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| have reviewed the NPPD white paper and have concerns.

Average five-year density of ABB in the best habitat along the R-Project is 0.014
ABB/acre or approximately 1/10 of the density estimate used in the HCP. Using this
highest average density, the estimated take of ABB with no avoidance measures—i.e., if
all 574 acres were ABB habitat and if NPPD disturbed the entire area—would be 8 ABB
(574 acres x 0.014 ABB/acre).

In areas that are confirmed as ABB habitat, Forbes-Timberline, the construction
contractor, will use construction matting as described above to avoid the vast majority
of previously planned soil disturbance and will implement the clear-and-maintain
protocol prior to the minimal areas of soil disturbance for structure installation and
construction safety needs, which will eliminate the likelihood of take from the covered
activities previously identified in the HCP. The use of construction matting would avoid
any soil compaction that could impact the ABB.
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Abstract

The reproductive habitat preferences of the endangered American burying beetle (Nicrophorus americanus Olivier) were examined at nine established habitat types at Camp Gruber Army Training Center in Muskogee County, Oklahoma. Two 200 gram carcasses (Rattus norvegicus) were made available for burial at two replicate locations for each of the nine habitats (18 total locations) from May 30th – June 8th, 2006. Buried carcasses were covered with a mesh enclosure to trap departing N. americanus parents and newly eclosed offspring. Nine carcasses were successfully buried at six different habitat locations within a 72.39 km2 study area.  N. americanus moved carcasses  an average of 30.5 cm (12 in) before burial at an average depth of 15.9 cm (6.26 in depth to bottom of burial chamber).  Adults emerged 12 days after burial.  The developmental time of offspring was 31-42 days.  Only four N. americanus (two males and two females) emerged and they were all from one carcass located in big bluestem/little bluestem herbaceous association.  This carcass was shared with N. marginatus.  The burial of a rat varied significantly with soil compaction (P=0.003), total nitrogen (P=004), potassium (P=0.005), and clay (p=0.019).  Burial was more likely when each of these soil parameters was low.  Subsequent emergence of beetles varied significantly with the depth of the chamber (P=0.03) and beetles tended to emerge when carcasses were buried at depths of 23 cm or greater.  It appears that soil parameters influenced burial of carcasses.  Once buried, competition with flies and N. marginatus may have further limited reproductive success.


Introduction



The American Burying Beetle, Nicrophorus americanus Olivier (Coleoptera, Silphidae), is the largest carrion beetle in North America.  Historically distributed throughout 35 states and several Canadian provinces, it is now only found in seven (eight) states: Rhode Island, Massachusetts, Oklahoma, Arkansas, Kansas, Nebraska, and South Dakota (Texas).  Numerous sources differ on these details based on outdated, geographically-focused or incomplete data.  Considered a habitat generalist (Creighton et al. 1993; Lomolino and Creighton 1996), habitat destruction and disturbance may not be as important in its decline as is the indirect loss of appropriately sized carcasses for feeding and reproduction (Sikes and Raithel 2002).  



This genus of carrion beetle is unique in its parental care of young in a non-social insect.  Reproduction occurs from late April to mid-August, depending on latitude (USFWS 1991).  Upon finding a suitable carrion item, often flying long distances using sensitive chemoreceptors on the antenna to detect the carcass, the male beetle will call females with pheromones.  Competition with other N. americanus and congeners occurs until one pair of beetles occupies the carcass.  The carcass is typically buried during the first night, cleaned of fur or feathers, and coated with anal and oral secretions to retard decomposition (USFWS 1991).  Eggs are laid in an escape tunnel near the carrion item, and at least one parent, usually the female, stays with the carcass throughout growth and development of the larvae over a 48-60 day period (Wilson and Fudge 1984; Wilson et al. 1984).  The phoretic mites, Poecilochirus carabi, associated with Nicrophorine species in a commensalistic or mildly mutualistic relationship (Brown and Wilson 1992), appear to assist the brood rearing by eating bacteria and fly eggs to delay decomposition.  The beetle may transport the mites over large distances between carrion sources. 


The U.S. Department of the Interior added N. americanus to the federal endangered species list in July 1989 (Federal Register 54:92652-29655).  Shortly after this date, an N. americanus population was discovered at Camp Gruber Training Center.  In 1993, the USFWS issued a biological opinion for the N. americanus at Camp Gruber.  In addition to the stated monitoring requirements, the biological opinion requires proper habitat management to minimize or avoid adverse effects.  While monitoring activities have been underway annually since 1993, little additional understanding of the beetle’s habitat requirements is available. 



