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Habitat Use and Genetic Characterization and Variability in

the American Burying Beetle, Nicrophorus americanus, in
Oklahoma.

To gather data on the habitat use and status of the
American burying beetle, Nicrophorus americanus, in
Oklahoma and to compare genetic characteristics of the
Oklahoma population with that of the New England
population.

We have completed all tasks under the Program Narrative
Objectives: | - Field Surveys, Il - Habitat Analysis and
Interspecific Interactions, 111 - Captive Rearing of Broods,

IV - Collection of Beetles for Genetic Comparisons Between
Populations (conducted by A. Kozol), V - Habitat Affinities of
Breeding Adults, VI - Analysis of Data and Final Report, VII
Recommendations for Management and Recovery.



The American burying beetle, Nicrophorus americanus Oliver, once occurred
widely across the eastern two-thirds of North America. However, during the
past several decades, the species has apparently suffered precipitous range and
population declines (Anderson 1982; Schweitzer and Master 1987). Currently,
relictual populations remain in Rhode Island (known from Block Island and
recently introduced to Penikese Island), Nebraska, western Arkansas and
eastern Oklahoma (Schweitzer and Master 1987; C. Raithel, unpubl. MS). The

species has been documented inten Oklahoma counties (Creighton et al. 1991;
K. Frazier, pers. comm. 1993).

The Block Island population of American burying beetles has been studied
intensively by biological researchers since the mid-1980's (Schweitzer and
Master 1985; Kozol et al. 1987, 1988). In contrast, data on beetle distribution
in Oklahoma has only been collected systematically for the past four years, with

preliminary work on habitat preferences begun in 1991 (Melhop-Cifelli 1990;
Creighton ef al. 1991).

Protection and recovery efforts are dependent upon accurate information about
species distribution and habitat requirements. This study will provide data that
will be useful for future protection and recovery efforts for this endangered
species as outlined inthe Recovery Plan (Raithel 1991). In addition, the genetic
comparison of the Rhode Island and Oklahoma beetle populations is necessary
for developing and prioritizing recovery actions for the species.

The American burying beetle was listed as a federal and state endangered species
in 1989 (USFWS, 1989). Although once distributed widely throughout most of
the east from South Dakota to southern Maine and south to Texas and Florida, the
species has apparently almost disappeared during the last several decades
(Anderson 1982; Schweitzer and Master 1987; Raithel 1991). The species is
currently known from six natural locations in four states. The largest known
population occurs on Block Island, Rhode Island (Kozol et al. 1988). Single
specimens were collected in Nebraska in 1989 and 1992, and approximately 25 in
1994 (c. Raithel, ip litt,; K. Frazier, pers. comm.). At the start of this study,
American burying beetles were known from only 2 counties in eastern Oklahoma:
Latimer and Sequoyah (Creighton et al. 1991).



1.Eield Surveys; Surveys will be conducted in at least six counties not surveyed in
previous years. Surveys will continue to the west, north, and south of known
populations until it appears that the boundaries of the species in Oklahoma has
been reached. At each survey site, the habitat will be characterized (vegetation,
soils and physical features). By comparing sites with and without beetles, we will
improve our understanding of the beetle's habitat affinities.

Il. Conduct Habitat Analysis at Fach Site of Occurrence  Describe the vegetation,
topography, elevation and soil type at each site of occurrence of American Burying
Beetles in Oklahoma. Species composition and vegetative parameters (e.g.,
percent understory ground cover, vegetation height and percent canopy cover) will
be recorded for the 5 m2 area surrounding the pitfall trap where a beetle is
collected, along with general habitat including proximity to open fields and forests.
We will also record the presence of other burying beetles at each trap site.

I1l. Captive Rearing of Broods. The field experiment described in section 5 below
will require captive rearing to produce offspring for transplantation from the lab to
appropriate sites. The procedures will be similar to those performed in previous
years. Remove adults to the laboratory for captive breeding. Cull from the larval
brood a small sample to mimic natural brood culling by adult beetles (Adults cull
brood members to adjust brood numbers to the size and quality of the food
resource). After rearing the remainder of the brood, release the surviving progeny
at the site of parental capture. Techniques for brood rearing will follow those
outlined by A. Kozol at Boston University (pers. comm.), who is maintaining a
captive colony ofN. americanus obtained from Rhode Island. Successful brood
rearing ofN. arbicollis from Latimer County, Oklahoma has been accomplished
during the past year. A permit has been obtained from the U.S. Fish and Wildlife
Service.

IV. Collection of Beetles for Genetic Comparison Between Populations.
Mitochondrial DNA analyses have been completed and we do not expect

additional specimens will be required. A. Kozol has submitted the final report of
these studies to M. Amaral.

V. i bitat. and ifi .
N americanus search for carcasses for two reasons - to maintain their energy
stores and to breed. While results of studies conducted at Fort Chaffee (Arkansas)
and Camp Gruber (Oklahoma) indicate that individuals ofN. americanus may be
more generalized in their search for carcasses than other species, their distributions
are not independent of habitat conditions. That is, even at these sites with high



densities and low diversity of habitats, N. americanus exhibited significant, albeit
moderate habitat selectivity (Lomolino et al., 1994). Moreover, their ability to
bury, maintain and successfully breed on carcasses may vary substantially among
habitats. Anderson (1982) suggested that N. americanus requires deep, humic
soils of forests. We conducted a field experiment to test this hypothesis by
introducing breeding pairs onto carcasses in two habitats - forests and grasslands.
Differences in breeding success between habitats were determined by comparing
the number of carcasses buried and the number of offspring per carcass.

VI. Analysis of Data and Annual Report. The location and habitat type of all
individuals captured will be reported. The relationships between beetle occurrence
and the independent habitat variables (e.g., percent ground cover, percent canopy
cover and soil type) will be analyzed using various statistical procedures. An
attempt will be made to assess the habitat requirements of the species based upon
these analyses. The final report will include: habitat descriptions of all sites

sampled; description of potential interspecific associations; a habitat requirement
assessment for the Oklahoma population.

VII. Provide Management and Recovery Recommendations. We will summarize
information on the distributions and ecology of American Burying Beetles in Oklahoma
and provide a list of recommendations to facilitate the recovery of this species.

We used live trapping with baited pitfall traps to survey for the American burying beetle.
Each transect was composed of eight traps spaced 20 m apart. Each pitfall trap was
baited with rotted chicken and covered with a plastic dome to prevent loss of beetles due
to excess heat or accumulation ofrain water (see manual by Creighton et al. 1993,
Appendix). Transects were located in a diversity of habitats to facilitate future
characterization of habitat use by the American burying beetle.

Trapping was conducted at 179 sites across 20 counties in eastern and central Oklahoma.
Trapping effort totaled to 4,232 trapnights (Table 1). The distribution of our trapping
effort in Oklahoma is illustrated in Figure 1. Trapping locations are indicated by the
circles in Figure 1, which were shaded proportional to the relative densities ofN.
americanus at those locations. Relative densities were calculated by dividing trapping
success (number ofN. americanus captured per functional trap night) at a particular
location by the maximum trapping success at all locations.



Adair (Cookson Hills WMA) - 1994

1
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TI4N
TI4N
TI4N
TI4N
TI4N

R24E
R24E
R24E
R24E
R24E

Sect. 6 NW/4 of SW/4 of SE/4
Sect. 5 NW/4 ofSE/4 ofSE/4
Sect. 7 NE/4 ofNW/4 ofSW/4
Sect. 7 SE/4 of SW/4 of SE/4
Sect. 6 SW/4 ofNW/4 of SW/4

Alfalfa (Kegelman Auxiliary Airfield) - 1993
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T26N
T26N
T26N
T26N
T26N
T26N
T26N
T26N
T26N

ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW

TIS R13E
TIS R13E
TIS R13E
TIS R14E
T2S R14E

T2S R14E
T2S R13E

T2S R13E
T2S R13E
TIN R12E
TIN R12E
TIN R12E
TIN R12E
TIN R12E
TIN R12E
TIN R13E

Sect. 13 SW/40fNE/4
Sect. 13 NE/4 of SW/4
Sect. 13 NW/40fNE/4
Sect. 13 S/2 of SE/4
Sect. 12 SW/40fNE/4
Sect. 12 SE/4ofNE/4
Sect. 12 W/20fNW/4
Sect. SW/40fNE/4
Sect. 13 NE/4 ofNE/4

Sect. 16 NE/4 ofSE/4 ofNW/4
Sect. 15 SW/4 ofSW/4 ofSW/4
Sect. 25 SE/4 ofSW/w ofSE/4
Sect. 31 NW/4 of SW/4 ofNE/4
Sect. 6 SE/4 ofNE/4 ofNE/4

Sect. 7 NE/4 ofNW/4 ofNW/4
Sect. 13 NE/4 ofNE/4 ofNE/4
Sect. 24 NE/4 ofNE/4 ofNE/4
Sect. 25 NE/4 ofNE/4 ofNE/4

Sect. 26 NW/4 ofSW/4 of NwW/4
Sect. 24 SE/4 of SW/4 ofNE/4
Sect. 23 SE/4 of SE/4 of SE/4
Sect. 24 NE/4 of NW/4 ofNE/4
Sect. 36 NE/4 ofNE/4 of NW/4
Sect. 24 SE/4 ofSW/4 ofSE/4
Sect. 19 SW/4 ofSW/4 ofNE/4

Cherokee (Cherokee WMA) - 1994
TISN R21E
TISNR21E
TISN R21E
TISN R21E
TISNR21E
TISN R21E
TISN R21E
TISN R21E

1
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Sect. 23 SW/4 of NW/4 of NW/4
Sect. 15 SE/4ofSE/40fSE/4

Sect. 15 SW/4 ofSW/4 ofSW/4
Sect. 21 SE/4 of SE/4 ofNE/4
Sect. 21 NE/4ofSE/40fSE/4

Sect. 21 SW/4 ofSW/4 ofSE/4
Sect. 28 NW/4 ofSE/4 of NW/4
Sect. 28 SW/4 ofSW/4 ofSW/4

Forest
Grassland
Forest
Forest
Forest

Grassland
Grassland
Grassland
Shrubland
Shrubland
Shrubland
Forest
Forest
Forest

Hardwood forest
Hardwood forest

Rocky scrub-oak hillside
Oak-pine forest

Oak forest

Rocky oak-pine hillside
Hardwood-pine forest
Grassy scrub-oak forest
Grassy scrub-oak savannah
Bottomland hardwood forest
Rocky hardwood hillside
Rock.1"oak hillside
Hardwood forest

Oak forest

Grassland

Bottomland oak forest

Grassland savannah
Hardwood forest
Hardwood forest
Grassland
Hardwood forest
Hardwood forest
Hardwood forest
Hardwood forest



TI4AN R21E
TI4N R21E

Choctaw (Hugo WMA) - 1994
T5S R17E Sect. 34 NE/4 of SE/4 ofNE/4
T5S R17E Sect. 12 NW/4 of NW/4 of NW/4
T5S R17E Sect. 1 SW/4 of SW/4 ofNE/4
T6S R18E Sect. 7 SE/4 of SE/4 of NE/4

1
2
3
4
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Latimer - 1991
1
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Sect. 4 SW/4 ofSW/4 of NW/4
Sect. 4 SWI/4 of SW/4 ofSW/4

WMA) -1993

T7N
T7N
T7N
T7N
T7N
T7N
T7N
T7N
T7N

RIE
RIE
RIE
RIE
RIE
RIE
RIE
RIE

Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
RI E Sect. 18

18
19
30
32
29
28
21
20

NE/4 ofNW/4 ofSE/4
NE/4 ofSE/4 ofSW/4
SE/4 ofNW/4 ofSE/4
NW/4 ofNW/4 ofNW/4
NE/4 of SE/4 of SE/4
SE/4 ofNE/4 ofNE/4
SW/4 of SW/4 ofSW/4
NW/4 ofNE/4 ofNE/4
NE/4 of SE/4 of SE/4

WMA) - 1993

T22N
T22N
T22N
T22N
T22N
T22N
T22N
T22N
T22N
T22N

R22E
R22E
R22E
R22E
R22E
R22E
R22E
R22E
R22E
R22E

T6N R21E
T6N R21E
T6N R21E
T6N R21E
T6N R21E
TENR21E
T5N R20E
T6N R21E
T6N R19E
T6N R18E
T6N R18E
T6N R18E
T6N R18E
T6N R18E
T6N R18E
T3N R21E

Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.
Sect.

28
32
32
31
21
20
19
18
17
22

NE/4 of SW/4 of SE/4
SE/4 ofNE/4 ofNE/4
NW/4 of SW/4 ofNW/4
NW/4 ofNE/4 of NW/4
SW/4 of SW/4 ofNE/4
NE/4 ofNE/4 of SW/4
NW/4 of NW/4 ofSE/4
SW/4 of SW/4 ofNE/4
NE/4 ofNW/4 ofNE/4
SE/4 ofSW/4 ofSE/4

Sect. 13 NW/4 ofNW/4 ofNW/4
Sect. 13 NW/4 ofNE/4 ofNW/4
midpoint south half of Sect. 12
center of Sect. 12

Sect. 12 NW/4

Sect. 1 SW/4

Sect. 12 NE/4 of NW/4 of NW/4
Sect. 2 W/2

Sect. 18

Sect. 13

Sect. 13

Sect. 14

Sect. 11

Sect. 10

Sect. 15

Sect. 2

Grassland savannah
Hardwood forest

Grassy field
Grassland
Hardwood forest
Bottomland forest

Weedy field along hedgerow
Field

Field

Bottomland forest
Grassland along pond edge
Upland mixed forest
Grassland

Grassland

Grassland & mixed forest

Oak-pine forest

Recently logged scrub oak
Oak-pine forest
Hardwood forest

Oak forest

Open hollow

Grassy field

Oak forest

Pine-oak forest

Oak forest

Grazed pasture

grazed pasture with scattered oak
Second-growth Oak forest
Overgrown field with blackberry
Overgrown field with blackberry
Grassy field with scattered plante
Bottomland forest

Oak-pine forest

Open pine-oak forest

Secondary growth, pine-oak fores
Weedy field

Weedy field

Pine-oak forest

Pine forest

Mixed forest

Pine-oak forest with small open a



T3N R21E Sect. 2
T3N R20E Sect. 2

Leflore - 1991
1 T3N R22E Sect. 16
2 T3N R22E Sect. 6

Love (Hickory Ck. WMA) - 1994
1 T6S R3E Sect. 30
2 T6S R3E Sect. 29

Marshall (Lake Texoma Rec. Area) - 1994
1 T7S R4E Sect. 15
2 T7S RSE Sect. 16

Mayes (Spavinaw WMA) - 1993
1 T22N R21E Sect. 36 SW/4 ofSW/4 ofNW/4
2 T22N R21E Sect. 26 SE/4 of SE/4 ofNE/4

T8S R25E Sect. 36 SW/4 ofNE/4 of SW/4
T9S R26E Sect. 6 NE/4 ofNW/4 ofNE/4
T9S R26E Sect. 5 NE/4 ofSW/4 ofNE/4
T9S R26E Sect. 4 NE/4 of SE/4 of SW/4
T9S R26E Sect. 9 NW/4 of SE/4 ofNW/4
T9S R26E Sect. 10 SE/4 ofSW/4 ofNE/4
T9S R26E Sect. 15 SE/4 ofNE/4 0fSE/4
T9S R26E Sect. 27 NW/4 ofNW/4 ofNW/4
T8S R26E Sect. 33 SE/4 ofNW/4 of SE/4
T8S R26E Sect. 29 SW/4 ofNW/4 ofSE/4
T8S R25E Sect. 11 SE/4 ofNE/4 ofNE/4
T9S R26E Sect. 1 SE/4 ofSW/4 ofNE/4
T9S R27E Sect. 5 SW/4 of SW/4 ofNE/4
T8S R27E Sect. 29 SW/4 ofSW/4 ofNE/4
T8S R26E Sect. 25 SW/4 ofNW/4 of SW/4
T8S R24E Sect. 23 NE/4 ofNE/4 of SE/4

McCurtain (Tiak District) - 1994
1 T9S R26E Sect. 6 NW/4 ofNW/4 ofNE/4
2 T9S R26E Sect. 5 SW/4 ofSE/4 ofNW/4
3 T9S R26E Sect. 5 NE/4 ofNE/4 of SE/4
4 T9S R26E Sect. 4 NW/4 of SE/4 of SW/4

Muskogee (Camp Gruber) - 1994

1 TISN R20E Sect. 34 SW/4 of SW/4 of SW/4
TISN R20E Sect. 34 SW/4 ofNE/4 of NW/4
TISN R20E Sect. 27 NW/4 ofSW/4 ofNE/4
TISN R20E Sect. 26 NE/4 ofNE/4 ofNW/4
TISN R20E Sect. 26 SE/4 of SE/4 ofNE/4
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Secondary pine-oak forest
Hay meadow

Pine-oak forest
Forest edge

Hardwood forest
Hardwood forest

Grassland savannah
Bottomland forest

Hardwood forest
Grassland prairie

Pine forest

Pine forest near field
Open pine forest
Bottomland forest
Young pine plantation
Weedy clear-cut field
Pine forest

Pine-oak forest

Pine forest

Pine-oak forest
Weedy clear-cut field
Weedy clear-cut field
Open pine forest
Pine-oak forest
Pine-oak forest

Pine forest next to pasture

Pine-Oak forest
Pine-Oak forest
Pine-Oak forest
Bottomland forest

Hardwood forest
Hardwood forest
Hardwood forest
Hardwood forest
Hardwood forest



TISN R20E Sect. 35 NE/4 ofNE/4 ofSE/4
TIAN R20E Sect. 12 SW/4 ofSW/4 ofNW/4

TI4N R20E Sect
TI4N R20E Sect

Okmulgee (Okmulgee WMA) - 1993

1
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TI4N R12E Sect.
TI4N R12E Sect.
TI4N R12E Sect.
TI4N R12E Sect.
TI4N R12E Sect.
TI4N RI12E Sect.
TI4AN R12E Sect.
TI4N R12E Sect.
TI4N R12E Sect.

