenness in these different zones, to deterialiethe areas inside a wildlife management

area contain quality arthropod forage options tghmut a timeframe relevant to the birds.

Bobwhite land management tactics

Although natural quail habitat exists throughout #famerican Midwest from Texas to
Wisconsin and east to the Atlantic seaboard, mangervation tactics must be used to maintain
guail habitat. These tactics may be necessary totana suitable quail vegetation, but their
impacts on arthropods are not always beneficialiskussion of these conservation tools may be

necessary to understand the stresses affectingoith forage community in bobwhite habitat.
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Burning is a common tactic associated wi&hvirginianus habitat maintenance. It is
performed in idle fields to thin leaf litter thatight inhibit quail chick movement. Total
arthropod abundance is negatively affected by Ibgrninder certain conditions, however
Orthoptera have been shown to thrive in areashidna recently been burned (Little et al. 2013).
Arthropod diversity can also be reduced by burri@gleman and Rieske 2006). Other studies
suggest arthropod biomass can increase in arelasviioy a controlled burn (Greenberg and
McGrane 1996). These contradictory statements earetonciled by considering the tendency
of grasses to rapidly recolonize an area after r#ralbed burn, which are typically suitable
forage for grasshoppers, which are typically laagdropods, but not necessarily other smaller
arthropods that may require leaf litter for overgnng purposes (Meurisse et al. 1999,
Greenberg and McGrane 1996, Eisenhauer et al. 2G14)rns are necessary, they are usually

recommended every two to three years and are ofteducted in the fall (Roseberry 1984).

Another common management tactic is strip disk8tgp disking involves cutting
vegetation-free paths multiple feet wide throughibabitat to increase their mobility
(Roseberry 1984). It also serves to break up weedd) stimulate germination of certain
grasses, and reduce leaf litter (Roseberry 1984p @sking can be done either annually on a
smaller scale or every two to three years on alasgale. Strip disking should be done in the fall

or winter (Roseberry 1984).

Grazing, mowing, and rower chopping are all waymtrease airflow through quail
habitat and also open up space for quail to moweataldloorman et al. 2013). Grazing can
maintain proper roosting cover, whereas mowingrameéer chopping stop or delay plant
community succession so they can support qualbfayer periods of time (Moorman et al.

2013). Overgrazing can be detrimental becauseytne@duce available grasses and legumes for

11



guail to eat. In addition, grazing can reduce aftbd diversity and abundance in grasslands,

even if overgrazing has not occurred (Lussenho®)197

The aforementioned natural and agricultural landiage@ment practices are common
throughout the United States. Oklahoma in particet@rcises grazing regimes and also burning
schedules in Beaver and Packsaddle WMAs. BeavePaokisaddle are distinct areas in

Oklahoma with notable differences in addition tot@i@ similarities.

One method for improving available insect abundanapiail habitat is to plant rows of
native wildflowers, forbs, and grasses in quailite@bBobwhites have been shown to forage
more efficiently in artificially planted rows of Wiflowers and legumes than in otherwise
unmanaged areas (Moorman et al. 2013). Accordirgstody conducted using imprinted quail
in North Carolina during 2013, quail foraged aesbf approximately 0.04 to 0.2
grams/chick/30 min foraging interval with higherdging rates in rows planted with wildflowers
and native grasses and lower rates in mowed akézarinan et al. 2013). Bobwhites also select
different prey based on the plants in the rowsabse quail foraging in rows planted with
wildflowers consumed more Lepidoptera larvae arallga mowed rows or rows planted mostly

with legumes consumed more Coleoptera (Moormah 20a&3).

Arthropod abundance is not always too low to supppril populations. Arthropod
communities ought to occasionally be sampled ireotd determine if they are capable of
supporting essential ecosystem services. A vaoetifferent methods are available to sample

arthropods in grasslands.

Sampling Technigques for Available for Arthropod féotion

12



The literature is replete with information regaglivarious methods and tools for
collecting arthropods in quail habitat. The moshomon collection techniques include sweep
netting, pitfall trapping, the use of drift fencesid blower-vacuum sampling. The different
methods have unique strengths and weaknessesyaapiblg to characterizing arthropod

communities in quail habitat.