Much remains to be discovered regarding the distinct factors that have contributed to the reduction in distribution and population size of the Nicrophorus americanus.   While N. americanus are thought to be habitat generalists that can be drawn into baited pitfall traps in a variety of habitats, little is known about their reproductive habitat preferences (Lomolino et al. 1995).  In a study by Lomolino and Creighton (1996) beetles were placed on carrion, covered with a bucket, and forced to bury at sites located in either grasslands or forested habitats.  They found that breeding success was significantly higher in forested habitats.  We performed a more naturally relevant, field based study that allowed beetles to select burial sites for reproduction.


The purpose of this project is to fulfill requirements stated within the USFWS biological opinion for N. americanus at Camp Gruber Training Center (CGTC), Oklahoma.  Specifically, the goal of the work is to assess N. americanus life history with attention paid to reproductive biology, behavior, and habitat preferences.  


Methods


Site description


Camp Gruber is a 33,000 acre Army training site located in Cherokee and Muskogee Counties Oklahoma.  The area lies within the Cookson Hills, a dissected plateau region also referred to as the Boston Mountains.  Over 100 Land Condition Trend Analysis (LCTA) sites have been established on Camp Gruber for long term ecological studies.  Nine distinct habitat types have been identified at these LCTA sites (Table 1 modified from Schnell and Hiott, 2004).    


Experimental Design


Two LCTA sites were selected to represent each of the nine habitat types (18 total sites) within Muskogee County, Oklahoma (Figure 1) using ArcView.  LCTA sites were selected based on the following priorities:  1) two replicate habitat sites, 2) sites with the highest number of N. americanus previously caught within that habitat type, 


3) accessibility of sites and 4) diversity of soil types (Table 1).  


Each of the 18 selected sites was baited with two 200 gram rats purchased from a commercial rodent producer.  We could not insure that all presented rats would be buried only by N. americanus rather than a congener.  However, by selecting 200 gram rats we helped bias toward the use of the rats by the large N. americanus (Lomolino et al. 1995).  Rats were allowed to “ripen” for two days before being used as bait.  


At each site, the two presented rats were each tethered to a secured reel of free- spooling fishing line (Figure 2) prior to 6:00 pm (1800 hours).  The spool allowed Nicrophorus to move the rat without impediment.  The two replicate rats were placed 

30 m apart within the designated habitat in randomly selected directions.  Rats were examined daily until buried.  Once a rat was buried at a site, an additional rat was made available at a distance of 30 m through the period of May 30 – June 8, 2006.  A total of 60 rats were made available for use by beetles during this time.  Subsequent rats buried were recorded by the LCTA site and a letter indicating the order of burial (A, B, C).  Vandalism was predicted to be high.  In a study by Trumbo (1990) in the piedmont of North Carolina, less than 25% of mouse carcasses were buried by Nicrophorus spp.  In the case of vandalism by scavengers or ants, rats were tethered at a new location within the site.


Burial sites were located by following the trail of fishing line from the anchoring stake of fishing line spool.  Once the burial site was located a wire enclosure of 1/4 in. hardware cloth was placed over the site and secured in place with wire spikes (Figure 3).  The date of burial and distance the rat was moved were recorded.  A Taylor maximum/minimum thermometer was placed at each site to record temperature variations.  Burial sites were checked every-other day from 6 June 2006 – August 15 to determine the emergence date of parents and/or offspring.  Each time the sites were checked, weather parameters of air temperature, dew point, percent relative humidity, and wind speed were recorded using a Kestrel 4000.  Maximum and minimum daily temperatures were recorded from the Taylor thermometer.  Recent occurrence of rain was recorded and percent cloud coverage was estimated.


Upon emergence, all Nicrophorus were identified to species.  Specimens were recorded, marked, and released before 10:00 a.m. (1000 hours) daily.  All Nicrophorus species were marked by cutting a small triangular notch into the posterior edge of the left elytron with cuticle scissors.  Each beetle was marked with a uniquely colored and enumerated bee tag available from The Bee Works (www.beeworks.com, 5 Edith Drive RR #2, Orillia, ON. Canada. L3V 6H2).  Tags were secured to the right elytron using gel superglue.  The sex of each N. americanus was recorded.  Determining the sex of Nicrophorus species other than americanus is not readily possible and was not done. 


The rat carcasses were exhumed on 15 and 16 August 2006 allowing adequate time for emergence of eclosed beetles.  Carcasses were excavated using archeology techniques to determine the burial chamber characteristics, and distance of emergence holes from the burial chamber (Figure 4).


