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Abstract
Burying beetles (Silphidae: Nicrophorus Fabricius, 1775) are known for their biparental care and monopolization of small vertebrate car
casses in subterranean crypts. They have been the focus of intense behavioral ecological research since the 1980s and the New World fauna 
was taxonomically revised in the 1980s. Here, with new molecular, ecological, reproductive incompatability, and morphological data, we 
report the discovery that N. vespilloides in most of North America, except Alaska + Yukon + Northwest Territories, is not conspecific with 
Old World N. vespilloides. DNA barcode data split this species into two BINs, each shows different habitat preferences, most larvae from 
hybrid crosses fail to reach four days of age, and diagnostic characters were found on the epipleuron and metepisternum that help to sepa
rate the species. The oldest available name for this other set of North American populations is Nicrophorus hebes Kirby, 1837, which we 
now treat as valid (new status). This study brings the New World total to 22 species for the genus, and given the rarity of N. hebes, and its 
tight association with wetlands, justifies further investigation into its conservation status. 
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1. Introduction

The genus Nicrophorus in the New World was taxonomi
cally revised in the 1980s (Peck & Anderson 1985; An
derson & Peck 1985, 1986) with one new species (Nicro
phorus hispaniola Sikes & Peck, 2000) added in 2000. 
Populations of all New World species were sampled for a 
molecular phylogenetic analysis (sikes et al. 2008; sikes 
& VenAbles 2013) with the exceptions of Nicrophorus 
vespilloides Herbst, 1783 and Nicrophorus chilensis Phi
lippi, 1871. Nicrophorus vespilloides is one of the most 
well studied of the burying beetles, with 635 citations 
through 2002 (sikes et al. 2002) and over 1,000 citations 
found via Google Scholar (10 June 2016). Most of these 
citations stem from work on Palearctic populations. The 

Palearctic N. vespilloides was also the first silphid to re
ceive wholegenome study (cunninghAm et al. 2015; PAl
mer et al. 2016). The species is Holarctic and relatively 
highlatitude; most records are north of 40°N. Anderson 
(1982) documented habitat preferences for silphids in 
southern Ontario, Canada, and found N. vespilloides to 
be a rarely collected bog/marsh specialist. Purrington & 
dAVidson (2000) documented the southernmost records 
for this species in North America, from a high elevation 
acidic Sphagnum bog in West Virginia. beninger & Peck 
(1992) and beninger (1994) confirmed these habitat as
sociation findings with more extensive study in Ontario, 
demonstrating that N. vespilloides breeds in bog habitats. 
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This is in contrast to the Palearctic where N. vespilloides 
is relatively easily collected in forests and grasslands 
(Pukowski 1933; kAtAkurA & FukudA 1975; müller & 
eggert 1987; otronen 1988; scott 1998). These dis
tinct ecological differences between the Palearctic and 
Nearctic populations were puzzling. It was suggested by 
Anderson (1985) that the species assemblage of silphids 
in eastern North America resulted from both ancient (Eo
cene) and recent (postPleistocene glaciation) events. 
Nicrophorus vespilloides, it was presumed, shifted its 
habitat preferences in the Nearctic to wetland habitats 
due to competition with its forestdwelling, and sympa
tric, sister species N. defodiens Mannerheim, 1846 (An
derson 1981; Anderson & Peck 1985; Peck & Anderson 
1985; scott 1998; sikes & VenAbles 2013).
 Newly available genetic data from the DNA barcode 
region (hebert et al. 2003) of the mitochondrial gene 
COI for N. vespilloides from Canada and Alaska divid
ed this species into two groups with the Alaska samples 
clustering with the Palearctic group. This finding led 
to investigations, documented herein, into the ecology, 
morphology, and breeding (in)compatibility of these two 
groups of beetles to test if they correspond to different 
biological species (mAyr 2000). 

2.  Materials and methods

2.1.  Phylogenetics

All publicly available N. vespilloides CO1 sequences 
(Ca nadian, n = 5; Palearctic, n = 14; Alaskan, n = 4) were 
downloaded from the Barcode of Life Data System or 
GenBank (Table 1) and combined with downloaded se
quences for the sister species, N. defodiens (n = 7), and 
the next closest outgroup taxon, N. tenuipes Lewis, 1887 
(n = 2) (sikes & VenAbles 2013). The data comprised 
658 basepairs and were aligned by eye with reference to 
amino acids in Mesquite v. 3.03 (mAddison & mAddison 
2011) and the bestfitting model was chosen with Mr
Modeltest v2.2 (nylAnder 2004). Analyses were run in 
MrBayes 3.2 under the GTR + I + G model using default 
priors and settings (2 runs of 4 chains each) for a 1 mil
lion step MCMCMC chain with samples taken once eve
ry 1000 steps. Stationarity was assessed by ESS values 
(all parameters had ESS > 354) and Potential Scale Re
duction Factors (gelmAn & rubin 1992), which ranged 
0.99 – 1.0. PAUP* 4.0a147 (swoFFord 2002) was used to 
calculate pairwise distances. The Nexus file with data, 

Table 1. Specimen and DNA voucher data with BOLD / Genbank #s for COI sequences.

