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ABSTRACT 
 
 

 Burying beetles of the genus Nicrophorus (Coleoptera: Silphidae) use small 

vertebrate carcasses as food in raising their young with bi-parental care. These carcasses 

are stripped of hair and treated with oral and anal secretions by both males and females. 

Here, I report on whether Nicrophorus marginatus, a widely distributed species in North 

America, masks the odor of decomposing carcasses, and if so, how it accomplishes the 

masking. First, I compare the volatiles emitted by mouse carcasses from six different 

treatments, including mouse carcasses that are processed by male and female pairs of N. 

marginatus. The release of volatiles is assessed both by human subjects and by chemical 

analyses, employing solid phase extraction. Second, I examine the chemical composition 

of the anal secretions of both N. marginatus and N. carolinus by solid phase 

microextraction to gain insight into which compounds, if any, are involved in odor 

masking. The solid phase extraction and solid phase microextraction analyses were 

subsequently characterized by gas chromatography and mass spectrometry. The results of 

the solid phase microextraction analyses showed the commonalities and differences of 

several compounds between the two sexes and genders of burying beetles, but shed no 

light on whether any of them aids in odor masking. The solid phase extraction analyses 

showed an increase in an anal secretion of N. marginatus, methoxy-phenyl-oxime, with 

the increase in decomposing mouse carcass volatiles, suggesting that odor masking is 

taking place.  
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CHAPTER I 

INTRODUCTION 

 
 The overall theme of this thesis is the masking of the volatiles of decomposing 

mouse carcasses by the application of anal secretions of burying beetles (Silphidae: 

Nicrophorus). The goals of this project were to (1) compare the volatiles emitted by 

mouse carcasses; (2) determine the chemical composition of the anal secretions of 

Nicrophorus marginatus and mouse volatiles subjected to different treatments; (3) assess 

human responses to the odor associated with different mouse treatments; and (4) compare 

the volatiles of anal secretions of two species of burying beetles, Nicrophorus marginatus 

and Nicrophorus carolinus. The rationale for this study was to increase our knowledge of 

the semiochemicals and behavior of an ecologically important insect. 

 
Part I – Carrion, Scavengers and Decomposers 

 
Carrion Availability 
 
 Carrion is consumed by a variety of organisms, including carnivorous vertebrates, 

insects and microbes, but in nature, vertebrate carrion is ephemeral and patchy in 

availability. To know the role of terrestrial scavenging communities, it is important to 

understand the issue of carrion availability. The role of carrion in ecosystems is unclear 

due to the lack of knowledge on carrion availability. Few studies have addressed where 

animals die, but large ungulates most likely die in more open cover, whereas small 

rodents most likely die under cover of some type. Besides predation, many animals die 

from exposure, starvation and natural causes (DeVault et al. 2003, 2004) 
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 Decomposition of a vertebrate carcass depends on many factors including 

temperature, rainfall, barometric pressure, type of soil, season of death and even the 

weight of the vertebrate (Houston 1985). Mortality rates among species can also depend 

on the type of ecosystem in which an animal dies. The type of carcasses available is 

influenced by the community structure of vertebrates and invertebrates, as well. For 

instance, Neotropical forests supply more food to vertebrate scavengers than do 

Afrotropical forests, because the former contains higher biomass and smaller average size 

of herbivorous mammals (meaning that abundance is greater), and carcasses remain 

accessible to vertebrate scavengers for longer periods of time, up to 10 days (Houston 

1985). The slower rate of decomposition is due to a complex community of ants that 

greatly slow down maggot infestation on vertebrate carcasses, making carcasses available 

to vertebrate scavengers for up to 10 days (Houston 1985). In Afrotropical forests, fly 

larvae can consume a small carcass in three days (Houston 1985). 

 There are conflicting reports on the mortality of small mammals. Some authors 

have shown that predation as a key mortality factor among small mammals (Erlinge 

1987, Jedrzejewski and Jedrzejewska 1993, Korpimäki and Krebs 1996, Wirsing et al. 

2002). In contrast, other authors have suggested that death by predation accounts for 

fewer deaths of small mammals than from other causes (Houston 1979, 1986; Oksanen et 

al. 1997). If the latter is more common, the number of small carcasses available to 

scavengers could be substantial (DeVault et al. 2002). Indirect evidence for the existence 

of a large amount of small carrion from causes other than predation is the large number of 

insects like Nicrophorus beetles that occur whose reproductive success is tied to amounts 

of small carrion (Milne and Milne 1976, Scott 1998).  
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Scavengers 
 
 A predator typically leaves little, if any, of a carcass. The carcass is consumed on 

the spot, guarded, or taken to a safe place to be consumed away from competitors 

(Houston 1979). Therefore, scavengers consume very few carcasses from predator kills. 

They must rely on animal deaths resulting from accidents, disease, malnutrition, exposure 

and parasites. A substantial number of animals die from these causes (DeVault et al. 

2003).  

 Vertebrates scavenge the majority of carcasses that are available, regardless of 

their size (Putman 1983). The rate of scavenging depends on such factors as 

conspicuousness, climate, habitat, carcass type and the makeup of vertebrate and 

invertebrate communities (DeVault et al. 2003). Because of the variability of carcasses, 

most vertebrates are not specialized scavengers. Many, instead, are facultative scavengers 

(Houston 1979, Heinrich 1988, DeVault et al. 2003). All of these factors have contributed 

to the evolutionary inhibition of specialized scavenging behavior in most vertebrates.  