. 13 SW/4 ofNW/4 ofNW/4
. 13 SW/4 ofSW/4 ofSW/4

5 SW/4 ofNW/4 ofSE/4
33 SW/4 ofSW/4 ofSW/4
32 NE/4 ofNE/4 ofNE/4
29 NE/4 ofNE/4 ofNE/4
30 NW/4 ofNW/4 ofSE/4
20 SW/4 ofNE/4 of SW/4
29 SW/4 ofSW/4 ofSW/4
31 SW/4 of SW/4 of SE/4
22 NE/4 of SE/4 ofNE/4

TIAN R12E Sect. 22 SE/4 ofNW/4 ofSW/4

T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T28N R8E Sect.
T28N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N R8E Sect.
T27N ROE Sect.
T27N ROE Sect.
T27N R9E Sect.
T27N ROE Sect.
T28N R8E Sect.
T28N R8E Sect.
T27N R8E Sect.

2 NE/4 ofNW/4 of SW/4
3 SW/4 ofNE/4 of SW/4
4 SE/4 of SE/4 of SW/4

5 SE/4 of SE/4 of SW/4

9 SE/4 of SW/4 of SE/4
16 NE/4 ofSE/4 ofSE/4
35 NW/4 ofNW/4 of SW/4
26 NE/4 ofNE/4 ofSW/4
21 NW/4 ofSW/4 ofNW/4
17 SWI/4 ofSE/4 ofSW/4
18 SW/4 ofNW/4 ofNE/4
22 NE/4 of SW/4 ofNE/4
23 NW/4 of SE/4 of SW/4
26 NE/4 of SE/4 ofNE/4
36 SW/4 of SW/4 ofNE/4
2 SWI/4 ofNE/4 ofNW/4
2 NE/4,0fSW/40fSE/4

12 SW/4 ofNE/4 ofNW/4
7 SWI/4 ofSE/4 ofNW/4

7 NW/4 of SE/4 of SE/4
20 NW/4 of NW/4 ofNW/4
19 SW/4 ofNE/4 ofSE/4
35 NE/4 ofNE/4 ofNW/4
36 NW/4 ofNE/4 of NW/4
3 NE/4 of SE/4 of SE/4

Pittsburgh (McAlester Army Ammunition Depot) - 1993

1

2
3
4

T5N R13E Sect.
TAN R13E Sect.
T4AN R12E Sect.
TAN R12E Sect.

28 SE/40fNW/4
3 NW/40fSW/4
12 SWI/40fNE/4
24 NE/40fNE/4

Bottomland forest
Grassland wlbrush
Grassland
Grassland

Hardwood forest
Hardwood forest
Hardwood forest
Hardwood forest
Grassland prairie

Old field

Hardwood forest
Hardwood forest edge
Hardwood forest

Old wheat field

Grassland w/ scattered oaks
Grassland
Grassland
Grassland
Grassland
Grassland

Weedy field
Grassland
Grassland
Grassland
Grassland
Grassland
Grassland
Grassland
Grassland
Scrub-oak forest
Hardwood cross-timbers
Grassland
Grassland
Grassland

Open oak forest
Open oak forest
Grassland
Grassland
Bottomland forest

Upland oak forest

Riparian oak forest
Riparian oak forest
Hay meadow



T4N RIZ2E  Sect. 25
T4N RI3E  Sect. 21
T4N RI3E  Sect. 33

SE/4 of SE/4
SW/4ofSW/4
SW/40fNE/4

Pushmataha (Pushmataha WMA) - 1994
TIN RI9E
TIN RI9E
TIN RI9E
TIN RIBE
TIS RISE
TIS RISE
TIS RIBE
TIS RISN
Tl S RISE
TIN RI9E
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Sequoyah - 1991
|
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TI3N
TI3N
TI3N
TI3N
TI3N
TI3N

R22E
R22E
R22E
R22E
R2IE
R2IE

Sect. 30 SW/4 of SW/4 ofNE/4
Sect. 24 SE/4 of SE/4 of SE/4
Sect. 25 NW/4 ofSW/4 ofNW/4
Sect. 34 SW/4 ofNE/4 of NW/4
Sect. 5 NE/4 ofNE/4 ofNE/4
Sect. 4 SE/4 ofSE/4 ofNE/4
Sect. 10 NW/4 ofSE/4 ofNE/4
Sect. 12 NE/4 ofSW/4 of NW/4
Sect. | SW/4 of SE/4 ofNE/4

Sect. 31 NW/4 ofSW/4 ofNW/4

Sect. 5 NW/4 ofNE/4 of NW/4
Sect. 5 NW/4 ofNW/4 ofNW/4
Sect. 6 NE/4 ofSE/4 of NW/4
Sect. 7 NW/4 ofNE/4 ofNW/4
Sect. 13 NW/4 ofNE/4 ofNW/4
Sect. 12 NE/4 ofSE/4 ofNE/4

Wagoner (Fort Gibson WMA) - 1994

TIBN RIBE Sect. 9 SW/4 ofSW/4 ofSW/4
TIBN RIBE Sect. 3 SE/4 ofSE/4 ofSE/4
TIBN RIBE Sect. 16 SE/4 ofNE/4 ofNE/4

I
2
3

Hay meadow
Sumac shrub
Upland oak forest

Oak-pine forest
Oak-pine forest
Hardwood forest
Hardwood forest
Grassy savannah
Hardwood forest
Hardwood creek bottom
Hardwood-pine forest
Hardwood-pine forest
Hardwood-pine forest

Bottomland forest

Post oak forest

Post oakforest on steep hillside
Open oak forest along edge of fie
Grassland

open post oak forest

Grassland
Grassland
Forest



A total of 6,374 burying beetles of 7 species was live-trapped during these studies (Table
2). Only 207 (3.2%) of these captures, however, were N, americanus. In comparison to
N americanus, N. orbicollis was over 20 times more abundant, while N. fomentosus was
nearly 5times as abundant and N. marginatus were over twice as abundant. Three
species, N. pustulatus, N. sayj and N. carolinus were less common than N, americanus.

N. americanus were detected in 9 of the 20 counties surveyed. The highest population
densities ofN. americanus (trapping success = 47.6%) were recorded in Muskogee
County (Camp Gruber). In contrast, trapping success ofN. americanus in McCurtain
County was only 18.6%, i.e., less than half that recorded in Muskogee County. All other
counties recorded lower relative densities of N. americanus (trapping success .5 11%).

The geographic distribution of captures and relative densities of N. americanus (Figure 1)
indicated that the range of N, americanus populations in Oklahoma includes the central-
eastern to south-eastern portions of the state. We suspect that individuals may
occasionally be detected outside this range, but they will probably represent extra-limital
individuals dispersing from source populations within the estimated range (Figure 1).

Analyses of habitat affinities ofN. americanus were restricted to those sites occurring
within counties included in the estimated range of N. americanus (Figure 1). Habitat
sampling methods used in the current studies are described in the manual entitled "Survey
Methods for the American Burying Beetle Ill. americanus) in Oklahoma and Arkansas,"
by Creighton et al., 1993 (see Appendix). Habitat variables recorded at each trap station
(Table 3) were subjected to Principle Components Analysis (using correlation matrices;
SYSTAT, 1992) to describe habitat characteristics in terms of three new, orthogonal
variables derived from combinations of the original habitat variables (canopy closure,
aspect, soil depth, ground cover, etc.) The three derived variables (Factor scores, Table
4) accounted for 57.8% of the variance in habitat variables recorded in the field. Factor
1, which accounted for 29.4% of the total variance, was basically a measure offorest
development (loading strongly on canopy closure, distance to open area and litter
accumulation). Factor 2, which accounted for 17.3% of the total variance, was a measure
of soil depth. Factor 3, which accounted for 11.1% of the total variance, was a measure
of understory woody cover, primarily by small shrubs.

The three Factor scores were then used in a KMEANS cluster analysis
(SYST AT, 1992) to assign each trap site to one of 10 habitat categories.



Figure 1.

Distribution and relative densities of the American Burying Beetle In Oklahoma, 1991 to 1994.
Circles indicate survey locations. Shading is proportional to the relative densities at each
location. Dashed line represents estimated range boundary in Oklahoma. Individuals may

be reported outside this range, but they will likely represent dispersers from source population
within the estimated range.

Osage
Alfalfa

O



Table 2. Summary of results for trapping during 1991-94

County NicrophorllS americamlS Other Nicrophorus species Total Functional
& Site # Males Females  Total N orbicolLis N tomentos/IS N pliSt/llatiL~ N marginatiL~ N sayi N carolimlS TI'3pnights  Trapnights
Adair - 1994
1 0 0 0 21 9 0 0 16 0 24 21.5
2 0 0 0 0 4 0 2 0 0 24 23
3 0 0 0 24 13 0 0 12 0 24 24
4 0 0 0 28 20 0 0 29 0 24 20
5 0 0 0 16 18 1 0 4 0 24 20
Alfalfa - 1993
| 0 0 0 41 0 0 127 0 0 24 22
2 0 0 0 52 0 0 147 0 0 24 18
3 0 0 0 66 0 0 25 0 0 24 24
4 0 0 0 64 0 0 8 0 0 24 225
5 0 0 0 0 0 0 0 0 0 24 12
6 0 0 0 50 0 0 0 0 0 24 23
7 0 0 0 8 0 0 2 0 0 24 18.5
8 0 0 0 67 0 0 0 0 0 24 20.5
9 0 0 0 7 0 0 1 0 0 24 18
Atoka - 1993
1 0 0 0 19 1 0 0 0 0 24 23
2 0 0 0 6 2 0 0 0 0 24 16.5
3 0 0 0 3 0 0 0 0 0 24 24
4 0 0 0 29 2 0 0 0 0 24 24
5 0 0 0 49 13 0 0 0 0 24 235
6 0 0 0 30 4 2 0 0 0 24 24
7 0 0 0 60 3 1 0 0 0 24 24
8 0 0 0 20 4 0 0 0 0 24 235
9 0 0 0 15 4 0 0 0 0 24 24
10 0 0 0 31 1 0 0 0 0 24 175
11 0 0 0 12 0 1 0 0 0 24 215
12 0 0 0 42 0 1 0 0 0 24 15.5
13 0 0 0 51 0 8 0 0 0 24 24
14 0 0 0 74 [ 0 0 0 0 24 215
15 0 0 0 0 4 0 3 0 0 24 24
16 0 0 0 216 0 9 0 0 0 24 24
Cherokee - 1994
1 0 1 1 4 9 0 0 0 0 24 22
2 1 1 2 33 29 0 0 11 0 24 23
3 0 0 0 7 3 0 0 5 0 24 225
4 1 0 1 0 4 0 0 0 0 24 23
5 2 0 2 0 2 0 0 1 0 24 235
6 1 2 3 3 10 0 0 2 0 24 24



Table 2. continued

195
22.5

24

24
24
24

235

235

28

10

Choctaw - 1994

21

24
24
24
24

23
22

15

21

12.5

Cleveland - 1993

235

24
24

24
22
21

24
24
24
24
24
24
24

59

23

15.5
24
24

22.5

35

Delaware - 1993

24

24

24
21.5

24
24
24
24
24
24
24
24
24
24

58

39

140
34

40

24

24

23
235

20

129
46

235

24

19

10

Latimer - 1991

46
44.5

48

48

19
49

455

48

42

48

29
75

42
44.5

48

48

27
29.5

32

47

32

35
23
35

11.5

12
18
18

16
10.5
175

18
18

10
11

16

35



Table 2. continued

115

12
18
18
18
18

33

12
13
14
15
16

16.5

54
%
30

18
17
14.5

14

Leflore - 1991

18
17

18
18

30
52

Love - 1994

235

24
24

24

Marshall - 1994

24

24
24

15

12

Mayes - 1993

20.5

24
24

32

24

McCurtain - 1993

24

24

24
235

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

18

11
88
29
78
36

£
L11

10
18

12

15

18.5

24
24
19
21
22.5

6*

33
21

12
24

10
11*
12*
13
14
15
16

23
23
235

18
25

21

185

82
32
42

\0
20.5

McCurtain - 1994

235

24
24
24
24

28
20
34

235

23
16

13

10

10

23
22

106

Muskogee - 1994

24

24

11



Table 2. continued

24
24
21.5

2-1
24
24
24
24
24
24
24

12

25
25

14
16

24

12
235

12

22
22.5

23

17

Okmulgee - 1993

22

24
24
24
24
24
24
24
24
24
24

19
20
21.5

155

19.5

16
19.5
22

10

Osage - 1993

235

24
24
24
24
24
24
24
2-1
24
24
24
24
24
16
24
2-1
24
24
24
24
24
24
24
24
24

12

19
24
22
23
20

21.5

-

10

13

Q)

23
22

15
49

13

19
19
16
21

16
34

10

10

12
13

14

12
20.5

14
15
16
17
18
19
20
21

10

24
23.5

24
52
36

66

113

12
16
23
185
165
22
21.5

73
35

28

22
23
24
25

17
18
45

21.5

206



Table 2. continued
Pitlsburgh - 1993

1 0 | 1 30 0 0 1 0
2 0 0 0 9 0 | 0 0
3 0 0 0 1 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 | | 2 6 0 0 2 0
7 0 0 0 10 0 0 0 0
Pushmataha - 1994
| | 0 | 31 6 0 0 |
2 0 0 0 30 3 0 0 0
3 0 0 0 38 12 0 0 1
4 0 0 0 57 14 0 0 1
5 1 0 | 1l 8 0 0 0
6 0 0 0 28 3 1 0 0
7 1 | 2 160 10 0 0 2
8 0 0 0 19 15 0 0 0
9 0 0 0 86 14 0 0 1
10 2 0 2 59 5 0 0 0
Sequoyah - 1991
| 0 0 0 13 10 0 0 0
2 0 0 0 0 3 0 0 0
3 0 0 0 7 2 0 0 0
4 0 0 0 13 6 0 0 0
5 1 0 | 0 2 0 0 0
6 0 0 0 6 6 0 0 0
Wagoner - 1994
1 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
Totals 179 91 116 207 .t380 993 59 575 110

« Indicates sites in McCurtain Co. that have been clearcut.
Bold print in McCurtain Co. indicates sites that are intended to be cut.
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50

24
24
24
24
24
24
24

24
24
24
24
24
24
24
24
24
24

12
12
12
12
16
12

24
24
24

1296

20.5
17
235
24
24
235
145

24
22.5
24
235
24
235
24
24
24
24

8.5
12
115
12
155
12

24
235
12

3856



Table 3. Habitat data for sites surveyed during 1991-1994.

County Mean Soil Mean Canopy Distance to Distance to

& Site # Depth (dm) Openness (%) % Slope  Aspect Forest (m)  Open (m) Grass Herb Litter Rock Shrub < 6 ft. Shrub> 6 ft  Tree Moss

Adair - 1994
1 2.83 0.08 13 120 0 100 6 6 7 2 | 0 2 3
2 0.50 96.00 9 140 60 0 7 7 0 2 0 0 0 0
3 217 0.33 22 280 0 >180 3 5 7 7 0 0 0 7
4 1.50 3.75 25 220 0 >180 4 4 7 6 3 0 0 4
5 0.50 1.50 15 210 0 95 4 7 7 5 5 0 | 3

Alfalfa - 1993
1 3.33 96.00 2 137 >180 0 7 6 0 0 2 0 0 0
2 3.67 96.00 3 166 >180 0 7 7 0 0 1 0 0 0
3 4.00 96.00 3 143 20 0 7 7 0 0 5 0 0 0
4 3.33 96.00 0 0 >180 0 7 7 0 0 0 0 0 0
5 3.50 9.67 40 62 0 35 5 6 5 0 6 0 1 0
6 3.67 96.00 5 84 20 0 7 7 0 0 5 0 0 0
7 3.30 32.33 9 120 0 80 7 3 | 0 2 0 0 0

- 8 3.83 96.00 | 26 50 0 7 7 1 0 4 0 0 0
I 9 4.00 8.92 3 171 0 20 5 7 7 0 3 0 0 0

Atoka - 1993
[ 117 13.25 10 265 0 >180 7 7 7 4 3 0 0 0
2 1.50 22.33 12 230 0 >180 6 7 7 6 2 0 1 2
3 0.50 35.50 20 165 0 >180 7 5 7 3 0 0 0 1
4 217 11.17 5 70 0 >180 3 6 7 3 1 0 3 1
5 417 19.83 5 8 0 >180 6 6 7 5 5 0 0 1
6 0.50 39.75 10 190 0 >180 6 4 7 4 2 0 1 1
7 4.50 35.83 2 110 0 20 5 6 7 0 4 0 0 2
8 450 24.25 3 130 0 0 7 4 7 0 2 0 0 0
9 4.50 90.67 5 85 0 0 7 7 7 0 2 0 0 0
10 0.50 0.00 6 140 0 >180 5 7 7 0 7 0 0 0
11 0.50 133 28 270 0 >180 4 6 7 6 4 0 0 0
12 050 0.00 22 300 0 >180 0 7 7 7 3 0 0 2
13 3.50 14.08 5 140 0 >180 7 7 7 | 2 0 2 3
14 11 0.92 4 180 0 >180 7 7 7 4 4 0 0 |
15 217 96.00 5 180 60 0 7 7 0 0 0 0 0 0
16 3.50 108 2 145 0 >180 7 7 7 0 5 0 0 0

Cherokee - 1994
1 2.17 6217 5 50 50 0 | 2 0 0 0
2 183 11.33 8 23 0 >180 6 7 7 4 4 0 0 4