Sweep netting has been used extensively for gotittgampling in the types of
ecosystems quail occupy (Meek et al. 2002, Nemat 2014, Semere and Slater 2007). Sweep
netting involves the use of a net to collect anplois by swinging the net close to the ground and
physically trapping any arthropods that jump irite het. Sweeping can be conducted along
transects running through designated study zoneariaus patterns relevant to the dispersion
pattern of the target host. While this methodolmgyseful for targeting arthropods living in the
canopies of short plants, it is not useful for gtad quail forage taxa because quail feed mostly

on invertebrates that are on the ground. The casapke too high for chicks.

Blower-vacuum sampling is a useful tool for acteiraquantifying arthropods at ground
level or slightly above the ground (Moorman et28l13). This method involves the use of a leaf
blower or similar air-propelling device to colleathropods by sucking them into a bag for
identification. This method is partially deficieiar the purposes of this study because it only
collects arthropods during a narrow sampling tinaenie, usually during the day. Vacuums are
usually operated for minutes at a time, and aréieghpver the course of transects multiple
meters long (Moorman et al. 2013). Our study séekmgiantify arthropod abundance available
to quail over the course of the summer, and thezakquires a collection technique that

operates over a longer time period.
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Pitfall traps are used to measure the activitysdgror relative abundance of ground-
dwelling arthropods, with a bias towards increalsiagtive individuals. Pitfall traps consist of a
collection cup, killing solution, and funnel cumdaare usually combined with a cover to prevent
bycatch and a drift fence to divert arthropods thi® collection cup (Braun et al. 2009). They

can be left open for extended periods of time (e et al. 2013).

The selection of a proper killing solution is edsdno successful pitfall trapping. The
killing solution can attract mammals or invertebgtso specific alterations to its formulation
must be made depending on mammalian activity jppirey areas (Pekar 2002). Formaldehyde
killing solutions have the effect of repelling Qpites, and killing solutions with detergents have
the effect of repelling certain Staphylinidae mensbeAlso, high temperatures can cause killing
solutions to evaporate. One disadvantage of ethaas®d killing solutions is that they can
attract flies; however, flies are not a major femdirce for quail so overestimating their activity
densities is not a major concern for this studyother disadvantage of the ethanol-based killing
solutions is that they can significantly reducenhéss of the trapped arthropods if they are stored
in preservation fluid (95% ethanol) for extendedqus of time. Our study is not concerned with
biomass calculations, so this disadvantage is pmgliGgable. Based on the advantages and
disadvantages of the various trapping methodgpears that pitfall traps with ethanol-based
killing solutions are the most effective samplingltfor this ground-dwelling arthropod

community characterization project.

Briefly stated, the goal of this project is to@®ine the relative abundance, diversity,
and community composition of ground-dwelling arhod forage taxa communities in bobwhite
habitats in western Oklahoma. This study will adsebwhite conservation efforts by identifying
whether certain areas have insufficient forage taxaustain bobwhite populations and will
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allow wildlife managers to determine whether quist at higher rates in arthropod-rich areas.

More specific objectives will be described in teddwing chapter.
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CHAPTER Il

THE CHARACTERIZATION OF GROUND-DWELLING ARTHROPOD®RAGE TAXA IN

C. VIRGINIANUS HABITAT

Introduction

Northern bobwhite have been in decline in Oklahasinae the late 1960’s (Doxon and
Carroll 2010, Campell-Kissock et al. 1985, Harvesbal. 2004). This trend is troubling to
conservation biologists and sportsmen because hitdsrdre popular game birds (Harveson et
al. 2004). Although habitat loss and degradati@nliaely contributors to bobwhite decline, the
goal of this project is to investigate a lack oahble arthropod forage as another component in

the decline of bobwhites in two western Oklahomddiie Management Areas (WMA).

Northern bobwhite chicks receive most of their celfrom arthropods, and primarily
feed on “bite sized” ants, beetles, and assorteer@rthropods (Harveson et al. 2004, Lusk et al.
2001). Hens increase protein intake during brogdangl require certain nutrients that are found
primarily in arthropods to maintain their immunesgms (Harveson et al. 2004, Lusk et al.
2001). Arthropods also support quail habitat byvptimg decomposition, soil aeration, and

pollination services.