 
Facultative Scavengers 
 
 For facultative scavengers, scavenging opportunities usually happen in seasonal 

pulses for a discrete and predictable period of time. Events such as salmon die-off, for 

example, produce an abundance of carcasses on a regular basis (Hewson 1995, Ben-

David et al. 1997, DeVault et al. 2003). Many facultative scavengers also take advantage 

of non-predictable large-scale mortality caused by disease or forest fires (Houston 1979, 

Singer et al. 1989).  
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 Facultative scavenging is widespread, but the tendency to consume carrion varies 

considerably among species (DeVault et al. 2003). There are facultative scavengers that 

take carrion frequently, such as hyenas (Crocuta crocuta), red foxes (Vulpes vulpes) and 

various raptors (Henry 1977, Gasaway et al. 1991). Species that are not normally 

associated with scavenging like otters (family Mustelidae), herons (family Ardeidae) and 

hippopotamuses (family Hippopotamidae), however, also may eat carrion occasionally 

(Klapste 1991, O’Sullivan et al. 1992, Dudley 1996).  

 
Obligate Scavengers 
 
 Birds are highly adapted for carrion use due to their low cost of searching for 

food. Birds can search large areas more effectively than can terrestrial scavengers such as 

mammals or reptiles. Soaring requires less energy than does running (Schmidt-Nielson 

1972, Houston 1979). Although many birds are facultative scavengers, the only known 

obligate terrestrial scavengers in the New and Old World are vultures. All vultures share 

similar characteristics such as large wingspans, the habit of soaring, very sharp eyesight 

and a lack of feathers around the head. With very few feathers around the head, vultures 

are able to clean putrefying and possibly toxic material off what might otherwise crust on 

feathers (Houston 1986). These birds are supreme competitors simply because they can 

find and consume carrion more rapidly than can many other vertebrates (DeVault et al. 

2003).  

 
Decomposers 
 
 Decomposers, scavenging vertebrates and arthropods are in competition for 

carrion in many ways. The sheer abundance and omnipresence of insects permits them to 
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exploit carcasses quickly. For example, flies of the families Calliphoridae and 

Sarcophagidae frequently lay eggs and feed on fresh carcasses within moments of death. 

Many beetles and ants also consume carrion (Payne 1965).  

 No one taxon or species completely dominates the use of carrion. When an animal 

dies, another organism or groups of organisms always gains advantage from a death. 

Although vertebrates scavenge the majority of vertebrate carcasses, this resource is not 

without inherent costs (DeVault et al. 2003). Arthropods accelerate carrion decay by their 

own actions and by transporting decomposers to carcasses (Payne 1965, Putman 1978).  

A scavenger, whether vertebrate or arthropod, must also compete with fungi and bacteria 

that produce suites of toxic products that reduce competition between scavengers and 

themselves (DeVault et al. 2003).  

 Microbial decomposers must quickly discover and colonize carcasses to gain 

maximum use of a carcass (Braack 1987). Since microbes are not mobile and not able to 

colonize all edible materials in a carcass, they produce undesirable materials that render 

entire carcasses unwanted, inedible or toxic (Janzen 1977). Toxins produced by bacteria 

such as Bacillus stearothermophilus, Clostridium botulinum, Clostridium perfrigens, 

Escherichia coli (DeVault et al. 2003), Enterobacter agglomerans (Jojola-Elverum et al. 

2001), Salmonella typhi, Shigella dysenteriae and Staphylococcus aureus are dangerous 

to mammalian and avian scavengers who are exposed to them (DeVault et al. 2003).   

 A wide variety of volatile compounds like amines and sulfur compounds 

comprise the toxins that emit from a carcass due to bacterial activity (Janzen 1977, 

Pfrommer and Krell 2004). One of the sulfur compounds is dimethyl disulfide and some 

of the amines are indole and skatole (Figure 1). Some other compounds are acetone 
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(ester), butyric acid (carboxylic acid), 2-butonone (ketone) and 2-butonol (alcohol) 

(Pfrommer and Krell 2004).  

 

CH3

S
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CH3

dimethyl disulfide   
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CH3

NH
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Figure 1. Sulfur and amine compounds are emitted from a carcass due to bacterial 
activity. 

 
 The first odors come from aerobic decomposition of the surface of a carcass 

(Jojola-Elverum et al. 2001). At high concentrations these emitted volatiles serve as an 

honest signal to some scavengers to immediately identify a carcass as being inedible. An 

honest signal is a behavior that produces reliable information that serves to influence the 

behavior of the signal receiver. At lower concentrations, however, compounds with lower 

molecular weight such as putrescine and hydrogen sulfide indicate to a scavenger the 

presence of edible carrion (Figure 2).  The products of a decomposing carcass, therefore, 

are either attractive or repulsive to scavengers, depending on the concentrations and types 

of volatiles (DeVault and Rhodes 2002).   
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 Because of the value of an ephemeral resource like carrion, it would benefit 

scavengers that first find a carcass to mask its odor from potential competitors.  It is 

unknown whether scavengers use odor masking, however.  

 

NH2

NH2putrescine   

H S

H

hydrogen sulfide 

 
Figure 2. Lower molecular weight compounds at low concentrations indicate to a 
scavenger an edible carcass. 

 
 

Part II – Nicrophorus  
 
Natural History  
 

Burying beetles (Coleoptera: Silphidae), also called carrion beetles or sexton 

beetles, are part of a large group of scavengers that aid in the break down and recycling 

of an organism back into the ecosystem.  They are classified into 13 genera and so far 

208 species have been described mainly in temperate regions of Europe, Asia and North 

America. In North America, eight genera and 30 species have been described (Ratcliffe 

1996, Scott 1998). Most species of burying beetles are diurnal, but many are active at 

night. Their reproductive seasons are more restricted in the north by colder temperatures 

than are burying beetle species living in more temperate locations. The burying beetle 

species living in the more southern regions experience reduced population density as well 

as lower species diversity due to increased competition with flies, and possibly 

vertebrates, in addition to increased rate of carcass decomposition.  The more temperate 

the region the higher the population density as well as higher generic and species 
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diversity of burying beetles. The reproductive seasons of sympatric species overlap but 

are generally staggered, and there are slight differences in temperature-dependent activity 

among species. Many of them require a specific size range of a carcass for reproduction 

(Scott 1998).  