Species # Country / Prov BOLD / Genbank

Nicrophorus tenuipes 01 Japan EU147484.1

Nicrophorus tenuipes 02 Japan EU147485.1

Nicrophorus defodiens 03 USA / CT EU147425.1

Nicrophorus defodiens 04 USA / CO EU147426.1

Nicrophorus defodiens 05 USA / AK UAMIC1825-14

Nicrophorus defodiens 06 CAN / NS BBCEC051-09

Nicrophorus defodiens 07 CAN / AB SSEIA7772-13

Nicrophorus defodiens 08 CAN / SK SSPAA5670-13

Nicrophorus defodiens 09 CAN / SK SSPAB4794-13

Nicrophorus vespilloides 10 RUS NICRO050-07

Nicrophorus vespilloides 11 Japan NICRO049-07

Nicrophorus vespilloides 12 CAN / AB BBCCM046-10

Nicrophorus vespilloides 13 CAN / AB BBCCM047-10

Nicrophorus vespilloides 14 CAN / NL BBCEC044-09

Nicrophorus vespilloides 15 Finland COLFA118-10

Nicrophorus vespilloides 16 Finland COLFB105-12

Nicrophorus vespilloides 17 Finland COLFE023-12

Nicrophorus vespilloides 18 Germany FBCOG508-12

Nicrophorus vespilloides 19 Germany FBCOH468-12

Nicrophorus vespilloides 20 Germany FBCOJ052-12

Nicrophorus vespilloides 21 Belgium FBCOJ394-12

Nicrophorus vespilloides 22 Czech Republic GBCL4378-09

Nicrophorus vespilloides 23 Germany GBCOD778-13

Nicrophorus vespilloides 24 Germany GBCOE852-13

Nicrophorus vespilloides 25 Germany GBCOG637-13

Nicrophorus vespilloides 26 Germany GBCOU1133-13

Nicrophorus vespilloides 27 CAN / MB HMCOC067-07

Nicrophorus vespilloides 28 CAN / AB TTCFW691-08

Nicrophorus vespilloides 29 USA / AK UAMIC1835-14

Nicrophorus vespilloides 30 USA / AK UAMIC2308-14

Nicrophorus vespilloides 31 USA / AK UAMIC2319-14

Nicrophorus vespilloides 32 USA / AK UAMIC314-13
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MrBayes commands, and resulting tree were deposited in 
TreeBase (http://purl.org/phylo/treebase/phylows/study/
TB2:S20012).

2.2. Ecology

Seven traps baited with rotten chicken wings were set in 
a dry, upland aspenbirch (Populus tremuloides – Betula 
neoalaskana) hillside in interior Alaska (64.90142°N, 
147.5282°W ± 50 m, 280 m elevation, example record 
from this site with habitat photo: http://arctos.database.
museum/guid/UAM:Ento:120751), and run for one night 
on 14.vi.2014 (7 trapdays of effort). Traps were made 
from empty 32 oz. plastic yogurt containers nailed to 
trees at chest height. 
 In Ontario, three bog/marsh sites similar to, or the 
same as, those where N. vespilloides had been success
fully captured by Anderson (1982) or beninger (1994) 
were visited. A total of 135 trapdays of effort was ex
pended to collect Canadian N. vespilloides using traps 
baited with three rotten chicken wings each. The three 
sites and trap dates were: Beetle Acres, Peck cottage, 331 
Gibson Road, Newboro, Ontario, edge of Typha marsh 
at forest, 19 – 22.vi.2014, 44.6277°N 76.3603°W, 123 m 
elevation, 15 traps nailed to trees at 2 m height (45 trap 
days); Crosby, Ontario, Typha marsh along roadside, 26 – 
29.vi.2014, 44.6550°N 76.2648°W, 123 m elevation, 15 
traps set at ground level (45 trap days); and Mer Bleue 
reserve, Ottawa, Ontario, Sphagnum bog, 1 – 4.vii.2014, 
45.3900°N 75.5121°W, 70 m elevation, 15 traps set at 
ground level (45 trap days).

2.3.  Breeding trials

Trials were conducted to determine if there were any pre 
or postzygotic reproductive barriers to assess to what de
gree these populations matched the expectations of the 
biological species concept of mAyr (2000). Specimens 
for breeding trials were obtained from the trapping effort 
described in the preceding section ‘Ecology.’ Data from 
breeding trials are archived at http://dx.doi.org/10.6084/
m9.figshare.3569433.

