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Name: THOMAS N. FERRARI
Date of Degree: DECEMBER, 2014

Title of Study: SEASONAL DYNAMICS OF THE AMERICAN BRYING BEETLE
(Nicrophorus americanus) IN EASTERN OKLAHOMA

Major Field: ENTOMOLOGY AND PLANT PATHOLOGY

Abstract: American Burying Beetle (ABBIN(crophorus americanus) populations have
been in decline since the early 1900’s, and mufdrtdias been put into studying the
survival of this now endangered species. Buryingflbe (Coleoptera:Silphidae), which
rely solely on carrion as both a reproductive ayatifresource, exclude most other
competitors by burying small mammal and other \me® carcasses underground.
Fertilized females may reproduce alone or in gropbpsa carcass is usually buried by a
male and female pair.

Small carrion are a short-lived, high-quality reseufor many insects. The competition
for this valuable resource is strong and has pirglsiaped many ecological, behavioral,
and physiological traits of the associated insédtd.only do the burying beetles compete
with other insects, they must also compete witheleate scavengers.

In southeastern Oklahoma, the ABB compete diremtipdirectly with many other
insect species. | completed 2273 trap-nights usbaye-ground pitfall traps that were
placed in three separate areas within Pittsburg-arghes counties in southeastern
Oklahoma. After two years of sampling in this regithe four most abundant insect
species trapped in conjunction with the ABB were ribd-lined carrion beetMecrodes
surinamensis, the congenelicrophorus orbicollis, the ridged carrion beet{@iceoptoma
inaequale, and the beetlBuspilotus assimilis from the Family Histeridae. Whole-season
trap-catch data revealed significant overlap antbege species and suggests that
intraspecific competition may play an importanierai local ABB persistence.
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CHAPTER |

INTRODUCTION

Nicrophorus americanus (American Burying Beetle (ABB)) is the largest sigs in its
genus, is considered highly social, and exhibiteresive parental care (Lomolino et al. 1995).
ABB populations have been in decline since theyeE800’s, and much effort has been put into
studying the survival of this now endangered spedtissted as critically endangered in 1989, the
current known ABB range has been reduced from 35 &tates and three Canadian provinces, to
only eight U.S. states (Bedick et al. 1999, USFVU$42).

Small carrion are a quickly depleted, high-qualégource for many insects (Hanski
1990, Koulianos and Schwarz 2000). Competitiorttits valuable resource is strong and has
more than likely shaped many behavioral, ecologaadl physiological traits of species that
utilize carrion (Hanski 1990, Koulianos and Schw2090). Burying beetles (Silphidae:
Nicrophorus Fabricius), which rely solely on carrion as botteproductive and food resource,
exclude most other decomposer competitors by quinkiying small vertebrate carcasses
underground (Pukowski 1933, Scott 1998, Kouliana$ achwarz 2000). This exclusion enables

Silphids to thrive in a multitude of habitats prded carrion is readily available.



ABBs are considered strong interspecific competiteecause of their size, but also
regularly compete with other ABBs until a dominaimgle pair remains (Scott and Traniello
1989). In southeastern Oklahoma, little is knowouwt the seasonal dynamics of insect species
that utilize carrion as a resource. Results froavipus studies in the region are based on limited
seasonal sampling efforts but indicate that thet filady ABB competitors are the sexton beetle
Nicrophorus orbicollis and the pustulated carrion bedtierophorus pustulatus. Multi-year,
season-long sampling that defines the temporalmdicsof insects that utilize fresh carrion will
help identify the most likely competitors of ABBs $outheastern Oklahoma. The primary
objective of my research was to document the sehsativity of ABBs and the potential for

competition from congeneric species.



CHAPTER Il

REVIEW OF LITERATURE

Description and Biology of ABB

Physical Description. Nicrophorus americanus (American burying beetle (ABB)) is the
largest of theNicrophorus genus, as well as the largest member of the cdpeetie Family,
Silphidae. Adults range in size from 25 to 45mnteingth, with pronotum width ranging from 8
to 12mm (USFWS 2014a). ABBs are easily distingudsinem other burying beetles by the large,
orange maculation centered on the raised portighedf pronotum. The elytra are mainly black
with two pair of scalloped orange maculations; near mid-center and the other towards the tip
of each elytron. Another large orange mark coveesfitons (frontal head plate), and the clubbed
sections of the clavate antenna are also orangerals (newly-emerged adults) tend to have
more pliable, shiny elytra whereas older adultgtralare more matte and dull in color which is
likely due to the burrowing behavior exhibited bystbeetle. Exact age is difficult to distinguish
due to this behavior.

The sex of ABBs is easily distinguishable; malagenlarge, square-like orange
maculations on their clypeus (below the frons) whsrfemales have smaller, triangular-shaped
markings. Females tend to be larger, but sizetim@cessarily diagnostic when identifying sex.
Both ABB sexes are equipped with an impressivetetandibles, which are necessary when

rendering carrion for reproductive preparation tamtling off competitors.



Behavior, Movement and Seasonal Biology. The ABB is a nocturnal species that lives for
approximately one year. ABBs are most active framm to four hours after sunset, with no
captures recorded immediately after sunrise (WadkerHoback 2007, Bedick et al. 1999).
During daylight hours, ABBs are assumed to burygeves under detritus (Kozol, 1989). Adult
ABB activity seems to decline in adverse weath&ddmns, such as heavy rain and strong winds
(Bedick et al. 1999). Kozol et al. (1988) foundttharying beetles were successfully trapped
repeatedly on both rainy and windy nights, provitlegltemperature was above 59° F (15° C) on
Block Island, Rhode Island.

Studies indicate that ABBs may move distance9t19km within segments of their
range (Bedick et al. 1999, Creighton and Schné&B19urzenski 2012, Jurzenski et al. 2011,
Schnell et al. 1997-2006), and can be attractedtigon at distances ranging from 0.25-10.0km
over a six night period with an average flight aiste of 1.23km per night. Creighton and Schnell
(1998), and Peyton (1996) recaptured marked AB&w fas far away as 11.2km. Bedgtlal.
(2004) recaptured five ABBs from distances of 3—6kitlhh an average nightly movement of
1km, and 85% of recaptures moving distances off@.p&r night. However, in Nebraska
Jurzensket al. (2011) established the longest record of a limgihvement by an ABB;
29.19km.

During September/October when night-time ambiemtgeratures drop below 60°F
(15.5°C), ABBs are reported to initiate an inacipeziod (USFWS 2008). ABB’s bury
themselves as fully-sclerotized adults in the doiing these cooling early autumn periods for the
duration of the winter, but habitat structure (iveoodland, grassland, grazed pastureland, etc.)
does not appear to be a critical factor for ovanter survival rate in Oklahoma (Holloway and
Schnell 1997). Overwintering adults become actweng late-spring and produce a first

generation that emerges in the summer. These tetkriss appear at peak numbers during the



late summer, but it is unclear whether a seconémion is produced in southeastern Oklahoma
prior to overwintering (Kozol et al. 1988, Bedidkat. 2004, USFWS 1991).

ABB Habitat. The habitat preferences of ABBs have been stushéehsively; possibly
due to its listing as an endangered species. ABBsansidered habitat generalists, and can
thrive in oak-hickory forests, grazed pasturelamiggrian zones, grasslands, and bottomlands
found in Oklahoma, as well as in the coastal sanidd of Block Island, Rhode Island (Creighton
et al. 1993). A study performed by Creightral. (1991) indicates that ABBs preferred
grassland and oak-hickory forests in Oklahoma. 9861 more than 300 ABBs were captured in
Nebraska habitats consisting of grassland prdoiest edge, and scrubland (Ratcliffe 1996).