Fifteen species of the genus Nicrophorus (subfamily Nicrophorinae) occur in 

North America (Anderson and Peck 1986, Peck and Kaulbars 1987, Ratcliffe 1996). 

Members of the genus are typically shiny black with orange maculations on the elytra 

that vary in size and design among species (Anderson and Peck 1986, Ratcliffe 1996). 

Color patterns and body sizes within a species can vary geographically (Anderson and 

Peck 1986), and the range of body size is great among species. The smallest species, N. 

tomemtosus, ranges 11.2 to 19 mm in length and the largest species, N. americanus, 

ranges 20 to 35 mm in length (Ratcliffe 1996, Scott 1998).  

Nicrophorus marginatus, the species featured in this study, ranges from 13.9 to 

22.0 mm in length (Figure 3). It is the most widely distributed Nicrophorus species, 

occurring in much of the United States, in southern Canada, and in northern Mexico 

(Ratcliffe 1996). It is found in open fields, mountain meadows, desert woodlands, prairies 

and creosote bush or sagebrush dominated deserts (Peck and Kaulbars 1987). Temporally 

activity for their species ranges from February to October and their lifespan is 

approximately one year (Ratcliffe 1996). 
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                Figure 3. Nicrophorus marginatus assessing a mouse 
      carcass. 
  

Nicrophorus carolinus, also involved in this study, measures 19.8 to 28 mm in 

length. Its home range is along the eastern coast, west to Texas, Colorado and Nebraska 

(Peck and Kaulbars 1987, Ratcliffe 1996). These beetles are found in grasslands, forests, 

shrub steppe and creosote bush dominated deserts. They are relatively inefficient at 

locating carrion (Peck and Kaulbars 1987), and are active from March to October and 

their lifespan is also approximately one year (Ratcliffe 1996). 

 
Reproductive Behavior 
 

Burying beetles bury small vertebrate carrion for the purpose of raising their 

offspring. They apparently prefer a particular size of carcass that is from about 16 g up to 

55 g.  This helps to optimize their reproductive success (Ratcliffe 1996). Burying beetles 

locate carrion with sensitive chemoreceptors in bulbous orange antennae from up to 3 km 

away. A male or female burying beetle is capable of finding a vertebrate carcass within 

an hour of death, but usually locates a carcass in a day or two. If a male finds a small 
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carcass first, he will begin to emit pheromones to attract a sexually receptive female. He 

does this by climbing a nearby twig or rock, or positions himself on the carcass and 

stands on his head with his fully extended abdomen in the air. The last abdominal section 

is where the pheromone is released. The male moves this last abdominal tip up and down 

slightly to release the pheromone. Males release pheromones to attract females whether 

or not they have located a carcass suitable for reproduction (Ratcliffe 1996, Scott 1998).  

A female burying beetle may also find a suitable carcass first. She could already 

be carrying sperm for egg fertilization from a previous encounter with a male. In this 

case, she will proceed with the processing of the carcass and attempt to raise her young 

by herself (Ratcliffe 1996, Scott 1998). Otherwise, carcass preparation is done by a pair 

of beetles. After a carcass is found, a male and female pair of burying beetles begins to 

assess the size and volume. The beetles may work together to move the carcass to a 

suitable burying spot by lying on their backs and “walking” the carcass to the area for 

burial. Burial is accomplished by the beetles excavating soil out from under the carcass 

with their flat heads until the carcass is 2-10 cm deep (Ratcliffe 1996, Scott 1998).  

The beetles begin to strip the carcass of hair or feathers with their strong jaws as 

they finish burying and molding the remains into a brood ball (Ratcliffe 1996, Scott 

1998) (Figure 4). This process takes about two days (Xu and Suzuki 2001). At this point 

the burying beetles begin to coat the newly formed brood ball with oral and anal 

secretions that are believed to help preserve and alter the decay of the carcass (Ratcliffe 

1996).  
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                    Figure 4. N. marginatus brood ball from a mouse carcass. 
 
  While the vertebrate carcass is being processed, the couple copulates many times. 

The female usually lays her eggs in a small compartment in the soil she dug out just 

above the brood ball 12-48 h after the carcass is discovered (Scott 1998). She can lay 10-

30 eggs, depending on her size (Ratcliffe 1996). When the eggs hatch into larvae, on 

average 56 h later, they crawl into a depression made by the parents in the top side of the 

processed carrion and begin feeding. The larvae complete development and disperse to 

pupate in the surrounding soil in 6-8 days. Depending on the size of the carcass, species 

of beetle and temperature, the potential span of time for parental involvement with larvae 

ranges from 9 to 16 days (Ratcliffe 1996, Scott 1998, Xu and Suzuki 2001). The 

assessment of the volume of the carcass seems to play an initial role in how many eggs 

are oviposited by the female. Fine tuning of the number of larvae on the carcass via 

cannibalism by one or both parents takes place within 24 h after the larvae are on the 

carcass (Trumbo and Fernandez 1995). 
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For about a week, both adult male and female burying beetles feed and protect 

their larvae until they pupate (Ratcliffe 1996, Scott 1998). Feeding begins with the 

parents regurgitating partially digested carcass into a depression made by the pair in the 

top side of the brood ball. After the first instar the larvae will beg the adults for food by 

pressing their mouthparts against the adults’ palps or jaws. The adults respond by 

regurgitating directly in to the larvae’s mouths. The male will usually leave the brood ball 

before the female, but if something happens to the female, the male will stay to feed and 

care for the young (Ratcliffe 1996).  