3 2.83 44.33 4 240 10 0 7 6 7 2 3 0 0 3
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340

96.00
61.17

3.17
183

>180
>180
>180

140
130
255
270

47.58

117
4.50
050

2.83
18.67
70.75

80

130
100

183

>180

1.33

1.17

10

Choctaw - 1994

60
70

90

95.17

4.50

190
24

96.00
2.33
25.67

183
4.50
4.17

50
50

100

Cleveland - 1993

<15
<15

250

61.08
95.75
93.00
0.42
68.42
3.25
96.00

94.00

4.50
4.17
4.17
4.17
417

150
110
85

98

>100

4.50
3.83
4.17
4.50

-

30.7

356
359
258

\.0

48.17

Delaware - 1993

>180

330

15

5.75
8183
1433

583

0.50
0.50
0.50
0.50
0.50
0.50
050

45
225

40
>180
>180

100
242
310
220
300
350

22

0.83
81.58
9600
0.75
0.17
942

30

55

>180
>180
>180

19
20

183
050
050

150

10

10

Latimer - 1991

90

60.50
183
33.50
73.50

0.50
0.50
0.50
0.50
050

100

155
295

15
10

10
10
60

50
120
170

18.08
96.00
2.33

70

3.17
1.17

70

165



H

Leflore - 1991
1
2

Love - 1994
1
2

Marshall - 1994
1
2

Mayes - 1993
1
2

McCurtain - 1993

© 00N U WN -

[ el
o b wWN RO

McCurtain - 1994
1

2

3

4
Muskogee - 1994

1
2

1.17

183
4.50

2.50
3.83

0.83
4.50

3.50
3.83
417

4.50
4.17
2.50
4.17
4.17
4.17
2.50
3.50
3.50
4.50
417

3.83
4.50

3.83
4.50
4.50
4.50

3.50
2.17

0.00

33.83
35.17

96.00
0.17

21.25
96.00

10.83
3.92
11.00
0.17
0.00
96.00
6.75
0.92
4.08
8.33
9600
9600
5.42
0.67
2.75
025

2.42
1.33
1.58
0.00

4.42
2.83

10

WO U O OO Ul We OO0 WWO WO

o W NN

~

75

235
22

349

300
220

190

260
50

40
60
250

o

10

280

240
240
170

95

25

O O o oo

100

o O o o

100

o O o o

o O o o

o

100

10

>180
80
70

>180

>180

>180
>180
>180
>180

90
>180
80
80

150
>180
>180
>180

>180
150

B OO N~N~NNSNRpO~NOGANS

[©2 3¢ e I e)]

~

NN NN NN NND NNNON O

~N NN~

o

NN N N W W N N N N e NN N~

~N NN~

[eleleloeNeNoNoeNoNoRoNoNoNoNeoNeo Ne} o

o O o o

w

W W wWwoa NP UIoTo O = WN WO

G = W

o

OO O OO0 OO0OO0OO0OOP~O O OO

0 O b =

o

—m P OO0 00O NREOWOO = O o

o O o o

O b O = = NP O+ = ONMNNOO

N O O O



v
£

© oo N oA w

Okmulgee - 1993
1

© 0o ~NO o wN

[
o

Osage - 1993
1

© oo N o wN

NNNNNNN R P PR R PR PR R
OB WN PP O ©oomw~NO® U wNRk o

2.50
1.17
1.50
4.50
3.17
350

0.50

0.50
0.50
0.83
0.50
150

0.50
0.83
1.50
0.50
2.50

1.83
3.50
1.83
1.17
2.50
3.83
3.83
1.83
3.83
2.17
2.83
2.83
2.83
2.83
4.17
4.50
3.83
3.50
3.50
217
2.50
4.17
3.83
4.17

14.75
44.50
271.75
1.92
96.00
96.00
96.00

10.50
34.67
12.92
1.50
96.00
96.00
175
34.25
16.08
90.92

96.00
96.00
96.00
96.00
96.00
96.00
9600

96.00
9600

96.00
96.00
9600

96.00
96.00
88.08
14.42
96.00
9600

9600

32.58
53.17
96.00
96.00
12.33

B O = 00 U1 © O

340
290
122
80
330

150

182
110
310
165
180
75
300
250
275
165

340
120
27
170

240

310
180
140
20
170

10
40

310
120

240
22

200

270
170
130

230
170

340
190

o O o o

>180
>180

o O o

>180

50

70
>180
>180
>180
>180

100
>180
>180
>180
>180
>180
>180
>180

>180
>180
>180

>180
>180

>180
40
>180

o O Oo

>180
40

>180
20

>180
50
75

O O OO0 00000 oo oo

o

>180
100

N NN NN~

~N oot ol N ~NoOoN oo

NN N N N N N N N N N N N N N N N N NN N~

NN~

N O NO NN N0 W~

VN NN NNNOOP OO NN ANODNNNNNNOUNO

~N O O ~N~NB -~

O~N~N~NWO~N~N~N~

~NO O Ul OO0 OO NNOOm OO OO0 NOOoOOoOOo o~

b OO R, R, NN

O OO m OO O U O

OO O U N EF, OO OO UI Wam O m ONOO = OO OO

Ul O W Rk W wo

O P am Nm WWNODN

NO O OO0 O WmWm OWOONONOOOOON

O O O O O = O

O OO0 O OO0 O =m OO

[« NeNeNeNeNeNe e RSN N Ne e o e oo Noe o =R=- =

O O O O O O =

O O == O OO O OO

OO O I OO0 OO0 OO0 O0OO0O0OO0OO0OO0OO0OO0O0 OO o oo

O b, ON WNDN

O e NN O OO == MO

[eNeNeNeNelNelNelNelNeolNoelNoelelNolNolNoelNelNelNoRoRo oo oo



22

Pittsburgh - 1993
1

~No o b~ wnN

Pushmataha - 1994
1

© oo N o wN

=
o

Scquoyah - 1991

o g wWw N

Wagoner - 1994
1
2
3

317
183
150
183
2.17
183
150

0.50
183
0.83
3.83
0.83
2.00
2.50
2.50
2.17

050

0.83
0.50
117
150
150
150

4.50
4.50
450

8.75

2.33
95.92
9600
96.00

7.45

0.08

22.33
2.25
150
192

58.42
4.67
1.33
15.92
2.58
2.92

0.00
2.83
0.00
0.33
75.33

21.67

96.00
9600
12.83

o o1 o O o1 N

11
12
13

~N N

~ A w

30

15
22

55
90
160

280
175
40

148
175
145
106
110
10
330
292
90
263

320
10
275
120
65
320

165
150

150
>180
>180

O OO O O mw oo oo

O O O oo o

50
15

>180
>180

>180
20

>180
>180
>180
>180

>180
50
80
70

>180

>180

>180

>180
55

70

~No o N~N~NO AR W NN NN NN

o N oo o

N O NN WO ~Nh NN~~~

NN~ e

~

N~Nooo N~

O N NN A NN NN

~N NN NN~

o

N R, whADNDDNDOO O PO O OO O o o u

abhbdo R

o

B O WS o bW A wbhoobdo

O O wWwMNN D

o o

O O b OO0 OO0 OoOOoOo OO O oo o o

o, OO0 oo

o o

O b OO OO0 ONOOoO R NOOO &+~ W

OO0 O kb b —

o o

O OO oo oo

N OO wWwNWNNDN

O - N O -~ N

o o



Before conducting the cluster analysis, Factor scores were weighted by
multiplying each by the percent variance they explained. Trap sites were then
assigned to one of ten habitat categories and the total number of functional
trap nights and individuals of each species were then calculated for all sites
within each category (Table 5).

Table 4. Averages of standardized Factor scores for each of ten habitat
clusters. Factor scores were calculated by Principal Components Analysis
of habitat variables recorded at sites within counties with known records of
the American burying beetles. Scores for each site were then subjected to
KMEANS CLUSTER analysis to group each site into one of ten habitat

clusters.

Habitat Factor 1 Factor 2 Factor 3
cluster (forest development) (soil depth) (shrub cover)
1 -1.73 -0.15 -0.49

2 +0.22 +1.16 +0.34

3 +0.55 -0.11 +0.44

4 +1.34 +0.92 -1.53

5 -0.20 -0.19 +0.78

6 +1.70 -1.70 -0.85

7 +0.64 -1.91 -0.68

8 +.025 -1.31 +0.68

9 +1.03 -0.83 +0.18

10 -0.49 -1.00 -0.45



Table 5. Results oflive-trapping studies for sites within each of the ten habitat clusters. Data
only for those sites within counties with known records of the American burying beetle.

Habitat Functional All Female Male

cluster trapnights ABB ABB ABB CARO MARG ORBI PUST SAYI TOME
1 343 30 16 14 18 15 7 0 1 56
2 367 81 48 33 0 0 595 5 2 102
3 3215 47 27 20 0 2 383 3 23 148
4 39.5 2 2 0 0 1 51 0 0 2

5 204.5 7 3 4 0 0 161 6 8 21
6 80 0 0 0 0 0 64 0 1 14
7 34.5 3 3 0 0 0 7 0 0 6
8 93.5 5 2 2 0 0 268 5 2 18
9 82 1 0 1 0 0 118 0 2 26
10 107 6 1 5 0 1 20 1 4 18

Species Codes: ABB = the American burying beetle( N. americanus), CARO = N carolinus,
MARG = N. marginatus, ORBI = N, orbicollis, PUST = N. pustulatus. SAYI = N, sayi and
TOME = N. tomentosus.

We then tested the null hypothesis that N. americanus and syntopic species were habitat
generalists. That is, we tested the hypothesis that the distribution of these species was
identical to the distribution of trapping effort across habitat clusters. We used a goodness-
of-fit test comparing the observed number of individuals captured for each habitat cluster
to the number expected (expected number within a particular habitat cluster = total
number of individuals for the species, times the proportion of functional trap nights within
that habitat cluster). We also calculated interspecific overlap among burying beetles. We
used overlap measures (Ludwig and Reynolds, 1988) to calculate indices of niche breadth
and interspecific overlap. These measures vary from 0.00 for a perfect specialist
(complete niche segregation) to 1.00 for a perfect generalist (complete overlap).



All species of burying beetles, including N. americanus, exhibited significant habitat
selectivity at the landscape level (i.e., their niche breadths were significantly less than the
maximum value of 1.00; Table 6). Trapping success (number of individuals captured per
functional trapnight) ofN. americanus was highest for sites in habitat clusters 2 and 3
(trapping success = 0.22 and 0.15, respectively). These sites are characterized as having
moderate to well-developed forest with moderate to deep soils and an understory with
moderate cover of small shrubs (Table 4). The absence ofN. americanus in sites of
habitat cluster 6, indicates that forest development, alone, does not constitute optimal
habitat for this species. Rather, this species may require sites that combine well-developed
forests with deep soils and moderate shrub cover.

N tomentosus exhibited the broadest habitat niche (0.89), followed by N. americanus
(0.78). Both of these species exhibited high overlap with each other as well as most other
species of burying beetles (Table 7). In contrast, N, carolinus and N, marginatus exhibited
extremely narrow habitat breadths (niche breadths = 0.21 and 0.36, respectively), both
preferring habitat cluster 1, i.e., open, grassland sites with little soils and little shrub cover.

N. orbicollis (niche breadth = 0.71), on the other hand, preferred forested sites with little
soils, but dense shrub cover.

Generalized overlap of all species, taken simultaneously, was high (0.808 for adjusted
generalized overlap), but again significantly different from 1.00 (chi-square = 724.09, P <
0.001). Thus, this burying beetle guild is comprised of species that may compete, but at
least some species exhibit significant niche segregation.

Table 6. Niche breadths of seven species of burying beetles occurring in
Oklahoma. Data are restricted to that for sites within counties known to be
inhabited by N, americanus. All species exhibited highly significant habitat
selectivity (i.e., all niche breadth values were significantly less than their
theoretical maximum of 1.00; P < 0.001).

Niche
Breadth

Chi-square
value 89.17 57.04 39.24 1132.99 25.07 43.84 99.31



Table 7. Pairwise niche overlap and segregation among four
common species captured at sites within counties known to be
inhabited by N. americanus. Values reported are overlap
measures (row species on column species) which range from
1.00, complete overlap (no segregation) to 0.00 no overlap
(complete segregation).

In the previous section we analyzed distributions of populations or sub-populations of
beetles at a relatively coarse scale. Here we report on habitat selection of individuals
within one population. Given a diversity of habitats available, which types of habitats
would individuals prefer and which types will they avoid? We examined this question for
beetles in the Tiak District of the Ouachita National Forest. Our studies here included 20
trap lines (plots) conducted over atwo-year period. No other local area within the range
ofN. americanus was trapped as intensively as the Tiak District.

Plots within the Tiak District were assigned to one of three habitat categories: mature
forests (6 plots), mixed pine/hardwood second-growth forests (11 plots) and clearcuts (3
plots). Again, we used a goodness of fit test to test the null hypothesis that beetles were
indiscriminant of habitat conditions.

N orbicollis was by far the most common species encountered in the Tiak District (698
individuals over 435 functional trapnights), followed by N. tomentosus (132 individuals)
and N. americanus (81 individuals). The distributions of these species, however, was not
random with respect to habitat conditions. That is, all three species exhibited highly
significant avoidance of clearcuts (Figure 2). In fact, N. americanus was the most
specialized of the three common species encountered in the Tiak District (niche breadth =



Figure 2. Habitat Selection in the Tiak District, Ouachita National Forest

Mature
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Second

growth



0.53, 0.80 and 0.84 for N. americanus, N, tomentosus and N. arbicollis, respectively; P <
0.001). N. americanus exhibited a strong preference for mature forests (Compartment
33), while N. tomentosus and N. orbicollis exhibited preferences for mature forests and
second-growth forests over clearcuts.

Thus, when given a diversity of habitats, N. americanus exhibited a very strong selectivity
for forested sites with deep soils and only modest to low density of undergrowth. These

results are similar to those for analyses conducted at the landscape level, and are entirely

consistent with the results the breeding experiments reported on in Section V. Therefore,
certain forestry practices which promote these conditions (mature forests with deep soils

and low to modest shrub cover) may be highly beneficial to this endangered species, while
clearcutting, heavy thinning, soil erosion and compaction, and certain types of burning

may jeopardize its populations.

During September, 1992, 15 newly eclosed adults were captured in the field and then
returned to the laboratory at the University of Oklahoma. After storage at winter
conditions, the beetles were placed in laboratory environments simulating summer
conditions to stimulate breeding. After breeding, adults were sent to A. Kozol at Boston
University for genetic analyses (see additional methodology described in Report on
Captive Breeding Studies, Appendix).

Brood chambers consisted oflarge plastic buckets which were half-filled with a mixture of
potting soil and soil taken from the vicinity of capture. A pair of beetles was placed in
each chamber with the carcass of ajuvenile rat. The chambers were maintained under
constant temperature and humidity. The progress of the beetles in burying the carrion and
laying eggs was checked daily, as was larval development.

The results of these studies are described in detail in the attached report included as an
appendix to this report. In summary, ten of eleven pairs of American burying beetles
successfully reared at least one brood and five of eight pairs raised two broods. A total of
139 young was produced from these pairs. Four pairs of captive-bred adults were
established on carcasses as well. Two of these pairs were successful in producing young.
These pairs successfully reared young without being held in "winter-like" conditions.
These results indicate that enough beetles can be raised in captivity for the purpose of
establishing new populations.



IV. COLLECTION OF BEETLES FOR GENETIC COMPARISON BETWEEN
POPULATIONS.

Adults used in breeding experiments and trap losses from field studies were frozen to
preserve the specimens prior to genetic analyses to be conducted at Boston University.

Mitochondrial DNA analyses have been completed and we do not expect additional
specimens will be required. A. Kozol has submitted the final report of these studies to M.
Amaral, USFWS.

During 2-7 June 1994, 49 pairs of American burying beetles were captured for this
study using baited pit-fall traps on the Cherokee Wildlife Management Area
(Cherokee County) and Camp Gruber (Muskogee County). All American burying
beetles captured were marked intwo ways. Beetles were permanently marked by
cutting a 3-mm triangular notch in the posterior portion of their right elytron. They
also were marked individually with numbered bee tags affixed with gel super glue to
the anterio-central portion of each beetle's right elytron.

Twenty-two 90 g rat carcasses were placed in grassland habitat and 21 carcasses
were placed in upland forest habitat on the Cherokee Wildlife Management Area.
Dental floss was tied to each carcass so it could be located after burial. In the
grassland, carcasses were placed on top of grass litter between vegetation clumps.
In the forest, carcasses were placed on top of leaf litter away from undergrowth. In
this way, the dental floss was less likely to become entangled in the surrounding
vegetation, and microhabitat was controlled as much as possible within and between
habitats. All carcasses were placed a minimum of two meters apart .

The grassland site was typical of old-field habitat (Kuchler 1964). Common grasses
at this site included Andropogon virginicus, Aristida sp., Sporobolus sp., and several
species of Panicurn. The upland, oak-hickory forest was dominated by Quercus.
stellata Q. marilandica Carya texana and Ulmus alata




A pair of marked beetles was placed on each carcass and the carcass was then
covered with a 26 x 20 x 15 cm plastic tub. The tag number and size of each
beetle (measured as pronotum width) were recorded at this time. The following
day, the condition of each carcass (whether buried or not) was recorded. If no
burying activity was observed, a second, marked pair was placed on the carcass.

Ten days after the final pair was placed on a carcass, it was carefully dug up. The
presence and age of larva were recorded at this time. The number of larva was
noted when larva had reached the third instar stage. Parents were captured if
possible and their tag number recorded. In addition, size of parents (if they were
different from original pair), depth carcass was buried (measured from the bottom
of brood chamber to soil surface), and the numbers of fly larva on the carcass were
recorded. The carcass was returned to its brood chamber and covered with leaves,
dirt and a small, flat rock. Carcasses were checked daily until all data were
recorded or the young dispersed into the soil.