Perhaps the most important factor that influemreparation of carrion for reproduction
is the habitat’s soil characteristics (Anderson2,9®molino and Creighton 1996). Soil
characteristics are important in determining hoeplaBBs bury carrion and their success in
establishing brood chambers. Although the buryiegtid of ABBs in Oklahoma has not been
adequately studiedNicrophorus species have been known to bury carcasses ugio 20
laboratory studies (Anderson 1982) and recent-fidsled study results are consistent with the
20cm burial depth (Schnell et al. 2007). Otherdissihave shown that ABBs will bury carrion to
depths up to 68cm (Hoback 2011).

While previous studies indicate that the ABB isabitat generalist in terms of seeking
food resources, it is likely more selective whetoimes to burial sites needed for breeding
Although N. tomentosus andN. defodiens have been known to have limited reproductive esgc
in arboreal settings (Lowe and Lauffe 2012), ividely understood that ABBs bury carrion in
the solil for reproduction, and soils that are tompact may limit the ability of ABBs to excavate
a suitable brood chamber. Likewise, soils withghlsand percentage will not support the walls
of the brood chamber and therefore also are ntdldaifor reproduction. Research on ABB

habitat preferences indicatémat adults were most active and carcasses wereapo be



buried in loose, loamy soils with high sand contamd low clay content (Lomolino et al. 1995,
Lomolino and Creighton 1996, Creighton et al. 1998)\el or gentle sloping topography (3% or
less) and a well formed layer of organic littetha ground surface are typical habitat of occupied
by ABBs (USFWS 1991). Indeed, results from an expent by Muths (1991) indicate thisit
orbicollis preferred to bury carcasses in native soil thdtbeen augmented with a 2:1 ratio of
native (Riley County, KS) soils and bulk materiathe form of clipped switchgrasBgnicum
virgatum), over soils with a 5:1 ratio, or unadulteratetiveasoil (Muths 1991).

Because of their sub-terrestrial activities, ABBs subject to drowning, and soils that are
saturated are unsuitable for brood chamber corigirudny of these aforementioned soil
conditions that are considered unsuitable for cartarial are thus unlikely suitable for
reproductive habitats. Anderson (1982) suggestatd ith general, male and female ABBs placed
on carrion are more successful at establishingdochambers in forested habitats due to the rich,
loose soil characteristics. Lomolino and Creightb#96) found reproductive success was higher
in forest habitats verses grassland, because raoctasses were buried in the forested areas than
the grassland habitdtomolino and Creighton 1996, Creighton et al. J9@&rrion may be also
more difficult to obtain and secure in grasslands t the absence of a detritus layer and may be
more difficult to bury due to the tendency of thesds to be more compact. However, of the
carcasses buried in these two different habitaismbers of larvae per brood did not appear to be
influenced

Holloway and Schnell (1997) observed positive datiens between the numbers of ABB
captured and the biomass of small mammals and wittg a given range of where ABBs were
found, regardless of the predominant vegetatiarcgire. This suggests that habitat alone is not
the key environmental factor for ABB occupationpRmuctive host availability also plays a role
in ABB dynamics. Scavenging studies (performed 8jJZoology department) indicate that the

scavenge rate was higher in grasslands than istemt@reas, suggesting that there may be less



carrion available to ABBs in grasslands versusdisréUnpublished OSU Small Mammal Survey
2014).

Reproduction, Carcass Preparation, and Parental Care. While the ABBs life history
requirements are similar to othicrophorus spp., it is the largest burying beetle in North
America and requires larger carrion sources toiolm@ximum reproductive potential (i.e.
maximum number of offspring) (USFWS 1991, Kozoakt1988, Trumbo 1992, Billman et al.
2014). ABBs preferred carrion sources for reproidncinclude dead birds and mammals
weighing from 48.19 — 297.67 grams, with an optinmass of 99.22 — 198.45grams (USFWS
1991).

Immediately upon emergence from their winter hila¢ion, overwintering ABBs begin
searching for a mate and a suitable sized caroassgroductionNicrophorus species are
capable of locating a carcass between one andu48 bbthe host’'s death, but finding them in
less than two days is more likely (Conley 1982 cRé¢ 1996). Successful location of carrion
depends upon a combination of factors includinglab#ity of suitable habitats for small
vertebrates (Lomolino and Creighton 1996), dersfityompeting scavengers (vertebrate and
invertebrate), searching ability, reproductivestaind ambient temperature (Ratcliffe 1996,
Wilson and Knollenberg 1984). Kozetl al. (1988) have shown that ABBs have no preference fo
avian verses mammalian carcasses, but once a s@wasdeen found, interspecific and
intraspecific competition is likely until a singtwminant pair claims the carcass (Scott and
Traniello 1989). Being larger in size, ABBs areupbt to out-compete other burying beetles
(Kozol et al. 1988), and the successful couple nilly the carrion and begin to process it for
reproduction

In Nebraska, Bedickt al. (1999) found that ABBs reproduce only once parye
However, in a laboratory study, Lomolino and Créigh(1996) found that five of eight ABB

pairs produced a second brood indicating that @ktehpopulations have the potential to



produce two generations per year. Because the ARBrisidered univoltine in most of its range
and completes its lifecycle in one year, each geaopulation levels are largely dependent on the
reproductive success of the year prior. This flatan is thought to be related to the “feast or
famine” nature of the carrion resources on whidyttiepend. Additionally, populations may be
cyclic due to weather, disease, etc., with highnalance in one year, followed by a decline in
numbers the next year. However, these short-tevohastic events are not believed to have
catastrophic effects on robust populations (USF\W32

Parental care iNicrophorus is unique because both parents participate imefueng of
young (Scott 1989, Trumbo 1990). Brood care bgast one parent, usually the female, is
critical for larval survival (Ratcliffe 1996). Fdized females may reproduce alone or in groups,
but a carcass is usually buried by a male and feait. During burial, the pair strips the carcass
of hair or feathers, likely destroying fly eggs dadrae. They then form the carcass into a brood
ball using anal and oral secretions and storeatsmall “crypt”; a brood chamber with stable
walls of compressed soil. After burial is completattich takes up to 24 hours (Wilson et al.
1984, Otronen 1988, Scott 1990, Koulianos and Sch2@00), the female lays its eggs in a
chamber close to the brood ball. When the larvaehh#hey enter the crypt and begin to feed on
the brood ball. The parents remain in the crypstreral days. They maintain the crypt, preserve
the carcass with anal and oral secretions, defemthtvae against intruders, and then feed them
(upon larval emergence) with predigested carrignoB sizes of ABBs can be greater than 25
larvae, but 12-18 is typical (Kozol 1990b). Therashuctive time-frame from carrion burial to
teneral adult emergence is anywhere from 48 toas (Bedick et al. 1999, Kozol 1995,

Ratcliffe 1996), and females are reproductivelyadd@ immediately upon emergence.

Historical data/population and distribution
ABB Endangered Species Satus. The ABB was proposed for listing under the

Endangered Species Act October 1988 (53 FR 3961drjlasignated as critically endangered



July 13, 1989 (54 FR 29652). Although the Final ®ecy Plan was signed on September 27,
1991, critical conservation habitat has not beesigihated for the ABBs (USFWS 2014a). Due to
the severity and unclear cause of ABB populaticriide, USFWS recovery protocol was
focused on short-term improvement to describe tdeis of the species, rather than undertaking a
broader range of actions and establishing cleter@ito bring about full species recovery.
Therefore, criteria such as identifying three snsfale populations of 500 individuals were
developed for downlisting, but not for recovery @¥8S 2014a, 1991, 2008). At that time, only
two known disjunct populations inhabited the peeighof the species historical range of 35
states: four counties in Oklahoma and one smalhd(Block Island) off the coast of Rhode
Island (USFWS 2008a).