2.3.1. Experiment 1 – Breeding performance. A labo
ratory colony derived from the Alaska population was 
started with 7 wildcaught females and 7 wildcaught 
males. A laboratory colony derived from the Ontario 
population was started with 1 wildcaught female and 
2 wildcaught males. F1 individuals from both colonies 
were isolated at adult emergence, kept in small plastic 
containers (7 cm diameter, 3.5 mm height) at 20°C on a 
16L : 8D schedule and fed three times a week on chicken 
liver scraps. F1 females were paired with a single F1 male 
for 48 h, 2 – 4 days prior to presentation of a carcass for 
breeding. Four types of crosses were made to compare 
the reproductive performance of within population and 

between population pairings: Alaska female × Alaska male; 
Ontario female × Ontario male; Alaska female × Ontario 
male; and Ontario female × Alaska male (N = 7 each). 
The Ontario × Ontario crosses were between halfsib
lings because the laboratory population was derived from 
a single female. To initiate breeding, single females were 
presented an 18 – 20 g mouse carcass (Rodent Pro®, In
glefield, IN, U.S.A.) in a covered breeding chamber (35 × 
11 × 18 cm) that was halffilled with commercial topsoil 
and kept in the dark. After 9 days, breeding chambers 
were checked daily for larval dispersal from the nest. At 
dispersal, the trial was terminated and the larvae were 
counted and weighed.

2.3.2. Experiment 2 – Survival of offspring. Experi
ment 1 indicated that between population pairings were 
not producing as many larvae or as large a brood mass 
as within population pairings. To investigate the stage(s) 
that were affected, secondgeneration Alaska and Ontario 
individuals (25 – 28 days postemergence) were used. 
Ontario females were paired with either an Ontario male 
(N = 16) or an Alaska male (N = 17) and presented a 
19 – 20 g mouse carcass, as above. After 3 days of carcass 
preparation and oviposition, the male, female and carcass 
were removed. Chicken liver was placed into the breed
ing container to attract eclosing first instar larvae. The 
breeding chamber was checked four times per day and 
first instars on the liver were removed and placed into 
small plastic containers (7 cm diameter, 3.5 mm height) 
with soil and new liver. Survival of larvae was de ter
mined through 4 days posteclosion. At this time, the soil 
from the original breeding chamber was sifted for eggs 
that did not hatch.

2.3.3. Experiment 3 – Latency to mate. To compare the 
willingness of F1 Ontario females to mate with Ontario 
and Alaska males, a single female was placed in a small 
circular arena (9 cm diameter) and allowed 2 minutes to 
settle. An Ontario (F1, N = 9) or Alaska (N = 10) male 
was introduced. The time to copulation was recorded. If 
a copulation did not occur in 5 minutes, the trial was ter
minated.

2.3.4. Breeding trial statistical analysis. The repro
ductive performance of within population and between 
population pairings (Experiment 1) were assessed us
ing a twoway ANOVA (Least Squares) with the source 
populations of the female and male as main effects and 
the specific pairing as the interaction effect (sAs insti
tute inc 2007). Zero values for brood mass and number 
of larvae were included in the analysis as brood failures 
might indicate between populational incompatibility. 
The production of eggs, the eclosion rate of first instars 
and the percentage of first instars that survived 4 days 
(Experiment 2) were assessed using t tests (zero values 
included). The frequency of successful copulation (Ex
periment 3) was assessed using Fisher’s Exact test and 
the latency to copulation by a t test.
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2.4.  Morphology

Nicrophorus vespilloides specimens (n = 1,082) were 
borrowed from the museums listed in Table 2. Four hun
dred and fifty of these specimens were from Canada, 178 
from Alaska, and 454 from the Palearctic. Examination 
of all characters commonly used to diagnose Nicropho
rus species, including various novel characters, resulted 
in two characters that seemed promising to separate Ca
nadian from Palearctic and Alaskan N. vespilloides. All 
specimens were then sorted into groups for their character 

states for these two characters prior to examination of lo
cality labels, thus minimizing confirmation bias in scor
ing of characters. The labels of sorted specimens were 
then recorded by grouping them into eleven geographic 
regions (illegible labels and place names that could not be 
located were ignored): (1) Alaska, (2) Yukon, Northwest 
Territories, (3) British Columbia, Alberta, Saskatchewan, 
(4) Nunavut, Manitoba, Ontario, eastern Canada, east
ern USA, (5) Spain, (6) UK, (7) Scandinavia, (8) central 
Europe, (9) southern Europe, Turkey, Israel, (10) central 
Russia, Mongolia, China, (11) eastern Russia, Japan, Ko

Fig. 1. Phylogeny of Nicrophorus vespilloides, with N. defodiens 
and N. tenuipes as outgroup taxa, inferred using Bayesian methods. 
50% Majority rule consensus phylogram of post burnin trees (first 
25% discarded) from two independent 1 million MCMCMC (2 
chains) runs, sampled once every 1,000 generations, using a GTR + 
I + G model with the software MrBayes 3.2. Estimates of Bayesian 
posterior probabilities for branches with values of 1.0 are provided. 
See Table 1 for geographic origin of specimens and source of their 
sequences.