This study investigated ground-dwelling arthropodhenunity composition in Beaver
and Packsaddle WMA's in different vegetation zowékin the context of a larger study which
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characterized relative quail density, nest sitaahand nest success. We analyzed ground-
dwelling arthropod communities in different vegetatzones at the levels of relative abundance,
taxa richness, evenness, homogeneity, similanitg,dversity with special emphasis placed on
the size of collected arthropods. We hypothesizdd@ods less than 2 mm would be most
abundant compared to other size classes on eaelani@dtin each vegetation zone because the
insects we expected to find in that size class wésn the most abundant insects in grassland
ecosystems. Springtails, ants, and mites fit int® ¢ategory. Large arthropods found in
grassland ecosystems, like ground beetles, maaindisant lions, tend to be more territorial and
therefore less likely to be densely populated.

We also hypothesized that the ecotone zone wowld tiee largest arthropod taxa
richness, abundance, and evenness, due to th@pwénplant diversity found in upland and
lowland zones. This ecotone offers resources fimmtdnd and upland zones, and would have
supported a wider variety of arthropods. We hypsittezl quail would nest with greater
frequency and success in habitats with greateraotil relative abundance, richness, diversity,
and evenness, because these habitats providedagtarhore food, a greater variety of
nutrients, and increased availability at differemtes of the summer. We hypothesized
arthropods of all size classes would be most amtnidaAugust in each WMA, during each year,
because of previous studies showing this trendassijand ecosystems. We expected evenness
to drop as the summer went on because as the tetupes increase and water levels decrease,
certain heat-sensitive arthropods will be lessvactWe expected the arthropod communities that

are most similar in terms of taxa composition tddaend in adjacent vegetation zones, because
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adjacent plant communities would presumably hawel@i plant species, which would

support similar types of arthropods.

Beaver and Packsaddle Wildlife Management Areas

Beaver Wildlife Management Area (WMA), Beaver Coyrtbklahoma, is located in the
panhandle of western Oklahoma. The park contait®2/hectares of total area bordering the
Beaver River, and receives about 41.8 centimefeasrmual rainfall. Beaver WMA has a
vegetative gradient that runs through at least flistinct habitat types perpendicular from the
river's edge to the upland sand dunes. The vagatabnes associated with each of these habitat
types includes riparian, grassy lowland, ecotaneé, shrubby upland zone. The upland in
Beaver WMA is dominated by sagebrughtémisia spp.), Shinnery oalQuercus harvardii),
and buffalo grasBputeloua dactyloides). The grassy lowlands consist of sand plérugus
augustifalia) thickets, saltcedar and mixed grassland. Theiapaone consists of saltcedar
(Tamarix spp), cottonwoodRopulus spp.), hackberryGeltis spp.), and American eln{mus
americana). The ecotone zone is a mixture of the vegetdtand in both the lowland and the

upland zones.

Hunters, cattle ranchers, and oil companies usedBead Packsaddle for rich animal,
floral, and fossil fuel resources. Beaver WMA supp@heasantfhasianus colchicus), quail C.
virginianus), turkey Meleagris gallopavo), deer Qdocoileus virginianus), waterfowl, dove
(Columba spp.), and furbearing animal hunting. Approximates2 hectares of Beaver WMA
are devoted to agricultural plots as part of a l@ade program. Beaver WMA maintains habitats

supportive of these animals by burning and grazing.
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Packsaddle WMA, Ellis County, Oklahoma, is locatedestern Oklahoma,
approximately 20 miles south of Arnett, OklahomhePark contains 7,955 hectares bordering
the South Canadian River, and receives 55cm ofp@iryear. Packsaddle WMA has a
topographic gradient that runs through four digtiregetation zones perpendicular from the
river's edge to the upland sand dunes. The vagatabnes associated with each of these habitat
types includes riparian, lowland, ecotone, andngblzones. The riparian zone is located on the
northern shore of the South Canadian River. Ripazanes have saltcedar, cottonwood,
American elm, and assorted grasses. The lowlandszoccur at the lowest points between two
or more hills. Lowland zones are sandier, and ¢omtestly grasses. The ecotone zones are
located on the slopes of hills. They contain bigelstem grasseéandropogon gerardii) little
bluestem grassedSchizachyrium scoparium), Indian grassSorghastrum nutans), side oats
grama Bouteloua curtipendula), numerous wildflowers, yucc\cca spp.), and cacti
Melocactus spp.). Upland zones, located atop hills, contamsthy Shinnery oak, sagebrush,
buffalograss, and sand plum. Unlike Beaver WMA, ahhihas four consecutive bands of
vegetation ranging from the riparian zone to thiaig zone, the four habitat types are dispersed
among small hills that begin directly adjacenthte tiparian zone. Oil companies, cattle

ranchers, and hunters use the area for its riclemalinfloral, and animal resources.