Of the twenty-seven pairs ofN. americanus placed on carcasses in the grassland, only 15
(56%) were successful in burying the carcass and rearing any young (Figure 3, Table 8).
In contrast, 21 of22 pairs (95%) placed on carcasses in the forested site were

successful.  Accordingly, the mean number of young raised per carcass placed in the
grassland site was only 9.79, whereas 14.77 young were raised per carcass placed in the
forested site. This difference in breeding success was statistically significant (t =2.18, P
< 0.05).

Carcasses tended to be buried deeper in the soil in grassland sites (t = 3.61, P < 0.01),
whereas carcasses in forested sites were buried closer to the surface, just below the
litter, and tended to have more fly larvae (t = 2.09, P < 0.05). Size of parents and
number of young produced per successfully buried and initiated carcass was not
significantly different among sites.

In summary, breeding success of the endangered American burying beetle was
demonstrably lower in grassland versus forested sites (Figure 3). In fact, breeding
success (number of young per available carcass) in grassland sites was only 66% of that
for forested sites. This difference was primarily due to an apparent difficulty in securing
and burying carcasses in grassland sites. For those carcasses that were successfully
buried by N. americanus, site characteristics did not seem to influence subsequent
breeding. We hypothesize that difficulty in securing carcasses in grasslands may result
from the near absence of a litter layer and tendency for grassland soils to be more
compact than those in forested sites. Grassland soils may thus be deemed less suitable
for breeding or, because it takes longer to bury carcasses in grasslands, N. americanus
may be more susceptible to competition from other burying beetles and from vertebrate
scavengers.



Figure 3. Effects of Habitat on Breeding Success
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Table 8. Effects of habitat on breeding success of the American burying beetle. Successful breeding attempts are listed in bold.
Depth buried is exclusive of litter. Female and male size refer to pronotum width. Age of young equals that taken 10 days after the
the parents were placed on the carcass.

Table 8-a

N. americanus on carcasses in grassland sites in Cherokee County. Number of Age of Number of
Carcass # Depth buried (cm) Female size (mm) Male size (mm) young young fly larvae
Gl Buried; could not find 8.9 9.3

G2 (first attempt) - 10.3 8.7 0

G2 (second attempt) 11.3 - - 9 4 15
G3 6.8 9.7 8.8 16 4 3
G4 13.1 8.5 9.2 22 4 0
G5 10.6 9.8 10.7 23 4 0
G6 (first attempt) - 10.1 10.3 0

G6 (second attempt) 9.8 - - 0 25
G7 (first attempt) - 11.3 9.3 0

G7 (second attempt) 8.2 9.2 8.5 11 4 5
G8 (first attempt) - 9.1 9 0

G8 (second attempt) 15.2 10.5 9.5 18 4 0
G9 9.4 10.8 10.1 15 1 0
G 10 (first attempt) - 8.6 8.4 0

G 10 (second attempt) 10.4 - - 0 - 50
Gl11 Buried; could not find 9 8.8

G12 13.1 8.5 8.7 16 4 0
G13 12.1 10.1 111 20 4 0
G14 11.6 9.5 10.7 11 4 5
G15 10.3 11.6 6.9 19 4 0
G16 12 9.5 8.5 19 4 6
G17 Buried; could not find 10.1 9.2

G18 6.3 10.8 9.9 10 4 25
G19 6 11.2 9.3 12 4 4
G20 Never buried, No success 115 9.6 0

G21 10.5 8.3 9.6 14 4 8

G22 Never buried, No success 10.1 105 0



Table 8-a (continued)

Summary for Breeding in Grassland Habitat:

All Attempts
mean 10.39
standard deviation 2.51
N 17

Successful Breeders
mean 10.43

standard deviation 2.68
N 15

0.88
1.00

24

9.86
1.03

14

9.36
0.93
24

9.39
1.10

14

9.79
8.49

24

15.67
4.45

15

3.80
0.77
15

3.80
0.77
15

8.59
13.45

17

4.73
7.01
15



Table 8-b

N. americanus on carcasses in forested sites, Cherokee County. Number of Age of Number of
Carcass # Depth buried (cm) Female size (mm) Male size (mm) young young fly larvae
HI 7.5 9.2 10.9 14 4 0
H2 6 9.8 8.2 3 4 100
H3 (first attempt) - 10.1 9.2 0

H3 (second attempt) 7.8 10.6 9.4 16 4 0
H4 7.5 10.4 9.6 10 4 80
H5 9.7 11.9 10.6 21 2 0
H6 6.1 8.2 9.5 7 4 100
H7 6.6 9.6 8.6 6 4 30
HBA 7.5 7.3 11.4 8 -1 0
88B 5.8 10.4 9.4 23 4 0
H9 6.6 9.6 9.8 15 4 1
HI0 7.4 10.6 8.8 17 4 0
811 6.4 10.1 9.8 13 4 70
H12 7.3 8.3 11.3 9 4 200
813 8.5 10.5 8.8 15 4 1
H14 9.1 9.8 9 19 3 5
815 11.2 9.9 9.8 22 4 0
H16 6.5 9 7.9 19 3 23
H17 6 7.9 8.6 23 4 100
H18 10.3 10.6 11.2 21 4 7
819 7.1 10.9 9.7 19 4 0
H20 12.4 104 10.5 25 4 0
Summary of Breeding in Forest Habitats:
All Attempts

mean 7.78 9.78 9.64 14.77 3.57 34.14
standard deviation 181 1.09 1.00 7.00 1.16 54.00
N 21 22 22 22 21 21
Successful Breeders

mean 7.78 9.76 9.66 15.48 3.57 34.14
standard deviation 181 112 1.02 6.33 1.16 54.00
N 21 21 21 21 21 21



Summary of breeding success of N. americanus in different habitats.
(note: mean values for young reared per attempt excludes carcasses buried, but not found. Ifwe assume that these three carcasses were not
successfully used for breeding by N. americanus, than mean number of young per attempt in grasslands = 8.70 (SD = 8.58, N = 27).

Habitat Attempts Success Success rate  Young/attempt Young/brood
Grassland 27 15 56% 9.79 15.67
Forest 22 21 95% 14.77 15.48

t-value -2.18 0.11

P <0.05 >0.90

Results of t-tests # of young per Age of Number of
(grassland minus forest Depth buried (cm)  Female size (mm) Male size (mm) carcass oun fly larvae
all carcasses 3.61 0.32 -0.97 -2.18 0.71 -2.09

# of young per

successful brood
0.11



All competition experiments were conducted in forested sites, i.e., those apparently
preferred by both N. orbicollis and N. americanus. Two treatments of this field
study (Treatments 1 and 2) were located in the common grounds of Cherokee
Wildlife Management Area (Cherokee County) and Camp Gruber (Muskogee
County). The third treatment (Treatment 3) was located in the Tiak District of the
Ouachita National Forest. In Treatment 1, a pair ofN. americanus was placed on
each of21 carcasses. In Treatment 2, a pair ofN. americanus and a pair ofN.
orbicollis were placed together on each of the remaining 20 carcasses, whereas
Treatment 3 initiated N. orbicollis alone on 20 carcasses.

For Treatments 1land 2, 41 pairs of the American burying beetle, Nicrophorus
americanus, and 20 pairs ofN. arbicollis were captured using baited pit-fall traps
(Treatments 1and 2 conducted during 2-7 June 1994). Forty-one 90g rat
carcasses were placed in an upland forest habitat on the Cherokee Wildlife
Management Area. These are relatively large carcasses within the optimal range
for N. americanus (50 to 250 g), but beyond that for N. arbicollis. Dental floss
was tied to each carcass so that it could be located after burial. Carcasses were
placed on top of leaf litter away from undergrowth and at a minimum of two m
apart. The carcasses were then covered with a transparent plastic tub (27 x 40 x
16 em). Four to eight carcasses were observed per night, depending on the number
of beetles caught that day. Observations on the degree of burial were recorded for
approximately two hours per night at 15to 30 minute intervals. The condition of
each carcass was recorded the following day. Carcasses were exhumed ten days
after burial. The species which successfully reproduced was recorded, along with
the number of beetle larvae (larvae were counted once in the third instar stage),

number of fly larvae, and depth of burial (measured from the bottom of the brood
chamber to soil surface).

During 24-25 June 1994, 20 pairs ofN. orbicollis were captured using baited pit-
fall traps in the Tiak District of the Ouachita National Forest, McCurtain County.
Twenty 90g rat carcasses were placed in a forest habitat above leaf litter and pine
needles. Carcasses were monitored as for those in Treatments 1land 2.



During 24-25 June 1994, thirty-two 50g and thirty-two 90g rat carcasses were
placed at 16 forested sites inthe Tiak District of the Ouachita National Forest,
McCurtain County. Sites varied from one to 8 km apart. Each day, two carcasses,
one of each size, were placed at each site 20m apart. All carcasses were set out by
1800 CST. One-half of the carcasses, sites 1-8 were observed at 45 minute
intervals beginning at 2000 CST and ending at approximately 2450 CST. During
these observations, the condition of the carcass was recorded, as well as the
presence of any burying beetles and other insects and spiders. The following day,
the condition of each carcass at all 16 sites was recorded. All buried carcasses
were exhumed after ten days to determine which species reproduced, the number
of beetle larvae, number offly larvae, and depth of burial.

Observations during natural settlement studies were conducted on sites 1-8. Each
night, a total of 16 carcasses was observed, one 50g and one 90g per site. Table
10-b shows those carcasses buried and those where beetles were seen. "Species
present” refers to the species observed on the carcass once buried. Ifthe dental
floss and part of the carcass were found under ground with no evidence of beetles,
it is referred to as "not found”. It should be noted that the 50 g carcass at site 3
was not buried, but beetles were observed on the carcass the night before. "Set-up
time" refers to the time in which carcasses were set out and "observations began™
refers to the time when the first observation was made after set-up. After the first
observation, observations were made at approximately 45 minute intervals.

Of the 21 large (90 g) carcasses initiated with just N. americanus, all but one were
successfully buried by this species (Table 9-b, Figures 4 and 5). When both N.
americanus and N. orbicollis were initiated on 21 large carcasses, N. americanus
again secured all but one carcass (Table 9-a, Figures 4 and 5). Moreover, of the
20 large carcasses initiated with just N. orbicollis, nine were taken-over by free-

ranging N, americanus, while none were secured by N. orbicollis (Table 9-c,
Figures 4 and 5).

It appears that N. orbicollis had difficulty burying these relatively large carcasses,
thus exposing it to takeover by the larger species, N. americanus. When carcasses
were initiated with N. orbicollis, it failed to bury any carcass within one day (Table
10). Again, these large carcasses are probably beyond the optimal size for N,
orbicollis, but well within the optimal range (50 to 250 g) for N. americanus.




Figure 4. Number of large (90 g) carcasses buried in forested sites by N. americanus and
N.orbicollis. Carcasses initiated with N. orbicollis were located in an area with high

density of N.american us.
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Figure 5. Effects of interference competition on breeding success (as number of young
per carcass) of N. americanus and N. orbicollis. Carcasses initiated with N. orbicollis
were located in sites with high desnity of N. americanus.



Table 9. Effects of interspecific competition on the breeding success of the American burying beetle, Nicrophorus americanus.
Included are the results of the experiments in which N. americanus and N. orbicollis were placed together on carcasses (Cherokee Co
when N. americanus (Cherokee Co.) was alone and when N. orbicollis (McCurtain Co.) was alone.

Table 9-a: Carcasses initiated with N. americanus and N. orbicollis:  Cherokee County

Carcass # Species present Depth buried (em) # Young # Fly larvae % of carcass under
at end of experiment N. americanus leaf litter after 90 minutes
Cl N americanus 7.40 20 0 50
C2 N americanlls 8.70 16 15 0
C3 N americanliS 9.95 14 20 0
C4 N. americanliS 7.10 12 0 0
C5 N. americanus 4.80 4 0 0
“ C6 N americanlls 4.60 17 0 0
o C7 N orbicollis 3.30 0 50 0
Ccs N. americanus 8.10 15 0 0
C9 N americanliS 6.90 10 0 0
ClO N americanus 11.00 0 100 25
Cll N american us 12.50 13 0 0
Ci12 N. americanlls 11.90 16 10 100
C13 N americanlls 9.20 0 0 100
Cl4 N. americanus 9.10 16 15 0
CIs N americanliS 12.50 16 0 90
C16 N americanus 8.30 7 0 0
C17 N american |iS 5.70 10 0 50
C18 N americanus 8.90 15 15 0
C19 N americanlls 10.30 24 3 0
C20 N americanlls 9.50 15 0 0
c21 N. americanlls 6.40 8 0 0



Depth buried (cm)

by ABB
Mean 8.64
S. D. 2.34
N 20

Mean
S.D.

# Young
per carcass
11.81
6.61
21

8.90
22.48

20

% of carcass under
leaf litter after 90 min.
20.75
36.36
20



Table 9-b: Carcasses initiated with N. american us only (2nd refers to a second attempt)

Carcass # Species present Depth buried (cm) # Young # Fly larvae % of carcass under
at end of experiment leaf litter after 90 min.

HI N. americanlls 7.50 14 0 50
H2 N. americallllS 6.00 3 100 0

H3(l st) - - 0 - 0

H3 (2nd) N. americallllS 7.80 16 0 0
H4 N. americallUS 7.50 10 80 50
H5 N. americallllS 9.70 21 0 50
H6 N. americallllS 6.10 7 100 25
H7 N. americallUS 6.60 6 30 25
H8A N. americalllS 7.50 8 0 25
H8B N. americanlls 5.80 23 0 not observed
H9 N. americalllls 6.60 15 1 0
H10 N. americallllS 7.40 17 0 0
H11 N. americalllls 6.40 13 70 0
H12 N. americallllS 7.30 9 200 33
H13 N. americanlls 8.50 15 1 90
H14 N. americanlls 9.10 19 5 0
H15 N. american liS 11.20 22 0 0
H16 N. americallllS 6.50 19 23 25
H17 N. americalllls 6.00 23 100 0
H18 N. americallllS 10.30 21 7 0
H19 N. americallllS 7.10 19 0 75
H20 N. americalllls 12.40 25 0 33



Carcasses initiated with N. american us only: Summary table

All were buried by N. americanus

Mean
S. D.

Mean
S.D.

Depth buried (cm) # Young # Fly larvae
per carcass
7.78 14.77 34.14
1.81 7.00 54.00
21 22 21

number of young per carcass

N. american us both species

at start at start
14.77 11.81
7.00 6.61
22 21
t-value = 1.43

not significant

% of carcass under
leaf litter after 90 min.
22.90
27.28
21



Table 9-c: Carcasses initiated with N. orbicollis only: McCurtain  County
These carcasses were not observed overnight, remarks are included

Carcass # Species present Depth buried (cm) # Young # Fly larvae  Remarks
at end of experiment
TI N. americanus 13.00 12 0 buried 1st night
T2 N. american liS 19.50 17 40 buried 1st night
T3 N. americanlls 12.00 14 0 50% buried 1st night
T4 N. americanus 9.50 6 15 under needles 1st and 2nd nights
T5 unsuccessful 0.00 o e 50% under needles
T6 unsuccessful 0.00 o - 75% under needles
T7 unsuccessful 0.00 o - 25% buried, N. americanus seen
T8 unsuccessful 0.00 o - under needles
T9 unsuccessful 0.00 o 25% under needles, part taken by scave
TIO unsuccessful 0.00 o - not buried
TH N. american liS 11.00 12 0 buried 2nd night
TI2 unsuccessful 0.00 o e not found
T13 unsuccessful 0.00 o - not buried
TI4 unsuccessful 0.00 o e not buried
TI5 N. americanlls 15.00 20 0 not buried 1st night
TI6 N. americanus 13.00 11 50 not buried 1st night
TI7 N. americanus 11.00 11 15 not buried 1st night
TI8 unsuccessful 0.00 o - not buried
TI9 unsuccessful 0.00 o - not buried

T20 N. americanlls 7.50 18 4 not buried 1st night



Carcasses initiated with N. orbicollis only: Summary table
All buried carcasses found had N. americanus present

Mean
S.D.

Mean
S. D.

Depth buried (cm) # Young

5.58 6.05
6.70 7.41
20 20

number of young per carcass

N. americanus N. orbicollis
at start at start
14.77 6.05
7.00 7.41
22.00 20.00

3.91

P <0.001



N. americanus, however, may also suffer from interference competition. When
both species were placed on a carcass, breeding success ofN. americanus was
reduced from 14.77 to 11.81 young per carcass (t = 1.43, 0.10 <P < 0.20;
Table 9-b).

In contrast to the results of breeding experiments where one or both species were
placed on a carcass, natural settlement of beetles on carcasses indicated that N
orbicollis dominates in exploitative competition (Figure 6, Table 10). N. orbicollis.
which was eight times as abundant as N, americanus (Table 2, McCurtain Co.),
secured seven carcasses placed in forested sites, while N. americanus secured just
one. As a result, N. orbicollis reared 103 young, while N. americanus reared only
seven (Table 10). The only carcass secured by N. americanus was one located in
an area with the highest local density ofN. americanus (Compartment 33 of the
Tiak District, Ouachita National Forest).

These results are consistent with those of breeding experiments which also indicate
that breeding success ofN. americanus is substantially lower ifN. orbicollis is first
to locate a carcass (Figures 4 and 5; compare results for treatments with carcasses
initiated with N. americanus versus those initiated with N. orbicollis). Breeding
success ofN. americanus was reduced from 14.77 young per carcass (carcasses
initiated with just N. americanus) to only 6.05 young per available carcass when N,
orbicollis was given first access to the carcass (Table 9-c, t =3.91, P < 0.001).