Since the 1991 development of the Recovery Plduer BB populations have been
discovered. Thus, the recovery objective of redycineliminating the immediate threat of
extinction through discovery or establishment ol p@pulations was met (USFWS 2008).
Currently, at least four Environmental Protectiogefcy (EPA) Level Ill eco-regions contain
natural ABB populations that are estimated at grethitan 1,000 individuals (USFWS 2008).
Extinction modeling results suggest that populaiohgreater than 1,000 ABBs can remain
demographically viable without severe catastroglients or carrying capacity (K) reductions
through reduced carrion availability, loss of habibr habitat fragmentation (Amaral et al. 2005).
The ABB remains endangered throughout its curr@mge due to lack of populations in the Great
Lakes and Southeast States, and remaining theeatssting populations (USFWS 2008).

ABB Historical Distribution. The historic geographic range of the ABB includedr
150 counties in 35 U.S. states, which covered mib&mperate eastern North America and along
the southern borders of three eastern Canadiampes/(USFWS 1991, Peck and Kaulbars
1987). However, official records of ABB populatioss inconsistent throughout this broad

historical range (Figure 1).



CURRENT 4ND REPORTED HISTORICAL RANGE OF THE AMERICAN BURYING BEETLE
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Figure 1. Historical Range oNicrophorus americanus (USFWS)

There are additional records from the Midwestoadnto the three Canadian provinces
and in the northeastern United States and dowmet&outheastern region (USFWS 1991), but is
widely thought that the ABB disappeared from ov@p@rcent of its historical range during the
20th century (Lomolino et. al. 1995). The last kmoBB specimens along the Atlantic
seaboard, from New England to Florida, were cadiédéh the 1940s near Long Island New York,
Black Mountain North Carolina, Penikese Island Massisetts, and Cambridge Maryland
(USFWS 1991). In 1989, at the time of Endangereztigg listing, known ABB populations
were limited to Block Island, Rhode Island; and.atimer County, Oklahoma. Survey efforts
increased shortly thereafter, and the ABB was disad in South Dakota, Nebraska and several
other counties in Oklahoma.

Currently, the ABB is known to inhabit eight U.$ates: on Block Island off the coast of
Rhode Island, Nantucket Island off coastal Masssetts, eastern Oklahoma, western Arkansas
(Carlton and Rothwein 1998), south-central andhioentral Nebraska (Ratcliffe 1996, Bedick et
al. 1999), southeastern Kansas (Sikes and Raiffd&)2south-central South Dakota (Backlund

and Marrone 1995, Ratcliffe 1996), and northeage¢Godwin 2003). The ABBs in Missouri
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are a nonessential experimental population (uneetian 10(j) of the ESA) that was reintroduced
in 2012. Most ABB populations are located on peMaind. Populations recently known to exist
on public land including: Ouachita National Foréstkkansas / Oklahoma; Ozark-St. Francis
National Forests, Arkansas; Camp Gruber, Oklahdtogt; Chaffee, Arkansas; Lake Eufaula,
Oklahoma; Sequoyah National Wildlife Refuge, Oklaiag James Collins Wildlife Management
Area, Oklahoma; McAlester Army Ammunition Plant,l@koma; Block Island National Wildlife
Refuge, Rhode Island; Valentine National WildlifefRge, Nebraska; and Camp Maxey, Texas
(USFWS 2014a).

Confirmed Oklahoma ABB sightings or captures siti@82 occurred in the following
counties: Atoka, Bryan, Cherokee, Choctaw, Coadjd;ICreek, Haskell, Hughes, Johnston,
Latimer, Le Flore, Marshall, Mayes, McCurtain, Midsh, Muskogee, Okfuskee, Okmulgee,
Osage, Pittsburg, Pontotoc, Pushmataha, Rogersn@8entequoyah, Tulsa, and Wagoner, and
Washington (29 counties). Additional counties wMBB habitat and potential occurrence due the
proximity to the above counties include: Adair, €arDelaware, Garvin, Kay, Lincoln, Love,

McClain, Murray, Nowata, Ottawa, Pawnee, Payne,Roithwatomie (Figure 2).

Amenican Burying Beetla Historic Range and Cumrent Distribution in Oklahoma
T — o

Figure 2. Nicrophorus americanus Distribution in Oklahoma (USFWS).
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Numerous surveys have been conducted throughstgragOklahoma, western
Arkansas, and northern Texas. Most of these wedertaiken to determine whether ABBs inhabit
areas anticipated to have soil disturbance acstated for development projects and were
sporadically performed without systematic or cortlmverage across Oklahon@aeightonet
al. (1993) indicated that the population of ABBs anip Gruber, Oklahoma has been relatively
constant since 1991 when annual surveys on thtamiinstallation were initiated. While
numbers of ABBs have varied within this landscapeually, a self-sustaining population or
metapopulation appears to exist (Schnell et al520d6a 2007, a total of 676 ABBs were captured
in 1,305 trap nights at Camp Gruber; and in 2006tal of 423 ABBs were captured at 59
trapping locations at Camp Gruber. Presently, khiswn that eastern Oklahoma contains a
sustained population of ABBs within their histoticange (This thesis).

In 2010, reports from researchers at The Naturess@wancy’s Tallgrass Prairie Preserve
in Osage County, Oklahoma estimated a populati@appfoximately 1,400 ABBs (USFWS
2014a). ABB populations at Camp Gruber and thegfadls Prairie Preserve are thought to
represent high densities of ABBs. In Texas, ABB Ib@sn successfully captured at much lower
numbers on Camp Maxey, Lamar County from 2004 82@60d a single ABB was documented
at the Nature Conservancy’s Lennox Woods, Red Rdeamty in 2004. No ABBs have been
captured at Camp Maxey from 2009 - 2012, despiensgive sampling (Godwin and Minich
2005, USFWS 2008) (Figure 3).

The isolated population of ABBs on Block Island tifé coast of Rhode Island appears to
be stable, as is the population in southern Trippr®y, South Dakota. The Nebraska Loess Hills
population was thought to be declining in 2006 28d7, but that short-term decline was most
likely caused by a drought and the subsequenttsftetcarrion availability. The population there
has increased to perhaps tens of thousands intrngears following relief from the drought (W.

Hoback, Oklahoma State University, pers. comm.{&eper, 2014). Based on trapping efforts

12



over the last two years in the Sandhills regiondntral Nebraska, many more ABBs occur in that
population than previously thought. In 2010, ov&0D ABBs were captured on and near USDA
Project lands in Nebraska with relatively limitedgdping events.

Population levels in Oklahoma and Arkansas cartdlte biennially, but long term
upward or downward trends can be troublesome tedis ABB populations on Fort Chaffee in
western Arkansas and Camp Gruber in eastern Oklaldomg with populations in Nebraska, all
have populations at levels that are believed talbe to withstand the effects of stochastic
weather events (USFWS 2008). Limited informatioavailable on stability of small populations

of ABBs elsewhere.