Table 2. Museums and their acronyms from which specimens were borrowed for study.

AMNH American Museum of Natural History, USA MZHF Zoological Museum, Finland

ANIC Australian National Insect Collection, Australia NHMW Naturhistorisches Museum Wien, Austria

BPBM Bishop Museum, Hawaii, USA NSMT National Science Museum, Tokyo

BYUC Monte L. Bean Life Science Museum, Brigham Young University, USA PMNH Peabody Museum of Natural History, Yale University, USA

CASC California Academy of Sciences, USA RSME National Museum of Scotland, UK

CMNC Canadian Museum of Nature, Canada SEMC Snow Entomological Museum, USA

CNCI Canadian National Collection of Insects, Canada TAMU Insect Collection, Dept. of Entomology, Texas A&M University, USA

DSSC D. S. Sikes Collection, USA TAUI Insect Collection, Zoological Museum, Tel Aviv University, Israel

HNHM Hungarian Natural History Museum, Hungary UAM University of Alaska Museum Insect Collection, USA

INHS Illinois Natural History Survey, USA UMRM Wilbur R. Enns Entomology Museum, University of Missouri, USA

MCZC Museum of Comparative Zoology, Harvard University, USA UNHC University of New Hampshire Insect and Arachnid Collections, USA

MNMS Museo Nacional de Ciencias Naturales, Spain ZMUO Zoological Museum, University of Oulu, Finland

MSUC Michigan State University, USA ZSMC Zoologische Staatssammlung München, Germany

MVMA Museum of Victoria, Australia



303

ARTHROPOD SYSTEMATICS & PHYLOGENY  —  74 (3) 2016

rea. Images were captured using a Leica DFC425 camera 
mounted on a Leica MZ16 stereomicroscope. Updated oc
currence data are deposited at figshare.com, https://dx.doi.
org/10.6084/m9.figshare.4028358.v1. We down loaded all 
Nearctic occurrence data in GBIF.org for N. ve spil loides 
DOI: http://doi.org/10.15468/dl.jfbe7h. These GBIFde
rived data originated from the following collections: EH 
Strickland Entomological Museum (UASM) University 
of Alberta, Edmonton, Alberta; Biodiversity Institute of 
Ontario (BIOUG); C.A. Triplehorn Insect Collection, 
Ohio State University, Columbus, OH (OSUC); and the 
Field Museum of Natural History (FMNH). Southern 
outliers from the distribution in Anderson & Peck (1985) 
were excluded in the GBIF data for mapping purposes, 
as they are likely misidentifications of N. defodiens. The 
morphological data used for our analysis are archived at 
https://dx.doi.org/10.6084/m9.figshare.4007751.v1. 

3.  Results

3.1.  Phylogenetics

Bayesian inference of the COI barcode data found 
strong support with posterior probabilities of 1.0 for two 
monophyletic groups within the species N. vespilloides 
(Fig. 1). These groups correspond to samples from Ca
nada versus those from Alaska and the Palearctic, which 
differed (uncorrected ‘p’ distances) by an average of 
3.74% (max = 4.60%, min = 3.19%). These two groups 
represent different BINs, namely BOLD:AAI3110 and 
BOLD:AAF3432, in the Barcode of Life Data System 
(rAtnAsinghAm & hebert 2007, 2013), which often cor
respond with species. The Canadian clade showed zero 

genetic differences among the five sequences despite the 
wide geographic distances between the samples (New
foundland, Manitoba, Saskatchewan, Alberta). Within 
the PalearcticAlaskan clade, sequences differed by an 
average of 0.3% (max = 1.2%, min = 0%) across a wide 
geographic region (Europe – Alaska). Nicrophorus de
fodiens COI sequences differed from N. vespilloides 
sequences by an average of 6.18% (max = 7.94%, 
min = 5.25%).

3.2.  Ecology

Onehundred and thirty five trapdays in Canadian wet
lands in Ontario yielded 6 adult N. vespilloides (0.0444 
adults per trap day). Seven trapdays in Alaskan upland 
aspen forest yielded 80 adult N. vespilloides (11.429 
adults per trap day). Although specific to Alaska, this is 
the first evidence that N. vespilloides is dryforest (non
wetland) associated in the Nearctic.