Competition experiments indicated that the first individual to encounter a carcass
was often not the one that eventually bury the carcass. During field experiments
where both N. americanus and N. orbicollis were placed on a carcass, there were
rarely any direct encounters between the two species. N. arbicollis usually simply
disappeared in the leaflitter as N. americanus began preparing the carcass. When
there was an encounter, it was brief. N americanus either moved towards DN.
orbicollis and N. orbicollis quickly scurried off, or contact was made but no
fighting was observed. N. americanus was clearly dominant in all encounters. It
appeared that in some situations, N, americanus "allowed" N, orbicollis to remain
on the carcass for a short time, with all beetles feeding on the carcass. Yet, N.
orbicollis would disappear soon after this. In the one case where N. orbicollis did
bury the carcass, N. americanus was observed leaving the enclosure soon after the
beetles were placed on the carcass, and no activity was observed for the rest of the
observation time. The carcass was found buried the next morning. There was one
case in which it appeared N. orbicollis might win the carcasss, but never actually
did. Soon after the pairs of beetles were placed on the carcass, the male N.
americanus attempted to mount the female. This continued for the next hour, while
N. orbicollis prepared and fed on the carcass. Once the pair of N. americanus
commenced mating and moved onto the carcass, N. orbicollis left.

Observations conducted during natural settlement studies suggest that beetles are
not arriving especially early in the evening, with the exception of site 4-90g. Of the



nine buried carcasses in sites 1-8, three of them lacked any evidence of beetle
activity at the time of the last observation (between 12:00a.m. and 1:00a.m.). Yet

once beetles arrive, carcass preparation and burial follow quickly, regardless of the
presence of another beetle.

The preponderance ofN. orbicollis over N, americanus on carcasses is consistent
with the differences in local densities of these species. Only sites 2 and 3 were
located near relatively high densities ofN. americanus (Compartment 33). Of all
carcasses set out for natural settlement, only site 2-50g was successfully buried by
N. americanus. Outside of Compartment 33, N. orbicollis is in such high numbers,
that it can successfully bury a carcass before N. americanus can arrive. On the
other hand, competition experiments show that N. americanus can dominate in
interference competition. This appears to have occurred at site 2-50g, where N.
orbicollis was first observed on the carcass, but N, americanus was the species
found to have successfully reproduced.

It is also important to note that most carcasses used in the natural settlement study
were taken by vertebrate scavengers (primarily raccoons and opossums) or were
not buried (Figure 6).

Taken together, breeding experiments and natural settlement studies indicate that
N. americanus, the larger species, dominates in interference competition (especially
for larger carcasses), whereas, N. orbicollis, the more abundant species, dominates
in exploitative competition. Both species also may suffer substantially from
competition and predation from vertebrate scavengers.

We have accomplished all of the tasks included in the project description. What follows
are recommendations for management based on the information reported in this study.
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Figure 6. Fates of 64 carcasses placed at 16 sites in the Tiak District of Ouachita National
Forest, McCurtain County.
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Table 10-a. Natural settlement of burying beetles on carcasses placed in forested sites of the Tiak District, Ouachita National Forest.
Two 50 g and two 90 g carcasses were located at each of 16 sites for a total of 64 carcasses. Sites 2 and 3 were located in
Compartment 33. "Not found" refers to those carcasses which appeared to be buried (i.e. dental floss and hind legs under ground)

but beetles nor larva were found.

Results for 50 g carcasses Results for 90 g carcasses
Depth Number of Number of # taken by Depth  Number of Number of # taken by
Site S~<.ii~~ buried (em) young fly larva scavengers Species uried (em  young fly larva scavengers
I-a - 0 0 0 1 - 0 0 0 1
I-b - 0 0 0 1 - 0 0 0 1
2-a N americanus 9 7 0 0 - 0 0 0 1
2-b - 0 0 0 0 - 0 0 0 1
3-a - 0 0 0 0 - 0 0 0 1
3-b - 0 0 0 0 - 0 0 0 0
4-a N orbicollis 8.5 22 0 0 N orbicollis 10.5 13 0 0
4-b N orbicollis 20.7 11 0 0 - 0 0 0 0
5-a not found 0 0 0 0 N orbicollis 8 12 0 1
5-b N orbicollis 5 13 0 0 - 0 0 0 0
6-a - 0 0 0 1 - 0 0 0 1
6-b - 0 0 0 0 - 0 0 0 0
7-a - 0 0 0 1 - 0 0 0 1
7-b - 0 0 0 1 - 0 0 0 0
8-a N orbicollis 7.5 5 35 1 not found 0 0 0 1
8-b - 0 0 0 0 - 0 0 0 0
9-a - 0 0 0 1 - 0 0 0 0
9-b - 0 0 0 0 - 0 0 0 0
10-a - 0 0 0 0 - 0 0 0 1
10-b - 0 0 0 0 - 0 0 0 1
I1-a - 0 0 0 1 - 0 0 0 0



11-b 0 0 0 1 0 0
12-a not found 0 0 0 1 0 0
12-b 0 0 0 0 0 0
13-a 0 0 0 0 0 0
13-b 0 0 0 1 0 0
14-a 0 0 0 1 N orbicollis 95 27
14-b 0 0 0 1 0 0
15-a 0 0 0 1 0 0
15-b 0 0 0 1 0 0
16-a 0 0 0 1 0 0
16-b 0 0 0 0 0 0

Carcasses buried by N. americanus:
Depth Number of Number of

buried (em)  young fly larva
N=1 9 7 0

Depth Number of Number of
buried (em)  young fly larva

Total 103 38
Mean 9.96 14.71 5.43
SD 5.04 7.36 13.09

N 7 7 7

O O O O O W o o o o o
O O R b OO O O O - O



Table 10-b: Results of observations on Natural Settlement sites 1-8 conducted in the Tiak District of
McCurtain County (two 90g and two 50g at each site). Table includes those carcasses buried and those
where beetles were seen. All beetles observed were N. orbicollis.

Carcass Set-up bservation 1st beetle 2 beetles 1st evidence

Site # mass (g) Species present time began obsel-ved present of burial

2 50 N. americanus 6:33p 8:22p 11:40p 12:30a

3 50 6:10p 8:06p 12:12a

4 50 N. orbicollis 6:22p 8:11p

4 50 N. orbicollis 6:15p 8:03p

4 90 N. orbicollis 6:22p 8:11p 8:11p 10:44p 9:01p

5 50 not found 6:15p 8:07p 9:49p

5 50 N. orbicollis 6:00p 8:00p 12:01a 12:54a

5 90 N. orbicollis 6:00p 8:00p 9:28p 12:01a 12:54a

8 50 N. orbicollis 5:42p 7:50p 10:57p

8 90 not found 5:35p 7:45p 10:05p



Live-trapping, including 4,232 trapnights conducted at 179 sites across 20 counties,

was conducted to study the endangered American burying beetle iliicrophorus
americanus) in Oklahoma. Out of a total 6,374 burying beetles captured, including seven
species, only 3.2% were American burying beetles. N. americanus was detected in nine
counties along the central- to south-eastern portion of the state (Figure 1). The highest
population densities ofN. americanus occurred in Muskogee County. The second highest
densities of beetles were encountered in McCurtain County, but density here was less than
20% of that in Muskogee County.

All species encountered exhibited highly significant habitat selection at both the landscape
level (i.e., across counties) and at the local scale (sites within McCurtain County). At the
landscape level, N. americanus exhibited the second broadest habitat niche, but it still
exhibited highly significant preference for forested sites with deep soils and moderate
shrub cover. At the local scale (20 sites in the Tiak District of Ouachita National Forest,
McCurtain County), all burying beetles, including N. americanus, exhibited a highly
significant preference for forested sites and avoidance of clearcuts. Therefore, while N
americanus may exhibit a broad habitat niche in comparison to most (but not all) other
burying beetles, it still exhibits strong associations for particular habitats.

Observed habitat associations ofN. americanus likely reflect its breeding requirements.

As Anderson (1982) suggested, because N. americanus buries relatively large carcasses,
viable populations of this species may be dependent on habitats with relatively loose and
deep soils with a substantial litter layer. In breeding experiments in the field we found that
breeding success ofN. americanus was 50% higher in forested habitats versus grasslands.

Field experiments also indicated that populations of burying beetles are strongly influenced
by interspecific competition. N. americanus, the largest species, dominated in interference
competition, whereas smaller but more abundant species dominated in exploitative
competition.

During laboratory studies, we developed a successful protocol for rearing individuals from
the western population ofN. americanus. Ten of 11 pairs of this species successfully
reared at least one brood in the lab, while five of eight pairs raised two broods. Finally, to
assist genetic studies, adults used in breeding experiments and trap losses from field
studies were frozen and forwarded to A. Kozol of Boston University.

In conclusion, the American burying beetle belongs to a guild of species that feeds and
breeds on resources (carcasses) that are rare and unpredictable intime and space.

Because it is larger than other members of this guild, N. americanus requires carcasses that
are even larger and more rare. Because larger carcasses are more difficult to bury, optimal
breeding habitats appear to be forests and possibly other sites with substantial litter and



relatively deep, loose soils. Also, because they search for rare, high energy resources, N.
americanus apparently suffers from competition from other, more common burying
beetles. Moreover, N. americanus suffers from competition and predation from vertebrate
scavengers. As others have suggested, the recent and dramatic decline ofN. americanus
has apparently resulted from a suite of anthropogenic disturbances that reduced,
fragmented and degraded their breeding habitats, reduced densities of their prey (large
vertebrate carcasses) or enhanced populations of their competitors and predators.

On the basis of the results of our studies, we offer the following recommendations for
conservation and management of western populations of the American burying beetle.

1) Because the efficacy of the live-trapping protocol is well demonstrated, we recommend
that these procedures be used in future surveys of western populations of the American
burying beetle. Surveys are time- and cost-efficient and they should be conducted when
proposed activities will likely alter the habitat, soil, competitors or predators.

2) Patterns in temporal variation in population densities of N, americanus indicate that
surveys of western populations of this species should be restricted to the period from early
June to late August (Figure 7). Beetles may be detected at other times, but absence ofN.
americanus in surveys conducted outside the recommended period is only questionable
evidence that they do not occur at the focal site.

3) Additional studies on the ecology and breeding biology ofN. americanus should be
conducted. We recommend these include additional manipulative field studies on the
influence of habitat on breeding success and the importance of interspecific competition
from other burying beetles and competition and predation from vertebrate scavengers. In
addition, the potential mutualistic and parasitic effects of mites in the laboratory and the
field, and the optimal carcass size should be studied.

4) At sites known to be inhabited by N. americanus, substantial thinning, soil disturbance
or compaction, clearcutting, burning during the activity and breeding season, and other
activities that substantially alter the habitat or enhance populations of competitors or
predators should be avoided.

5) Re-introduction programs for western populations ofN. americanus should consider
the habitat association of this species and its likely dependence on sites with soils that
facilitate rapid burial of carcasses.

6) Prior to re-introductions ofN. americanus into areas of its former range, we
recommend the following:
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- extensive surveys to discover possible, extant populations in the area.

- additional genetic studies of extant populations.

- intensive surveys of prospective reintroduction sites to determine suitability of habitat
and densities of competitors and predators.

7) Possible programs for intensive management of natural or re-introduced populations of
N. americanus should consider measures to enhance habitat suitability and control
competitors and vertebrate scavengers.
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REPORT ON THE AMERICAN BURYING BEETLE CAPTIVE
BREEDING PROGRAM AT THE UNIVERSITY OF OKLAHOMA

Prepared by J. Curtis Creighton for Mark V. Lomolino
Internal Report: Not to be cited.

Populations of the American burying beetle (Nicrophorus americanus) have suffered a
precipitous drop in numbers and geographic range in recent years. As a result, N
americanus was designated as an endangered species in July, 1988. In an effort to learn
more about the reproductive biology of the species, we began a captive breeding program
at the University of Oklahoma. Several goals were established: (1) Establish a protocol
for breeding the beetle at the University of Oklahoma; (2) Provide replacements for
wild-caught beetles used for genetic analysis; (3) Determine whether enough beetles could
be raised in the laboratory for re-introduction programs and (4) Assess the viability of
laboratory reared beetles for reintroduction programs.

All beetles were captured using procedures outlined by Creighton et al. (1993). In 1991,
three pairs were captured during June 4-6 in Latimer County, Oklahoma. On September
14, 1992, seven pairs plus an additional female were captured in Muskogee County,
Oklahoma. Once in the laboratory, all beetles were kept in environmental chambers on the
University of Oklahoma campus. The three pairs from Latimer County were returned to
the University of Oklahoma and placed on carcasses on June 7, 1991. The beetles
captured in Muskogee County were kept at 70 C and 10:14 light-dark cycle for seven
weeks and at 210 C, 14:10 light-dark cycle for one week (eight weeks total) prior to being
given carcasses. While breeding, all pairs were kept at 210 C and 14:10 light-dark.
Approximately one week after young dispersed from the first carcass, each pair was
placed in a new container and given a second carcass. Prior to being given a carcass and
between breeding attempts, all pairs were kept in 5-gallon plastic buckets lined with moist



paper towels. Beetles were provided with small pieces (less than 5 grams) of chicken liver
ad libitum. After the second breeding attempt, each pair was frozen and sent to Andrea
Kozol at Boston University. The exceptions were several beetles that died prior to being
frozen. These are currently being housed at the Oklahoma Biological Survey.

Five gallon plastic buckets were used as breeding containers. Each bucket was filled
approximately 3/4 full with top soil. If necessary, the soil was moistened with water
before being added to the buckets. The soil should be moist enough so that it can clump
together when balled but not so moist as to be muddy or too sticky. As the soil was
added to the bucket, it was lightly packed by hand several times.

A single pair (male and female) of beetles was added to each bucket along with a dead
white rat. Rats ranged in size from 39 to 163 grams. Moist paper towel was laid over the
rat and the bucket was then placed in an environmental chamber and not disturbed for

eight to ten days. After this time, each bucket was checked daily until the young dispersed
into the soil.

C. Care of laboratory bred adults

The sex and pronotum width of each newly eclosed adult were recorded. The
laboratory-bred beetles were kept in buckets, either with soil or moist paper towels. All
beetles were provided ad libitum chicken liver. Only the young originating from the
Muskogee County population were kept in captivity. These beetles were kept on one of
two different substrates: soil or moist paper towels. This was done in an effort to see
whether either substrate was more successful in keeping the beetles' phoretic mites alive.
However, the containers with soil became infected with large numbers of a second,
unidentified mite. This may have contributed to the death of many of the lab-reared
beetles. These young were kept at 210 C, 14:10 for eight weeks (same amount of time
their parents were kept in captivity before they were bred) and then attempts were made
to breed the young. Except for the differences in temperature and light, these beetles were
treated the same as their parents.



Ten of the eleven pairs of wild-caught beetles successfully reared at least one brood. Of
the ten successful pairs, nine produced a brood on their first attempt. The tenth pair
produced a brood on their second breeding attempt. Eight pairs were given a second
carcass. Five of these pairs were successful. A total of fifteen broods was raised. This
resulted in 139 adult young. A complete summary of breeding results is found in Table 1.

Pair number two was the only pair that did not successfully reproduce in the laboratory
(Table 1). The pair removed the hair on the carcass but they failed to bury it. One
possible explanation for their lack of success may be the condition of the male. When
initially trapped, he already had extremely worn mandibles and only four legs. this was the
only individual in this condition in all eleven pairs. Pair nine was unsuccessful on their first
breeding attempt. This may have been due to the small size of their carcass (39.4 g). This
pair did not attempt to prepare or bury this carcass. However, the pair immediately began
work on the second carcass (97 g) on their second attempt.

We found no relationship between carcass size and number of young raised (Figure 1).
This is counter to observations made by other researchers for the American burying beetle
(Kozol et al. 1988) and for other species of burying beetles as well (Trumbo 1993;
Creighton unpublished data). This may be due to either poor egg or larva survivorship in
some of our broods. At this time, we do not know and more study is needed.

The young resulting from the Latimer County beetles were released back into the wild at
the site of their parents' capture. Young originating from the Muskogee County beetles
were kept in the laboratory for breeding purposes. In the months prior to their parents'
capture, carcasses were placed out in the field in Muskogee County. A minimum of nine
carcasses was buried by American burying beetles and these produced a minimum of 79
third instar young. This was done partially to compensate for any negative impact the
removal of 15 adults used in the captive-breeding experiment might have on the wild
population.



Two of the four pairs of captive-bred beetles successfully produced young. Production of

young, however, was very low with only two adults produced by the two successful pairs
(Table 2).

The two pairs of beetles that did not produce young did prepare and partially bury their
carcasses. However, both carcasses had extremely large numbers of an unidentified mite
on them (i.e., many more mites than the two carcasses where young were produced). It is
not clear whether the mites had any negative effect on the beetles' reproductive efforts.

Survivorship of the young for the two successful pairs was low. What may have
contributed to this fact is not clear.

It should be noted that these beetles were never kept in "winter-like" conditions (see
methods for details). However, it appears that there were more than one generation of
American burying beetles per summer (Creighton unpublished data) in the Oklahoma
population. Therefore, Oklahoma beetles may not need to be "winterized" prior to
becoming reproductively active.

Captive-bred beetles were kept on two different substrates. Those kept on soil became
covered with a small, white mite. At the same time, the phoretic mites often seen on
burying beetles disappeared from all beetles, whether the were kept in soil or paper
towels. For this reason, re-introduction attempts may be most successful when a mixture
of wild-caught and captive-bred individuals are used.

Eleven pairs of American burying beetles were given carcasses in the laboratory. Ten
pairs successfully raised at least one brood and five pairs raised two broods. A total of
139 young was produced from these pairs. Four pairs of captive-bred adults were
established on carcasses as well. Two of these pairs were successful in producing young.
These pairs successfully raised young without being held in "winter-like" conditions.