Figure 3. Nicrophorus americanus Range in South-central United States (USFWS)

Factors Associated with ABB Decline

Carrion Availability. The ABB requires fresh carrion in a particular siaege, which is a
finite resource in space and time. The ABB’s scati@listribution and density, and their
vulnerability to extinction are likely due to hagithis specific reproductive resource requirement

(USFWS 2014a, Karr 1982, Pimm et al. 1988, Peckkandbars 1987). Data available for ABB
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populations on Block Island, support the assettian the primary mechanism for the species
range-wide declines “lies in its dependence ona@awf a larger size class relative to that used
by all other North American burying beetles, anat the optimum-sized carrion resource base
has been reduced throughout the species range™W$SER91). Since the middle of the 19th
century, certain animal species in the ABB’s prefdmmass range have either been eliminated
from North America or their numbers have been redumver their historical range (USFWS
1991). This includes the passenger pigdsentafistes migratorius), greater prairie-chicken
(Tympanchus cupido) and wild turkey(Meleagris gallopavo). At one time, the passenger pigeon
was estimated to have been the most common btrekiworld, with numbers ranging from 3 to
5 billion (Ellsworth and McComb 2003). There weree as many passenger pigeons within the
estimated historical range of the ABB as therenamabers of all bird species currently
overwintering in the United States. Wild turkeysl datack-tailed prairie dog<ynomys
ludovicianus) for example, occurred within the historical rargeéhe ABB, and until recently,
were extirpated from much of their former range&eclined significantly. The wild turkey is
currently on its way to recovering from this deelitout both of these animals at high densities
may have supported ABB populations (Miller et &9Q, USFWS 2008). During the westward
expansion in North America, land use changes thgniented native forests and grasslands
created more edge habitats along with the remdvalpelevel carnivores such as the grey wolf
(Canislupis) and eastern cougaPyma concolor). This extirpation and fragmentation resulted in
the increase in meso-carnivore populations, whrely pn small birds and mammals and compete
directly with ABBs for carrion.

Habitat Changes. Schnell et al. (1997-2003, 1997-2006) reported éneas of high ABB
concentration appeared to shift yearly throughaut Ehaffee, Arkansas and Camp Gruber,
Oklahoma, even though land use practices withih eaga stayed relatively constant (USFWS

2008). Losses associated with a one-time or skam-event are less likely to affect populations
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than longer-duration adverse events. Fragmentafitarge contiguous habitats into smaller
patches may increase species richness, but theesgeenposition ultimately may change (Fujita
et al. 2008). Forests and grassland fragmentatsrbeen shown to cause a decrease of
indigenous animal species and an increase in nmasivores that thrive in disturbed areas. The
American crow Corvus brachyrhynchos), raccoon Procyon lotor), red fox §/ulpus fulva),
opossumDidelphisvirginiana), striped skunkNlephitis mephitis), coyotes Canislatrans), and
other opportunistic predators (Wilcove et al. 198@ some of the meso-carnivores that displace
indigenous species. Large habitat expanses that@mtained high densities of indigenous
animal species suitable to support ABB populatiamsnow artificially fragmented, and may be
causing increased competition for carrion resouaresng this “new” predator/scavenger
community. Matthews (1995) experimentally placetaases in various habitats in Oklahoma
where ABBs andN. orbicollis had been previously documented, then trackedriensms that
scavenged them. Of the carcasses, 83 percent la@red by ants, flies, and vertebrate
scavengers; about 11 percent were claimel.lmybicoallis, and only one was claimed by ABBs.
Competition Among Carrion Feeders. For most guilds (a group of organisms that exhibi
similar habitat requirements and play a similae nolthin a community), the larger species tend
to feed on larger prey, occupy more different typelsabitats, dominate in competitive battles,
and have larger home ranges. However, the largaieomay be subject to exploitative
competition (resource-limiting) from smaller speledSFWS 2014a, Ashmole 1968, Gittleman
1985, Hespenheide 1971, Rosenzweig 1968, Schoedd€t@man 1968, Vitt 2000, Werner
1974, Wilson 1975, and Zaret 1980). Larger preygareerally less abundant than smaller prey
(Peters 1983, Brown and Maurer 1987, Damuth 198iytbn 1990, and Scharf at al. 2000) and
larger guild member species require larger homgesinAlthough weighing less than 2 grams,
the ABB is nevertheless the largest member of il dluat specializes on vertebrate carcasses, an

unpredictable and valuable resource (USFWS 20Gtajtrasting with other members of their
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guild, ABBs must persist over larger areas anceatgr diversity of habitats to find suitable
carrion for food and reproductiobarger carcasses are more difficult to bury andhawee
energetically expensive than smaller ones (Crergbtal. 2007). While the ABB'’s large body
size alone does not necessarily indicate endangernagity and extinctions tend to be higher for
the larger species within trophic levels or guifdsrmeij et al. 2008, Diamond 1984, Martin and
Klein 1984, Vrba 1984, Owen-Smith 1988, 1992).

Body size seems to be the most important factosdiocess in competitive battles
between ABBs and congeners when securing carrionokét al. (1988) found that the largest
individuals displace smaller burying beetles ialdratory setting. ABBs have been recorded
usurping a carcass that had been buried by anNtheaphorus species. However, environmental
(and other) factors other than body size (e.g..iamibemperature or activity patterns) might also
have some effect on the outcome of competitioreimegal (Wilson and Fudge 1984). Trumbo
(1992) showed that the potential for competitiondarrion from otheNicrophorus congeners
increased with carcass size, and Setdt. (1987) saw similar results with carrion-feedifigd.
Creightonet al. (2007) found that habitat fragmentation causedersoavenging by vertebrate
species, a decreased availability of carcassdgedadfipropriate size, and increased competition
betweerNicrophorus species. It is expected that as ABB populationdimahe competitive
struggles between ABBs and its sympatric congelioersub-optimally sized carcasses would
increase.

The ABBs most similalicrophorus relative isN. orbicollis. AlthoughN. orbicallisis
smaller in physical size, based on historical gaplgic range, similar ecological and physical
tolerances (e.g., diurnality, overlapping breediegson), and phylogenetic information indicates
these beetles may be each other’s closest surviglagves (Szalanski et al. 2000). Because of
this similarity, they are likely each other’s stgast congeneric competitors (Sikes and Raithel

2002), and interspecific competition may play a papopulation assessment at the local level
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Typically, ABB surveys result in ten or more timasreN. orbicollisthan ABBs (Lomolino and
Creighton 1996, Amaral et al. 1997, Carlton andhRein 1998). Kozol (1989) found that there
was an 8:1 ratio dfl. orbicollisto ABBs on Block Island, Rhode Island while Walk&857)
collected 19 times mond. orbicollis (175) than ABBs (9) where and when the ABBs were
encountered in Tennessee. While the ABB is genyenadire successful in securing and preparing
carcasses greater than 100 gramN.\@ bicollis, data suggest thét. orbicollismay be a
formidable competitor for ABBs (Sikes and RaitheD2) and may have actually increased in
abundance in those areas where ABBs had beenatetr fUSFWS 1991). In additioN,
marginatus may also be a competitor with ABBs, and this comgénon average slightly larger
and utilizes larger carcasses for reproduction Mhambicollis. In Nebraska and South Dakota,
N. marginatus are typically more abundant than in Oklahoma (Bawk and Marrone 1997,
Bedick et al. 1999).

Another threat to ABB success is brood parasitifier aviposition by other burying
Nicrophorus species near ABB “owned” carcass (Trumbo 19924 184iller et al. 1998).
Nicrophorus pustulatus is a known brood parasite of other burying beetles the effect on
ABBs has not been studied extensively. Among locatiwvhere ABBs exist or could exist,
documentation of the seasonal activity and aburelahamportant competitors would reveal
critical periods of overlap where competition wobll strongest. Detailed experiments would
then reveal mechanisms during competitive outcdmeéseen ABBs and other carrion beetles
that overlap in space and time.

