
From: Runge, Jeff
To: Skorupa, Joseph
Subject: Re: ABB Evaluation
Date: Monday, May 24, 2021 12:44:08 PM
Attachments: Butler etal_2012_Standardized capture rates of the ABB using different trap protocols.pdf

Jenkins et al (2018) Distribution ABB NE.pdf
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Thanks for taking the time to investigate this more thoroughly. To my knowledge, the best
information supporting trap densities come from two studies (Butler etal; Leasure etal). I also
included one paper summarizing both studies specific to ABB densities/trap efficiency (Jenkins
etal). I have been asked to fill the ABB lead role while Bob is out of the office, so I also have a
steep learning curve. In consideration of this, hope it is not too much to have you scan the
documents for pertinent information. I think it is better for you to read the source information
as opposed to me inadvertently relaying incorrect information. I am not aware of validation of
NPPD's ABB density/trap efficiency assumptions, but they do have recapture data which gives
some potential for validation.

Also, we can meet one-on-one or as a group if you have questions/concerns that need to be
addressed prior to starting an analysis.

Jeff

From: Skorupa, Joseph <Joseph_Skorupa@fws.gov>
Sent: Monday, May 24, 2021 11:23 AM
To: Runge, Jeff <jeff_runge@fws.gov>
Subject: Re: ABB Evaluation
 
Hi Jeff,

I'm running a little behind my initial time frame.  I have been doing some thinking about this as
a problem maybe best tackled from an occupancy statistical model approach and have spent
some time looking into that (thus the delay).

Can you send me the best argument you can make for ABB surveys as actual (reliable)
measures of density.  Walk me through every step of how a raw number of ABB's captured
over 5 days in a trap is translated into a density estimate and to what extent each one of those
steps (assumptions?) has been empirically validated.   What do we really know, versus what
do we think we know.  Are we kidding ourselves about what we really know? 
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Abstract The U.S. Fish and Wildlife Service has adopted


two different pitfall trap protocols to survey the endangered


American burying beetle, Nicrophorus americanus. One


protocol uses a transect of eight pitfall traps that prohibit


bait contact over the course of three trap nights. The other


protocol uses buckets that allow for bait contact over a


five night trapping period. A trap night is defined as one


trap open for one night, and the transect protocol has


historically been calculated as eight trap nights per calen-


dar night while; the bucket protocol has been calculated as


one trap night per calendar night. This study examined the


effectiveness of each protocol based on the number of


beetles (Nicrophorus spp.) captured per trap night (BTN) in


field and laboratory trials. When each transect was con-


sidered as a single trap instead of eight separate traps, no


significant difference in BTN was detected between the


protocols in any year. Laboratory trials were conducted


using Nicrophorus marginatus to determine differences in


capture efficiency based on protocol, time after release, and


feeding status. The proportion of beetles captured after


5 days was greater when compared to 3 days for either


protocol. Our results indicate that cup transects used to


sample the American burying beetle should be considered


as a single trap when calculating trap night and that the use


of five trap nights rather than three would increase the


likelihood of capturing beetles.


Keywords Trap night � Silphidae � Pitfall traps �
Sampling method � Monitoring


Introduction


Once found in thirty-five states and three Canadian prov-


inces, the American burying beetle, Nicrophorus americ-


anus Olivier, was listed as a federally endangered species


after disappearing from more than 90 % of its historic


range (Lomolino et al. 1995). Since its listing in 1989, the


U.S. Fish and Wildlife Service (USFWS), developed a


recovery plan to protect and manage existing populations


and re-establish this species in some areas of its former


range (USFWS 1991). Preparation of a five-year review in


2007 updated portions of the original recovery plan (US-


FWS 2008a). The review recognized that comparable


survey methods are needed to facilitate identification of the


species’ range and abundance in terms of eco-regional


provinces rather than by state boundaries. Because of dif-


ferences in soil and vegetation across its range, two stan-


dardized trapping methodologies have been used to survey


the American burying beetle. These two protocols differ in


trap size, trap spacing, amount of bait used, contact with


bait, and length of trapping period, all factors that have


been documented to introduce bias in other studies


(Greenslade and Greenslade, 1971; Digweed et al. 1995;


Bedick et al. 2004).
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The transect protocol has been used extensively for


studies of American burying beetle populations in Okla-


homa and Arkansas (Lomolino et al. 1995; Holloway and


Schnell 1997; Creighton et al. 2007; Smith 2009). This


protocol stipulates that ‘‘closed bait’’ be kept in a separate


cup placed above the trap cup to prevent beetle contact, as


the bait has been suggested to clog beetle spiracles,


resulting in death (Creighton et al. 1993). Bedick et al.


(2004) evaluated several variations of pitfall traps and


documented mortality rates, effects of the amount of bait,


length of trapping period, and trap spacing to determine the


most efficient trap for monitoring American burying beetle


populations in Nebraska. They found the best trap to be an


18.9 L bucket spaced at least 1.6 km apart and surveyed for


five nights (Bedick et al. 2004). While the bucket trap


works well for sampling areas with loose deep soils,


placing such a large trap in rocky substrate may be difficult


or impossible. Thus, it is impractical to adopt the bucket


survey protocol across the entire range occupied by the


American burying beetle and researchers in Arkansas,


Oklahoma, and Rhode Island have continued to use the


transect method.


A new above ground bucket method has recently been


adopted in some areas (AR) but comparisons of results


obtained using these buckets to previous transect results


has not been evaluated. Differences between transect and


bucket protocols make comparisons of American burying


beetle capture rates difficult. However, if data between


sites can be compared, decisions regarding species abun-


dance and distribution could be made which would facili-


tate the measurement of progress towards recovery goals.


Carlton and Rothwein (1998) highlighted the problem of


comparing results of different American burying beetle


survey protocols. Leasure et al. (2012) recently found that


above ground bucket traps were comparable to a transect


with eight cup traps in Arkansas where typical beetle


captures are much lower than in Nebraska (Walker and


Hoback 2007). In addition to comparing trap protocols, the


behaviors of beetles may also influence trap success. For


example, several studies have shown that the level of


satiation of ground beetles affects the amount of locomo-


tion (Wallin 1991; Fournier and Loreau 2002; Szyszko


et al. 2004), but no similar data has been analyzed for


burying beetles.


This study examined the effectiveness of two American


burying beetle survey protocols, focusing on the number of


Nicrophorus beetles captured per trap night. Furthermore,


the protocols were tested in the laboratory to examine


overall captures after three and five trap nights while


recording the catch rate of Nicrophorus beetles based on


feeding status.


Materials and methods


Trapping methods


Field study surveys were conducted in Nebraska during the


summers of 2009, 2010, and 2011. American burying


beetles (ABB) were caught during 2009 and 2011. Trap


type was implemented randomly at each start location with


trapping was conducted at fourteen sites in 2009, forty sites


in 2010, and six sites in 2011. Each site was sampled with


one transect or one bucket trap. Each transect was set


according to the USFWS (2009) survey guidelines. Each


bucket trap was set in accordance to the Nebraska survey


protocol (USFWS 2008b). Each transect and bucket trap


was separated by at least 1.6 km to limit potential com-


petition in attracting beetles (Walker and Hoback 2007).


All traps were checked prior to 11:00 h the morning after


being set and all Nicrophorus spp. were identified and


living beetles were released approximately 20 m from the


trap.


Each transect protocol used eight 0.7 L plastic Solo�
cups which were double stacked and spaced 20 m apart.


Double stacked cups were buried three quarters of the way


into the ground with soil mounded up to the brim of the cup


to allow for water runoff. The bottom quarter of each cup


was filled with moist soil and a 2.54 cm 9 2.54 cm moist


sponge was placed in each cup to maintain moist condi-


tions. Each cup was baited with 15–20 g of chicken gizzard


that had rotted for 1–3 days, depending upon air temper-


atures. The bait was placed into a 20 mL plastic cup which


was held over the trap cup with approximately 25 cm of


electric fence wire. The trap cup and bait cup were then


covered with a 3.8 L black plastic flower pot that had three


square (2.54 cm 9 2.54 cm) holes cut into the rim to allow


beetles to enter. The flower pot was secured to the ground


by running approximately 100 cm of 18 gauge steel wire


through the top of the flower pot and pushing it into the


ground.


The bucket protocol used one 18.9 L bucket buried into


the ground with approximately 5 cm left above ground and


soil mounded up to the rim to allow for water runoff.


Approximately 10 cm of moist soil was placed in the


bottom of each bucket. For bait, one 200–300 g rat (ro-


dentpro.com) that had rotted for 3–5 days was placed in the


bottom of each bucket. The bucket was covered by the


bucket lid and two sticks (approximately 3 cm in diameter)


were placed underneath the lid to create a space for the


beetles to enter the trap. A plug of soil was then placed on


top of the lid to hold it in place. Each transect trap and


corresponding bucket trap were surveyed for three trap


nights. After three trap nights, the trap locations were


608 J Insect Conserv (2013) 17:607–613


123







switched to account for population differences between


sampling locations. The traps were then sampled for


another three trap nights at the new location. Bait was


replaced as needed and all bait was changed after the third


trap night.