These results indicate that enough beetles can be raised in captivity for the purpose of
establishing new populations.



Pair Starting Carcass Number Third Number Sex Ratio Mean Width

Number Date Size Instar Larvae Adults (M:F) ofPronotum
6/7/1991 99.3 ¢ 20 20 9:11 10.9 mm

1(2nd brood) 7/2/1991 979 g No Success

2 6/7/1991 97.0 ¢ No Success

3 6/7/1991 96.3 g 12 12

& 11/9/1992 163 g 9 8 5:3 10.9 mm

. (2nd brood)  12/8/1992 108 g 11 11 6:5 11.7 mm

5 11/9/1992 1329 18 15 3:12 ILI mm

5 (2nd brood)  12/8/1992 86.4 g 21 9 3:6 11.0 mm

6l 11/9/1992 717 g 5 3 2:1 11.9 mm

7 11/9/1992 117.2g 5 5 2:3 12.5 mm

7 (2nd brood)  12/8/1992 61 g No Success

8 11/9/1992 528 g 11 10 5:5 10.1 mm

8 (2nd brood)  12/8/1992 619 16 15 9:6 9.7mm

9 11/9/1992 394 ¢ No Success

9 (2nd brood)  12/1/1992 97 g 8 8 6:2 11.0 mm

10 11/9/1992 60 g 4 4 3:1 11.8 mm

10 (2nd brood) 12/8/1992 61 g No Success



Pair Starting Carcass Number Third Number Sex Ratio Mean Width
Number Date Size Instar Larvae Adults (M:F) ofPronotum



Table 2. Breeding success of captive-bred beetles.  Source refers to brood from which the beetles
originated.  All beetles used were from second broods. Pronotum width refers to size of offspring.

Source Starting Carcass Number Third Number Sex Ratio Mean Width
(M.F) Date Size Instar Larvae Adults (M:F) ofPronotum
1,2 3/7/1993 729 No Success

8.6 3/7/1993 61 g No Success

21 3/9/1992 68 g 4 I (Male) 11.61

12 3/9/1993 61g 4 | (Male) 11.45
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Introduction

The American burying beetle (Nicrophorns conericanus) is the largest member of the genus
Nicrophorns in North America. It ranges from 1 to 1.5 inches (25-45 mm) in length. Like most
other burying beetles, the American burying beetle has four red-orange spots on its wing covers
(elytra). It can be distinguished from other North American burying beetles by its larger size and
its orange-red pronotum and frons (see Figure 1).

The disappearance of the American burying beetle from over 90 percent of its historic range
underscores the need for consistent, reliable methods when surveys for the beetle are conducted
(U.S. Fish and Wildlife Service, 1991). The methods outlined below have proven to be
successful in capturing the American burying beetle. Following these methods should help to
ensure the validity of survey results. Furthermore, data gathered using these methods will allow
for easier comparison of results from different surveys.

Site Selection

American burying beetles are generalists, occurring in many different habitats. Therefore,
surveys should be conducted in a broad range of habitats. In addition, individual beetles have
been recorded moving over 4 miles (6.5 km) in only a few days. For this reason, there is no
need to locate survey sites less than one-half mile (0.8 km) apart. If large areas are being
surveyed, sites can be located as much as one mile (1.6 km) apart. Individual sites should be
trapped for three nights.

Trapping Methods

Baited pitfall traps are the most effective method known for surveying for American burying
beetles. At each site, eight pitfall traps are placed at 20-m intervals along a transect line (Figure
2).

Each pitfall trap consists of two, 24-0z. (0.7-L) plastic cups stacked together and buried in
the ground so that the lip of the top cup is flush with the soil surface (Figure 3). A plastic dome
should be placed over each trap to keep out rain. A IOx 10 inch (25 x 25 cm) piece of wood
(held above the pitfall trap with 6-inch [15 cm] legs made of wooden dowls) can be substituted
for a dome if one is not available. The bait is placed in the bottom of a 6-0z. (0.2-L) styro-foam
cup that has had all but the bottom inch (2.5 cm) of the -cup trimmed away. The trimmed-down
sytro-foam cup is suspended above the plastic cups with a short length of wire (see Figure 3).
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Figure 1. The Amerian burying beetle.
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In this way, beetles do not have direct access to the bait when they are captured. Traps should
be placed in the field before 17:00 DST and checked each morning before 10:00 DST to avoid
beetle mortality due to excessive heat.

Unskinned chicken is the preferred bait. It is inexpensive and remains moist longer than
other baits because most of its fat is in the skin. Approximately 0.5-0.6 oz. (15-20 g) of chicken
is placed in each pitfall trap.

Fresh bait is not an effective attractant of any burying beetle. To prepare the chicken for
use, chop it up into small cubes (0.5-0.6 oz. [15-20 g] apiece) and then place the cubes into a
plastic jar. Do not fill the jar completely. The jar should then be sealed and allowed to sit in
the sun for a minimum of one day. If the day is relatively cool (less than 85° F [29° CD, the bait
should sit in the sun for a longer period of time.

The numbers of each sex of American burying beetles captured at each site should be
recorded. The sexes can be separated based on orange-red markings located between the frons
and mandibles: these markings are rectangular on males and triangular on females (see Figure
4).

The number of newly eclosed and reproductive adults also should be recorded. Adults that
have recently (less than two weeks) pupated are known as newly eclosed. They can be
distinguished from the previous year's young by their softer bodies and more shiny appearance.
The red-orange pronotum appears to be lighter and more orange in color in newly eclosed adults.
Older adults are often missing body parts, especially legs or antennae. In addition, the mandibles
of older adults appear to be a bit more worn at the tip.

The numbers of individuals of other burying beetle species captured should be recorded. A
written description of the burying beetle species found in eastern Oklahoma is presented in Table
1. An identification key is found in Table 2.

If a pitfall trap is disturbed prior to being checked in the morning, it should be noted whether
the trap was: intact but with bait missing; or dug up by a mammal. The chicken should always
be replaced if it is taken during the night or becomes dry. A sample survey form is included in
the appendix.

Surveys for the American burying beetle should not be initiated until there has been a week
where minimum temperatures have been consistently above 60° F (15° C). In Oklahoma and
Arkansas, we conduct surveys between mid-May and 'late August. American burying beetle
activity is influenced by weather conditions. For each night that the ambient temperature



Figure 4. Characteristics distinguishing male from
female American -burying beetles.



dropsbelow 60° E (15° C) during the sampling period, the site should be sampled for another
night. The site also should be retrapped if rainfall is heavy after dusk.

Marking Beetles

All American burying beetles captured need to be given a permanent mark by taking an
eighth inch (3 mm), V-shaped clip out of the distal end of an elytron using small dissecting
scissors. If a particular study requires the identification of individuals, a bee tag (from Chr.
Graze KG, 7056 Weinstadt, Germany) is also used. These tags are approximately I-mm in
diameter, have individual numbers on them, and come in a variety of colors. The tag is glued
to the proximal end of one elytron with gel Super Glue. The beetle should be placed in a dry,
clean tub until the glue is dry. Prior to releasing the beetle, the surveyor should make sure the
beetle can still spread its wings. Individual marking is a time-consuming and delicate process
and should be done only if specific information on individual beetles is required. Otherwise,
wing clipping should suffice for most surveys. Recaptures of beetles are recorded but not
included in the total number of new American burying beetles captured.

It is usually easier to mark beetles at the vehicle instead of along the transect line. However,
all marked beetles should be released along the transect line. When transporting beetles, the
investigator should take care to keep the beetles in a well ventilated, non-breakable container.
We use a one-gallon (3.8-L) plastic container with a wire-mesh cover held in place with a mason
jar lid. Excess heat or overcrowding in the holding container can cause death of a beetle. Care
should be taken not to allow beetles to become too crowded (no more than 10 beetles per
container) or to have them overheat in the holding container. If a large number of beetles need
to be marked, they can be placed in a container on ice in a cooler until they are marked or
released. The beetles should not be held for more than one-half hour before being released.

Accidental Death of Beetles

The handling of all endangered species is strictly regulated by the United States Fish and
Wildlife Service. When surveying for American burying beetles, a copy of the federal permit
should be in your possession at all times. The handling of dead American burying beetles also
is under strict regulation. They cannot be added to a private collection and only the United



States Fish and Wildlife Service is authorized to determine the proper disposition of beetles killed
during surveys.

All American burying beetles killed during surveys need to be accounted for and an
accidental-death form needs to be filled out as quickly as possible (see sample form in the
appendix). The following information is to be noted:

(1) date beetle found dead;

(2) county, state, legal description (township and range) and any other information

concerning location (i.e. trap number, site number or survey name);

(3) general habitat;

(4) as accurately as possible, the cause of death (previously, causes of death have included

heat exposure, predation, and drowning);

(5) sex and age of beetle (whether it is a newly eclosed or reproductive age adult);

(6) name of individual that found beetle.

At a later time, the master permittee will note where the beetle was deposited. If the
specimen cannot be prepared immediately, it should be placed in a sealable, rigid plastic
container so the beetle is not crushed. To avoid mixing up specimens, no more than one beetle
should be kept in a container. Each accidental-death form has a specimen number. A copy of
this number should be placed in the container with the beetle so specimens do not become mixed
up. The container should then be put on ice until the beetle can be prepared.  Specimens are

to be placed in the care of the field supervisor and then reported to the United States Fish and
Wildlife Service as soon as possible.

Recording Habitat Variables

Habitat data are collected at all sites surveyed for the American burying beetle, including
sites where American burying beetles were not captured. Each transect has seven habitat
sampling stations with one station half-way between each pair of adjacent pitfall traps (traps are
20 m apart). Figure 2 illustrates where the sampling stations are located along the survey transect
and lists data to be collected at each station. A sample habitat-data form is found in the
appendix.

A habitat-sampling  station is considered to be the area. within a 0.5 x 0.5 m wooden frame
placed on the ground. The investigator notes the presen-~e of grasses, herbs, mosses, rocks, leaf
litter, shrubs less than or equal to 2 m in height, shrubs greater than 2 m in height and woody



vegetation with dbh (diameter breast height) greater than 10 cm at each of the seven sampling
stations.

Percent of canopy closure (to nearest percent), soil depth (in decameters), and a soil sample
should be taken at stations 1,4, and 7. Canopy closure is measured with a spherical densiometer
(concave Model C, Forestry Suppliers, Inc., Jackson, Mississippi).  The procedure follows
Lemmon (1957) and is outlined on the inside cover of the densiometer (copy is included as
Appendix 2). A soil sampler (Oakfield Apparatus Co., 19" tube sampler, Forestry Supplier, Inc.,
Jackson, Mississippi) is used to measure the depth of the soil, as well as to collect the soil
sample. The three soil samples from each site are placed in a single spunbound olefin sampling
bag (4.5 x 6 inch [11 x 15 cm, Ben Meadows Co., Atlanta, Georgia]) with the number of the
survey site recorded on the bag.

The remaining data should be collected at station 4 only. The slope of the terrain is
measured with an Suunto optical reading clinometer (Model PM-5-360 PC, Forestry Suppliers,
Inc., Jackson Muississippi), and the slope's aspect is measured with a compass (in degrees from
magnetic north). The distance to the nearest forest edge (recorded in grassland sites) or to edge
of an open area (recorded in forested sites) is measured in meters with a rangefinder (Ranging
Measuring Systems, Model 620, Forestry Suppliers, Inc., Jackson, Mississippi). At a site with
scattered trees and open areas (such as a savannah), the distance is recorded as zero.

Reporting of Survey Results

The results of surveys for American burying beetles are sent to the United States Fish and

Wildlife Service in Tulsa, Oklahoma and the Oklahoma Natural Heritage Inventory (Oklahoma
Biological Survey) in Norman, Oklahoma.
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Nicrophorus americanus:  Four elytral spots. Orange-red pronotum and frons distingiush this
species from all other North American burying beetles.

Nicrophorus orbicollis: Black pronotum with some texturing to it. Four orange spots on elytra

(twol/elytron) that do not extend to edges of elytra. Typically, it is the most common species
in wooded habitats.

Nicrophorus marginatus:  Similar to N. orbicollis except that each pair of elytral spots on is

connected along lateral edge of elytron. Species found almost exclusively in grassland areas.

Nicrophorus sayi: Very similar to N. orbicollis except femur of each back leg is distinctly
curved instead of straight. Also, proximal pair of elytral spots extend to lateral edge of the
elytra. Active in early spring and quite rare after late June.

Nicrophorus tomentosus:  Pronotum covered with fine, golden hairs. Easily distinguished from
all other species by this characteristic. Found in variety of habitats.

Nicrophorus pustulatus:  Relatively dark appearance with faint or absent elytral spots. Four
small, orange spots may be visible at distal end of elytra (two spots/elytron).

Nicrophorus carolinus: Similar to N. orbicollis except that pronotum very smooth and domelike.
Usually found near large rivers.



IA. Pronotum covered with fine, golden hairs tomentosus

1B. Pronotum not covered with hairs 2
2A. Pronotum and frons red-orange americanus
2B. Pronotum and frons black 3

3A. Elytral spots faint or absent.. pustulatus
3B. Elytral spots present. 4
4A. Pronotum round, smooth and domelike carolinus

4B. Pronotum not round, smooth or domelike 5

5A. Femur of back leg distinctly curved sayi

5B. Femur of back leg straight.. 6

6A. Spots on each elytron connected
on lateral edge of elytron marginatus
6B. Elytral spots distinct.. orbicollis






Sunreyor:

TOTALS
MALE OLD
NEW
UNK
FMALEOLD
NEW
UNK
Newly Marked Males

Newly Marked Females
Recaptures:

COMMENTS:

Sunrey Night:

123

Habitat Description:
(OF) Wind

Time (DST):

MaxiMin temp for previous 24-hour period; other weather data refer to current conditions.

Date and time refer to when trap checked;

P = Bait present; GTI = Bait gone trap intact; GDU = Bait gone trap dug up; OLD = breeding adult; NEW = newlyeclosed adult:

UNK = age cannot be determined.

Newly marked males and females refers to color, number of bee tag, and age of beetle (e.g.

R54[01dJ). Recaptures refer to color and number of bee lag on beetles that have been previously marked.



AMERICAN BURYING BEETLE ACCIDENTAL-DEATH FORM

SPECIMEN NUMBER

COUNTY:

CAUSE OF DEATH:

SEX: MALE FEMALE
AGE: NEWLY ECLOSED OLD

OTHER COMMENTS:

COLLECfOR:

WHERE DEPOSITED (to be completed by master permittee):



SITE INFORMA  TION(Make
Sampling Station 1.
GRASS HERB
PRESENT PRESENT
ABSENT ABSENT
Sampling Station 2.
GRASS HERB
PRESENT PRESENT
ABSENT ABSENT
Sampling Station 3.
GRASS HERB
PRESENT PRESENT
ABSENT ABSENT
Sampling Station 4.
GRASS HERB
PRESENT PRESENT
ABSENT ABSENT
CANOPY N__ E

DISTANCE TO EDGE FOREST/OPEN(M):

Sampling
GRASS

PRESENT
ABSENT

Sampling
GRASS
PRESENT
ABSENT

Sampling
GRASS

PRESENT
ABSENT

1993 AMERICAN BURYING BEETLE HABITAT-DATA FORM

Station 5.

HERB
PRESENT
ABSENT

Station 6.

HERB
PRESENT
ABSENT

Station 7.

HERB
PRESENT
ABSENT

LITTER
PRESENT
ABSENT

LITTER
PRESENT
ABSENT

LITTER
PRESENT
ABSENT

LITIER
PRESENT
ABSENT

w

LITIER
PRESENT
ABSENT

LITIER
PRESENT
ABSENT

LITIER
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

sure same as on burying beetle survey form)

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2m >2 m

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2 m>2 m

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2 m >2 m

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2m >2 m

SOIL DEPTH(DM): 0 01 >1-2

ROCK
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

ROCK
PRESENT
ABSENT

ASPECT:

SLOPE(%):

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2 m >2 m

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT
$2 m>2 m

SHRUB TREE
PRESENT PRESENT
ABSENT ABSENT

$2 m>2 m

MOSS
PRESENT
ABSENT

MOSS
PRESENT
ABSENT

MOSS
PRESENT
ABSENT

MOSS
PRESENT
ABSENT

>3-4 >4

MOSS
PRESENT
ABSENT

MOSS
PRESENT
ABSENT

MOSS
PRESENT
ABSENT
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A Ne™

Instrument for Measuring Forest

Overstory Densityl

2~ new instrumcl.:l. [2alled a
., spherical densiotll": ,.er' ~as been
described  for esu:natiu;;, forest
overstory  density ~ Thi~ pocket-
type instrument elllpby:; a mirror
with  spherical  cunuture which

makes possible the retlectioli of a
lar're overhead area. .l grid is used
to ;stimate percentage of thls over
head area covered with forest
canopy. Estimation is usually from
a point near the forest floor. Ade-
quate sampling gives the average
canopy of a forest area.

Two models, A and B (Figs. 1
and 2). have been adopted as
standard. = Each employs a highly
polished chrome mirror 2l~ inches
in diameter and having the curva:
ture of a 6-inch sphere. The convex
side of the mirror is used in jlodel
A arid the concan side in jlodel
B. Each has some advantages on'r
the other.