Describing intraspecific and interspecific intefans and the outcomes between
generations requires both field and laboratoryistuthat adequately address the dynamics and
mechanisms of competition at appropriate spatelesc Because of their larger size, ABB is
expected to successfully outcompete otllier ophorus species for carrion of a particular size

(size preferred by ABB) (Kozol et al. 1988), antenspecific competition should then have little
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impact on populations between generations. Therebased on our knowledge of ABB biology,
intraspecific competition would be a significanttia influencing ABB populations from one
generation to the next when preferred carrion nusaee limiting. No studies have been
conducted that have adequately evaluated the oekofrcompetition between ABBs or among

Nicrophorus species between generations.

Estimating ABB Populations

Current USFWS ABB sampling methodologies are medifiersions of those used in
Kozol's (1989) assessment of the Block Island pajarh, and procedures utilized in 1994 by
Bedick et al. (2004) in central Nebraska. Both Esichdicated that 5-gallon pitfall traps baited
with natural carrion was the most efficient ABBpaping method. Sampling efficiency and
individuals collected per unit of effort are theykesue when sampling most insects. However,
when sampling endangered species, the key issamisiizing injury and mortality. Current
USFWS ABB trapping protocol states that for presémigsence surveys, trapping should
continue for a minimum of five consecutive nigtasd that each trap covers a 0.5 mile radius
within the survey area (USFWS 2010). Trapping ss&dg expressed as ABB per trap-night; i.e.
the number of ABBs captured divided by the numbieraps used, which will have been
multiplied by the number of nights deployed (24.ABB captured over 3 nights using 2 traps is
24 + (3x2) = 4.00 trapping success or efficiency).

While ABBs are somewhat easy to capture, popuiagiimates of ABBs are difficult to
obtain. Although using pitfall traps is thoughtlte inherently inaccurate when determining
populations of animals, a mark and re-capture tgcienmay be useful for estimating ABB
population size. The mark-recapture approach asstima¢ marked and unmarked ABBs are
equally likely to be captured, and that a necessamgber of the animals would be recaptured

from one trapping event to the next. However, dualtlity of the ABBs to move over wide
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distances, and the fact that they retreat undengréar several weeks for reproduction, these
assumptions may not apply (USFWS 2014a).

False negative results are always a possible om&ad ABB trapping surveys. These
false negatives are a clear indication of the ioigfficies associated with current sampling
methodologies, but for low populations may alsdaate a comparatively fast turnover rate in the
(trappable) ABB population due to factors suchasiral mortality rates, dispersal, and sub
terrestrial reproductive activities (Creighton échnell 1998). Trap numbers and the relative
distance between them may influence ABB capturdi@e2004), but it is currently unknown

how trap deployment in space and time alters iddizi trap efficiency (Bedick et al. 2004).

Conservation Efforts for ABBs

It is unknown if extirpated ABB populations carcsassfully be re-established. Due to
their ability to fly long distances in search footl, ABBs may disperse from a release area,
making it difficult to establish a self-sustainipgpulation. A reintroduction effort on Nantucket
Island, Massachusetts, is still being evaluatedrasdnot yet achieved the critical population size
required for long-term existenddowever, in 2011, trapping efficiency (ABBs perpsiaight) at
this location was greater than any year since Z00Bresti et al. 2011). In 2011, a multi-year
reintroduction effort was initiated in Ohio’s WayNational Forest; however, to date no ABBs
have been recapturefinother reintroduction effort implemented in Missidn 2012 has shown
successful reproduction of ABBs, though the popatatiability remains unknown

Protection of large tracts of suitable native hattdippears to be the best practice for
augmenting ABB conservation, since large areasatfe habitat tend to support the highest
known ABB populations (USFWS 2014&klahoma’s Tallgrass Prairie Preserve, and large
military blocks of land such as Ft. Chaffee in Amkas, Camp Gruber and the McAlester Army

Ammunition Plant in Oklahoma support relativelygarand sustained ABB populations.
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Additional lands have been established at the Gidbs Prairie Preserve through ABB mitigation
funds and more ABB mitigation banks have been ésten in Oklahoma that should contribute
to the recovery of the species (USFWS 2014a).

The USFWS has migrated from using bait-away statitmcapture and release efforts,
and finally to the current protocol of presenceéaile® surveying and subsequent mitigation for
those wishing to develop lands within known ABB iath In Oklahoma, bait away stations were
used as a technique to remove ABBs from a givea jaier to project soil disturbance without
handling the ABBs or physically relocating thematmther area (USFWS 2005). Capture and
release methods were used (mainly as a researatiejednd allowed developers to trap ABBs
on land slated for disturbance and relocate thepndtected areas with a known ABB presence.
The USFWS now utilizes mitigation practices wheneadepers opt to disturb lands within
potential ABB habitat. A third-party presence/alisesurvey is implemented, and conservation
acreage is established or “banked” if ABB’s arespreé. These conservation lands must meet
strict guidelines and may be individual lands pded by the developer, conservation banks
provided by entities other than the developer (lmpdasors), or third-party mitigation
organizations. Bank sponsors generally have redpibtysover larger tracts of conservation land
and handle mitigations from multiple developmemjgcts, whereas third-party mitigation lands
are used for a single project (USFWS 2014b).

Since becoming listed as an endangered specid3 e&Blogy, historical and present
distributions, and habitat requirements have bagtied extensively. Although current
populations in Oklahoma appear to be stable oeaging, conservation efforts such as limiting
ABB habitat fragmentation and utilizing practicaht-use management could strengthen ABB

populations within its current range.
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CHAPTER Il

METHODS AND MATERIALS

Sudy sites 2013-2014. Studies were performed at James Collins Wildienagement

Area (WMA) Blocker, Oklahoma, McAlester Army Ammuioin Plant (MCAAP) McAlester,

Oklahoma, and private lands near Lamar, OklahorR& Goordinates of individual trapping

locations are shown in Table 1.

Table 1.ABB Trap #'s, Locations, at James Collins WMA, Lamand McAAP, Oklahoma.