The biparental care exhibited by these burying beetles is subsocial. It is the lowest 

of social interactions (Peck and Kaulbars 1987, Xu and Suzuki 2001). Still, it is rare to 

find this complex of behaviors in an invertebrate beyond the social insects. They are 

thought to have come about evolutionarily from intense competition for an unpredictable 

and discrete resource such as a small vertebrate carcass (Ratcliffe 1996, Scott 1998, Xu 

and Suzuki 2001). These unusual behaviors in an invertebrate generate intriguing 

questions about their evolution (Ratcliffe 1996, Scott 1998).  

 
Chemical Ecology 
   

In general, animals communicate with each other by way of visual, acoustic, 

tactile and chemical signals. Although many insects use all of these signals, chemical 

communication dominates among insects and is highly developed in social insects. Any 

chemical that imparts information between organisms is designated a semiochemical, a 

term that incorporates both kairomones and pheromones (Fadi and Morgan 1990, Dettner 

1993, Sommerville and Broom 1998). 
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Kairomones convey information between species and are categorized according to 

the advantage of the behavioral response caused by the compounds. If the advantage is to 

the odor-releasing individual, the kairomones secreted are termed allomones. Allomones 

may be used to deter competing species from a limited resource, or they may serve in 

defense against predators (Fadi and Morgan 1990, Dettner 1993, Sommerville and Broom 

1998).  

 Pheromones are substances that are secreted by an individual and received by 

another individual of the same species. Releaser pheromones stimulate the receiving 

individual to execute immediate behavioral responses (Fadi and Morgan 1990, Dettner 

1993, Sommerville and Broom 1998), whereas primer pheromones have delayed effects 

on target organisms. The types and functions of semiochemicals of burying beetles of the 

genus Nicrophorus have not been studied, but related research has been conducted on 

members of another genus within the family Silphidae, Silpha (Fadi and Morgan 1990).  

 Silpha beetles discharge an odiferous substance from the anus when disturbed, as 

do species in the genus Nicrophorus. The thick liquid is rich in ammonia, it is strongly 

alkaline, and is usually mixed with fecal and intestinal material. These allomones are 

presumed to function in defense (Meinwald et al. 1985, Dettner 1993). The compounds 

were characterized as a mixture of seven steroids that had not been previously found 

among coleopterans. The principal component was 15β-hydroxyprogesterone (Figure 5). 

This steroid and another, 5β-pregnan-16α-ol-3, 20-dione, have also been found in 

jumping spiders and are thought to be feeding deterrents from predators (Meinwald et al. 

1985). The combination of these compounds may have a synergistic effect that could 

enhance the effectiveness of the secretion in defense (Dettner 1993). 
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                         Figure 5. The principle component in the anal discharge   
                         of Silpha beetles is the steroid 15β-hydroxyprogesterone. 
 

In the burying beetle S. americana, the rectal gland consists of a blind sac, 

opening into the rectum with a subcompartmented diverticulum of the sac. The whole 

rectum is lined with a membranous cuticle (Meinwald et al. 1985, Dettner 1993). The 

fluid accumulates in this sac in relatively substantial amounts and its discharge as 

droplets may be used against many targets ranging from bacteria to vertebrates. The 

beetle’s short elytra and mobile abdomen may be adaptations that serve to deposit 

secretions accurately on the target organism. It is thought that the defensive glands in the 

abdomen are a response to high predatory pressure (Dettner 1993). In early research I 

noticed that when burying beetles (N. marginatus) were feeding and raising their young 

on a processed carcass, there was very little decomposing carcass odor. Whether or not 

anal secretions of the Nicrophorus beetle masks the odor of carcasses had not been 

addressed previously, and my observation served as the starting point of my research. In 

this thesis, I examine the volatiles emitted from mouse carcasses to see if the anal 

secretions from burying beetles are responsible for the decrease in the odor of the 

O

CH3
O

OH

15-beta-hydroxyprogesterone
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carcasses and attempt to identify compounds emitting from the anal secretions of burying 

beetles that could be at least partly responsible for the decrease in odor of the mouse 

volatiles.  
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CHAPTER II 
 

MATERIALS AND METHODS 
 
 

Part I – Preparation for Experiments 
 

 
Collection of Burying Beetles 

 
 Fifteen female and 33 male burying beetles (Nicrophorus marginatus) were 

collected from two field sites for laboratory study from June 5 to July 5, 2003. The sites 

were separated by 1.59 km and were located in northeastern Ector County, Texas (Site1: 

N 31o 56.408’, W 102o 20.583’; Site 2: N 31o 57.184’, W 102o 20.163’) (Figure 6).  

 
 Figure 6. The stars indicate the two locations of the trapping sites for N.                                         
 marginatus. 
 
 The 10 traps at each site were spaced 25 m apart in a line running east and west. 

Each consisted of a 2 L bucket with a hole cut into the bottom for water drainage. A 
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small block of wood was placed in each bucket as a flotation device in case of rain. 

Frozen mouse carcasses were placed into 100 mL glass jars with screened lids and then 

put in to each bucket (Figure 7).  

 
Figure 7. Beetle traps consisted of 2 L buckets, pieces of wood for  flotation 
devices and mouse carcasses. 

 
 The traps were checked at least once a day for 5 d before the mouse carcasses 

were changed. If the weather was exceptionally hot, cold or wet, traps were checked 

twice a day. A 30 cm square piece of 0.95 cm thick plywood was propped on a 30 cm 

stake over each bucket for protection from the elements. This apparatus also kept the 

beetles from escaping, as they apparently do not fly out if their vision is blocked. 

 To compare the volatiles of N. marginatus with another species, 16 females and 

18 males of the burying beetle Nicrophorus carolinus were also trapped. These beetles 

were collected in northeast Yoakum County, Texas (N 33o 18.841’, W 102o 37.689’) 
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(Figure 8) from July 20 to August 21, 2003, and were trapped in the same way as N. 

marginatus.  

 
         Figure 8. The single star indicates the trapping site for N. carolinus. 