Laboratory trials


A surrogate species, Nicrophorus marginatus Fabricius,


was used for laboratory trials because it is closely related to


the American burying beetle (Szalanksi et al. 2000). One


hundred beetles were released into a 2.4 m 9 3.0 m


screened tent (18–21 �C, 15L:9D photoperiod) and allowed


to move freely. Of the beetles released into the tent, fifty


were male and fifty were female. Half of the males and half


of the females were starved for 3 days prior to being placed


in the tent, while the other half were fed ground beef


ad libitum prior to being placed into the tent. Starved


beetles were kept in individual 118.3 mL containers that


had holes in the lid for air circulation and each beetle was


given a moist cotton ball for moisture. Each beetle was


marked with a unique colored and numbered bee tag


(www.beeworks.com) so that capture of individual beetles


could be tracked for the 5 days of the experiment.


Inside the tent, the transect protocol was set as


described above, with the exception that four traps were


set instead of eight and traps were not spaced 20 m apart,


but rather one trap was placed in each tent corner. Traps


were buried into kitty litter pans (38.1 cm 9 45.7 cm 9


14 cm) filled with sand kept moist at 0.18–0.20 water


fraction volume (wfv). In addition, four control kitty litter


pans without traps were provided to allow beetles to seek


shelter during periods of inactivity. Cardboard ramps were


taped to each kitty litter pan to allow beetles easy access


to the sand. To simulate the bucket protocol, an 18.9 L


bucket was placed in the center of the tent and sand was


used to create a berm to the top. Control kitty litter pans,


as described above, were set in each of corner of the tent.


Each day for five consecutive days, the traps were


checked and sand was sifted until all beetles were located,


the location of each beetle was recorded, and the beetles


were released back inside the tent. One protocol was


tested at a time to prevent bait competition in the labo-


ratory and each experiment was replicated five times


using new beetles each time.


Statistical analysis


Data for each transect and each bucket trap were calculated


as the number of Nicrophorus beetles caught per trap night


(BTN). The number of beetles captured per trap night was


calculated for each transect as both eight separate cup traps


and as one trapping unit, and for each bucket trap. Field


data were analyzed using the Proc Glimmix procedure with


a Poisson distribution transformation in SAS. Overall catch


number was the dependent variable, sampling protocol was


the explanatory variable and year and site were random


effects. Means were determined using the ilink function.


Significance (p \ 0.05) was determined using the Tukey–


Kramer pairwise comparison. Mortality percentage data


were compared between the two protocols assuming an


entire transect as a single trap with the Proc Glimmix


procedure assuming a normal distribution.


At the end of each laboratory trial, the capture per-


centages for fed males, starved males, fed females, and


starved females were determined. Any beetle recapture


was recorded, but for analysis only first capture data


were used. Percentages were calculated instead of total


capture numbers because some beetles were able to


escape during the experiment. Data were analyzed using


Proc Glimmix as a normally distributed dataset in SAS.


Overall catch number was the dependent variable, with


sampling protocol, time after release (3 or 5 days), and


feeding status as explanatory variables. Beetle sex and


trial number were analyzed as random effects. Signifi-


cance (p \ 0.05) was determined using the Tukey–Kra-


mer pair-wise comparison.


Results


Field study


A total of 9,056 Nicrophorus beetles were captured during


the summers of 2009, 2010 and 2011. Of these, 4,654 were


caught using the bucket pitfall traps, including 76 ABB


(Table 1). Using the transect method, 4,402 Nicrophorus


were captured, including 101 ABB (Table 1). A Tukey–


Kramer pair-wise comparison showed that a combined


transect (13.6 ± 4.55 S.E.) captured similar numbers of


Nicrophorus as a bucket trap (14.4 ± 4.84 S.E.)


(t = 0.1.19, df = 58, p = 0.47) (Fig. 1).


Mortality was significantly higher in transects than


buckets (F1,56 = 24.47, p \ 0.001). Average mortality per


transect was 3.31 ± 0.66 S.E. and 0.08 ± 0.07 S.E. per


bucket. The two main sources of mortality in transects


were drowning in the bait cup and overcrowding within the


trap cup. Beetles, both Nicrophorus and other silphid


species, attracted to transect cups were able to climb into


the bait cup and many drowned in the decaying bait.


Mortality in buckets was caused by ants and flooding.


Leasure et al. (2012) in a recent study in Arkansas observed


no mortality for transects or above ground bucket traps.


The increased mortality observed in this study inside the


transect trap cup could be explained because of the dif-


ferences in Nicrophorus spp. abundance, with transects
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more likely to become overcrowded in Nebraska (Bedick


et al. 1999).


Laboratory study


Our comparisons showed no interactions between these


variables. Significant differences in capture percentages


were found between protocols, feeding status, and time after


release. Results show that significantly more N. marginatus


were captured in the bucket rather than the transect protocol


(F1,64 = 18.23, p \ 0.0001), significantly more starved


N. marginatus were captured than fed N. marginatus (F1,64 =


4.61, p = 0.035) and more N. marginatus were captured


after 5 days rather than 3 days (F1,64 = 18.86, p \ 0.0001)


(Fig. 2). Neither trap type captured 100 % of beetles present


even after 5 days. Across experiments, the transect trap


ranged from 33.5 % ± 5.8 S.E. to 43.6 % ± 9.7 S.E. not


captured after 3 days and 10.9 % ± 7.3 S.E. to 26.1 % ±


7.4 S.E. after 5 days. The bucket trap ranged from


13.1 % ± 4.1 S.E. to 29.6 % ± 6.9 S.E. not captured after


3 days and 6.3 % ± 5.1 S.E. to 14.4 % ± 5.3 S.E. after


5 days.


Discussion


For accurate comparisons among populations, survey pro-


tocols need to be standardized (Adis 1979). This is espe-


cially important when setting recovery objectives and goals


for endangered species, such as the American burying


beetle. A standardized trap protocol minimizes bias and


allows for direct comparisons to be made among ecore-


gions (McClelland et al. 1978). However, the American


burying beetle is found in diverse habitats and the popu-


lation densities of silphids vary considerably across its


range and even among portions of the same state (Walker


and Hoback 2007). This makes standardizing a trap for the


American burying beetle problematic.


This study shows that when transect trap nights are cal-


culated as one trap night per calendar night, it is possible to


compare the results obtained when different trap designs are


used across the American burying beetle range. The BTN


obtained from the transect method was similar to the BTN


obtained from the bucket method when individual cups of a


transect were combined as one trapping unit. The decision


to count one transect as eight traps or as one trap stems from


Table 1 Transects and buckets by year, number of Nicrophorus spp. captured, including the American burying beetle (ABB), the number of


ABB captured, and the number of beetles caught per trap night (BTN)


Years Trap


condition


Number of Nicrophorus spp.


captured


Number of ABB


captured


Number of trap nights as one


trap


Nicrophorus spp. BTN as one


trap


2009 Transect 2,337 50 60 38.95


2010 Transect 1,900 0 120 15.83


2011 Transect 165 51 18 9.17


2009 Bucket 2,766 32 60 46.1


2010 Bucket 1,758 0 120 14.65


2011 Bucket 130 44 18 7.22


Fig. 1 Mean beetles per trap night (BTN ± S.E.) of all Nicrophorus
spp. including the American burying beetle, for one transect as a


single trap, a transect as eight separate cup traps, and a single bucket


trap Fig. 2 Mean percentage ± S.E. of N. marginatus captured when


time after release, feeding status and trap condition is considered
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the question of whether the traps are independent from each


other. Bedick et al. (1999) found that ABB traveled as much


as six km in one night in the Loess canyons in Nebraska and


suggested that trap spacing be increased for the bucket


pitfall method to ensure that traps produce independent


samples. Furthermore, Leasure et al. (2012) found that the


eight traps along a transect are not independent of each


other and that better methods should be discussed con-


cerning trap night calculations and disturbed cups. The


significant difference between percent beetles captured in a


bucket versus four transect cups in our tent experiment is


not an equivalent comparison and should be considered


carefully concerning the efficacy of these two protocols.