3.3.  Breeding trials

3.3.1. Experiment 1 – Breeding performance. The 
source population of both the male and female parent 
significantly affected the total mass of the brood, with 
Ontario males and females producing heavier broods 
(Fig. 2). The interaction was also highly significant as 
betweenpopulation pairings produced smaller broods 
than withinpopulation pairings (Table 3). 

3.3.2. Experiment 2 – Survival of offspring. Pair
ings of Ontario females with Ontario males produced 
more eggs than pairings of Ontario females with Alaska 
males (t31 = 5.95, P < 0.0001; Fig. 3). The eclosion rate 
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Fig. 3. Number of offspring (mean + SE) at egg (gray bars), first 
instar (black bars) and larvae at 4 days of age (stippled bars) for 
crosses between Ontario females and Ontario males versus Ontario 
females and Alaska males.

Fig. 2. Brood mass (mean + SE) of four types of pairings of N. ve
spilloides (N = 7).
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from eggs was high (Ontario × Ontario: 97.0%; Onta
rio × Alaska: 89.7%) and was not significantly different 
(t15.75 = 1.70, P = 0.11). The survival rate of first in
stars to the third instar without the presence of parents 
(measured at 4 days posteclosion) differed by treatment 
(Ontario × Ontario: 33.1%; Ontario × Alaska: 10.0%) 
(t18.56 = 3.41, P = 0.003). 

3.3.3. Experiment 3 – Latency to mate. The rate of 
successful copulation (6 of 10 for Ontario female × On
tario male pairings and 7 of 9 for Ontario × Alaska pair
ings) was not significantly different (Fisher’s Exact test, 
P = 0.63). The latency to copulation (158.83 + 30.26 s 
for Ontario × Ontario pairings) was not different for On
tario × Alaska pairings (131.57 + 27.50 s) (t10.63 = 0.67, 
P = 0.52).

3.4.  Morphology

Two characters, each of two states, were found that ap
peared useful to separate Canadian (except YT, NT) from 
Alaska + YT + NT + Palearctic N. vespilloides adults. The 
anterior black band of the epipleuron generally is ‘short’ 
(crosses less than 75% of the epipleuron, Fig. 4A) or 
‘long’ (crosses 75% or more of the epipleuron, Fig. 4B) 
and the metepisternum generally is ‘bald’ (with no, or 
sparse very short, setae, Fig. 4A) or ‘setose’ (with few to 
many long setae, Fig. 4B). Results are presented in Ta
ble 4 which indicate that 82.6% of specimens examined 
show either short anterior bands of the epipleura + bald 
metepisterna, or long anterior bands of the epipleura + 
setose metepisterna with the remaining 17.4 % of speci
mens showing the alternate combinations.
 Mapping these character state combinations onto the 
distribution of N. vespilloides (Fig. 5) shows a fairly clear 
pattern that agrees with the genetic data in supporting 
two groups, a primarily Canadian (except YT, NT) and 
an Alaskan + YT + NT + Palearctic group. If these char
acters were used to predict where a specimen had been 
collected (i.e. to which group it belongs) these results 
suggest one would be correct ~ 95% of the time for the 
majority of specimens (82.6% in our sampling) that show 
either short  +  bald or long + setose characters states, and 
correct approximately ~ 73% of the time for the 17.4% 
of specimens that show the intermediate character state 
combinations (Tables 4, 5).

4.  Discussion

4.1.  Phylogenetics

The phylogenetic and genetic distance analyses, com
bined with these groups corresponding to two BINs in 
BOLD, support a hypothesis of two (sister) species. DNA 
barcodes exist for over 1.8 M specimens and most ani
mal species, based on traditional taxonomy, show greater 
than 2% divergence from their closest relatives (rAtnAs
inghAm & hebert 2013). We found a greater than 3% di
vergence between the Canadian and the Alaska + YT + 
NT + Palearctic groups, which were reciprocally mono
phyletic (Fig. 1). This is lower than the average among
species genetic distance for the genes COI + COII (~ 7%) 
in the Nicrophorus investigator species group (sikes et 
al. 2008) but higher than some amongspecies distances 

Fig. 4. Left side lateral view of pterothorax of N. vespilloides speci
mens showing A: short anterior black band of the epipleuron (i) 
and bald metepisternum (ii), and B: long anterior black band of the 
epipleuron (iii) and setose metepisternum (iv). 

Table 3. Variables explaining reproductive performance (mass of brood, number of larvae, mean mass of larvae) of N. vespilloides/ N. 
hebes (Experiment 1). Significant results in bold.

Mass of brood Number of larvae Mean mass

Female source population F1,24 = 18.85 P = 0.0002 F1,24 = 19.79 P = 0.0002 F1,15 = 0.12 P = 0.74

Male source population F1,24 = 8.85 P = 0.007 F1,24 = 12.29 P = 0.002 F1,15 = 9.29 P = 0.008
Female x male interaction F1,24 = 56.32 P < 0.0001 F1,24 = 57.94 P < 0.0001 F1,15 = 0.15 P = 0.70
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in the genus (e.g. 0.71% – 1.13% between Nicrophorus 
nigrita Mannerheim and Nicrophorus mexicanus Mat
thews; sikes et al. 2008).