 Ten male and 10 female N. carolinus were manually stimulated to emit anal 

secretions, and the secretions were collected with a capillary tube and immediately placed 

in to a 2 mL sample vial that was then sealed and stored at  

-80 oC for later analysis. The beetles were later released over 3 km away from the trap 

site. No N. carolinus were trapped at the Ector County sites, and only six N. marginatus 

were trapped at the Yoakum County site.  

 
Rearing of N. marginatus 

 Since relatively few N. marginatus were collected, breeding them in the 

laboratory was necessary to attain sufficient sample sizes for experiments. To rear the 
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beetles, collected individuals were sexed and placed into 5 L plastic buckets containing 

20 cm of soil from the area of the trap sites. Wet cotton balls on a dish were placed on the 

soil in each bucket. A 12 h light/dark cycle at 25 oC was used throughout breeding and 

pupation. Mice were thawed for 24 h, placed in each bucket and beetle pairs were then 

introduced to the buckets. A screen was secured over the top of each bucket to prevent 

escape. Beetle pairs that produced young were removed from the breeding chambers after 

one week. Surviving larvae pupated between 30-36 days later, and emerging beetles were 

quickly sexed and separated. Until these beetles were used in the experiments or milked 

for secretions they were kept in plastic containers segregated by sex, watered with wet 

cotton balls and fed canned cat food ad libitum.  

 
Part II – Headspace Sampling 

 
 

Collection of  Mouse Volatiles 

In order for a vertebrate scavenger to find a vertebrate carcass, the scavenger must 

be able to detect it. An efficient way for scavengers to do so is by smell. As soon as an 

animal dies, it immediately begins to decompose. First, the bacteria that are naturally in a 

body, such as Escherichia coli, start the process of decomposition. As the tissues break 

down they emit volatiles, many of which can be detected by scavengers. To determine 

whether burying beetles mask any of these carrion volatiles, volatiles were collected from 

different treatments involving mouse carcasses.   

Mouse volatiles were collected for each of the following six treatments, 10 replicates per 

treatment: (1) mouse carcasses handled but not shaved; (2) mouse carcasses manually 

shaved of hair with a small electric shaver (Figure 9); (3) mouse carcasses manually 
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shaved and coated with anal secretions of N. marginatus; (4) mouse carcasses processed 

by male and female pairs of N. marginatus.  . All of the above treatments with mice 

included 10 cm of sterile soil which was then moisten with sterile water for good 

consistency for burial, (5) Pairs of only male and female burying beetles; and (6) only 

sterile soil as a control. Headspaces for the soil-only and beetles-only treatments were 

collected to gain background references for comparison with the other treatments. 

 
Figure 9. A mouse carcass is manually shaved of hair with a small         
electric shaver. 

 
The anal secretions for manually coating the shaved mouse carcasses were 

collected by gently holding a male and female burying beetle with gloved hands and 

disturbing them until they emitted the secretions. The secretions were collected from 35 

male and 35 female beetles twice a day, five days a week for two weeks using a 40 µL 

capillary tube, put into a small vial and kept in a -80 oC freezer until needed for manual 

application to manually shaved mouse carcasses. In total, 0.0571 and 0.0976 mL of anal 
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secretions were collected from females and males, respectively. One mL of sterile water 

was added to each vial of the collected female and male anal secretions and then mixed 

together before application to a manually shaved mouse carcass with a small artist’s 

brush (Figure 10). 

 
Figure 10. A solution of anal secretions collected from male and female N.   
marginatus beetles are applied to a manually shaved mouse carcass. 

 

Double-blind Human Smell Test 

To gauge the reaction of humans to the same volatiles that many scavengers use 

to detect carrion, ten female human volunteers assessed the odors associated with each of 

the six treatments. A double-blind procedure was employed so neither the volunteer nor 

the researcher knew what treatment order to which each volunteer was being exposed. A 

third party was instructed to wrap samples of each treatment in the 2 L jars with foil to 

conceal the contents of the jars. This person then mixed the samples randomly, numbered 
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them 1 through 6 and connected each treatment thus marked to the apparatus for 

assessment. Each volunteer smelled the air coming from the plastic tube for several 

seconds and for each of the six treatments recorded the degree of odor perceived on a 

scale from 1 (low) to 10 (high).  

 
Headspace Collection and Smell Test Apparatus 
 

The six treatments of mouse carcasses were placed in to 2 L wide-mouth glass 

jars on 10 cm of sterile soil from one of the trap sites. Each jar had two small holes 

drilled in the plastic lid for connecting two plastic air tubes to it. One tube was connected 

to a charcoal filter. The second air tube was connected to a flow meter (Gilmont model 

#150 MM) with a solid phase extraction (SPE) desorption cartridge (SUPELCO ORBO-

32 small, Bellefonte, PA) in line between the flow meter and jar. The flow meter was 

connected to a vacuum pump with an air tube. The air flowed into the charcoal filter, 

through the 2 L jar, desorption cartridge, flow meter and out the vacuum pump (Figure 

11). The headspace was collected from each treatment of 10 repetitions for 30 min. 

Headspace collection was conducted for each trial with the flow meter adjusted to 400 

mL/min. Because the headspace could only be collected for two of the six treatments at 

any one time, the order of treatments within a block of treatments was determined 

randomly. 
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Figure 11. Testing apparatus for the collection of headspace treatments. 
 

The testing apparatus for the female humans to assess the odor of the treatments 

was similar to the SPE headspace collecting apparatus, only in reverse. An air pump was 

used to push air the opposite way with the SPE cartridge removed and the charcoal filter 

placed between the 2 L jar and the flow meter. The flow meter was adjusted to 400 

mL/min, as above.  

The headspace collected from the replicates of the treatments with the SPE cartridges was 

rinsed with 2 mL of a 1:1 solution of acetonitrile/acetone into sample vials and analyzed 

using a gas chromatograph coupled to a mass spectrophotometer (GC-MS).  