Converting transect results from the literature can be


performed if the number of transects used, the number of


traps per transect, the number of calendar nights each


transect is open, and the number of ABB captured are


reported, however, difficulty arises when transects vary


from the standard protocol of eight 0.7 L cups spaced 20 m


apart. A summary of published data for the American


burying beetle where transects were used and converted


into BTN from transects into single trapping units is


Table 2 Published American burying beetle literature with beetles per trap night (BTN) calculated as individual traps and as single traps


State Trap condition # of traps per


transect


Trap spacing Total trap


nights


# ABB


caught


BTN As one


trap


Authors


AR Not reported d d 429 244 0.57 d LeDoux and Riley (2002)


AR Transect 20-40 100-200 m 1,156b 23 0.02b 0.20a Carlton and Rothwein (1998)


AR Transect 8 20 m 1,728 649 0.38 3.0 Creighton and Schnell (1998)


AR Transect 8 20 m 1,248 608 0.49 3.90 Holloway and Schnell (1997)


AR Transect 8 20 m 3,866b 614 0.16 2.80 Lomolino et al. (1995)


AR Transect 8 20 m 480 45 0.1 2.60 Leasure et al. (2012)


AR Above-ground bucket n/a at least 1.6 km 60 48 2.5 2.50 Leasure et al. (2012)


KS Transect 10 30 m 80b 5 0.06 0.21 Guarisco (1997)


NE Bucket (various sizes) n/a 5 km 324b 201 0.62 0.62 Peyton (2003)


NE Bucket (11.4L) n/a 0.8 km 240 416 1.73 1.73 Jurzenski et al. (2011)


NE Bucket (18.9L) n/a d 463 470 1.02 1.02 Bedick et al. (1999)


NE Bucket (18.9L) n/a d 226b 75 0.33 0.33 Bedick (1997)


NE Bucket (18.9L) n/a n/a 512 265 0.52b 0.52 Walker and Hoback (2007)


NE Bucket (18.9L) n/a 1.6 km 80 461 5.8 5.8 NRCS population estimate


OK Grid 16 50 m 256b 102 0.4 6.4 Creighton, et al. (1993)


OK Transect 8 20 m 2,400 233 0.1 0.88 Creighton and Schnell (1998)


OK Transect 6 20 m 226b 78 0.35 2.0 Creighton et al. (1993)


OK Transect 8 20 m 4,296b 207 0.05 0.39 Lomolino and Creighton (1996)


OK Transect 8 20 m 2,081b 215 0.1 1.0 Lomolino et al. (1995)


OK Transect 8 20 paces 1,186 625 0.53 3.53 Smith and Clifford (2005)


OK Transect 8 20 paces 1,232 751 0.61 4.24 Smith and Clifford (2006)


OK Transect 8 20 paces 1,305 676 0.52 3.82 Smith and Clifford (2007)


OK Transect 8 20 paces 1,276 571 0.45 3.23 Smith and Clifford (2008)


OK Transect 8 20 paces 1,331 415 0.31 2.34 Smith (2009)


RI Transect 15 15 m 660 187 0.28 4.25 Kozol (1995)


RI Transect d 25 m 467b 113 0.24 d Kozol et al. (1988)


RI Transect e 20 paces 1,950 4,570 2.34 25.39c Raithel et al. (2006)


SD Bucket (5.0L) n/a 0.2–3.22 km 850 587 0.69 0.69 Backlund et al. (2008)


SD Transect n/a 20 m 363b 41 0.11 d Backlund and Marrone (1997)


TX Bucket (18.9L) n/a 0.4 km 415b 223 0.54 0.54 Godwin and Minich (2005)


a Based on 20 traps per transect
b Reported value
c Average of BTN per year
d Not enough information
e 50 traps in three transects
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reported here (Table 2). The number of beetles captured


per trap night when transects are considered as a single trap


greatly increases compared to counting each cup along a


transect as an individual trap. Caution in interpreting these


results must still be used because differences between the


capture rates of transects and buckets still exist even when


trap calculations are based on counting transects as a single


trap, especially because of variation in local population


size. The use of a separate bait cup to prevent the beetles


from contacting the bait, versus the use of open bait would


be an important next step in determining safe and effective


protocols for American burying beetle conservation. In the


present study, a number of beetles were able to climb into


the bait cups of transects even though the cups were sus-


pended over the trap and Nicrophorus mortality peaked at


13.2 %. The 2011 survey guidance changed the standard


transect cup size from 0.7 to 1.0 L (USFWS 2011). This


would increase the diameter of the trap cup mouth from


approximately 7.6–12.7 cm, likely making it more difficult


for beetles to reach the bait cup, although no published data


support this assumption. Mortality in these traps when high


numbers of silphids are present should also be examined


further. A recent study evaluated a newly designed above-


ground bucket in Arkansas (Leasure et al. 2012). This new


trap reduces the differences between the two protocols, had


lower observed mortality than the standard transect and


allowed for more bait to be used. However, this method


retained the stipulation that beetles be prohibited from


contacting the bait while in the trap. Given the differences


in bait access, more research should be done to determine if


the ability to feed while in the trap affects recapture rates.


If a population estimate is needed, then the feeding status


of the beetles released becomes an important consideration.


We found that a starved beetle was more likely to enter a


trap within a five day period than a fed beetle, which


suggests that recapture rates differ if bait is accessible or


not. Accessible bait is thought to reduce conflict between


beetles, provide refuge from other organisms in the trap,


and to provide nutrition and moisture.


In 2012, the USFWS reduced survey protocol require-


ments to three trapnights for the purposes of determining


presence of the American burying beetle. However, our


data suggests that trapping success improved with the


addition of two more trapnights. If all surveys were con-


ducted for the same length of time, data comparison


between the two protocols would be based on similar


opportunities for capture events. In addition, the presence


of small populations of ABB may be difficult to detect


when only three trap nights are used. If field data are


similar to laboratory experiments, as many as 26.1 % (for


transects) and 14.4 % (for buckets) of beetles were not


captured even after five days, potentially resulting in false


negatives during field surveys.


Based on these results, counting transects as one sam-


pling unit produces comparable data to one bucket pitfall


trap. Counting transects as one sampling unit will aid in


data comparison between the two protocols. Furthermore


our data supports the extension of the transect protocol or


the above ground bucket surveys to five nights rather than


three nights as this will increase the overall capture of


Nicrophorus spp. and possibly allow for increased detec-


tion of small American burying beetle populations.
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Abstract


The American burying beetle (ABB), Nicrophorus americanus (Olivier; Coleoptera: Silphidae), historically occurred 
in the eastern 35 U.S. States from Canada to Texas and is classified as a habitat generalist. The ABB was listed as 
a federally endangered species in 1989 with remaining distribution in only six U.S. States. Within these states, 
populations of ABB are disjunct, occurring in mostly undisturbed habitats associated with multiple soil types and 
vegetation structure. In Nebraska, the distribution of the ABB has been mapped in two ecoregions, the Sandhills 
and the Loess Canyons. In this project, we developed and compared a logistic regression model and a random 
forest model of ABB distribution at its northern and eastern edge in the Northern Plains ecoregions of Nebraska 
and South Dakota. We used baited pitfall sampling for five trap nights at 482 unique sites to establish presence 
of ABB at 177 sites. Distribution was not uniform in this ecoregion and the random forest model better predicted 
occurrence in this area. The results show that the ABB population in the northern plains ecoregion is unique from the 
previous model of the Nebraska Sandhills despite these ecoregions being adjacent. The model results also reduce 
requirements to survey and conduct habitat mitigation for ABB in approximately 77,938 hectares of Nebraska and 
South Dakota that was considered potential habitat while prioritizing areas for conservation.


Key words:  Silphidae, insect model, rare, habitat generalist


Species distribution models are becoming increasingly important for 
conservation of rare and endangered species, allowing new popula-
tions to be located (e.g., Guisan et al. 2006, Jurzenski et al. 2014), 
improved conservation area planning, and prediction of potential 
effects of global climate change (e.g., Carvalho et al. 2011, Riordan 
and Rundel 2014). Many threatened and endangered species have 
limited distribution and specific habitat associations; however, some 
species once had wide distributions that spanned a multitude of hab-
itats (Jones 1963). The use of many habitats may limit the accuracy 
of predictive models and thus, limit the usefulness of the models for 
predicting species occurrence and the effects of landscape and cli-
mate change on the species.


The American burying beetle (ABB), Nicrophorus americanus 
(Olivier; Coleoptera: Silphidae), is a federally endangered species 
native to North America (USFWS 2008). The ABB’s range histor-
ically extended into 35 U.S.  states and three Canadian provinces 
(Lomolino and Creighton 1996, Bedick et al. 1999). However, the 
current natural range is limited to areas within six states: Arkansas, 
Kansas, Nebraska, Oklahoma, Rhode Island, and South Dakota 
(Godwin and Minich 2005, USFWS 2008), representing a more 


than 90% reduction from the historic range of the ABB (Lomolino 
et  al. 1995). Within the six states where it still occurs, habitat 
associations vary and the remaining western populations (South 
Dakota, Nebraska, Kansas, Oklahoma, and Arkansas) are disjunct 
both regionally and within the states (USFWS 2016, Leasure and 
Hoback 2017).


The ABB is characterized as a habitat generalist, and despite 
more than 25 yr of research since its listing, no critical habitat has 
been designated because of the variability or contradiction found 
among variables that are strongly linked with ABB occurrence. 
Several models of predicted occurrence have been developed for 
Oklahoma and for two Nebraska populations that occur separ-
ately in the Loess Canyons and Sandhills (Crawford and Hoagland 
2010, McPherron et al. 2012, Jurzenski et al. 2014). Both the Loess 
Canyons and Sandhills models included validation and produced an 
area under the curve (AUC) statistic of 0.765 and 0.82, respectively 
(McPherron et al. 2012, Jurzenski et al. 2014), suggesting high cor-
relation of the models’ ability to predict occurrence of ABB despite 
differences in predictive variables. Additional modeling of the distri-
bution of western ABB populations by Leasure and Hoback (2017) 
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confirmed differences between habitat associations of ABB in the 
northern and southern range. However, there are limited data from 
the most northern areas in Nebraska and southern South Dakota. 
Although previous work in South Dakota produced both a distribu-
tion and population estimate of ABB (Backlund and Marrone 1997, 
Backlund et al. 2008) this research used variable trap spacing from 
0.2 to 3.22 km, a small trap size, rotted beef kidney bait, and longer 
survey length than standard protocols (USFWS 2014).