Trap Trap Trap
Site # Lat Long Site # Lat Long Site # Lat Long

James Collins 1 35.032217 -95.480550| Lamar 1 35.030479 -96.138361 MCAAP 1AC 34.811976.004790
James Collins 2 35.036812 -95.476862| Lamar 2 35.030595 -96.129710 MCAAP 1BC 34.79533®6.005180
James Collins 3 35.025755  -95.480278| Lamar 3 35.032148 -96.131147 MCAAP  2AC 34.7746105.963990
James Collins 4 35.033507 -95.485634| Lamar 4 35.029164 -96.132788 MCAAP  2BC 34.757245.960530
James Collins 5 35.036576 -95.443617| Lamar 5 35.031680 -96.138980 MCAAP  3AC 34.8223105.945460
James Collins 6 35.011643 -95.455631| Lamar 6 35.025800 -96.134900 MCAAP 3BC 34.8060985.941900
James Collins 7 35.005564 -95.492831| Lamar 7 35.031350 -96.131830 McAAP R1 34.8058795.875586
James Collins 8 35.027382 -95.518868| Lamar 8 35.020590 -96.128220 McAAP R2 34.7858705.885500
James Collins 9 35.030888 -95.453474| Lamar 9 35.038910 -96.140360 MCAAP R3 34.7810285.914467
James Collins 10 35.017941 -95.484454| Lamar 10 35.039140 -96.135410 MCAAP R4 34.75586®6.013551
James Collins 11 35.028942 -95.494363| Lamar E1l 35.026150 -96.123860|  MCAAP R5 34.8635605.972767
James Collins 12 35.032479  -95.372438| Lamar E2 35.023800 -96.123360| McAAP R6 34.8770895.941755
James Collins 13 34.985448 -95.475997| Lamar ENE1 35.027115  -96.124409 McAAP R7 34.8161765.969285
James Collins 14 35.002346  -95.599004| Lamar ENE2 35.025432  -96.123729 McAAP R8 34.8534385.853680
James Collins 15 35.005290 -95.490830| Lamar NNE1 35028741 -96.124992|  MCAAP R9 34.84250(5.942778
James Collins 16 35.003910 -95.491500| Lamar NNE2 35028741 -96.124992|  MCAAP R10 34.82861:85.901111
James Collins 17 35.003991 -95.493168| Lamar s1 35.023140 -96.126950,  MCAAP R11 34.8797295.957500
James Collins 18 35.007137 -95.492277| Lamar S2 35.022320  -96.124740| McAAP R12 34.8116685.978333

MCcAAP R13 34.857354-95.899241
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Traps within theséocations were deployed at least 0.5 miles (~80trapapar
according to USFW$@rotocos (USFWS 2010). Sampling/trapping events consiste
consecutive threday periods during the spring/summer/fall, withrfto five days in betwee
events At James Collins WMA, eighteen traps were deplaye2013 and the three mc
efficient traps sites from 2013 were redeployed0d4 (Table 1, Figures 4 and 5; traps 7, 17,
18). In 2013, there wel@8 thre-day trapping events and 90 three-day eveng914.At the
Lamar site (Table 1, Figure 6), eighteen traps wlepgoyed in 2013 and trap locations 1, ¢
and 7 were redeployed in 2014 for this stiThere were 90 thregay events in 2013 and ei¢
threeday events in 2014. At the McAAP site, eteen traps were deployed in 2013 for 28 1

day events, and again in 2014 for 89 t-day trapping events (Table 1, Figure
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Figure 4.2013 —2014 ABB trap locaons at James Collins WMAklahoma (Google Eart|
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Figure 5.2014 ABB trap locaons at James Collins WMklahoma (ole Eartl
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Figure 7. 2013 201 ABB Trap Locations at MCAAP McAlester, OklahatfGGoogle Earth

Trapping ABBs. ABB traps were similar to those used by Kozol ()98&d consisted of
camouflage fivegallon bucket, recessed plywood cover with a cextéf’ opening, a 6” funne
secured beneath the 6” opening, /18" by 5” j-bolts, two fender washers, e wing nuts,
and a rain shield spaced 1in to 2" abowe 6” entry opening (Figure 8)he bucket containe
approximately 32/,5” holes drilled to allow for scent dispersal, ar@i'/,¢" holes drilled in the
bottom to allow for rainwater drainage. Each treas kaited using a covered Gladware™ 25
container holding a 10R00g rat Rattus spp.) that had been allowed to partially decompose
three days prior to usékats were supplied by Big Cheese RodentThe bait container he
approximately 20/,5” holes to allow for scent dispersal. A 15cm to @0ayer of moist soil o
peat was placed in the bucket (under the baitleavaaptured ABB (and other insects)

burrow.
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Baited ABB traps were deployed one day prior tthetree-day trapping event. Upon
initial deployment, GPS coordinates (NAD83) wereedmined using Garmin Rino 130™ or
eTrex10™ handheld units at individual locationsaps were secured to available sturdy
vegetation using two 1m to 1.5m lengths of 6 gauges, and placed 0.3m to 0.5m above the
ground to discourage ant infestation. Traps wersitoed daily between 5:00am and 10:00am to
document 24hr beetle captures, and to releas@BRS in an effort to prevent mortality from
excessive heat accumulation in traps (USFWS 2@08}infested traps were redeployed close to
existing locations and suspended 1m — 2m abovengrasing overhanging vegetation.

Sample processing. At each morning of the three days after traps wlegdoyed, captured
ABBs were counted, sexed, aged (teneral or adedtraing to maculation coloration and
condition, and pronotum width was measured usikglzalt™ 0.5ft metric and SAE calipers
(accuracy=0.025mm). All ABBs were marked with bagstand released according to USFWS
guidelines (USFWS 2010)icrophorus congeners were identified on site, counted andsared
(pronotum width - in mm). All other insects weragéd in a solution of ~80% ethanol (ETOH)

and glycerin, identified to species, and countedeth 24hr period. Voucher specimens (all
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insects except ABBs) were deposited in the K.C. iSore Entomology Museum, Department of
Entomology and Plant Pathology, Oklahoma State éisity, Stillwater, Oklahoma.

Data Summary and Analysis. At each location and for each three-day sammdivent,
average count/trap-night was calculated for édichophorus species. Trap-night data were then
plotted over time at each location for each yearaphically represent overlap in seasonal
activity of competing species.

At locations/years where season-long data weteatetl (James Collins WMA 2013,
2014; Lamar 2013; McAAP 2014), data were furthealared to investigate relationships
between captures of overwintering advliltrophorus species caught in the spring (A) and
captures of the teneral adults (T) throughoutémeainder of the season. Since no definitive
second generation was confirmed, all summenfidtophorus species data points were included
as tenerals (T). Becaublcrophorus species are highly mobile within sub-populatioBedick et
al. 1999, Creighton and Schnell 1998, Jurzensk220drzenski at al. 2011, Schnell et al. 1997-
2006), individual data points (trap-night averafyesn three-night events) within locations are
considered independent within the spring and sumBgs locations are likely representative of
a sub-population and therefore investigating refethips between A and T is appropriate.

Analysis (PROC CORR, SA014) is based on a limited dataset and centeceohd
captures associated with the presumed dominantetitory ABBs (Kozol et al. 1988). This
preliminary analysis focuses on relationships f8BAtrap captures between generations and
factors that might be associated with changes.r8kgaestions were addressed:

Question 1 — Is there a relationship between “Alinds ofN. americanus trap captures and “T”
counts ofN. americanus trap captures?

Question 2 — Is there a relationship between “Alinte ofN. americanus trap captures and “T”
counts of otheNicrophorus trap captures?

Question 3 — Is there a relationship between “Alinte of otheNicrophorus trap captures and
“T” counts of N. americanus trap captures?