An HP6890 gas chromatograph coupled to a mass spectrophotometer was used for 

analysis of the volatiles of the SPE experiments. The oven’s initial temperature was 50 

oC, with the initial time at 1.00 min. It was ramped at a rate of 12.00 min with the final 
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temperature at 280 oC. The final time was 10.00 min and the total run time was 30.17 

min. The front inlet’s mode was splitless; its initial temperature was 200 oC and its 

pressure was 0.38 psi. The gas type was helium and its initial flow was 1.2 mL/min. The 

capillary column was model number J & W DB-5. Its capillary had a nominal length of 

30.0 m and a nominal diameter of 320 µm. The acquisition mode was set to scan and the 

solvent delay was at 3.00 min. The low mass was 35.0 Å and the high mass was 500.0 Å.   

 
Determination of the Chemical Composition of Anal Secretions  
 

Again, 10 male and 10 female burying beetles (N. marginatus) were gently 

handled with latex gloved hands and stimulated to emit anal secretions. The secretions 

were collected using 40µL capillary tubes and individually deposited into sample vials, 

labeled, capped and analyzed by GC-MS via solid phase microextraction (SPME) fibers 

(StableFlex Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS), 

Bellefonte, PA). The fibers were manually injected and left in the GC port for 5 min. 

These procedures were repeated with 10 male and 10 female N. carolinus.  

An HP6890 GC-MS was used for the SPME analysis of the volatiles of the anal 

secretions of the two species of burying beetles. The oven’s initial temperature was 50 oC 

with an initial time of 2.00 min. The ramp rate was 8.00 min with a final temperature of 

250 oC. The final time was 5.00 min. The total run time was 32.00 min. The front inlet’s 

mode was set to splitless, with an initial temperature of 250 oC and the pressure was at 

17.80 psi. The purge flow was 20.0mL/min, the purge time was 0.00 min and the total 

flow was 23.9 mL/min. Helium was the gas used. The capillary column’s model number 

was HP 19091V-402, HP-624 Special Analysis Column. Its capillary nominal length of 
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25.0 m and the nominal diameter was 200.00 µm. The maximum temperature was 260 oC 

and the acquisition mode was set to scan. The low mass was 50.0 Å and the high mass 

was 360.0 Å.  

Identification of the compounds for the SPME extractions from both sexes of N. 

marginatus and N. carolinus and the SPE desorption of the volatiles of the six treatments 

was carried out on the National Institute of Standards and Technology 1995 library and 

confirmed by individual mass spectral.  

  
Part III – Effect of Anal Secretions on Soil Bacteria  

 
 To test whether anal secretions of burying beetles inhibit bacterial activity 20 

Petri dishes with about 25 mL of nutrient agar were assembled. Before anal secretions 

were applied to the Petri dishes, lawns of bacteria were spread across the surface of the 

agar using sterile technique with a solution of soil bacteria that had been grown for 1 wk 

in 50 mL of sterile water using 10 g soil from the northern Ector County trap site. When 

N. marginatus were trapped and brought in from the field, the Petri dishes were dabbed 

with anal secretions that were milked from 10 male and 10 female burying beetles. Six 

drops of anal secretions from the beetles were deposited in a circle on the dishes about 3 

cm apart and away from the edges. The Petri dishes were observed for bacterial growth at 

24 h, 48 h and 72 h.   

 
Part IV – Statistical Analyses 

 
Mouse Volatiles 

 GC-MS analysis of each sample followed by integration of the peaks allowed for 

the areas to be calculated for each of the four compounds of interest. The concentration of 
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each of the four compounds was calculated using the internal standard eicosane at 5 ppm 

(Appendix A).  

 Mouse weights were also determined prior to each trial. The mouse weights were 

used to adjust the ppm for each compound by standardizing the concentrations to the 

average mouse weight of 14 g. The adjusted concentrations of each compound (Appendix 

B). Since each treatment involved the four compounds of interest, a multivariate analysis 

of variance was performed to determine significance.  

 Discriminant function analysis (DFA) was used to discriminate among the four 

compounds (dimethyl disulfide, unknown volatile at RT 8.1 minutes, dimethyl trisulfide 

and methoxy-phenyl-oxime [MPO] across the four treatments (unshaved, shaved, shaved-

coated and beetle-mouse).  A DFA procedure involves pattern recognition and 

unobservable properties of an assemblage of compounds can be detected by using 

indirect measurements on the individual amounts of compounds. The importance of all 

the amounts of compounds is considered collectively to determine both whether groups 

can be discriminated on the basis of their profile and which groups are most important 

(Gardiner 1997). Since MPO was found to be a beetle volatile it was excluded from a 

second DFA analysis. 

 Additional analyses involved analysis of variance (ANOVA). The purpose of the 

ANOVA was to compare each of the three mouse volatiles across the treatments. 

Pairwise comparisons using sequential Bonferroni critical limits were performed on all 

volatiles that showed a significant difference between treatments.  

 The Kruskal-Wallace analysis is a nonparametric version of ANOVA. It was used 

in place of the ANOVA for the MPO analysis due to very high variance in the unshaved 
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and shaved treatments.  Pairwise comparisons were also carried out using sequential 

Bonferroni critical limits  

 To determine whether any of the mouse compounds were responsible for a change 

in the beetle volatile, linear regression analyses were performed. The beetle volatile was 

compared to the three mouse volatiles. Only the mouse volatiles data from the beetle-

mouse replicates were used, since only this treatment included beetles. The statistical 

software package used was Matlab Release 6.0. 