In this study, ABB in northern Nebraska and southern South 
Dakota was sampled and positive and negative trap locations were 
analyzed based on environmental characteristics that were meas-
ured within an 800-m radius around each site. We used GIS to map 
ecologically-relevant characteristics of climate, soils, land cover, and 
human impacts on the environment. Because our study area is at 
the extreme northwestern corner of the ABB range, we hypothesized 
that decreasing annual precipitation would limit the western edge 
of the distribution and colder winter temperatures would limit the 
northern distribution. The predicted geographic distribution of the 
ABB and its correlations with environmental covariates were com-
pared using two modeling approaches, a machine learning algorithm 
(random forest) and a generalized linear model (logistic regression). 
Validation data were collected both within the model’s range and 
outside of the range to test scalability of the model.


Methods


Field Methods
Presence or absence of the ABB was determined at 456 sites in 
northern Nebraska and southern South Dakota (Fig. 1) from 2005 
to 2015 (mostly post-2008) using federally approved bucket-style 
baited pitfall traps (Bedick et al. 2004). Sites used to generate the 
models were selected using stratified random sampling methods. 
Ecoregions in the study area included the Northwestern Great 
Plains, the Northwestern Glaciated Plains, and a small fragment of 
Nebraska Sand Hills (USEPA 2006). Sites were spaced at least 1,600 
m apart to maintain independence of samples, based on the assump-
tion that the effective sample radius of baited pitfall traps is about 


800 m (Leasure and Hoback 2017). There is some empirical support 
for this effective trap radius (Creighton and Schnell 1998, Leasure 
et  al. 2012, Butler et  al. 2013), but the trap radius is likely to be 
influenced by environmental conditions including wind and precipi-
tation. Five nights of trapping were conducted at each site to mini-
mize the chance of false negatives. Previous studies have estimated 
the probability of detecting an ABB population with baited pitfall 
traps to be about 50% for a night of trapping and between 85.7 
(±5.3% SE) to 93.7 (±5.1% SE) after five consecutive trap nights 
(Leasure et al. 2012, Butler et al. 2013). This would result in a false 
negative rate of about 3–10% across five nights of trapping, and we 
considered this error rate satisfactory for the purposes of this study 
(Butler et al. 2013, USFWS 2014).


Trap locations were selected by identifying areas in the 
Northwestern Great Plains and Glaciated Plains ecoregions that 
lacked presence/absence sample data during the last 10 yr, were 
accessible by public roads, and were not within 1,600 m of previously 
sampled areas. Surveys were conducted using federally compliant 
18.9 liters in-ground bucket pitfall traps (USFWS 2014). These traps 
were dug into the ground with approximately 3 cm of the bucket lip 
above ground to prevent the entrance of water during rain events. 
Soil was packed against the outside of the bucket lip to create a ramp 
to ease the entrance of beetles into the trap. Approximately 8 cm of 
moistened soil was added to the bottom of the bucket to reduce com-
petition among individuals, and protect against ABBs overheating or 
desiccating. Soil moisture was checked daily and water was added if 
needed. Each trap was baited with an extra-large previously frozen 
laboratory rat carcass (RodentPro.com) which had been rotted in 
a dark colored 18.9-liter bucket in the sun for 2–4 d, depending 
on temperature. Traps were covered using two, 5 × 5 cm sticks cut 
into 45 cm lengths and a piece of plywood measuring 45 × 45 cm. 
The sticks were placed on the lip of the bucket in parallel to allow 
beetles space to enter the trap, and the plywood was then placed on 
top of the sticks. A large piece of sod was then placed on top of the 
plywood to prevent removal by scavengers or wind.


Upon capture of an ABB, the individual was aged, sexed, and 
its pronotum width measured (USFWS 2014). Because open bait 
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Fig. 1.  Study area and recovery data for Nicrophorus americanus in Nebraska and South Dakota (2005–2015).
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allowed direct contact between the ripened rat carcass and the cap-
tured beetle, additional handling and feeding time was not required. 
Beetles were released approximately 100 m away from traps where 
they were caught to reduce the likelihood of artificially high recap-
ture rates. At the release site, an artificial burrow was created using 
a stick, and individual beetles were oriented into the hole into which 
they readily crawled. A small amount of loose soil or vegetation was 
then placed over the opening. A single capture of ABB resulted in a 
positive result for the trap site, while no ABB over five trap nights 
resulted in a negative result.


Environmental Covariates
Based on results from previous studies (Leasure and Hoback 2017), 
we identified 16 environmental covariates to assess as predictors of 
ABB occurrence including metrics of climate, soil texture, human 
impacts, and land cover (Table 1). For comparability, an effort was 
made to use similar predictors to those used in a previous study in 
the Nebraska Sandhills (Jurzenski et  al. 2014). A  combination of 
automated GIS scripts and manual GIS processing was used to delin-
eate an 800-m sample area around each trap location and to sum-
marize the underlying GIS layers representing our covariates within 
the circular sample areas surrounding each trap location (Python 
2012, ESRI 2013). This process was repeated for a grid of points 
spaced 500 m apart to collect covariate data throughout our study 
area necessary for mapping the expected distribution of the ABB.


Three climate metrics were selected as environmental covariates: 
annual precipitation, average minimum winter temperature, and 
average summer temperature (Table 1). We hypothesized that annual 
precipitation was related to overall ecosystem productivity and to 
desiccation risk. Burying beetles are susceptible to desiccation in dry 
environments leading to increased risk of mortality (Bedick et  al. 
2006). We also hypothesized that average minimum winter tempera-
ture was related to overwintering survival (Schnell et al. 2008), and 
that average summer temperature influenced habitat suitability as 
related to temperature-dependent flight activity (Merrick and Smith 
2004) during summer months when beetles actively search for car-
casses to use for reproduction.


Three soil texture covariates were selected: percent sand, silt and 
clay in the topsoil horizons (O and A) (Table 1). Soil texture has been 
identified as an important habitat characteristic for determining suit-
ability of areas for ABB to construct underground brood chambers 


(Scott 1998). In Nebraska, ABB occurrences appear to be related to 
the presence of sandy loam soils likely because these soils allow rapid 
burial of carcasses and formation of stable brood chambers, and retain 
soil moisture (Lomolino, et al. 1995, Scott 1998, Jurzenski et al. 2014).


We selected five metrics of human influence: road density, high-
way density, coverage of developed areas, coverage of crops, and 
coverage of hayfields (Table 1). These metrics could all have indirect 
effects on habitat suitability because of general habitat degradation 
and fragmentation that could affect availability of carcasses suitable 
for reproduction across the landscape (USFWS 1991, McPherron 
et al. 2012, Jurzenski et al. 2014). In addition to these indirect effects, 
intensive row crop agriculture, hayfields, and developed areas could 
have direct negative effects on the ABB from soil disturbance and 
pesticide applications.


Five land cover metrics were selected: coverage of water, grass-
lands, wet prairies, wetlands, and forests (Table 1). In dry environ-
ments, availability of open water could potentially benefit burying 
beetles at risk of desiccation, but in general we would expect open 
water to be negatively related to burying beetle abundance due to 
decreased availability of terrestrial habitats and potential limits to 
dispersal. Previous studies have indicated that ABBs were associated 
with grasslands and wet prairies in Nebraska (Kozol et  al. 1988, 
Bedick et al. 1999, Jurzenski et al. 2014).


Analysis
Initially, we examined the response of ABB based on presence or 
absence to the 16 GIS-based environmental covariates within the 
800-m buffer surrounding each trap site. We collected data from a 
total of 456 sites. Covariates were centered and scaled prior to anal-
ysis, except percentages that were remained unscaled. We compared 
results from two modeling approaches, a generalized linear model 
and a random forest model (Breiman 2001).


The generalized linear model (logistic regression) was imple-
mented using the R statistical programming language (R Core Team 
2014). To avoid collinearity among predictors in the model, envi-
ronmental covariates were screened based on Spearman correlation 
coefficients greater than 0.6. Nine of the 16 environmental covari-
ates were selected for logistic regression (Table 2). Predictors were 
centered and scaled prior to analysis. Regression coefficients and 
P-values were used to infer the strength and direction of correlations 
among ABB occurrence and environmental covariates in the model. 
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Table 1.  Predictive variables used in the logistic regression (GLM) and random forest (RF) models to create distribution maps for American 
burying beetle in northeastern Nebraska and South Dakota


GLM RF Covariate Description Citation


• Precip Average annual precipitation 1950–2000 Hijmans et al. 2005
• • twinter Avg. min. winter temperature 1950–2000 Hijmans et al. 2005
• • tsummer Avg. summer temperature 1950–2000 Hijmans et al. 2005
• • sand % sand in top soil horizon USDA 2006


• silt % silt in top soil horizon USDA 2006
• clay % clay in top soil horizon USDA 2006


• • road Road density in 2011 (km/ km2) USDC 2011
• hwy Highway density in 2011 (km/ km2) USDC 2011


• • develop % coverage of developed areas Homer et al. 2015
• crop % coverage of crops Homer et al. 2015
• hay % coverage of hayfields Homer et al. 2015


• • water % coverage of open water Homer et al. 2015
• • grass % coverage of grasslands Homer et al. 2015
• • wetgrass % coverage of wet prairies Homer et al. 2015
• • wetland % coverage of wetlands Homer et al. 2015
• • forest % coverage of forests Homer et al. 2015
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The influence of each observation on model parameters (leverage) 
was assessed graphically using the ‘glm diag plots’ and ‘influence 
measures’ functions from the R package boot (Canty and Ripley 
2014). We focused on the Cook’s D and hat statistics. High leverage 
observations were removed to avoid a small number of points hav-
ing a large pull on the predictions produced.