The mirrors are mounted in
small wooden recessed boxes \\"ith
hinged lids similar to compass
boxes. The over-all dimensions are
about 31/~ X 31,~:5:11'8 inches. .A
circular  spirit  level is mounted
(recessed) beside the mirrors. Posi-
tive slide fasteners are proviuell ill
\lodel B whieh alloWw' the lid to

‘Editor: .- llote.-.~t the request or the
author the rcader:s attention is called to
the comercial a\"ailability or this instru-
ment. i>ee page 696.

open to an angle of about 45
degrees.
Cross-shaped and circular grids

\yith squares and dots are used to
estimate overstory coverage by tree
\:ro\"ns. Grids are of t\YO kinds:
(1) those scratched upon the sur:
face of the mirror, Model A. and
(2) those superimposed between
the mirror and the eye, ~lodel B.

The cross-shaped grid scratched

upon the com'ex surface of the
mirror in jlodel A has 24. quarter-
inch squares (Fig. 3A). Instruc

tions for using the densiometer and
cumulative values for the squares
Il the grid are shown on a chart
that is attached to the inside of
the box lid (Fig. 3B). It is easier
and faster to estimate the relative
amount of overstory coverage with
this instrument by assuming the
presence of four equi-spaced dots in
each square and by counting dots
representing- openings in the can:
opy. The percellta~e of overstor:,:
(lensit" is then assumed to be the
eompl~ment of this number. Each
assumed dot is assigned a value of
Ime percent in this case. A slig-ht
(liscrepanc~: exists between estima-
tions usin!! the squares and estima-
tions by -countin!! assumed clots.
because' there are-only 96 dots in
the entire !lrid area.  Cnmulatiw
yalues of the squares shown in the
chart add up to 100 percent for the

I'L?”'Ofl- Paul E-t_ 1t956- A thef{‘?a' entire area within the grid. If de-
Jcnsiometer  ror estimatinsr rorest o\"cr- :

tor~' lensir ..»..Forest Sci. ~:311-3~O. sired. one may ealculate the exact
FIG. I.-Spherical  Jensiomerer. ~lodel _\.with estimating grid  F!G ., -Spherical

;crarched  on the surface or the cou\"cs mirror.

mirror.

percentage values for each assumE
dot and thereby make the t,
methods of use exactly comparabl

)lodel B has a circular grid. T}
circle is 11,2 inches in diamet
~uperimposed over quarter-in'

~quares. Each square has four eql
spaced dots (Fig. 4A). This gr
is made from a positive print

a photographic ~ film mounted ¢
tween thin sheets of plexiglass aJ

fitted into the window of the b
lid.  Instructions for  operati
\lodel B are given on a on

mounted on the bottom of the:
~trument bo~ (Fig. 4B). The Opt
ator estimates overstory  densi
bv countin!! the dots representi
o~'erstory ;penings and assumi
this to represent the percentage
lloncovered overstory area. HE
allain a slight discrepancy exi
h~cause there are only 96 dots
duded within the area of :
llircular  grid. Exact percentr
\'alues for each dot may be ('
lulated to estimate the ent
circular area as 100 percent. T
refinement is not considered nee

sary for ordinary use of the iost
ment.

Instruments can be develol
with different  Kkinds, sizes. [
hapes of g-rids and \vith mirr
of different cm"vatures. Howe'
standardization ~ of these proper'
is necessar~" to provide comparr

information that can be duplicul
The instruments  described h
been thoroug-hly tested and I
given satisfactory results with i
western conifers.  We believe
spherical densiometer  descri
(either jlodel .-\.or B) will st

densiometer. :.lodel B. \\"ith es#firrhatin-~
of the con

'InNimposed  bet\\'ccn the (‘'ye aud tle surtace



UJ

FIG. 1.-(-\  'ross-shaped grid

~cr~tehed on the conl"('Xsurtaee ot the
Model A.. Eee:.esquare is 14 inch on a side. (B)

; ~E,I\\CAI. OENSI04f

Voo o
'~ eeeeli0.,,0pen T

~'t'~eoe,

"ftAINCFIO"S
HotCli inltrumettt  ~ GnG s.o .hOt OOI'f'll,ort
"1™
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Makt tour rNGIngt " 10CatlOn focing NOI'tft.Eost.Soutft. |t

and Wn'. RKoret and O¥efGqee C4ltmJllif". ralu,.1rN ,I{,
DIf 11119"tl fult,

rili/arn

mir:,or in

Instructions  for using Model A-

This is fastened to the inside ot the lid ot the mounting box.

FIG.4,.-(\)

Model B. Each square is .- inch on a side.

SPHERICAL OENSIOMETER
0" 1T oe.omeee

‘Oltin ove.UOIW OIln,™

voocL -

‘NITRUCT10HS
Mala ,nUum.nT w11 :)tn “onos..
~r0" at COGv. ana Ol '100_  “Ifdy, . ..o
tIDO.s  OQQI" sloe. .t coay far Of. -1
SuODO". HOlle Ira ODe" cs for 01,1 Will 90 ‘0CII'lg
away ,.om oivoo«. €NL" g W, Intrumen,
------- on e (1 Oy Jooiing ,WO0UON  cuor.C
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0eCUOlea OtCM. (0CTt Oot rOFIMAWI  oppro.,rftQtty
0™ Dlte,” ofm"-"‘no o:10. Mall.four_ reCG.ngs
~.r locah~" C ~:.t.~QU" ana

al e
e RcarO  ofto  c",..,oql

ODaut 12" n

Circular grid superimposed between the eye and the concave mirror in

(B) Instructions for using :llodel B.

This is fastened to the bottom of the mounting bOL

the needs or practicing forester,
range conservationist, and plant
ecologist or those or most scientists
doill!!"highly technical work.

Operators need a little training
to become consistent in the use of
the instrument .. Jud~ment and 103-
perience is needed to differentiate
between overstory areas that are
considered completely co,-ered by
the overstory and those that have
thin  but uniforml,-  distributed
coverage. In the latter case it may
be necessary to estimate the area
of many small irregular openin~s
and reduce the percentage over-
stor~- density by the sum of these.
Training and  e~erience are
needed for each different forest
~pecies or type because of the dif-
ferences in l)verstory character-
istics. The season of the year is im-
portant  "hen  making  mpasure-
ments in forests containing decidu-
ous species.

Experience has shown that suffi-
cient accuracy can be attained with
the spherical densiometer by hold-
ill'l"it as nearly level as possible in
the hand. This is made possible by

installing a circular spirit level in
the mountin~ box. ~0 mechanical
-npport. such as a tripod. is

needed. This adds to the practica-
hility of the instrument in use.

1 larlre numbe!" of measurements
I.f oversrory density haye been
malie to test the instrument. One
such :;tudr in,"olved the measure-
llwnt of o,"erstory density :~tpoints
in ~S different forests. ji..;asure.
rnents were made at each point by
four different operators each using
instrument jlodel A. and ~lodel B.
The results ,vere subjected to an
analysis 01 variance to determine
consistency of measurements. There
were no significant  differences
amon~ measurements made by dif
:erent operators Clr with differenr

instruments and none of the i.:'~r-
actions were silmiiicant.  The ,ill-
ferences due t~ forests. however.

\'t"ere highly si~nificant-abo\"e  the
99 percent level of probability
Under similar conditions one can
-xpect ‘\. riations in o,erstor~- len
sity measurements to be ~il:
1.3 percent . .24 percen’ 1c
::3.1 percent at probability ~—
of 70, 95, and wnn :Jercent respec
lively. These 't"ariariOns amount t(
about 2. 3, and 4 percent when th(
standard deyiation is e~pressed iT
terms of the o\'P.rstory at the poin
-if  measurement (coefficient ()
Yariation) .

Another study involved place
ment of 416 different forest o\"er
story measurements into 5 percen
overstory density classes. Variatio;
around the mean 'nthin each cllIS
was calculated and the- standar
deviations and coefficients of \"ari::
tion plotted a2'ainst the o\"erstor
density classes~ It was found tha
\"ariation amon!!' measurements iT.
creased as the o~'erstorv, beinee.meE
sured  decreased - only slight 1
when overstor,- densitv decrcnse
from 100 do,~n to ab~ut 60 pel
cent but rapidly thereafter. Whe
placing overstory density into
percent classes with the spheric:
densiometer. reliability in tt:
order of abour ;j percent can |
p~pected ~o IOIl!"is one is measn
ing forests that ha™e more tha
about 50 percent o\"erhead canop
Since One naturally estimates pp
centage of ovel'story area
covered in dense forests and o,-e
story area corpren in opem forest
estimations  of oyerstory  densi’
,vhen placed ill dasses ,'t"ill selilo
vary more than -=3 percent.

Loss in reliabilitr ~ of overstol
density measurements results fro
placin~ rorests in o,-erstory (iensi
classes based on measurements wi'
the spherical densiometer as co
trasted with using the actual me
surements. For instance, reliabili
of about =1.3 percent can be (
tained when actual measuremen
are used w-hereas the reliability
reduced to about 5 percent whl
classes are used.

PAUL E. LE:.1~1(

Soil Conservation Sert'i(

U. S. Department of A,gricultw
IVIIShillgton, D.
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GENETIC VARIATION IN THE AMERICAN
BURYING BEETLE, Nicrophorus americanus

Andrea J. Kozol

James F;A. -~raniello
Scott M. Williams
Department of Biology
Boston University



The American burying beetle, Nicrophorus americanus is a
federally endangered species highly restricted in its
distribution, although Tformerly widespread throughout the central

and eastern united states. Reintroductions and trans locations of
American burying beetle populations will constitute an important
component of the recovery program Tfor this species. The goal of

the present study was to provide information on the amount and
pattern of genetic variation within and between two extant
populations, Block Island and Oklahoma/Arkansas (OK/AR) . Such
genetic information on burying beetle populations 1is critically
important to the design and implementation of a recovery program.

A genetic survey of N. americanus and a conger.er, N.
orbicollis was performed using the Polymerase Chain Reaction with
single short primers that randomly amplify polymorphic DNA (P~PD-
PCR). The study on N. orbicollis compared a Block Island
population with a nearby mainland population to determine whether
the fTormer group exhibited reduced variation due to its isolated
location. The results demonstrated no obvious differences
between :theisland and mainland groups indicating that the
location of the Block Island population did-not in itself reduce
genetic variation.

The objective of our study on the endangered speci®=s was to
characterize the genetic variation present in each of the two
populations. Two questions were of primary imp~rtance; how much
variation is present 1in Block Island and OK/AR, and does the
variation differ between these two groups? The survey of N.
americanus revealed low levels of genetic variation in both the
eastern (BI) and western (OK/AR) populations. The OK/AR beetles
did exhibit slightly more variation, both in the number of bands
produced and in the corr~ination of banding -~atterns present.
There were no unique bands or banding patterns in the Block
Island beetles. We therefore vrecommend the use of the OK/AR
population for reintroduction and/or translocation programs-
implemented to accomplish the objectives o~tlined 1in the recovery
plan for the reclassification of the American burying beetle.



The maintenance of genetic variation in small populations of
declining species 1is an important component of conservation
biology (Frankel & Soule 1981, OIldfield 1984). A number of
studies have been conducted using protein electrophoresis to
examine allozyme variation as a means of characterizing genetic
variation in extant populations of rare species (Triggs et al.
1989, Echelle et al., 1989). Other studies have utilized
methodologies that Hlook directly at DNA variation including
mitochondrial DNA and DNA fingerprinting (Ashley et al. 1990,
Wayne et al. 1991, Vogler et al. in press). We have conducted a
study using the Polymerase Chain Reaction to estimate genetic
variability in two populations of the American burying beetle,
Nicrophorus americanus.

N. americanus was widely distributed in the united States

east of the Rocky Mountains as recently as 70 years ago. Records
from pinned specimens indicate that this species occurred 1iIn 35
states and in three eastern Canadian provinces. The extant

populations of this species are known only from locations on the
periphery of their former range including Rhode Island, Oklahoma,
Arkansas and Nebraska (jJust discovered in 1992). N. americanus
was listed as an endangered species 1in 1989 (Federal Register
54:133, July 13, 1989) and a recovery plan was pUblished in 1991
(U.S. Fish and Wildlife Service). The establishment of an
extensive reintroduction and/or translocation program will most
likely be necessary to meet the recovery objectives for
reclassification as outlined 1in the plan. These objectives
require the existence of three self-sustaining populations with a
minimum of 500 individuals for at least five consecutive years in
each of four broad geographic areas. Individuals from the known
extant populations will serve as the source populations for
captive breeding and reintroduction or translocation efforts.

The goal of our study was to provide information on the amount
and distribution of genetic variation among and between these
extant populations to be used in the design and implementation of
these programs.

An objective of our study on genetic variation in the Block
Island population was to determine if the extant variation was a
product of its island location or of declining population size.
To distinguish island effects from small population effects, the
best comparison would be to utilize samples from Block Island and
from a close mainland population. This is not possible with
N. americanus given their current distribution. However, we
tested the "island effect” hypothesis by using the closely



related congener, N. orbicollis because it oc~urs on Block Island
and in coastal Rhode Island. We assume that the mig~ation rates
of these two species were comparable when N. ame~icanus was
common in mainland areas close to Block Island. TLis report
summarizes the results O0f our studies on both N. americanus and
N. orbicollis.

Thi t:r)L-t" .wo/beetlewre removed as larvae from broods
exca~~ea on Block Island in 1990 and 1991. These individuals
emer;ed as adults in the lab at Boston Unive~sity, were bred in
the captive“colony and were frozen at -80°C. In addition seven
beetles were removed from Block Island as adults in 1990, bred at
Boston University and frozen at -ao°c.

In 1991 six adults from Latimer County, OK were received

from curti~ -~reighton, a graduate student at the University of
Oklahoma. These individuals were used iIn the captive breeding
program in Oklahoma, were frozen at -ao°c, and shipped to Boston
University on dry ice. In 1992 an additional 12 sP~9imens were
received. These beetles were mortalities that occurred In the
course of ~itfall trapping. six specimens were from Fort

Chaffee, AK, one was from Camp Gruber, O0OK (Cherokee/Muskogee
Counties), and five -~ecim~ns had no information at all.

has indicatea ~hat ne 1sunsure of the collection
rocarit.tes of the unmarkea spcc.J..mens. Seven 01 ""Enel~specimens
recelvea in 1992 were in reasonanle condition and were used in
our analysis. The five unlabelled specimens were in an advanced
state of decomposition and were excluded from our study because
they were contaminated with foreign DNA (i.e. microbes) and
because they lacked reliable collection data. A total of 13-

specimens (seven from OK and six from AK) were usea In ~e
analysis.

N. orbicollis were collected from pitfall traps on Block
Island in 1990. All beetles from mainland Rhode Island were



collected in Mat~nuck 1in the same year. Specimens were
t~ansported alive to Boston University and frozen at -80°C.

All DNA extractions were made on thoracic tissue dissected
away from the exoskeleton and submersed in 500 ul of grinding
buffer (10mM Tris-el pH 7.5, 60 mM NaCl, 10 Mm EDTA pH 8.0, 0.15
uM spermine, 0.15uM spermidine). This material was added to 500
ul of lysis buffer (0.2 M Tris-el pH 9.0, 30 Mm EDTA pH 8.0, 2%
SDS) and digested with Pronase (0.2 mgjml) at 37°e for one hour.
Three extractions with phenol:chloroform:isoamyl alcohol
(25:24:1, equilibrated to pH 8.0) and a final chloroform:isoamyl
alcohol (24:1) followed. DNA was precipitated with 0.3 M sodium
acetate in an equal volume cf cold isopropanol. Samples were
rinsed twice with 70% ethanol, vacuum dried, and resu3pended iTl
75-200 ul of IX TE. Aliquots of each sample were purified via
spun collumn chromatography containing Sepharose CL-6B before
being used 1in peR reactions.

The polymerase chain reaction is a tecnnique by which small
guantities of DNA can be amplified quickly and ef-ficiently in
vitro from total DNA preparations. peR reactions consist of
three major steps (Figure 1).

The first step, denaturation, is achieved by heating double-
stranded DNA to a temperature of 94°e. At this temperature t-e
bonds holding the two strands of DNA together dissociate and the
DNA becomes single-stranded. This prepares the DNA for -the
S3cor.~step, annealing. During the annealing phase, a small
segment of DNA with a known sequence (the primer) attaches itself
to the complementary sequence at the 5" end of each strand of DNA

(the template). Annealing temperatures range from 35-60°e
depending on the specificity and length of the primers being
used. The third step in the cycle, extension, reconstructs the

complementary strands of the template DNA. The extension phase
is accomplished with the use of a thermally stable enz~e called
Taq polymerase. The template DNA acts as a reference strand for
the Tag polymerase which adds complementary nucleotides along the
entire stretch of DNA flanked by the primers. Taq polymerase
operates most efficiently at a temperature of 72°e. This 3-step
cy~le 1is repeated 35-50 times. with each cycle doubling the
amount of DNA from the previous cycle, a large quantity of DNA is
generated quickly.



The primers used in our study are known as RAPD markers:
which stands for Random Amplified Polymorphic DNA Williams et
ale 1990). This technique uses short primers, 10 bases in
length, with arbitrary nucleotide sequences. The prim2rs detect
polymorphisms, or mUltiple alleles, which serve as molecular
markers that can be compared across individuals to yield
estimates of variation. The RAPD-PCR technique is similar to DNA
fingerprinting in both the patterns of variation detected (Welsh
and McClelland 1990) and in the analysis of those banding
patterns (Gilbert et ale 1990). RAPD primers have recently been
used iIn a number of studies to determine parentage (Scott and
Williams 1993), to document hybridization (Crawford et ale 1993,
Arnold et ale 1991), to identify strains of inbred mice Welsh et
al.1991), to examine outbreeding in plants (Fritsch and
Rieseberg 1992) and to determine the boundaries of a giant
subt3rranean fungus (Smith et-al. 1992). The use of RAPD primers
to ~easu~e relative levels of variation within and between
populations has not yet been reported in the literature.