Nicrophorus spp. appear to exhibit soil preferences for reproduction.   In a study in Nebraska by Bishop et al. (2002) Nicrophorus were more abundant in undeveloped riparian areas with alluvial soils.  To further elucidate soil preferences, samples were collected from each study site on 1, 17, 18, and 21 July 2006.  Soil compaction, pH, and temperature at 6 cm depth and 9 cm depth were collected in the field.  Top soil and subsoil samples were collected for analysis of soil moisture, nitrate, phosphate, potassium, organic matter, pH buffered, and soil texture (silt, sand, and clay).  Samples were processed by Oklahoma State University Soil Lab.  


Data were examined using JMP statistical software.  The effect of habitat type on Nicrophorus emergence numbers was analyzed with an ANOVA.  Relationships between soil variables were determined with a Principle Components Analysis.  Variables that explained more than 20% of the variation were retained for further analysis.    


Results

A total of 60 rats were made available to Nicrophorus americanus at 18 pre-selected LCTA sites representing nine different habitats at the initiation of the study.  Of the 60 rats made available, 9 were buried.  Rats were buried at six of the 18 LCTA sites between 1 June 2006 and 7 June 2006.   Carcasses were discovered by beetles within the first day the rats were available.  During routine site checks N. americanus were observed removing hair, preparing carcasses and burying them. 


Parental N. americanus emerged from only one site (10C) which was located in big bluestem/little blue stem herbaceous assemblage.  Emergence of parents occurred on 15 June 2006, 12 days after burial of the rat carcass.  A total of four newly eclosed 

N. americanus (2 male and 2 female) emerged from the same site 31-42 days later on 4, 9, and 15 July.  This was the only emergence of N. americanus.  Because N. americanus only emerged from one site, advanced statistics could not be applied to examine the effect of soil parameters or habitat.  Instead, analysis was performed on the burial of rats by beetles and the emergence of N. americanus and/or N. marginatus from a burial site.

N. marginatus were much more abundant than N. americanus.  A total of 47 


N. marginatus emerged from three sites (10A, 10B, and 10C).  Eight N. marginatus emerged from the same site of N. americanus activity (10C).  The emergence of parental N. marginatus was not observed.  However, newly eclosed individuals emerged 18 – 48 days after burial.  Beetles did not emerge at once, but were staggered (Figure 5).

Carcasses were moved an average of 30.5 cm (range 5-68 cm) by beetles prior to burial.  Carcasses were buried an average of 15.9 cm as indicated by the depth of the bottom of the chamber.  The depth to the top of the chamber was an average of 9.4 cm.  The average width and length of the chamber was 12.3 cm and 14.8 cm respectively.  Emergence holes were located 11.5 cm from the chamber on average (mean 0-25.4 cm).  Beetles must have shared emergence holes since the number of holes was less than the number of beetles that emerged.  Principal Components Analysis (PCA) was used to determine which chamber characteristic explained the greatest amount of variation.  The depth of the chamber (depth to bottom, depth to top, and height of the chamber) explained 53.88% of variation.  The emergence of beetles (N. americanus plus N. marginatus) varied significantly with the depth of the chamber (ANOVA P=0.03).  Beetles tended to emerge when carcasses were located at depths of 23 cm.  Depth of the chamber was not correlated with habitat type (P=0.66) or emergence of N. americanus (P=0.91).

Soil compaction (7.62, 15.24, and 22.86 cm depth), soil temperature (15.24, and 22.86 cm depth), and soil pH measured in the field were compared using PCA.  Soil compaction explained the greatest amount of variation (49%) and soil temperature explained 20.5%.  Soil compaction at 15.24 cm depth and soil temperature at 15.24 cm of depth were retained for later analysis because this was the average burial depth of rats.  If rock substrate was present at the site, it was encountered at depths between 7.62 and 15.24 cm.


The burial of a rat at a site and subsequent emergence of N. americanus and/or N. marginatus varied significantly with soil compaction (ANOVA P=0.0034 and P=0.0389 respectively).  The looser the soils, the more likely rats were buried.  The emergence of beetles varied with temperatures measured at 15.24 cm soil depth (ANOVA P=0.0198).  Warmer soil temperatures were associated with beetle emergence.  

Top soil and subsoil samples were collected from all 18 sites for analysis of soil moisture, total nitrogen, surface NO3ON, phosphate, potassium, organic matter, pH, and soil texture (sand, silt, clay) by Oklahoma State University Soil Lab.  PCA indicated that nitrogen, potassium, organic mater, pH buffer index, and clay explained 29.9% (Eigenvalue = 5.9802) of variation.  Burial of rats by N. americanus and/or 

N. marginatus significantly varied with most of these parameters.  Beetles tended to bury rats when lower levels of nitrogen (ANOVA P=0.0043), potassium (ANOVA P=0.0051), organic matter (ANOVA P=0.0106), and clay (ANOVA P=0.0194) were present.  The subsequent emergence of beetles (N. americanus and/or N. marginatus) did not vary with any of the soil texture characteristics except soil compaction as indicated previously.