 
Human Assessment 
 
 Human assessment of volatiles consisted of 10 women ranging in ages between 

21 and 33 smelling all six treatments scoring each treatment on a scale of 1 to 10 

(Appendix C). A Kruskal-Wallace analysis was performed to compare treatments 

followed by pairwise comparisons using Bonferroni p-value correction. Linear regression 

analysis was also performed to relate the age of the women and their assessment of the 

volatiles. 
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CHAPTER III 
 

RESULTS  
 
 

Part I – Discriminant Function Analyses on Treatments 

  Compounds with retention times (RT) of 5.50, 6.40, 6.90, 8.37, 10.04, 10.39 and 

11.65 minutes were found in all 10 trials of these two treatments. All of them were either 

column bleed or solvent impurities. The compound eluting at RT 6.90 was the solvent 

impurity 4-hydroxy-4-methyl-2-pentanone. The six remaining compounds were 

determined to be siloxane from column bleed. There were no volatiles found in the 

beetles-only replicates that were not found in the soil-only replicates. These seven peaks 

were subtracted from the treatment trials involving mice. 

There were four compounds found across the four mouse treatments that were not in the 

soil-only and beetles-only treatments. Three of these compounds were at RT 5.70-5.90, 

8.12 and 8.75 minutes. The volatiles at RT 5.70-5.90 and RT 8.75 minutes were 

determined to be dimethyl disulfide and dimethyl trisulfide respectively. The volatile at 

RT 8.12 minutes remains unidentified despite the efforts of several chemists. All three 

compounds appeared in all four treatments involving mice. The fourth compound at RT 

7.73 minutes appeared only in the shaved-coated and beetle-mouse treatments and was 

identified as methoxy-phenyl-oxime. It may be a beetle volatile.  

 
Three Groupings  of the Four Volatiles 

 Differences in amount of dimethyl disulfide, dimethyl trisulfide, the unknown 

volatile at RT 8.1 minutes and MPO among the unshaved, shaved, shaved-coated and 

beetle-mouse treatments were significant (F3, 36 = 11.82; P < 0.0001). A discriminant 
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function analysis performed on the three mouse volatiles (dimethyl disulfide, dimethyl 

trisulfide and the unknown volatile at RT 8.1 minutes) and the beetle volatile MPO 

(Figure 12) showed three groupings: one for the unshaved treatment, one for the shaved 

treatment and one for the shaved-coated and beetle-mouse treatments.  

 
                Figure 12. DFA of the three mouse volatiles and beetle volatile: 

                  Unshaved (O), Shaved (*), Shaved-Coated (◊), Beetle-Mouse (x). 
      Processing affects the volatile complex evolving off of mouse                    

                  carcasses 
 
 
Two Groupings With MPO Excluded  
 
 Since the MPO was only found in the treatments involving the application of anal 

secretions, either by hand or by the beetles, it was excluded from the next analysis. 

Differences in amount among the volatiles at RT 8.1 minutes, dimethyl disulfide and 

dimethyl trisulfide, were also significant (F3, 36 = 6.60; P = 0.001). A DFA involving 
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these three compounds yielded two groupings (Figure 13). One included the shaved, 

shaved-coated and beetle-mouse treatments; the other included only the unshaved 

treatment.   

 
                      Figure 13. DFA of mouse volatiles, excluding the beetle volatile,       

                      MPO: Unshaved, (O), Shaved (*), Shaved-Coated (◊), Beetle-              
                      Mouse (x). Removal of hair seems to be the action that causes 
                      a major decrease in mouse volatiles. 
  
 

Part II – Comparisons of Volatiles 
 
 
Unknown Volatile Compound at RT 8.1 Minutes 
 
 With respect to the unknown volatile at RT 8.1 minutes, the results were 

significant (F3, 34 = 3.77; P = 0.0188). The unknown compound at RT 8.1 minutes in the 

unshaved, shaved and shaved-coated treatments had the amounts of 0.438 ppm, 0.748 

ppm and 0.957 ppm, respectively. In the beetle-mouse treatment, the amount of this 
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unknown compound, 0.564 ppm, was significantly less than in the shaved and shaved-

coated treatments (P = 0.0495, P = 0.0215), but not significantly different from the 

unshaved treatment (P = 0.4681) (Figure 14). 
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Figure 14. The amount of the unknown volatile at RT.8.1 in the beetle-     mouse 
treatment was lower than the unshaved or shaved treatments, but not lower than the 
unshaved treatment.  Sample size given above treatment name.  Error bars equal standard 
error. Different letters indicate significant differences. 
 

Dimethyl Disulfide Most Abundant in Unshaved Treatment 

 For dimethyl disulfide, there was a significant difference in the amounts among 

treatments (F3, 36 = 10.18; P < 0.0001), with the highest amount being in the unshaved 

treatment at 30.54 ppm. The shaved, shaved-coated and beetle-mouse treatments had the 

amounts of 13.16 ppm, 11.27 ppm and 6.42 ppm, respectively. A Bonferroni P-value 

correction showed that dimethyl disulfide in the unshaved treatment was significantly 

more abundant than in the other three treatments (P = 0.0151, P = 0.0038, P = 0.0006). 
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The amount of dimethyl disulfide in the shaved and shaved-coated treatments was not 

significantly different from each other, and in the beetle-mouse treatment it was 

significantly lower than the other three treatments (Figure 15).    
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Figure 15. Dimethyl disulfide is most abundant in the unshaved treatments.  
Sample size given above treatment name.  Different letters indicate significant 
differences. Error bars equal standard error. Different letters indicate significant 
differences. 

 

Dimethyl Trisulfide Most Abundant in Unshaved Treatment 

 Finally, for dimethyl trisulfide, there were also significant differences in amounts 

(Figure 16) among treatments (F3, 36 = 8.42; P = 0.0002). The most abundant amount was 

in the unshaved treatment with 2.817 ppm. The shaved, shaved-coated and beetle-mouse 

treatments were at 1.369 ppm, 1.840 ppm and 0.920 ppm, respectively. The pairwise 

comparisons showed the amount of dimethyl trisulfide in the unshaved treatment was 

significantly higher than in the other three treatments (P = 0.0043, P = 0.0302, P = 
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0.0001). In the shaved treatment, dimethyl trisulfide was not significantly different in 

amount from the shaved-coated and beetle-mouse treatments. In the shaved-coated 

treatment, there was significantly more dimethyl trisulfide than in the beetle-mouse 

treatment (P = 0.0149) (Figure 16). 
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 Figure 16. Dimethyl trisulfide in treatments involving mice. The most           
abundant amount was in the unshaved treatment, while the least abundant amount 
was in the beetle-mouse treatment. Different letters indicate significant 
differences. Error bars equal standard error. Different letters indicate significant 
differences. 