PCR reactions were performed in a total volume of 25 ul
containing 10 mM Tris-Cl pH 8.3, 50 mM KCI, 2 roMMgCl, and 120
mM each of dATP, dGTP, dCTP, dTTP. Approximately 25-30 ng of
genomic DNA were used per reaction with 0.6 uM of a 10 base

primer and 0.5 units of Promega~ Taq DNA polymerase. Forty-five
primers were initially screened for use iIn this study. Primers

that did not amplify any products or did not consistently amplify
the same-products were eliminated. -Thirteen of these 45 primers

were selected to conduct the survey of Nicrophorus beetles.
Their names and sequences (6" to 3°) are as Tollows: 211 (GAA GCG
CGA T), 220 (GTC GAT GTC G), 222 (AAG CCT ccc C), 237 (CGA CCA
GAG C), 272 (AGC GGG CCA A), 273 (AAT GTC GCC A), 275 (CCG GGC
AAG C), 283 (CGG CCA CCG T), 284 (CAG GCG CAC A), 289 (ATC ~~G
CTG C), 290 (CCG CGA GCA C), 292 (AAA CAG CCC G), and 295 (CGC
GTT CCT G). These primers were supplied by Dr. John E. Carlson
and Dr. John Hobbs at the University of British Columbia®s
Nuclleic Acid-Protein Service (NAPS) Unit as part of the
cligonucleotide Set #3. Three of the primers (211, 220, 222)
were also synthesized by Dr. Dean Tolan at Boston University.
Amplifications were performed iIn two MJ Research programmable
thermal cyclers. There were no differences in banding patterns
produced in the two machines, -nor in different locations in the
temperature block within either machine. PCR cycles were
executed as follows: 1 min at 94°C (denaturing), 1 min at 35°C
(annealing), and 2 min at 72°C (extension). Forty-five cycles
were completed for each PCR reaction. Reaction mixtures
containing all 1ingredients except template DNA were included as
controls in most reactions. PCR products were resolved
elect~ophoretically on 1.5% agarose gels at 75 volts for two
hours az~dviewed with ethidium bromide staining and Polaroid=
photography. All reactions were replicated to confirm identical
banding patterns in all individuals. Primers that did not



reproduce identical bands for all individuals wi~hin four
replications were excluded from t-~e analysis.

Southern blots were conducted as controls to demonstrate
allelism of representative bands. It was assumed that bands of
the same length on the agarose gels were identical. In order to
test this assumption, bands from a given primer in a single
individual were used as probes against the same bands in other
individuals. The products of RAPD-PCR reactions were run out on
1.2% agarose gels at 35 volts fTor 16 hours. The gels were
transferred onto Zetabind= nylon membrane according to the
-manufacturer®s protocol. The .bands used as probes were excised
from 1.0% low melting point agarose gels and re-suspended 1iIn 50-
100 ul 1X TE. This DNA was oligolabelled with 32p and was
hybridized to the nylon membranes at 65-C for 18 hours. The
hybridized blots were washed to remove background signals and
were exposed to x-ray Tilm for 5-36 hours. Three bands were used
for N. americanus and two for N. orbicollis as follows: a 1 kb
band from primer 211, a 1.5 kb band from primer 283 and a 400 bp
band from primer 284 for N. americanus and 300 and 700 bp bands
from primer 295 for N. orbicollis.

The measure used to estimate Ilevels of variation ir:each
population was as fTollows: Tfor each primer we calculated the
percent of shared bands between each pair of iIndividuals within
each population where F = 2Nxy/(Nx + Ny), Nx and Ny are the number
of RAPD bands 1in individuals X and y respectively; Nxy is the
number of bands shared by X and y. The index 1Is expressed -~s a
percentage ranging from 0% (no shared bands) to 100% (identical
bands in individuals X and y). This calculation of shared bands
has been used iIn both restriction fragment Jlength polymorphism
(RFLP) and DNA fingerprinting analyses (Wetton et al. 1987). The
Block Island individuals were divided into three groups so that
all comparisons were made only on individuals run on the same
gels. The sizes of the three groups were: group 1 (BI1) = 13,
group 2 (BI2) = 12, and group 3 (BI3) = 14. The OK/AR specimens
were run on gels together with 12 Block Island individuals
representing each of the 3 Block Island groups (5 f-om BI1, 4
from BI2 and 3 from BI13). This allowed us to conduct a direct
comparison of the percent of bands shared within each group as
well as the percent of bands shared between Block Island and the
western population.



In ~he 1interim report submitted to the USFWS on 1/13/92, we
presented results on N. orbicollis demonstrating that there were
no significant differences in the percent shared bands between
the Block Island and the Matunuck, RI populations. That study
was conducted on 56 inctividuals (28 from each nopulation) with
seven RAPD primers. The pres~rit anaLysls was eApanaed-~o0 include
the 13 RAPD primers subsequently used an N. americanus. We
tested these 13 primers on 28 N. orbicollis individuals (14 from
Block Island and 14 from Matunuck) . The results were nearly
identical t~ the first study and are presented in Table 1.

Twelve of the 13 primers were included in this analysis.
Primer 273 was excluded because the banding patterns could not be
replicated reliably. A total of 75 bands were analyzed for the
Block Island group and 76 bands for the mainland group. An
average of 6.3 bands were generated with each primer in both
populations. Eight primers (211, 220, 222, 237, 272, 289, 290,
292) showed no obvious differences between the mainland and

island populations. Three of these primers (211, 237, 289) were
invariant in both populations. Two primers, 283 and 295,
revealed considerably more variation in the Matunuck, RI
population. The reverse was true T)r two other primers, 275 and

284, which revealed more variation in the Block Island
population.

Two bands (300 bp and 700 bp) were excised from a Block
Island individual and used to probe the Block Island and Matunuck
groups. These markers clearly Gamonstrated identity of the bands
they were tested against (Figures 2 and 3). All bands scored as
present on the gels were present on the autoradiographs,
indicating that the bands were homologous. Likewise, no bands
that were scored as absent from i~dividuals on the gels appeared
on the autoradiographs (indicating the absence of these bands and

concordance between scoring of ethidium bromide stained gels and
actual allelism.



TABLE =& Percent shared bands within Block Island (Bl) and
Matunuck (Mat) populations of N. orbicollis

Primer Bl mean + sd Mat mean + sd
211 1.00 + 0.00 1.00 + 0.00
220 0.58 + 0.24 0.59 + 0.24
222 0.69 + 0.16 0.65 + 0.18
237 1.00 + 0.00 1.00 + 0.00
272 0.50 + 0.21 0.48 + 0.22
275 0.75 =+ 0.11 0.80 + 0.11
283 0.91 + 0.07 0.68 + 0.22
284 0.91 + 0.12 0.94 + 0.09
289 1.00 + 0.00 1.00 + 0.00
290 0.80 + 0.13 0.82 + 0.16
292 0.54 + 0.20 0.55 + 0.23
295 0.87 =+ 0.11 0.75 + 0.14

Ten of the thirteen primers were used in our analysis of N.
americanus from Block Island and OK/AR. Three primers (220, 222
and 290) were excluded fro~ our analysis because they did not
reliably reproduce identical banding patterns in all individuals.
A total of 33 bands were analyzed for the Block Island population
and 37 bands for the OK/AR group. An average of 3.3 bands per
primer were generated in the Block Island group and 3.7 bands in
the OK/AR group. Table 2 shows the results of the ?ercent shared
bands within the three Block Island groups of N. americanus.

Three of ten primers (211, 273 and 292) were invariant 1in all
groups. The other primers ranged Tfrom 83.9% to 98% of all bands
shared 1~ common.

The results of the Block Island and OK/AR comparison are
shown in Table 3. The Tfirst column shows the percent of bands
shared within the 12 Block Island individuals run on the same
gels as the OK/AR beetles. The results of the variable primers
within the OK/AR popUlation are shown in column two and range
from 81.2% to 97.8% shared bands. The third column presents the
percent of bands shared between these two populations.



TABLE 2 Percent shared bands within Block Island N. americanus

Primer BI1l mean * sd BI2 mean + sd BI3 mean + sd
211 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00
237 0.93 = 0.07 1.00 + 0.00 0.98 + 0.05
272 0.90 = 0.08 0.84 + 0.13 0.88 + 0.12
273 1.00 + 0.00 1.00 + 0.00 1.00 £+ 0.00
275 0.96 + 0.06 0.96 + 0.07 0.93 + 0.07
283 0.98 = 0.05 0.98 = 0.05 0.98 + 0.05
284 0.98 + 0.05 1.00 + 0.00 1.00 + 0.00
289 1.00 £ 0.00 0.94 + 0.07 1.00 + 0.00
292 1.00 + 0.00 1.00 + 0.07 1.00 + 0.00
295 0.91 + 0.15 0.84 + 0.17 0.91 + 0.15

TABLE 3 Percent shared b2.":1dsetween the Block Island and
Oklahoma/Arkansas populations of N. americanus

Within BI Within OK/AR Between BI-0K/AR
Primer mean + sd mean__+ sd mean _+ sd
211 1.00 + 0.00 1.00 + 0.00 1.0 £+ 0.00
237 0.96 = 0.07 0.82 + 0.21 0.89 + 0.16
272 0.83 + 0.13 0.81 + 0.21 0.83 + 0.18
273 1.00 + 0.00 1.00 + 0.00 1.00 £+ 0.00
275 0.96 = 0.07 0.89 + 0.09 0.89 + 0.09
283 0.96 + 0.07 0.98 + 0.05 0.97 + 0.06
284 1.00 + 0.00 0.96 + 0.06 0.98 + 0.05
289 0.98 + 0.05 0.93 + 0.13 0.95 + 0.10
292 1.00 £ 0.00 1.00 + 0.00 1.00 = 0.00
295 0.95 + 0.12 0.82 + 0.17 0.82 * 0.17

In addition to examining the percent of bands shared in
common within and between these two populations, we also
conducted an analysis of the banding patterns present in the two
groups. In six of ten primers there were no differences between
these two.groups in the number of bands present, nor in the
number of banding patterns among individuals. In the remaining
four primers, the OK/AR population exhibited both a sljghtlv
larger number of bands and a slightly more diverse array of""
banding patterns than the Block Island group (Table 4, Figure 4).

As with the controls performed on N. orbicollis, the
southern blot hybridizat~ons conducted with N. americanus cr-



three bands from two prlmers indicated that the -~ands examined
were homologous.

Block Island OK/AR
#bands! # patterns # bands! # oatterns

211 2/1 2/1
237 4/2 574
272 574 6/4
273 2/1 2/1
275 4/2 5/3
283 4/2 4/2
284 4/~ 4/2
289 4/2 5/3
292 2/1 2/1
295 212 212
33719 37/23

The analysis presented above for N. orbicollis confirms the
results presented 1in the interim report. We found no difference
in levels of variation present 1in the Block Island and mainland
populations of this species. This absence of an island effect
can be accounted for by several ecological fTactors. -1t is
possible that migration from mainland source populations to Block
Island occurs frequently enough to homogenize variation between
them. Given that Block Island is"only twelve miles from southern
Rhode Island, and that very low, but consistent, migration rates
are sufficient to homogenize pOf-ulations, this scenario is
plausible. It is also possible that the founding population on
Block Island was large, or carried large amounts of genetic
variation that has been maintained over time.

The use of peR and RAPD primers 1in our analysis of~
americanus has revealed a limited amount of genetic yariation_ 1in
both of these populations, albeit slightly more In the western
group. Our analysis has focused on two questions to assess the
levels of variation 1in this species. The Tfirst question
addresses how much variation remains within each of these two
populations. The analysis of bands shared within and between
these two groups shows that in six of ten primers there 1is a
lower percent of bands shared within OK/AR than between Block



Island and OKjAR. In three of ten primers the percents were
identical and in only one of ten primers was the percent of
shared bands slightly higher w~thin the mainland than be~ween the
island and mainland populations.

The second question we have addressed is whether the extant
variation in these two populations differs. IT these two
populations were depauperate 1in variation, but exhibited very
different patterns, it would be critical to utilize both
populations extensively in captive breeding and reintroduction
programs. The 1isolation of populations on real or virtual
islands frequently results in .adecrease in levels of variation
and marked differences in the 1identity of the v-~riation present.
In their study on Channel Island foxes using DNA fingerprinting,
Gilbert et al. (1990) used the percent of shared bands as a
measure of relative genetic variability in isolated po?ulations

of foxes on islands of varying sizes. They reported that
variability was higher between 1island populations than within a
population on a given island. Their analysis also enabled them

to demonstrate a correlation between Jisland size and band sharing
with the populations on the largest 1slands havlng the highest
levels of variability. Perhaps most interesting, Gilbert et al.
(1990) were able to distinguish individuals from dif=erent

islands based on unique diagnostic bands associated with
different 1islands.

In our examination of the number of bands present and the
nature of the banding patterns present, we have again detected
only slight differences between the OKjAR and Block Island
populations. The OKjJAR population does exhibit somewhat more
variation than the Block Island population. The question remains
however, how do we account TfTor the enormous similarities in the
variation seen in these two widely separated populations?

There are a number of suggestions that can address this
inquiry. It is possible that the Amerl-~an burying beetle 1is a
species that has never carried high levels of genetic variation
and that what we are seeing in the PCR analysis does not reflect
a recent change 1in levels of variation due to a radical decline
in population size, but the status quo for a long period of time.
On the other hand, it is possible that the low levels of
variation do reflect prior“bottleneck events that may have been
severe, during which the extant Ilevels of variation declined
significantly in consort with population size. IT the Ilatter
hypothesis were true, we might still expect to have seen
differences in the identity of the variation fixed iIn each
population, instead of the strong similarities we have detected.
An alternative explanation lies 1in the specific technique we have
utilized to examine levels of variation.



While the potential applications of PCR a~d RAPD primers
have been recently reviewed (Hadrys 1992), there 1is little
information available on the precise regions of the genome
targeted by RAPD primers. In standard PCR reactions, two primers
are added to each reaction to amplify a specific segment of DNA
flanked by the regions matching the sequence of the primers. In
RAPD-PCR reactions, only a single, short primer 1iIs added to each
reaction. These primers amplify segments of DNA flanked by areas
that have an inverted repeat. In other words, the primer
corresponds to a sequence that it matches on one strand of DNA
that runs from 5" to 3" and it matches the 1Inverse sequence on

the other strand in the 3" to 5" orientation. The high Ilevels of

similarities in the variation detected in the Block Island and
OK/AR populations may result from the fact that these IiInverted
repeats in N. americanus are located in highly conserved regions
of the genome. However, most--studies using RAPD primers report
yields of large numbers of bands per individual and we consider
it very unlikely that the results we have obtained are an
artifact of the methodology we have used.

A reintroduction program using Block Island individuals from
-—-the--captiveopulation at Boston- University has beerr-—ngoing--cc=
since 1990. This effort has been conducted on a single small
island iIn Massachusetts, Penikese, and 1is being considered at a
second island site, Nantucket, for the summer of 1993. The use
of Block Island individuals for these reintroduction efforts is
reccmmended for two reasons. First, any inherited local
adaptations to environmental conditions on Block Island would t~
very similar to conditions encountered on these other islands.

In addition, the impact of this program on the wild population on
Block Island has been minimal because all TfTounding individuals
for the reintroduction program have come from a captive breeding
program.

The population of N. americanus on Block Island is known to
be small, numbering approximately 500 individuals (Kozol 1988,
an~ual monitoring efforts). Recent studies 1i1n Oklahoma and
Arkansas have shown that this population is more widely
distributed (nine counties in OK, four 1in AR) than previously

thought, and is larger than earlier estimates revealed. In 1992
over 1000 adults were captured in pitfall traps (Lomolino,
pers~nal communication). The Oklahoma/Arkansas pcpulation shou:d

be used to establish a large scale reintroduction/translocation
program Tfor mainland sites.



The only long term captive breeding program currently in
existence 1is housed at Boston University and is based on Block
Island stock. This population will only be maintained through
the end of 1993. Unless an institution in the area expresses a
willingness to provide a long term commitment to housing a
captive colony of N. americanus, it is probably not feasible to
maintain a captive breeding program based on this steck. The
Cincinnati Zoo also houses a captive population based on Block
Island stock, but has had ongoing difficulties establishing a
successful breeding regime. We recommend that the Cincinnati Zoo
initiate a captive breeding program using Oklahoma beetles as the

founding individuals. The excess adults from this population can
be used 1iIn reintroduction efforts throughout the former range of
this species. A captive breeding program is also in place at the

University of Oklahoma and should produce additional animals to
be used 1iIn reintroductions.

As survey efforts continue 1in the central United states and
additional information on the distribution and size of the
population in this area becomes available, the decision to
implement a translocation program can be made. The advantages of

a translocation program are several. Reintroductions require the
maintenance of a captive colony that can be very time consuming
for the individuals providing care. In addition, captive

breeding of burying beetles, when successful, tends to generate a
large number of excess individuals that must be maintained under
the conditions of the permit. Translocations-can' 'be conducted 1in
a manner which minimizes the impact on wild populations by
following the methods used by Kozol (1990) on Block Island to
remove individuals for captive breeding and genetic analyses.
wild adults are provided with carrion 1in the field. On the tenth
day after burial the brood chamber is excavated, a small number
of larvae are removed and allowed to complete development 1in
captivity. The adults that subsequently emerge are used as the
founding 1individuals in the translocation program.

The use of RAPD-PCR has revealed 1low levels of genetic
variation in both the Block Island and Oklahoma/Arkansas
populations of the American burying beetle. Given that the OK/AR
population exhibits slightly more variation than the population
on Block Island, we recommend using the Tformer group Tfor mainland
reintroduction and/or translocation programs.
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FIGURE 2 RAPD amplification products of N. orbicollis using
priner 295.



FIGURE 3 Autoradiograph of the gel from Figure 2 after probing
with DNA from the 700 bp band, demonstrating that this
band is allelic across all N. orbicollis.
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