None of the weather parameters measured (air temperature, wind speed, percent humidity, and dew point) were significantly associated with burial of a carcass by  


N. americanus and/or N. marginatus.  The emergence of beetles varied significantly with dew point (ANOVA P=0.0204).  Beetles were more likely to emerge during periods with lower dew points (mean 20.6 oC).

Conclusions



The percentage of rats buried was low (15%) but not surprising.  Trumbo (1990) observed less than 25% of mouse carcasses were buried by Nicrophorus spp. in North Carolina.  The rats that were buried during this study occurred in a variety of habitats.  The most productive habitat for beetles, and the only site in which N. americanus emerged, was the big bluestem/little bluestem herbaceous assemblage found at Land Condition Trend Analysis (LCTA) site 10.  This is a high density site for beetles.  It had the second highest abundance of N. americanus individuals per trap night (3.09) during the 2006 survey of Camp Gruber and was also the site with the greatest number of 

N. marginatus (personal observation).  


Emergence of beetles was more rapid than previous reports.  Parental 

N. americanus emerged from site 10 on the twelveth day after burial of the rat.  This a very short time frame as eggs generally take 5-6 days to hatch after burial of the carcass and will then spend 7-8 days as larva.  During this time, adults care for the brood (Scott and Williams 1993) and presumably will not leave a carcass until the larval stage of offspring=g is complete.  Four (two males and two females) newly eclosed N. americanus emerged from the carcass at LCTA 10C.  Emergence occurred 31-42 days after burial of the carcass.  This is more rapid that the time frame of 48-60 days noted by Wilson and Fudge (1984) and Wilson et al. (1984) in Nebraska.  This may have been a factor of soil temperatures at 15.24 cm depth as warmer temperatures often result in increased development rates in insects.


N. marginatus were more successful than N. americanus.  Forty-seven 

N. marginatus emerged from sites 18-48 days after burial of the carcass.  Eight of these emerged from the same carcass as all N. americanus.  While communal breeding has been observed among N. americanus (intraspecific) (Scott and Williams 1993), this is the first reported instance of a carcass shared by two species.  


Carrion is a high-quality resource that is limited.  Competition among Nicrophorines for carcasses of the appropriate size is presumably high.  Based on the number of beetles caught per trap night during the 2006 survey of Camp Gruber (personal observation), it is probable that N. americanus compete with N. orbicollis (most numerous species) and other Nicrophorines for carcasses.  This intraspecific and interspecific competition further limits the availability of carcasses for reproduction.  In burying beetles, both parents care for larvae.  Male defense of the brood and carcass is very effective in preventing losses to conspecifics but is not effective against larger species (Koulianos and Schwarz 2000) such as large N. marginatus and vertebrate scavengers.  

Some unusually large individuals of N. marginatus were observed during the study and the 2006 survey (Smith and Clifford 2006) and may have successfully out-competed some N. americanus at sites other than 10C.  N. marginatus is considered an open grassland habitat specialist (Anderson and Peck 1985) and is slightly larger than 

N. americanus in parts of its range (Bedick et al. 1999).  It is hypothesized that increased competition at grassland sites (like 10C) will occur as N. americanus moves into grasslands looking for carcasses (Sikes and Raithel 2002).

In addition to competition with congeners for carcasses, N. americanus must also compete with flies.  Burying beetles will abandon carcasses that are infested with flies and/or ants (Milne and Milne, 1944).  This can occur despite the fact that burying beetles carry mites that destroy carrion flies.  Flies were common on carcasses that were not buried by beetles.  In at least one failed burial chamber, a large number of fly pupal cases were observed.  The failure of  beetles to reproduce on some carcasses may be due to an interaction between the number of flies on the carcass and the number of mites on the burying beetles.


The successful breeding events occurred on carcasses discovered within the first day of exposure.  Carcasses were moved an average of 30.5 cm before burial.  Sites selected for burial were lower in nitrogen, potassium, organic matter and clay.  Carcasses that were buried at approximately 23 cm were more successful than shallower burials.   The burial depth correlated with the compaction of soil.  Looser, deeper soils likely allowed for easier digging.