4.2.  Ecology

Anderson (1982) captured 32 adult N. vespilloides in 
Ontario, all of which were found in marsh habitats, with 

none in carrion traps placed in deciduous forests, fields/
meadows, or coniferous forests. We therefore targeted 
wetlands for this species in Ontario. Work on this species 
in Europe demonstrated its preference for forests (Pu
kowski 1933; müller & eggert 1987; otronen 1988; 
scott 1998), and unpublished data from Alaska indi
cated this species occurred in forests, so this habitat was 
targeted in Alaska. We did not attempt to test these prior 
findings regarding habitat association, which we consider 

Table 4. Number of specimens examined that were categorized into 
each of four possible state combinations. See text for descriptions 
of ‘short / long’ and ‘bald / setose.’

States Count %

short & bald 306 28.41

long & bald 127 11.79

short & setose 60 5.57

long & setose 584 54.22

Table 5. Percentage of specimens showing the state combination 
indicated that were collected within the regions listed [e.g. 96.7% 
of specimens with the states ‘short & bald’ were collected in Cana
da (except YT, NT) + NE USA]. See text and Fig. 6 for descriptions 
of ‘short / long’ and ‘bald / setose.’ 

States % Region

short & bald 96.7 Canada (except YT, NT) + NE USA

long & bald 73.2 Canada (except YT, NT) + NE USA

short & setose 75.0 Alaska + YT + NT + Palearctic

long & setose 98.9 Alaska + YT + NT + Palearctic

Fig. 5. Pie charts mapped onto distribution of N. vespilloides showing percentages of character state combinations (Table 4) within each of 
eleven geographic regions (1) Alaska, (2) YT, NT, (3) BC, AB, SK, (4) NU, MB, ON, eastern Canada, eastern USA, (5) Spain, (6) UK, (7) 
Scandinavia, (8) midEurope, (9) southernEurope, Turkey, Israel, (10) midRussia, Mongolia, China, (11) eastern Russia, Japan, Korea. 
Blue = long anterior band of epipleuron + setose metepisternum, purple = short anterior band of epipleuron + bald metepisternum, green 
= long anterior band of epipleuron + bald metepisternum, red = short anterior band of epipleuron + setose metepisternum. Green line 
surrounds records identified as conspecific with the Ontario population. Map data available in figshare.com (https://dx.doi.org/10.6084/
m9.figshare.4028358.v1). Map prepared using SimpleMappr (shorthouse 2010).
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firmly established. Doing so would require trap effort in 
a variety of habitat types. Rather, we hoped to test prior 
ecological findings on the commonness, i.e. the trapabil
ity, of this species. No prior data have been published 
demonstrating any population of N. vespilloides in North 
America shows a strong forest (nonwetland) associa
tion, which our Alaskan sampling was designed to test. 
 Anderson (1982) collected a total of 9549 silphid 
specimens of 12 species over 224 days of collecting with 
N. vespilloides representing a mere 0.3% of the total catch, 
making it the third rarest species in his study. Anderson’s 
(1982) trap effort in marsh habitat constituted 224 days 
using 2 pitfall traps, thus representing a total of 448 trap
days. With 32 specimens of N. vespilloides collected, this 
is a rate of 0.0714 N. vespilloides per trapday.
 Our results corroborated Anderson’s (1982) finding 
that N. vespilloides from Ontario are difficult to capture 
even when trapping in the preferred habitat. our results 
in Ontario found a similar (0.0444 beetles per trap day), 
but lower rate than Anderson’s. We found the Alaskan 
N. vespilloides to be over 250 times more easily trapped 
(common) than in Ontario, at 11.429 beetles per trap 
day. This work also documents for the first time a North 
American population of N. vespilloides that is dry forest 
rather than wetland (bog/marsh) associated.

4.3.  Breeding trials

The latency to mate experiment demonstrated that Ontario 
females will mate with males from either group, suggest
ing there is no apparent intrinsic prezygotic reproductive 
barrier. Stridulation courtship calls have been shown to 
be important in N. mexicanus; most males who could not 
stridulate failed to successfully copulate (huertA et al. 