Methodology

Sampling Procedure

Arthropod sampling was conducted at Beaver WMAmythe summers of 2012 and
2013 in the McFarland Unit and Packsaddle durirgsiiimmer of 2013 in the Dunn Unit using

pitfall traps combined with drift fences. Each gltftrap consisted of an approximately 1.1m
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long and 0.2 m tall Aluminum sheet metal drift ferwzith a nine-ounce collection cup nested
inside a 16-ounce cup on each end. The nine-ounzewere charged with approximately 25 ml
of killing solution (80% ethanol, 10% glycerol, 108&ter) (Fig. 1). A cup modified into a
funnel was nested in the smaller cup to preveht@pbds from jumping out of the collection
cup. Pitfall traps were separated by ten meters.chordinates of the PVC pipe were recorded

by a Trimble Juno ST GPS device (Fig. 2 and Fig. 3)

In 2012, sampling took place in the Beaver WMAMay 13, June 8, June 27, July 18
and August 9. In 2013, sampling took place in tea\ger WMA on May 11, May 25, June 8,
June 22, July 6, July 18, and August 8, and irPtheksaddle WMA on April 19, May 11, May
25, June 8, June 22, July 6, July 22, and Augustaps were installed along six transects across
four vegetation zones. The zones investigated avBewere called riparian, lowland, ecotone,
and upland zones due to the noticeably differegetation communities in these areas. These
zones are present in the Packsaddle WMA; howelvethitly terrain divides the zones, so they
are not contiguous (Fig. 4). At each site, trankmzdtions were chosen randomly from areas
close to the available service roads that werescloéduled to be burned during sampling times

and that contained all four vegetation zones.

Transects used for pitfall trap locations at tlea@&r WMA were previously established
by other members of the quail conservation effdremthis component of the project began.
They placed their traps in areas that were notdidld to be burned, intensively grazed, mined
for resources, or used for hunting or camping. iEfavere taken to ensure traps were not
dangerously close to quail nests by collaboratint park officials to determine approximate

locations of quail nesting sites. The same sitagwseed during both years of the study.
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Traps at the Packsaddle WMA were installed by Gidaining a map of the area (Fig. 5)
created by Jeremiah Zurenda and Scott Parry, aitgah and biologist, respectively, who work
at the WMA. The map helped us determine which aoé#ise park were scheduled to be burned
or had been recently burned (2011 or later). Aofédsgh traffic, like the park headquarters area,
were avoided. Areas with oil rigs were also avoideark officials were instrumental in telling
us which areas were inhabited by large numberattie¢ and these were also avoided. After
eliminating problematic areas, placement locationshe transects were further refined by using
the map to find service roads that could suppadktiand SUV traffic. Once proper roads were
selected, the terrain nearby these roads was stbuytériving and looking for areas that
contained all four vegetation zones within walkaigtance that were free of any oil wells or
herds of cattle. Based on these criteria, transeets placed in the Dunn Unit of Packsaddle

WMA.

Pitfall traps in both the Beaver and Packsaddle \i8M¥ere installed in approximately
the middle of the vegetation zones. This decisias ased on a visual assessment of the area, to
determine approximate boundaries of the often esiparvegetation zones. This decision was
made to limit edge effects, and to increase theaiiity that arthropods caught by the traps had
at least in the hours of the trapping session, beére investigated vegetation zone. If traps
were close to edges the insects were more likeyat@ moved in from other zones before being
captured. In order to find the pitfall traps in tineddle of vast expanses of land, white PVC pipe
centroids were placed between pitfall traps, whiene oriented with one trap due east of the
pipe and one trap due west. Each trap was approeiyriean meters away from the centroid to

reduce the possibility that the centroid could ietgeapping success.
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The decision to establish transects in fixed lacetiwas the result of considering a series
of tradeoffs. Traps had to be placed in quail lzlit order to collect relevant data; however,
placing the traps in close proximity to a quailtnesuld result in disturbing the hens and
increasing the chances of nest abandonment, mggutltiskewed nest success data. Therefore,
when a suitable trap location was encounteredag wsed throughout the course of the

experiment.