The random forest model was implemented using the R pack-
age ‘randomForest’ (Liaw and Weiner 2002). Random forest is a 
machine learning algorithm that produces ensemble predictions 
from a large number of classification trees trained on bootstrap 
samples of the data. We used 10,000 trees in our model. To build 
each tree, the algorithm first selected four predictors at random and 
searched for a threshold that could be applied to one of them to 
best separate our samples into ABB presence versus absence sites. 
The best predictor and threshold were retained as the first node in 
the tree, and the algorithm moved to the next node in each branch 
(i.e., above and below the selected threshold) to randomly select a 
new set of four predictors to assess. We included all 16 predictors in 
the random forest model because the algorithm handles correlations 
among predictors. Model fit was assessed based on the ‘out-of-bag’ 
classification error rate. Out-of-bag error rates are produced by the 
random forest algorithm by making predictions at each site using 
only those trees in the model that did not include that site in their 
training data (see Breiman 2001 for more). These error rates are 
considered conservative estimates that reflect expected error when 
extrapolating the model to new sites within the study area. The 
importance of predictors was assessed based on decreases in the 
Gini index (a measure of homogeneity in predicted presence and 
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Fig. 2.  Model predictions throughout study area. Color schemes use a probability of occurrence of 0.4 as the threshold to distinguish a presence versus an 
absence site because this balances the rates of false positives and false negative in both models of ABB probability of occurrence.


Table 2.  Regression coefficients for each predictor in the logistic 
regression model of American burying beetle occurrence in north-
eastern Nebraska and South Dakota


Coefficient Estimate SE P


(Intercept) 0.812 0.132 <0.001
tsummer 0.084 0.151 0.579
twinter 1.25 0.146 <0.001
sand 0.07 0.138 0.61
develop −0.041 0.145 0.779
road −0.169 0.151 0.265
grass 0.201 0.15 0.179
wetgrass 0.378 0.146 0.01
water −0.605 0.293 0.039
forest −0.75 0.216 <0.001
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absence bins) resulting from random permutations of each predic-
tor (Breiman 2001, Liaw and Wiener 2002).


To compare fit between the random forest model and the logis-
tic regression, the AUC statistic was calculated using the R package 
ROCR (Sing et al. 2005). AUC is a measure of how well predicted 
probabilities of the ABB occurrence fit our presence-absence obser-
vations. It is a threshold-independent fit statistic, meaning that we 
do not arbitrarily select a threshold for inferring presence or absence 
based on predicted probabilities of occurrence. We used AUC to 
compare model fit between our logistic regression and random for-
est models. AUC greater than 0.8 is considered a good fit (Franklin 
2010). We identified a threshold for each model to convert probabili-
ties of occurrence into binary presence-absence predictions that bal-
anced false positive and false negative rates using R package ROCR 
(Sing et al. 2005).


To validate the model and to test the models’ transferability to 
new regions (both GLM and random forest), we assessed predictive 
performance at 151 new sites in 2016. We converted predicted prob-
abilities of ABB occurrence to discrete presence-absence predictions 
using the thresholds identified above that balanced rates of false 


negative and false positives. Predictor variables for validation sites 


were collected using the same GIS process described above.


Results


Of the 456 trap sites, 177 sites were positive, with a total of 


1,201 ABB captured (Fig. 1). Both models had relatively good fits 


to the data within our study area. The logistic regression model 


had an AUC of 0.83 and a nonsignificant chi-square deviance test 


(P = 0.529). Five false negative trap sites were removed due to high 


leverage based on Cook’s D and hat statistics. This is not surprising 


based on previous studies that have shown five percent or more bee-


tles present in an area cannot be caught even under ideal conditions 


after five trap nights (Butler et al. 2013). The random forest model 


had an AUC of 0.82 and an out-of-bag classification error rate of 


25.6%. A threshold of 0.4 to convert probabilities of occurrence to 


discrete presence-absence predictions balanced the false positive and 


false negative rates for both models. The predicted distributions of 


ABB from the two models also agreed closely (Fig. 2).


Insect Systematics and Diversity, 2018, Vol. 2, No. 1


Fig. 3.  Assessment of model prediction accuracy inside and outside the original study area. Predictions inside the study area are for the sites used to fit the 
model, while predictions outside the study area are new sites. The random forest model had better predictive accuracy within the study area. Both models 
performed poorly outside the original study area when predicting probability of occurrence of ABB.
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Although both models fit relatively well within our study area, 
neither model performed well outside of our study area (47% error 
rate; Fig. 3). The random forest model had far better predictive accu-
racy than logistic regression within the study area at sites with origi-
nal training data (Fig. 3). It should be noted that predictions in Fig. 3 
are from the full random forest model, whereas AUC for random 
forest (above) were more conservative assessments based on ‘out-of-
bag’ model predictions.


The importance of predictors in each model were noticeably 
different, except that minimum average winter temperature (twin-
ter) was always a strong predictor. For the random forest model the 
most important predictors (Fig. 4) were minimum average winter 
temperature, average precipitation (which was negatively corre-
lated with minimum average winter temperature), clay, which was 
correlated with sand and silt, grasslands which were negatively cor-
related with crops, and roads. In the logistic regression, minimum 
average winter temperature and percent coverage of wet-grasslands 
had significant positive relationships with the presence of ABB, 
while the presence of water and forest had significant negative rela-
tionships (Table 2, Fig. 5).


Discussion


This study represents the first model created specifically for predict-
ing occurrence of ABB in the northwestern limit of its known current 
range. Our results showed minimum average winter temperature, 
which was not included in either the Loess Canyons or Sandhills 
models, as the strongest single predictive factor in both the ran-
dom forest and linear regression models (McPherron et  al. 2012, 
Jurzenski et  al. 2014). The average minimum winter temperature 
was obtained for the average from 1950 to 2000. Correlation with 
warmer average winter temperatures may suggest that areas with a 
lower amount of temperature fluctuation during the winter months 
increase the likelihood of ABB occurrence. Stable winter tempera-
tures may also allow accumulation of snow in some areas which 


could act as further insulation for buried beetles. Alternatively, the 
effects of temperature could be a result of groundwater influence. 
The Northern Plains lacks large bodies of open water; however, the 
Ogallala Aquifer is close to the surface (McMahon et al. 2007). The 
areas with highest likelihood of ABB occurrence in both the random 
forest and generalized linear models are also close to the surface 
groundwater from the Ogallala Aquifer (McMahon et  al. 2007). 
This would suggest that minimum average winter temperature may 
be acting as a surrogate for proximity to subsurface water rather 
than minimum average winter temperature alone and may relate to 
avoidance of overwintering desiccation (Bedick et al. 2006).


This correlation between ABB occurrence and proximity to 
subsurface water may also partly explain the differences in habitat 
association between Nebraska and Oklahoma populations of ABB. 
Lomolino and Creighton (1996) noted that in its southern range, 
the ABB appeared to be a forest specialist. The results of this study 
contradict their finding because ABB had negative correlations with 
forest and open waters, which were often surrounded by trees in this 
study region. The correlation may be another product of an asso-
ciation of Nebraska ABBs with the Ogallala Aquifer as a source of 
soil moisture and temperature stability. ABBs in Oklahoma cannot 
access aquifer moisture and likely depend on forestation and tree 
cover to help retain soil moisture (Lomolino and Creighton 1996, 
Mcmahon et  al. 2007, Walker and Hoback 2007). ABBs present 
in the Loess Canyons were also found to be associated with water 
features and trees, and in these areas, the Ogallala Aquifer is deep 
underground and inaccessible to the beetles (Mcmahon et al. 2007, 
McPherron et al. 2012).


Precipitation was a strong predictor of ABB occurrence in the 
random forest model, which is in agreement with Jurzenski et  al. 
(2014) who found precipitation to be the strongest predictive factor. 
ABB was negatively associated with clay in the random forest model, 
which also agrees with the Sandhills model. In the Sandhills, ABBs 
appear to prefer a more sand dominant soil texture, but will avoid 
areas without trace amounts of silt and clay as the soil is likely unsta-
ble for maintaining a brood chamber (Jurzenski et al. 2014). In con-
trast, the Loess canyon soil is fine silt and sandy soils are limited in 
the region (Bedick et al. 1999, McPherron et al. 2012). The Sandhills 
and Loess canyons differ in suitability for rowcrop agriculture with 
the Sandhills having unstable or saturated soils that limits crops and 
the Loess canyons having steep topography.


The presence of human development represented by crops and 
roads were negative predictors in the random forest model, while 
areas with high percentages of grassland were positive predictors 
of ABB presence. These findings are consistent with past models 
and literature that show ABBs to avoid areas of developed land 
such as agriculture (Sikes and Raithel 2002, McPherron et al. 2012, 
Jurzenski et al. 2014). As crop values increase, marginal lands are 
often developed (Lichtenberg 1989) leading to both direct (mortality 
from pesticides, soil disturbance) and indirect (changes in vertebrate 
species, habitat fragmentation) impacts on ABB.