1993). Our results suggest that in N. vespilloides, pre
copulatory courtship behavior does not act as a species
isolating mechanism. However, evidence was found for a 
postzygotic mating barrier. Three of four counts (brood 
mass, number of eggs, number of larvae surviving to 
day 4) were significantly smaller for between population 
crosses than for within population crosses with only eclo
sion rate from eggs not differing significantly. This appar
ent reproductive incompatibility was most pronounced in 
the number of larvae that reached day four (Fig. 3) which 
were considerably fewer for between population crosses 
(mean 0.82 ± 0.32) than for within population crosses 
(8.8 ± 1.69). The lower production of young from be
tween population crosses suggests that if such matings 
do rarely happen in regions of sympatry (if such regions 
exist), that parents would suffer fitness costs. Examina
tion of prezygotic barriers in areas of close geographic 
proximity would be of interest. This is the first attempt 
in Nicrophorus to directly apply the biological species 
concept (mAyr 2000) and is a satisfying test of the ge
netic data, including the Barcode of Life Data System’s 
BIN algorithm’s (rAtnAsinghAm & hebert 2007, 2013) 
relevance to inference of species status.

4.4.  Morphology

The morphological characters we found to diagnose 
these populations do not ensure 100% correct identifi
cation of source population and are sometimes hard to 
judge (e.g. setae can be abraded making a setose metepis
ternum appear bald, or broken making long setae appear 
short). However, despite these imperfections, the iden
tification success rate is high enough to be useful, with 
82% of specimens examined showing character states 

Fig. 6. Locality records for Nicrophorus vespilloides now inferred to be N. hebes based on literature records (Anderson & Peck 1985; Peck 
& kAulbArs 1987), examined specimens from museums listed in Table 2, and data downloaded from GBIF.org that passed quality checks 
(see Methods). Map prepared using SimpleMappr (shorthouse 2010).
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that provide a greater than 95% probability of correctly 
predicting the source population. Because we were lack
ing genetic data from populations in Yukon and North
west Territories we used these morphological characters 
to assign specimens to source populations and estimate 
the boundary between populations (Figs. 5, 6). Note that 
ample keys exist to help separate N. vespilloides from N. 
defodiens (e.g. Anderson & Peck 1985) and these new 
characters are only needed after a positive identification 
of N. vespilloides has been reached for a Nearctic speci
men.

4.5.  Conclusions

These new findings, combined with prior work demon
strating strong habitat preference differences between 
the Canadian versus Alaska + YT + NT + Palearctic Ni
cro phorus ve spil loides, strongly indicate these groups 
correspond to different biological species (mAyr 2000). 
Thus, we herein recognize the oldest available name 
for the exclusively Nearctic species, Nicrophorus hebes 
Kirby (1837), as valid (new status). The type locality of 
N. vespilloides Herbst, 1783 is Berlin, which anchors the 
name N. vespilloides to the Palearctic species. 

4.6.  Nomenclature & taxonomic history

kirby (1837) specified the type locality of N. hebes as 
“Nova Scotia” and provided a common name for the spe
cies: “Unsensed Necrophorus.” He diagnosed the species 
on the basis of it lacking a ‘rhinarium,’ (which he also 
called a nose and a nostril piece) now known as the cly
peal membrane, which is puzzling because the holotype, 
a large male, has a large clypeal membrane, albeit a black 
one (N. vespilloides and N. hebes are two of five spe
cies in the genus with black clypeal membranes, the rest 
have easily seen orange, yellow, or brown membranes. 
Perhaps Kirby thought it absent because it was diffi
cult to see). Kirby likely thought the clypeal membrane 
functioned as a sensory organ and therefore applied the 
epithet ‘hebes’ which means, in relation to the senses, 
“dim, faint, dull; tasteless, without smell” in Latin. The 
name Nicrophorus hebes was considered a valid species 
in at least six publications since the original description 
until crotch (1873) synonymized it as a variety of N. 
vespilloides where it remained until it was demoted to a 
rankless synonym of N. vespilloides by horn (1880). The 
name N. hebes was listed as a synonym of N. vespilloides 
in at least 11 other publications since horn (sikes et al. 
2002), including the taxonomic revision of the Nearctic 
Silphidae by Anderson & Peck (1985), although Porte
Vin (1926) and hAtch (1928) listed it as a synonym of N. 
defodiens. However, as is unfortunately typical of much 
taxonomic work, it is not clear from these publications 
if the authors were simply repeating the conclusions of 
prior authors without attribution, or if they had studied 
the N. hebes type specimen and came to the same conclu