26



Question 4 — Is there a relationship between “Alinde of otheNicrophorus trap captures and
“T” counts of otheMicrophorus trap captures?
Question 5 — Is there a relationship between “Albsaof ABB/Nicrophorus species trap counts

and “T" ratios of ABBNicrophorus species trap counts?
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CHAPTER IV

RESULTS AND DISCUSSION

Nicrophorus Relative Abundance and Seasonal Trends

During 2013, a relatively high number Miftr ophorus beetles were captured among all
locations in 648 trap-night®. americanus captures totaled 364 individuald, orbicollis
captures totaled 848. pustulatus captures totaled 106, ahldtomentosus captures totaled 224.
Other species captured included three additionahinees of the Family Silphida@iceoptoma
inaequal e (920), Necrodes surinamensis (888), andNecrophila Americana (138), Euspilotus
assimilis (Histeridae, 469)Creophilus maxillosus (Staphylinidae, 385), arider mestes caninus
(Dermestidae, 92). Overall, trap capture totalsndu2014 were similar/lower and may have been
reduced by a reduced number of trap nights (49i%jophorus americanus (231),N. orbicollis
(277),N. pustulatus (245), andN. tomentosus (66); O. inaequale (192),N. surinamensis (1353),
N. Americana (31), E. assimilis (Histeridae, 356)C. maxillosus (Staphylinidae, 314), arid.
caninus (Dermestidae, 445) remained relatively abundartrapfocations. Clearly, traps were
effective at attracting insects that utilize camrio

Although high numbers of burying beetles (Silpleidien Oklahoma were expected,
overall capture rates varied from previous trapgituglies in the region. Lomolino and Creighton
(1996) conducted ABB surveys in eastern and ce@®kihoma from 1991 through 1994 and
documented an overall capture rate (individualstgagr-night) of 0.05 foN. americanus, 1.14
for N. orbicollis, 0.25 forN. tomentosus, and 0.02 folN. pustulatus (Table 2). Carlton and
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Rothwein (1998) conducted surveys in eastern Okfehand western Arkansas with an overall
nightly capture rate of 0.02 and 0.02 in kramericanus in 1994 and 1996, respectively. They
also documented a nightly capture rate of; 1.0841and 0.17 (1996) fa¥. orbicallis, a nightly
capture rate of 0.19 (1994) and 0.20 (1996\faiomentosus, and a nightly capture rate of 0.14
(1994) and 0.03 (1996) fo¥. pustulatus (Table 2).

Nightly capture rates in 2013 during my study wess6 forN. americanus; 1.31 forN.
orbicollis, 0.35 forN. tomentosus, and 0.16 folN. pustulatus. In 2014, nightly capture ratésr N.
americanus were 0.57, 0.68 foN. orbicallis, 0.16 forN. tomentosus, and 0.61 folN. pustulatus.
These relatively high numbers are likely repredergaf local populations and not based on
recaptures of the same individual. Indeed, thepteca rate of marked individuals (ABBs) was
only ~11% for allN. americanus collected over the two year period (K. Risser 2Qthgublished
data).

Comparing overall average capture rates\iarophorus species can be misleading
because averages are calculated over separatiéygutiiods, multiple generations, and multiple
trap locations. However, this metric is considesagseful measure of relative abundance for a
geographic area (USFWS 2010). Comparisons amongysialso depend on consistent trapping
protocols and may be compromised by failure to actor variables such as quality and amount
of bait used, disturbed traps, differences in ttegign, local weather patterns, and inadequate
sample size (Carlton and Rothwein 1998). This tragpppproach was quite similar to those of
Lomolino and Creighton (1996) and Carlton and R&imy1998). However, these other studies
did not have multi-year season-long data to incind=apture rate calculations which would
likely reduce nightly averages because intensagping is conducted during low and high
activity periods. Although ABRongener nightly capture rates appear similar anbarig current
and previous surveys, the surveys for this studicate that ABB relative abundance is much
higher (Table 2) than previous surveys and magcefin overall increase in local population
density in this region of the U.S.
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Table 2 Silphidae capture rates (C/R) for previous susvg@pymolino and Creighton 1996,
Lomolinoet al. 1995, Carlton and Rothwein 1998, Ferrari 201342@onducted in eastern
Oklahoma/western Arkansas.

stud vears)| CR-N. C/R-N. C/R-N. C/R-N.
y americanus orbicollis tomentosus pustulatus
Lomolino
& 1991- 0.05 1.14 0.26 0.02
. 1994
Creighton
Loét“;"{‘o 1992 0.16 0.17 <0.01 <0.01
'-Oe’t";"zno 1992 0.10 1.19 0.03 0.01
Carlton & | 149, 0.02 1.06 0.19 0.14
Rothwein
Carlton & | 5o 0.02 017 0.16 0.03
Rothwein
Ferrart 2013 0.18 0.37 0.40 0.02
Ferrarf 2013 0.86 2.59 0.37 0.33
Ferrarf 2014 0.51 0.38 0.10 0.48
Ferrarf 2014 0.60 0.76 0.21 0.65

Fort Chaffee AR’Camp Gruber OkJames Collins WMA OK 2013Lamar OK 2013}James
Collins WMA OK 2014,6|\/|CAAP OK 2014.

At the locations | surveyed, overwintering adultBdappeared during May and June;
first generation teneral ABBs began to emergetm Jane/early July, and there was evidence of a
second generation that appeared active from Augtesearly September (Figures 9, 10, 11 and
14). My seasonal surveys appeared to substantmm®lino and Creighton’s (1996) laboratory
studies that indicated a second brood of ABBs ssiiite in Oklahoma. The impact of a second
generation on long-term persistence is unknownpbaed on the absence of ABB throughout
much of the southern US, it is doubtful that warmlenates and multiple generations favor
persistence of this species (Godwin and Minich 2005

James Collins WMA is considered a suitable halbaasustainedNicrophorus
populations and during 2012 was approved as aattocsite for ABBs by USFWS (A. Barstow,

2012 personal communication). Vegetation habitatagnly oak-hickory forests and un-grazed
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grasslands. Although soil characteristics are matdny loam and are not typically ideal for
ABB habitat, ABB population levels appeared to tadke. James Collins WMA in 2013 (Figure
9) totaled 53 individuals over 98 trapping nighighwvan overall capture efficiency
(individuals/trap/day) of 0.54 (+ 0.14 SE). Captuates varied among othiicrophorus species:
N. orbicollis captures totaled 110 with an overall capture igfficy of 1.12 (+ 0.29 SEN.
pustulatus captures totaled 7 with an overall capture efficieof 0.07 (x 0.03 SEN. tomentosus
captures totaled 118 with an overall capture efficy of 0.40 (+ 0.14 SE). ABB captures at
James Collins WMA in 2014 (Figure 10) were simita2013 and totaled 57 individuals, but
over 37 trapping events the overall capture efficieincreased to 1.54 (+0.43 SHljcrophorus
orbicollis captures totaled 42 with an overall capture edficy of 1.14 (+ 0.35 SEN. pustulatus
captures totaled 53 with an overall capture efficieof 1.43 (£ 0.43 SE), ard tomentosus

captures totaled 11 with an overall capture efficieof 0.30 (+ 0.11 SE).
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Figure 9. 2013Mean seasonal capture rates (per day +SK) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at James Collins WMA, Oklahoma.
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Figure 10. 2014Mean seasonal capture rates (per day +SK) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at James Collins WMA, Oklahoma.

The Lamar site habitat is mainly oak-hickory fasasith rich sandy loam soils, and is
considered an optimal site for long-term persistenidNicrophorus species. Indeed, ABB
captures at the Lamar site in 2013 (Figure 11)edta33 individuals over 90 trapping events
with an overall capture efficiency of 2.59 (+0.4E)SNicrophorus orbicollis captures were
particularly high and totaled 700 with an overalpture efficiency of 7.78 (x 1.73 SE). The other
Nicrophorus species were also quite abundant in trdpgustulatus captures totaled 90 with an
overall capture efficiency of 1.00 (x 0.20 SE), ahdomentosus captures totaled 101 with an
overall capture efficiency of 1.12 (x 0.24 SE).