Future studies should seek to utilize or generate detailed distri-
bution data of not only the ABB but also common carrion sources. 
Carrion availability is likely the single most important factor in 
determining presence of ABBs, but due to the lack of fine scale dis-
tribution data across a broad range of possible carrion sources, such 
modeling efforts remain out of reach at the time of this study. While 
the extinction of the passenger pigeon (Ectopistes migratorius L.) and 
subsequent loss of suitable carrion source has been widely implicated 
as a driving force in the endangerment of ABB, the wide-scale sup-
pression and loss of black-tailed prairie dog (Cynomys ludovicianus 
Ord) towns has not been suggested as a contributing factor to the loss 
of ABB. Populations of black tailed prairie dogs are currently about 
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Fig.  4.  Importance of predictor variables in the random forest model of 
American burying beetle occurrence in northeastern Nebraska and South 
Dakota.
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2% of their historical population size (Summers and Linder 1978). 
Black-tailed prairie dog towns support a rich diversity of vertebrates 
as potential carrion sources of appropriate size for use by ABBs, but 
such an association has yet to be properly evaluated (Whicker and 
Detling 1988, Sikes and Rathel 2002, Lomolino and Smith 2003).
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ABSTRACT


Federal sampling guidelines for the endangered American burying beetle, Nicrophorus americanus Olivier, have
historically recommended transects of eight baited pitfall traps spaced 20 m. We compared a new above-ground
bucket trap sampling method to standard transects in terms of capture rates, time efficiency, trap mortality, distur-
bance, and sample range. A single bucket trap was set for three consecutive nights at each site (three bucket-nights)
rather than a transect of eight traps set for three nights like standard pitfall traps (24 trap-nights). To facilitate com-
parisons between methods, an appropriate sample effort conversion was determined to convert bucket-nights to trap-
nights. Bucket traps were 75% more time efficient than standard transects and were more resistant to disturbances
from scavengers. Abundance estimates for N. americanus were significantly different between methods when a
bucket-night was treated as equivalent to a trap-night. The most appropriate sample effort conversion was one
bucket-night equals eight trap-nights. For both trap types, the probability of recapture was less than 25% for beetles
released directly adjacent to traps and dropped below 5% for beetles greater than 300 m from traps. No trap mor-
talities resulted from either method in this study, but bucket traps were designed to reduce risks from the most
common causes of trap mortality (drowning, heat stress, and predation). Bucket traps had rain covers and allowed
for drainage, increased ventilation, and excluded some common predators found in standard pitfall traps. We recom-
mend exclusive use of above-ground bucket traps in future surveys for N. americanus due to increased time effi-
ciency, comparability with standard transects, decreased susceptibility to disturbance, larger bait size, and likely
decrease in trap mortality.


Key Words: trap methodology, pitfall trap, sample range, sample effort conversion


The American burying beetle, Nicrophorus
americanus Olivier (Coleoptera: Silphidae), was
placed on the endangered species list in 1989 due
to a drastic range contraction in the late 19th and
early 20th centuries (Raithel 1991). This beetle his-
torically ranged throughout much of the United
States east of the Rocky Mountains, but is now
limited to portions of Oklahoma, Arkansas,
Nebraska, South Dakota, and Rhode Island.
Nicrophorus americanus bury appropriately sized
carrion in underground brood chambers for ovi-


position; preferred carrion mass is 80–100 g (Kozol
et al. 1988). After removing feathers or hair from
buried carrion, adults use oral and anal secretions
to preserve the food source for later consumption by
larvae, which also receive regurgitated supplemental
feedings from one or both parents (Raithel 1991).


The U.S. Fish and Wildlife Service’s standard-
ized trap protocols have traditionally called for
transects of eight baited pitfall traps set for three
consecutive nights (Kozol 1990; Creighton et al.
1993; Bedick et al. 2004; USFWS 2010). Abundance
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of N. americanus is reported as beetles per trap-
night where a transect represents 24 trap-nights
(eight traps X three nights). Federal guidelines have
traditionally favored pitfall traps made from 0.71-L
(24-fl. oz.) cups buried to ground level (USFWS
2010). We designed and evaluated new above-
ground bucket traps that required only a single
trap at each site for three consecutive nights (three
bucket-nights). Standard pitfall traps were com-
pared to new above-ground bucket traps in terms
of N. americanus capture rates, ability to detect
presence/absence of a population, mortality risk,
resistance to scavengers, effective sample range,
and setup/maintenance time.
Bedick et al. (2004) advocated pitfall traps made


of 18.9-L (5-gal) buckets because they (1) accom-
modated larger pieces of bait, (2) provided larger
areas for trapped beetles, and (3) improved ventila-
tion. Several disadvantages were mentioned that
included difficulty burying a 18.9-L bucket in rocky
soils and mortality risk due to trap inundation
despite the use of rain covers and soil berms. The
bucket traps evaluated in our study address these
problems because they are installed above the
ground and allow for drainage.
Recent federal trapping guidelines (USFWS 2011)


allowed bucket pitfall traps using either a single
18.9-L bucket or five 3.8-L (1-gal) buckets dug
into the ground and set for three consecutive
nights (three trap-nights or 15 trap-nights, respec-
tively). However, there is no established basis for
quantifying sample effort for bucket traps so that
abundance estimates (beetles per trap-night) for
N. americanus are comparable across methods.
If the sample effort associated with a bucket-night
is not equivalent to that of a standard trap-night,
bucket traps will produce incompatible abundance
estimates for N. americanus without an appropriate
sample-effort conversion.
Sample-effort metrics for standard transects have


treated individual traps in transects as independent
sample units (eight trap-nights) and subtracted a
trap-night for each trap disturbed by scavengers.
However, a transect’s effectiveness may not be sig-
nificantly diminished by several disturbed traps
because bait remains in nearby undisturbed traps.
It seems likely that nearby baited traps reliably
attract beetles, considering the 800-m estimated
sample range of the traps (USFWS 2010) in com-
parison to the 20-m trap spacing (Fig. 1). Subtract-
ing trap-nights for disturbed traps could artificially
inflate beetle abundance estimates (beetles per trap-
night) if a transect’s effectiveness was not signifi-
cantly diminished by disturbances. We evaluated
an alternative method based on transect-nights that
required at least four undisturbed traps for a transect-
night to be valid, but otherwise ignored disturbances.
Sample-effort metrics based on transect-nights rather


than trap-nights would simplify comparisons among
various methods.


MATERIAL AND METHODS


This field study was conducted as part of the
2011 annual N. americanus survey at Chaffee
Maneuver Training Center (Fort Chaffee) in
the Arkansas River Valley of western Arkansas.
Fort Chaffee is a 26,000-hectare military training
installation that hosts one of the largest remaining
N. americanus populations. Wildfires and ground
disturbances associated with military training have
resulted in a patchwork of successional vegeta-
tion communities including native grasslands,
shrublands, oak woodlands, and climax oak-
hickory forests. Dominant flora in these commu-
nities include broomsedge bluestem (Andropogon
virginicus L.; Poaceae)), little bluestem (Schizachyrium
scoparium (Michx.) Nash; Poaceae), big bluestem
(Andropogon gerardii Vitman), winged sumac
(Rhus copallinum L.; Anacardiaceae), winged elm
(Ulmus alataMichx.; Ulmaceae), post oak (Quercus
stellata Wangenh.; Fagaceae), blackjack oak
(Quercus marilandicaMünchh.), mockernut hickory
(Carya alba (L.) Nutt.; Juglandaceae), and black
hickory (Carya texana Buckley). Species poten-
tially serving as carrion resources for N. americanus
reproduction—based on expected fecundities,
mortality rates, and reported N. americanus carrion
size preference (Kozol et al. 1988)—are abundant


Fig. 1. Layout of a standard pitfall trap transect
showing an 800-m trap sample range (USFWS estimate)
and a 200-m trap sample range in comparison to 20-m
trap spacing to illustrate the lack of independence among
traps in a transect.