A small percentage of carcasses were used by Nicrophorus (especially americanus) and even fewer supported successful emergence.  It appears that soil parameters influenced burial of carcasses.  Once buried, competition with flies and 


N. marginatus may have further limited reproductive success.
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Table 1.  Land Condition Trend Analysis (LCTA) sites were selected for the study.  Site selection criteria included representatives of each of the nine habitat types with high levels of Nicrophorus americanus (ABB), ease of getting to site, and soil diversity.  Nine habitat types and corresponding sites are identified below.  LCTA sites representing side oats gamma were rarely accessible.  Two representative sites containing side oats gamma were identified at LCTA site 50 and designated as sites 50A and 50B.  These were separated by 200 m.

		LCTA site

		ABB

		Dominant Plant Species

		Soil Designation from Camp Gruber



		1

		1

		little bluestem, cedar

		Oktaha-Hector



		2

		5

		elm, oak, hackberry

		Enders-Linker-Hector



		10

		35

		big bluestem, little bluestem

		Oktaha-Hector



		11

		44

		lespedeza, ragweed

		Lartin loamy fine sand



		12

		12

		oak, hickory

		Oktaha-Hector



		13

		8

		broomsedge, persimmon, sumac

		Oktaha-Hector



		14

		19

		little bluestem, cedar

		Oktaha-Hector



		19

		23

		big bluestem, little bluestem

		Oktaha-Hector



		22

		10

		oak, winged elm

		Oktaha-Hector



		23

		7

		oak, bluestem

		Oktaha-Hector



		28

		26

		lespedeza, ragweed

		Enders-Linker-Hector



		47

		7

		elm, oak, hackberry

		Oktaha-Hector



		50A

		

		side oats gamma

		Oktaha-Hector



		50B

		

		side oats gamma

		Oktaha-Hector



		52

		18

		oak, hickory

		Oktaha-Hector



		55

		22

		broomsedge, persimmon, sumac

		Oktaha-Hector



		56

		6

		elm, oak, hackberry

		Oktaha-Hector



		69

		8

		big bluestem, little bluestem

		Enders-Linker-Hector



		33

		?

		oak, little bluestem

		Enders-Linker-Hector
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Figure 1.  The location of the 18 Land Condition Trend Analysis (LCTA) sites corresponding to Nicrophorus survey sites.  LCTA site 50 includes survey site 50A and 50B.  Map template by Mr. Stacy Dunkin.


Figure 2.  Prepared rats were placed at the base of spools.  The free spooling fishing line helped in the location of buried carcasses and did not noticeably impede the movement of rats by beetles.  Photo by Dr. Craig Clifford.
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Figure 3.  Enclosures made of hardware cloth were placed over burial sites.  These were later modified by placing a larger piece of screening over the enclosure to help reduce the chance of beetles escaping.  Photos by Dr. Craig Clifford.
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Figure 4.  Burial sites were excavated using brushes and hand shovels.  Depth of chamber characteristics (top and bottom) were measured from a reference line held taught at ground level.  Photo by Dr. Craig Clifford.
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Figure 5.  Emergence of newly eclosed beetles (N. americanus and/or N. marginatus) was sporadic.  Carcasses were buried on 1 June 2006 (day 1) and checked for emergence.
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| spoke with Wyatt Hoback and agree with him, that take could be minimized to relatively low
levels with all the proposed measures but complete avoidance is highly unlikely. | would
recommend they address that through an HCP and mitigate for the take and habitat impacts.



From: Runge, Jeff <jeff runge@fws.gov>

Sent: Wednesday, January 20, 2021 7:20 AM

To: Stubbs, Kevin <kevin_stubbs@fws.gov>

Cc: Burgess, Angela <Angela_Burgess@fws.gov>; DeBerry, Drue <drue_deberry@fws.gov>; Darnall,
Nathan <nathan_darnall@fws.gov>; Powell, Tyson H <Tyson.Powell@sol.doi.gov>

Subject: NPPD White Paper

Hello Kevin,

Attached is NPPD's white paper. It would be beneficial to get your thoughts on the following
topics for the call this Friday. First is NPPD's methods for delineating suitable/unsuitable
habitat using survey data and aerial imagery (with emphasis on the exclusion of areas with dry
soils). Because total ABB within the project footprint is based on Acres of Suitable Habitat *
ABB Density, it would be important to verify how suitable habitat was delineated.

The second topic for discussion is mowing, thatch removal, carrion removal, and matting as it
relates to soil disturbance in the 4(d) rule. We had NPPD address these topics in their white
paper with consideration on soil compaction, soil moisture, or other soil-related impacts.

Thank you for your review of this document and for your participation on the call. For others
copied in the email, please copy the group on any additional topics.

Jeff

Jeff Runge

U.S. Fish and Wildlife Service
9325 South Alda Road

Wood River, Nebraska 68883
Office: (308) 218-0049

Cell: (308) 379-8553