Very few samples were taken at the Lamar site i¥4Figure 12) and ABB totals were
limited to 15 individuals over 8 trapping eventdhwan overall capture efficiency of 1.86 (£1.13
SE).Nicrophorus orbicollis overall capture efficiency remained high in 201443 (+ 0.83 SE;

33 captures). During 2014, CapturedNopustulatus totaled 19 with an overall capture
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efficiency of 2.38 (+ 0.63 SE), and hb tomentosus were captured at this site in 2014. Mean

seasonal capture rates of aforementiddiedophorus species (per day) are shown in Figure 12.
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Figure 11. 2013Mean seasonal capture rates (per day +SE) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at Lamar, Oklahoma.
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Figure 12. 2014Mean seasonal capture rates (per day +SHE) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at Lamar, Oklahoma.

The McAAP site is a relatively undisturbed combiioia of oak-hickory forest and un-
grazed grassland habitat with fine sandy-loam saild was considered an optimal site for long-
term persistence dicrophorus species. A limited number of samples were takeViGRAP in
2013 (Figure 13) and ABB totals were limited toif8ividuals over 28 trapping events, but the
overall capture efficiency was quite high at 2.¥9.64 SE). McAAP is a relatively undisturbed
habitat and ideal for ABB, but not necessarilydtrerNicrophorous species. In 2013y.
orbicollis captures totaled 39 with an overall capture edficy of 1.39 (+ 0.62 SE), wherelds
pustulatus captures totaled 9 with an overall capture efficieof 0.32 (+ 0.15 SE) ard.
tomentosus captures totaled 5 with an overall capture efficieof 0.18 (+ 0.15 SE).

During 2014 (Figure 14), more traps were deployedughout the year and ABB
captures at MCAAP were higher at 159 individualerd®9 trapping events and an overall capture
efficiency (individuals per three-day event) of4(20.31 SE). Inclusion of additional trap nights

with low ABB numbers lowered efficiency calculatirhowever, MCAAP is clearly a suitable
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habitat for this endangered species. In 2014 &8AR; otherNicrophorus species totals were
higher:N. orbicollis captures totaled 202 with an overall capture igfficy of 2.27 (+ 0.45 SE),
N. pustulatus captures totaled 173 with an overall capture igfficy of 1.94 (+ 0.35 SE), arid

tomentosus captures totaled 55 with an overall capture edficiy of 0.62 (+ 0.25 SE).
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Figure 13. 2013Mean seasonal capture rates (per day +SHE) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at MCAAP McAlester, Oklahoma.
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Figure 14. 2014Mean seasonal capture rates (per day +SE) afmericanus, N. orbicollis, N.
pustulatus, andN. tomentosus at MCAAP McAlester, Oklahoma.

Potential for Competition amongNicrophorus Species.

The seasonal dynamics ifcrophorus species provide information on their biology for
this region but also on the potential for intersfigecompetition for reproductive resources. ABB
activity in early summer (late May — early Juneigesult of overwintering adults emerging from
hibernation and searching for reproductive resaur€ist generation teneral ABBs appear in late
June/early July, and the apparent second geneigtieears during August-early September.
AmongNicrophorus speciesN. tomentosus was the most active/abundant at all sites in Mad/ a
early June, with an additional periods of reducsti/ity in late summer/early fall (Figures 9 and
11). The early season overlap between overwintekBi§ andN. tomentosus indicate the
potential for significant competition for reprodivet resources, however, relatively high ratios of
ABB:N. tomentosus tenerals during late summer/early fall indicatt tompetition during spring

had little effect on ABB populations.
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Though the seasonal data are highly variable, siygeoverlaps amony. americanus,
N. orbicollis andN. pustulatus trap catches indicate the potential for competititeraction
providing resources are limited. Data from the Lasi during 2013 provide the most
compelling evidence of a potential competitive iatdion among these species. The very large
population of overwinterindy. orbicollisis followed by an even larger populations of taher
adults (Figure 11), while teneral populations of ABndN. pustulatus remain disproportionately
low compared with other locations/years (See oftigures).

Correlation analysis provided interesting but pnatiary interpretations of relationships
between overwintering and teneral populations (@&l The strongest relationships observed
approached significance (P ~0.05) indicates thatHigher count of overwintering other
Nicrophorus species was positively correlated withdeneration (teneral) adult ABB coun®3,a
higher count of overwintering othlicrophorus species was positively correlated with 1
generation (teneral) othslicrophorus counts, and a higher ratio of ABBiErophorus species
trap counts was negatively correlated with ratio8BB/Nicrophorus species trap counts. The
two positive correlations suggest that teneral toohothemNicrophorus species are not
negatively influenced by competition among overeirindividuals (including ABB). This
conclusion is to be expected, especially when diih@ophorus species are able to utilize a wide
range of carrion size (Kozol et al. 1988) whichroittely reduces direct competition.

The negative correlation between generations foB/ABcrophorus species trap count
ratios, however, suggests that overwintering ABisiateracting/competing in the spring and
this competition has an influence on teneral pajnia. A weak and non-significant negative
relationship for ABB counts between generationgsufs this idea. ABBs compete for a
particular carrion size range and are considereditminant competitor, and this negative
relationship could reflect significant intraspecifiompetition from emerging overwintering

ABBs for limited resources. That is, provided rasag are limited, intraspecific competition is a
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predominant factor influencing ABB populations frame generation to the next. These
conclusions are speculative, because seasonatatatanly reveal overlap and correlations
amongNicrophorus species that are competing for carrion resou@eantifying intraspecific

and interspecific competitive interactions amonrgsthspecies, however, will require detailed
field and laboratory experiments that pit indivithdanating pairs against each other as resources

become limited.

Table 3. Pearson correlation coefficients between ABB#olticrophorus counts of
overwintering (A) and tenerals (T) for James CalMYMA, Lamar, and McAAP, Oklahoma,
2013, 2014.

Correlation n r P

ABB Count (A) vs ABB Count (T) 4 -0.292 0.708
ABB Count (A) vs Others Count (T) 4 -0.163 0.838
Others Count (A) vs ABB Count (T) 4 0.973 0.027
Others Count (A) vs Others Count (T) 4 0.929 0.071
ABB/Nicrophorus Count ratio (A) vs

ABB /Nicrophorus Count ratio (T) 4 -0.949 .081
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CHAPTER V

CONCLUSION

The endangered American burying beetle and o#ireion-utilizing insects were
captured in eastern Oklahoma during 2013 and 26y @ USFW approved bait-trapping
technique similar to the approach described by K{289). Three locations were surveyed with
known ABB activity, and trap deployment locationsre chosen to include a variety of habitats
including oak-hickory forests and un-grazed grasidavith deep loamy soils.

CurrentN. americanus populations in Oklahoma appear to be relativelyscsient from
year to year based on average capture rates oB@d 8.86 in 2013, and 0.51 and 0.60 in 2014.
These ABB capture rates are higher than those texpby Lomolino and Creighton (1996) and
Carlton and Rothwein (1998) (0.05 and 0.02) anddcba due to conservation efforts by USFWS
which promoted practical soil disturbance stewaggahd effective land-use management.
Season-long survey data from several locationsgygaggested that a second generation of ABBs
are emerging during late summer/early fall.

Results from all sites indicate that there aretingdly high populations of congeneric
speciesN. orbicallis, N. tomentosus, andN. pustulatus) that occur in conjunction with ABBS,
and thaiN. orbicollisis most likely the ABBs strongest competitor. Heee based on the
capture of overwintering and teneral adults at édachtion, ABBs were clearly able to find and
secure carrion for reproductive resources. Documgnthether competition from congeners is
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influencing short-term and long-term ABB populasonmill require (1) more intensive monitoring
over a longer period of time, and (2) competitiardfes (lab and field) that pit ABBs against
Nicrophorus congeners to quantify factors that lead to sud¢ekpeocessing of carrion for

reproduction.
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