THE COLEOPTERISTS BULLETIN 66(3), 2012210







in these successional communities. These species
include, but are not limited to, northern bobwhite
(Colinus virginianus (L.)), hispid cotton rats
(Sigmodon hispidus Say and Ord), and eastern
cotton tail kits (Sylvilagus floridanus Allen).
Above-ground bucket traps were designed


and tested for use at Fort Chaffee where digging
restrictions prohibited standard pitfall traps. Bucket
traps (Fig. 2; Leasure et al. 2012) were made from
18.9-L buckets with small drain holes in the bottom
and vent holes in the sides. A 15-cm hole was cut
in the lid and a 0.27-L (9-fl. oz.) bait cup was sus-
pended above the hole with wire and baited with
a chicken leg drumstick that had previously been


placed outdoors in a sealed container for 24–36 hours.
A 20-cm funnel was attached to the inside of the lid
beneath the hole. Erosion-control matting was zip-
tied to a 30 × 60-cm piece of welded wire fencing
which was then attached to the bucket with wire to
serve as a landing pad. An inverted plastic bowl
was attached to the wire fence to serve as a rain
cover and provide shade. Two 5 × 10-cm holes
were cut in the rain cover to allow beetles access to
the trap. Two eye-bolts were installed in the side of
the bucket, which allowed the bucket to be attached
to a rebar stake in the ground. A 61-cm length of
rebar was hammered into the ground and then used
to secure the trap by sliding the eye-bolts protruding


Fig. 2. New above-ground bucket trap design with wire trap cover that used a single trap at each site.
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from the side of the bucket over the rebar. A wet
sponge was placed inside as a water source. A single
bucket trap was placed on the surface of the ground
at each sample location for three consecutive nights.
Standard pitfall trap transects consisted of eight


baited pitfall traps (Fig. 3) spaced 20 m apart and
set for three consecutive nights. Each trap was
made of two 0.95-L (32-fl. oz.) plastic cups placed
one inside the other in an excavation so that a
1.5-cm lip remained above the soil line. Bait cups
were made from 59.1-ml (2-fl. oz.) plastic condi-
ment cups suspended above the pitfall traps with
wire. Split chicken breasts with skin and bone
were cut into 15–20-g pieces and placed outdoors
in a sealed container for 24–36 hours prior to being
used as bait. Rain covers were made by attaching
an inverted plastic bowl to a 30 × 30-cm piece of
wire fence with a minimum 2.5-cm mesh size.
Rain covers were secured over traps using land-
scape pins to prevent trap inundation and to
discourage scavengers.
Twenty-eight sample sites were selected from


Fort Chaffee’s established N. americanus sample
sites so that no sites were within 1.6 km of each
other (Fig. 4). This buffer was intended to maintain
independence of adjacent samples and was based
on the estimated effective sample range (800 m)
of baited pitfall traps for N. americanus (USFWS
2010). Between 9 July and 7 August, each site was
sampled during two separate three-night periods
with at least a three-night lag between sampling
periods. Ten sites were randomly chosen to receive
bucket traps during the first sampling period and


another 10 sites received standard transects. The
alternate method was used at these sites during
the second sampling period. Eight control sites
were sampled with standard transects during both
sampling periods. The order in which methods
were assigned was randomized to limit temporal
confounding effects, and a lag period was used to
limit sequence effects where prior trapping may
influence future efforts. The average lag period
was longer for control sites (17 days) than for
experimental sites (four days). Results are presented


Fig. 3. Standard pitfall trap design. A standard transect consisted of eight traps spaced 20 m.


Fig. 4. Sample site layout (n = 28) showing 800-m
site buffers (open circles). The order in which trap methods
were used during the two sample periods at each site
included buckets then transects (circles), transects then
buckets (squares), and transects during both sample periods
at control sites (triangles).
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with and without control sites and this discrepancy in
lag periods did not alter the conclusions.
The difference in abundance estimates for


N. americanus (D beetles per trap-night) between
buckets and transects was calculated for each site
using various sample effort conversions for bucket
data (i.e., one bucket-night = 1, 2, 3, …16 trap-
nights). For each sample-effort conversion rate, a
single-sample, two-tailed t-test (SAS 2010) was
used to test the null hypothesis that the differences
in abundance estimates between methods were not
significantly different from zero. For each sample-
effort conversion rate, a one-way ANOVA (SAS
2010) was used to test that disparities in relative
abundance estimates between methods were no
different than disparities between sampling periods
at control sites. Data were graphically analyzed
for normality and ANOVA residual plots were
checked for homogeneous variances.
We expected significantly different relative abun-


dance estimates between methods when bucket-
nights were treated as equivalent to trap-nights.
We expected no difference in relative abundance
estimates when bucket-nights were treated as being
roughly equivalent to full transects (eight trap-nights).
“Transect-nights” were also evaluated as units of
sample-effort where a transect-night was only valid
if at least four traps remained undisturbed.
The time required for a team of two researchers


to install traps was recorded with a stopwatch. All
traps were checked daily before 10:00 am and the
numbers of all captured species of Nicrophorus F.
and any trap disturbances were recorded. Traps
were re-baited daily or every other day to prevent
desiccation of bait. Time required to service traps
was recorded daily, not including time processing
captured beetles. Number of N. americanus was
recorded daily for each trap as well as any trap dis-
turbances (i.e., missing bait, damaged rain cover,
trap removed). Disturbance rates (e.g., disturbed
bucket-traps vs. standard transects with at least
one disturbed trap) were compared using an equality
of proportions test. Captured N. americanus were
sexed, aged (teneral or adult), and marked with paint
pens to codify capture date and trap site.
Marked beetles were released at various dis-


tances within 500 m of traps and release locations
were recorded with a Trimble GeoXT GPS unit.
Flight distances were determined for marked
beetles recaptured the following day by using
ArcGIS 10.0 (Esri 2010). Butleret al. (2012) showed
that about 92% of burying beetles marked with
enamel paint retained their mark for two days
and the present study required only a single day
of mark retention. Logistic regression (Systat 2007)
was used to model the probability of recapturing
marked beetles as a function of release distances
from traps. Effective sample radii of both trap


types were assessed graphically based on how recap-
ture probabilities decreased as release distances
increased. Trap method (bucket or transect) was
included as a factor to test for differences in sample
radii between methods. Conclusions drawn from
this analysis were tentative due to small sample sizes
(n = 65, six recaptures).


Program PRESENCE (Hines 2006) was used to
estimate the ability of each trap method to detect an
N. americanus population in a presence-absence
survey. Covariates that were thought to affect
detectability such as average overnight wind speed
and average temperature the previous day (influ-
encing bait desiccation) were assessed, but these
covariates did not improve detectability estimates.
The simplest models are reported here: no variation
in detection probabilities across sampling occa-
sions and no sample- or site-covariates.


The current practice of subtracting trap-nights to
adjust for trap disturbances is based on the assump-
tion that trap disturbances significantly reduce sam-
pling efficiency. If true, a negative relationship
should exist between numbers of disturbed traps
and numbers of beetles captured across a large
number of transects with various levels of distur-
bance. To assess this, we analyzed historic data
from Fort Chaffee that were collected using stan-
dard pitfall trap transects to produce 594 records
of N. americanus abundance and trap disturbances
(FTN 2007, 2009, 2010, 2011). Sites without
N. americanus were not included because capture
rates cannot vary at sites without a detectable popu-
lation. Due to abundance and disturbance data
having negative exponential distributions, Spearman’s
rank correlation coefficients were used to charac-
terize correlations and 1,000 bootstrap randomiza-
tions were used to estimate P-values (two-tailed)
and 95% confidence intervals (bias-corrected and
accelerated method; Systat 2007). Due to concern
about potential lack of independence among three
consecutive sample nights at a single site, data
were separated by sample night (i.e., 1, 2, or 3)
and correlations were estimated separately for each
group as well as with groups pooled.


If disturbances reduced sampling efficiency, the
largest number of beetles would be expected on
nights with the least number of disturbed traps
at sites where a gradient of disturbances occurred
across three sample nights. Thirty-two sites were
identified where a gradient of disturbances had
occurred across three sample nights and where
N. americanus were detected. Sample nights were
ranked at each site based on N. americanus
abundance (1, 2, or 3; ties averaged) to provide
within-site ranked abundance values that were nor-
mally distributed. Within-site ranked abundance
was the response variable in an ANOVA model
(Systat 2007) with number of disturbed traps as
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a six-level factor. Histograms and residuals plots
were graphically analyzed to assess normality
and homogeneity of variances. This dataset was
not balanced (i.e., unequal number of trap-nights
for each level of disturbance) and did not have
adequate samples for transects with more than four
disturbed traps. For these reasons, interpretation of
these ANOVA results should be conservative and
only considered valid for transects with less than
five disturbed traps.


RESULTS


Table 1 compares bucket traps to standard tran-
sects in terms of capture rates, mortality rates, dis-
turbance rates, recapture rates, and time required
to set and check traps. Bucket traps outperformed
standard transects in all categories, although no
mortalities were recorded with either method. It
took a team of two experienced field workers
about four times longer to run a standard transect
for three days compared to a bucket trap. Bucket
traps were better able to prevent scavengers from
disturbing traps, evidenced by an 18.3% lower
disturbance rate compared to standard transects
with at least one trap disturbed (P = 0.001,
CI95% = 7.7–29.0%).
Abundance estimates for N. americanus from


bucket traps and standard transects were signifi-
cantly different when a bucket-night was treated
as equivalent to a trap-night (P = 0.035, n = 20),
reiterating the need for a sample effort conversion.
Abundance estimates were not significantly dif-
ferent between methods when a bucket-night was
treated as equivalent to eight trap-nights (P = 0.886,
n = 20, power = 0.8, effect size = 0.125 beetles/
trap-night). Abundance estimates showed insignifi-
cant differences (P > 0.2) between methods when
buckets were treated as five to 13 transect-nights,


but the least difference was found when a bucket-
night was treated as equivalent to eight trap-nights
(Fig. 5). At control sites, N. americanus abundance
estimates differed by an average of 0.129 beetles
per trap-night between sampling periods. This was
no different than the average disparity in abundance
estimates between methods at experimental sites
(0.115 beetles per trap-night, P = 0.668, n = 28).
Trap method did not significantly affect recap-


ture probability (P = 0.739), suggesting that both
trap methods have similar sampling efficiency.


Table 1. Comparisons of above-ground bucket traps to standard pitfall trap transects using a variety of important
metrics for surveying Nicrophorus americanus (ABB).