Establishing permanent transects limited our stadynly providing indications about a
smaller portion of the park; however, moving thengects increased the chances of encountering
guail nests, areas of high grazing, burning, odeitelopment sites. We chose to limit our pitfall

trap transects to places that could provide radiabsults throughout the course of the study.

After traps were installed and the killing solutiadded to cups, they were left open for
24 hours and emptied in the order they were filldte cups were emptied into 50ml vials and
stored in cardboard tube racks at room temperatuiethey were identified, with added 95%
ethanol to reduce chances of molding. After thesaupre emptied, they were covered with a lid
and solil to prevent accidental trapping. If wataswollected in the cups, arthropods were
filtered out using sieves and filter paper uponmeto the laboratory, and then stored in 95%

ethanol to prevent fungus from growing inside thiges.

Collected arthropods were returned to the lab dadtified to either family level or the
lowest possible taxonomic unit using dissectingragcopes, Borror and DelLong’s Introduction
to the Study of Insects™Edition, and dichotomous keys (Borror and DeLof§4). Diptera
and Hymenoptera were identified to order in accocdawith precedent established in the

literature, with the exception of Formicidae whighre identified to family due to their
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importance as a quail food source relative to otheanenoptera. Springtails were identified to
order, with Hypogastruridae identified to familyedto their conspicuous abundances. Diptera
and Hymenoptera (excluding ants due to their ingom# as a quail food source) were generally
overestimated because they were likely attractedhanol in the killing solution, and were
considered an artifact of the sampling proceduheyTare probably less available to quail than

this study suggests.

Data analysis

The abundance of each individual taxon from eatfalpirap was recorded, along with
the size class of each individual encountered.tRelabundance of the individual taxa collected
was considered to be a representative measur@whdirdwelling arthropod activity. Diversity
was evaluated as richness (S), or number of taxchegenness (relative abundance of
individuals among the taxa detected), and alssmbgrporating measures of richness and
evenness using Simpson’s index and Shannon’s ifidekvig and Reynolds 1988, Hill 1973).
Evenness was calculated using a Modified Hill'soradr E5 value (Alatalo 1981). Peterson’s
Homogeneity Index (Bakus 1990) was used to detexinomogeneity of arthropod communities
within sites and similarities between sites. SggaissQuotient (Sgrensen 1958) was used to
evaluate similarities between plant communitiesl was also calculated for arthropod
communities so trends in similarity could be congpidbetween plant and arthropod
communities. The following formulas were used, andexplanation of each will follow

below:

S
Simpson’s index A=Y nj(ni-1)/n(n-1)
i=1
S
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Shannon’s indext’= -Y[(ni/n)In(ryn)]
) =1i

Hills1=N1=¢"
Hill's 2 = N2 = 1A
Evenness = In(N2)-1/In(N1)-1
Peterson’s Homogeneity Index = | = 1 —Y[ai — bi]
Sgrensen’s Quotient = Z]@]/[a +b]
Number of taxa =S
Number of taxa in each sample =n
ai = number of individuals in taxonomic unit a
bi = number of individuals in taxonomic unit b
a = number of species in community a
b = number of species in community b

Formulas were designed to be used at the spevigs l®wever, time constraints
prohibited identification past the family level. 8 kalues generated from these formulas
therefore provide conservative estimates of thieidihces between communities. The
experimental design used for this study was a pfaitarrangement in a randomized complete
block design with repeated measures. Each tramsectonsidered a block, each habitat type
was considered a main unit factor, and size classansplit unit factor. Correlations within traps
and across dates were modeled with an autoregegssiiod 1 covariance structure. Simple

effects of habitat type given size class and daeewompared with planned contrasts.

Plant species were identified along each transeEirbMark Fishbein of Oklahoma
State University. Although no species-level datstexegarding plant communities in
Packsaddle WMA, Dr. Mark Fishbein compiled datamythe summer of 2012 and 2013 in
Beaver WMA regarding plant species in riparian,|liovd, ecotone, and upland vegetation zones.

The 2012 sampling was conducted in June, wherea®h3 sampling was conducted in August.

Dr. Fishb