sion as prior authors (most likely the former). The first 
author has examined the N. hebes holotype in the Natural 
History Museum in London and asked Maxwell Barclay, 
curator of Coleoptera there, to doublecheck these char
acters. The holotype is missing its left elytron but the 
right elytron has a black band that covers less than 75% 
of the epipleuron (= “short”) and the metepisternum ap
pears bald (pers. comm. 1 July 2016 M. Barclay). kirby’s 
(1837) understanding of sexual dimorphism and varia
tion within and among species in the genus Nicrophorus 
was clearly superficial – his naming of N. hebes was es
sentially accidental since his diagnosis cannot be used to 
separate N. hebes from N. vespilloides. Perhaps he was 
partially motivated to name this species by the reasona
ble hypothesis that, although similar to N. vespilloides in 
the Palearctic, the geographic distance and ocean barrier 
to dispersal would reduce the likelihood of conspecifity. 
However, and not without a touch of irony, Kirby acci
dentally provided a name, the ‘Unsensed Nicrophorus,’ 
which is quite appropriate for a cryptic species that has 
remained undetected for over a century.
 kirby (1837) also described Nicrophorus pygmaeus 
Kirby, from a single specimen taken in the rather vaguely 
specified “N. Amer. Rocky Mountains.” The first author 
studied the holotype of N. pygmaeus in the Natural His
tory Museum in London and confirmed the name as a 
synonym of N. vespilloides (sikes et al. 2002), it having 
first been synonymized by leconte (1870) under N. de
fodiens, and later moved under N. vespilloides by crotch 
(1873). The holotype of N. pygmaeus bears the character 
states of N. vespilloides (long black band of epipleuron, 
setose metepisternum [pers. comm. M. Barclay]), not N. 
hebes, and, given the type locality, could have been col
lected from the western border of Northwest Territories 
(lindroth 1953), where N. vespilloides occurs. There re
mains a chance that the type specimens of N. pygmaeus 
and N. hebes are conspecific; if this turns out to be the 
case, following article 24.2.1 of the International Code 
of Zoological Nomenclature (4th ed.) we choose as first 
revisers the name N. hebes for this species.

4.7.  How confident are we that these 
  species are not sympatric? 

Given the rarity and difficulty of collecting N. hebes, if 
N. vespilloides, which is much easier to collect, was sym
patric with N. hebes, the sampling effort which resulted 
in the small series of disparately collected specimens that 
were DNA barcoded would almost certainly have detect
ed N. vespilloides from the range of N. hebes. This did not 
happen. Additionally, Anderson (1982), beninger (1994) 
and our efforts would have found N. vespilloides in both 
forest and wetlands in Ontario, which did not happen. To 
date, there is no evidence that N. vespilloides occurs east 
of about 120° longitude or south of about 61° latitude in 
the Nearctic (Fig. 5). However, it is unclear if, or to what 
degree, these species’ ranges overlap in western Canada 
(most likely in northwestern Alberta).
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4.8.  Evolutionary and biogeographic 
  considerations

These results suggest a model of multiple dispersal and 
speciation events between the New (NW) and Old Worlds 
(OW). The analysis of sikes & VenAbles (2013) found 
evidence that the most recent common ancestor (MRCA) 
of N. vespilloides and N. defodiens was NW and that the 
OW population of N. vespilloides resulted from dispersal 
to the OW from the NW of the forestassociated MRCA. 
The alternative, that the MRCA was OW, had less statis
tical support, but is actually more parsimonious because 
the favored scenario also predicts N. tenuipes to result 
from NW to OW dispersal –  requiring two dispersal and 
speciation events whereas an OW MRCA would require 
only one dispersal and speciation event. In any case, 
these two species, N. vespilloides and N. defodiens, were 
estimated to have originated from a speciation event ~ 
10 – 30 Mya. 
 Our current findings agree with the following biogeo
graphic scenario to explain the presence of these three 
closely related species in the NW –  that, once isolated, 
the forest dwelling MRCA became the species we call N. 
vespilloides in the OW with this niche filled by N. defo
diens in the NW. Subsequently, N. vespilloides dispersed 
again into the NW from the OW, but competition with 
N. defodiens selected for a variety of N. vespilloides that 
could survive in marginal habitat (bogs and marshes). 
This population was genetically isolated from OW N. 
vespilloides for a long enough time period, which includ
ed Pleistocene glaciations that likely forced populations 
southward, to become a distinct sister species, N. hebes. 
The genetic data support this in indicating N. hebes may 
have experienced a bottleneck that greatly reduced its 
genetic diversity. Most recently, presumably when the 
Bering land bridge was present during the Pleistocene, 
forestdwelling N. vespilloides from eastern Asia dis
persed into Alaska and northwestern Canada. This popu
lation appears to be slightly sympatric with N. defodiens 
in southcentral Alaska which would be an ideal location 
to study their potential interaction.

4.9.  Remaining questions

There are many interesting questions for future study. 
How consistent is the boghabitat association throughout 
the full range of N. hebes? Is N. hebes consistently rare 
throughout its range? Do these species occur in sympatry 
in northwestern Canada? Do they maintain tight habitat 
associations there? Is there some gene flow between these 
species? If both species cooccur in northwestern Canada 
do they show the same reproductive failures when cross 
bred? Are there more reliable morphological characters 
(of adults and larvae) to separate these sister species?
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