Bucket traps n Standard transects n


Mean ABB per trap-night† 0.108 20 0.102 20
Total ABB captured 48 20 45 20


Time to install traps (hh:mm) 3:52 13 19:32 9
Time to check traps daily 2:26 54 8:10 48
Mean total time 11:13 20 44:02 20


ABB mortality rate‡ 0.00% 60 0.00% 60
Disturbance rate 1.70% 60 20.00%* 60
ABB recapture rate 14.71% 34 6.67% 30
†1 bucket-night = 8 trap-nights.
‡Per bucket-night or transect-night.
*Proportion of standard transects with at least one disturbed trap.


Fig. 5. Average differences in abundance estimates for
Nicrophorus americanus between methods using various
sample-effort conversion rates (n = 20). Normalized aver-
age differences are mean differences divided by their
standard deviations to provide a standardized scale for
comparisons because abundance estimates—and therefore
differences between them—are inherently smaller when
trap-nights are artificially increased.
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A graphical comparison also showed that both
methods had similar effective sample radii (Fig. 6).
The probability of recapture never exceeded 25% for
beetles released directly adjacent to traps and was
below 5% for beetles released more than 300 m
from traps. However, the small number of recaptures
made conclusions based on these data tentative.
Detection probabilities were similar between


methods when presence-absence data were ana-
lyzed in PRESENCE. Bucket traps had a detection
probability of 0.475 ± SE 0.105 and standard
pitfall trap transects had a detection probability of
0.510 ± SE 0.092. The probability of detecting an
N. americanus population at a site was virtually
equivalent between methods. Note that this analysis
is based on presence or absence of N. americanus
at a site rather than the probability of detecting
individual beetles as in the logistic regression
analysis above.
No significant correlation was found between


N. americanus capture rates and the number of
disturbed traps, which suggested that a few dis-
turbed traps in a transect did not reduce the sampling


efficiency. Correlation estimates, bootstrapped con-
fidence intervals, and hypothesis test results are
presented in Table 2, with data grouped by sample
night and pooled.


An ANOVA was used to test for differences in
ranked beetle abundances (ranked within sites)
across a gradient of disturbance rates at each site,
but no significant effect was found (P = 0.166).
Tukey’s pairwise comparisons showed no signifi-
cant differences among levels of disturbance, although
there was a slight increase in trap success with four
disturbed traps and a slight decrease with five dis-
turbances (Fig. 7). These results suggest that tran-
sects with at least four undisturbed traps are likely
as effective as full transects. Graphical examination of
residuals showed no evidence of heteroskedasticity.


The lack of association between disturbed traps
and capture rates suggests that subtracting trap-
nights for disturbed traps may result in over-
estimated abundance (beetles per trap-night) of
N. americanus. Few records existed with a high
number of trap disturbances, so conclusions are
limited to situations with zero to four disturbed


Fig. 6. Predicted recapture probabilities as a func-
tion of release distance. Sample ranges appeared to be
similar between trap methods, but sample sizes were
too small to support robust conclusions. Recapture rates
were less than 25% for both methods, even when beetles
were released nearby.


Table 2. Spearman rank correlation coefficients between the number of Nicrophorus americanus captured and the
number of disturbed traps in standard transects. Confidence intervals and 2-tailed P-values were estimated using 1,000
bootstrap randomizations.


95% confidence interval


Sample night Sample size
Spearman
correlation Minimum Maximum


Bootstrapped
P-value


Bootstrapped
correlations −0.1 to 0.1


1 198 0.053 −0.090 0.206 0.553 71.7%
2 198 −0.016 −0.150 0.113 0.802 83.9%
3 198 −0.096 −0.252 0.042 0.493 52.6%
All 594 −0.023 −0.109 0.056 0.619 96.5%


Fig. 7. ANOVA group means showing the relation-
ship between beetle captures and the numbers of dis-
turbed traps. Beetle abundance values were ranked for
the three sample nights at each site such that increasing
rank represented increasing abundance. Precision was
low in groups 4 and 5 due to small sample sizes (n = 6
and n = 4, respectively).
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traps. Transect-nights may be a more appropriate
unit of sample effort for pitfall trap transects with
a minimum number of undisturbed traps required
for a transect-night to be valid. A single-sample
t-test showed no significant difference between
relative abundance derived using bucket-nights vs.
transect-nights (P = 0.899, n = 20). This is similar to


counting a bucket-night as eight trap-nights, except
that it ignores disturbed traps in standard transects.


DISCUSSION


No N. americanus died in traps used for this
comparison, but two mortalities were recorded at


Fig. 8. Suggested improvements to above-ground bucket trap design using a wooden rain cover and landing pad to
reduce disturbances from scavengers, reduce maintenance, and increase bait-life.
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nearby sites sampled with standard transects as
part of concurrent research. These deaths were
the result of wildfire and predation while trapped.
Flightless predators such as predaceous ground
beetles (Carabidae) that were commonly captured
along with N. americanus in standard pitfall traps
were generally excluded from above-ground bucket
traps. We expected above-ground bucket traps
to prevent mortality by drowning because they
allowed rain water to drain, unlike standard pitfall
traps, but drought conditions during this study pre-
vented this assessment. In a separate study, Leasure
(unpublished data 2011) conducted 126 bucket-
nights of trapping with above-ground bucket traps
and captured 547 Nicrophorus spp. individuals with
only a single trap mortality, which is a testament to
the low mortality rate associated with above-ground
bucket traps.
Bucket traps were more successful in preventing


scavengers from stealing bait. Only a single bucket
trap was disturbed throughout the study, when a
scavenger had broken the plastic rain cover to gain
access to the bait (2% of bucket-nights vs. 20%
of standard transects with disturbances). Similar
disturbances with this trap design were periodi-
cally found in other research, but were not a major
problem (Leasure 2011, unpublished data). We
designed and tested a new landing pad and rain
cover (Fig. 8; Leasure et al. 2012) made from
plywood with a bait container fixed to the under-
side of the rain cover. This sturdy design should
deny scavengers access to bait and prevent these
types of disturbances as well as making trap ser-
vicing quicker and cleaner. The more enclosed bait
container should delay desiccation of bait while
providing adequate dispersal of bait odor.
In addition to the benefits of above-ground


bucket traps, we have shown N. americanus abun-
dance data from buckets to be comparable to stan-
dard pitfall trap transects when bucket-nights are
treated as eight trap-nights. Abundance data were
not comparable when a bucket-night was treated
as equivalent to a trap-night, emphasizing the need
for a sample effort conversion to maintain the
integrity of comparisons with historic datasets. We
suggest that a transect of closely spaced traps (i.e.,
pitfall cups, pitfall buckets, and above ground
buckets spaced 20 m) should be considered a single
sample unit measured in transect-nights with some
minimum number of undisturbed traps required.
To support this recommendation, we presented
rank-correlations and ANOVA results that showed
N. americanus capture rates were not reduced with
up to four disturbed traps. However, additional
field work is required to make conclusions about
the effects of five to eight disturbed traps and
should be designed so that numbers of disturbed
traps are experimentally controlled to provide a


balanced dataset (equal numbers of trap-nights car-
ried out for each level of disturbance).


Both trap types had very low probabilities of
capturing beetles known to be in the vicinity. For
any release distance within 500 m of traps, the
probability of recapture never exceeded 25% and
dropped below 5% at 300 m. This suggests that
bait away (USFWS 2007a) and relocation efforts
(USFWS 2007b) may be marginally effective at
best. Even if we generously estimate traps to detect
40% of individuals present, 60% of the local
N. americanus population likely remains unde-
tected in trap and relocation efforts. We suggest
that mark-recapture and release distance data be
recorded in other N. americanus surveys to improve
understanding of effective sample range and detect-
ability. Appropriate data would include the origi-
nal capture locations and release locations of all
marked beetles released at various distances from
traps (i.e., 100, 200, 300, … 800 m) and recapture
locations of recaptured beetles.


Compared to standard pitfall trap transects, above-
ground bucket traps were found to be time-efficient,
safe for trapped beetles, and resistant to disturbances.
Abundance estimates for N. americanus from bucket
traps were comparable to standard transects when a
bucket-night was treated as equivalent to eight trap-
nights or a transect-night. The sample-effort metric
for bucket traps is more robust than standard tran-
sects because only a single trap is used and a larger
piece of bait can be accommodated which delays
desiccation resulting in more consistent effective-
ness. Based on results presented here, we recom-
mend exclusive use of above-ground bucket traps
for future N. americanus surveys.
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All best,

Joe

From: Runge, Jeff <jeff_runge@fws.gov>
Sent: Monday, May 24, 2021 9:13 AM
To: Skorupa, Joseph <Joseph_Skorupa@fws.gov>
Subject: ABB Evaluation
 
Hello Joe,

I wanted to check in to see how the evaluation was coming along. Particularly, I am interested
in your initial review of materials and whether you expect it to be relatively simple (or difficult)
to address. Hopefully, you would not need data from the individual reports, but we certainly
provide those if important for the evaluation. We have not heard from NPPD, so no one is
pushing us to complete a review. I will keep you posted if that changes.

Jeff

Jeff Runge
U.S. Fish and Wildlife Service
9325 South Alda Road
Wood River, Nebraska 68883
Office: (308) 218-0049
Cell: (308) 216-0384