  
 
MPO Found in Shaved-Coated and Beetle-Mouse Treatments 

 The volatile compound, MPO, was found only in the treatments involving beetle 

anal secretions, the shaved-coated and beetle-mouse treatments, which showed no 

significant difference due to no detectable levels in the unshaved and shaved treatments 
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(F3,36 = 26.49, P < 0.0001), with the shaved-coated treatment having 1.95 ppm and the 

beetle-mouse treatment having 1.71 ppm (Figure 17).  
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   Figure 17. MPO was only detected in treatments involving anal secretions 

and not detected in the unshaved and shaved treatments. Different letters indicate       
significant differences. Error bars equal standard error. Different letters indicate 
significant differences. 

  
 

Part III – Associations Found with MPO and Mouse Volatiles 

 The beetle volatile, MPO, was significantly associated with each of the three 

mouse volatiles. MPO had a positive association (slope = 0.231) with dimethyl disulfide 

(R2 = 0.523; F1, 8 = 8.76; P = 0.018). A positive association (slope = 3.588) with the 

unidentified compound at RT 8.1 minutes (R2 = 0.648; F1, 8 = 14.707; P = 0.0.005), and a 

positive association (slope = 0.918) with dimethyl trisulfide (R2 = 0.548; F1, 8 = 8.464; P 

= 0.023). The results of all three analyses are presented in Figures 18, 19 and 20. 
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       Figure 18. Linear regression between the amounts of  
                  MPO and dimethyl disulfide. 
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                 Figure 19. Linear regression between the amounts of MPO and  
                 unknown mouse volatile. 
 



 36

P = 0.023
R2 = 0.547

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0.0 0.5 1.0 1.5 2.0 2.5
Dimethyl Trisulfide 

[PPM]

M
et

ho
xy

-P
he

ny
l-O

xi
m

e 
[P

PM
]

 
           Figure 20. Linear regression between amounts of MPO and dimethyl          
                 trisulfide.                  

 
Part IV – Compounds Detected in Anal Secretions 

 Fifty-one compounds were detected in the anal secretions across both sexes of 

both species of burying beetles and are listed in Appendix D. Sample chromatograms 

were then sent to Dr. Yu-Jie Guo in Dallas, Texas, who subsequently identified seven of 

the compounds (Figure 21). 
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 Figure 21. Seven identified compounds found in anal secretions for both sexes of 
 both species of burying beetles, Nicrophorus marginatus and Nicrophorus 
 carolinus. 
  
 Of the 51 compounds detected, 16 were found to be common among both sexes of 

both species of burying beetles. Of these 16 compounds, three were identified: 

pentanamine, 2-methyl-1-propanol and 2-ethyl-anthracene. Two compounds are possible 

unidentified steroids.       

 There were also differences in compounds between the species. Three unknown 

compounds were found in both sexes of N. marginatus but not in either sex of N. 

carolinus. The compounds were at RT 10.2, 24.0 and 28.6 minutes. Conversely, there 

were seven compounds found in both sexes of N. carolinus that were not detected in 

either sex of N. marginatus. Four of these were unknown compounds at RT 15.3, 22.2, 

23.9 and 28.5 minutes. The three compounds that were identified are pentanamide, 2-

ethyl-2-methyl-oxirane and 2-methyl-piperazine. 
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 There were six unknown compounds found in the females of N. marginatus that 

were not found in any male N. marginatus or in either sex of  

N. carolinus. These six unknown compounds were at RT 7.2, 19.8, 20.4, 22.4, 27.2 and 

28.8 minutes.  

 Thirteen compounds were found in one sex or the other of N. carolinus, but not in 

either sex of N. marginatus. One of the 13 compounds was identified as 

methylenetanshinquinone at RT 11.2 minutes. In the females of N. carolinus, 10 of the 13 

compounds were detected. One of these was the identified compound, 

methylenetanshinquinone. The other nine were unknown compounds at RT 6.6, 7.3, 8.3, 

12.1, 12.3, 14.0, 18.9, 24.3 and 27.5 minutes. In N. carolinus males, the three remaining 

unknown compounds detected were at RT 8.5, 12.5 and 28.0 minutes. 

 There was a compound that was common only among the females of the two 

species that was not found in the males. This unknown compound was found at RT 26.7 

minutes. There were no compounds found only in the males of both species.  

 
Part V – Double-blind Human Smell Test 

 
 
Ratings of Treatments 
  
 Although there were differences among the ratings of the treatments, the 

variability was great for each treatment and not significant (F5, 54 = 2.17; P = 0.071) 

(Figure 22).  
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Figure 22. Human assessment of the six treatments from the smell test conducted with 10 
women ranging in ages from 21 to 33. Different letters indicate significant differences. 
Error bars equal standard error.  
  
 
Associations between Age and Treatments 

 With respect to treatments and ages of the females who participated in the smell 

test, there was a positive trend between the beetles-only treatment versus age(Slope = 

0.0746, R2 = 0.011, F1, 8 = 0.086; P = 0.777), unshaved treatment versus age (Slope = 

0.2212, R2 = 0.135, F1, 8 = 1.24; P = 0.296), and shaved-coated treatment versus age 

(Slope = 0.0453, R2 = 0.006, F1, 8 = 0.047; P = 0.833) and beetle-mouse treatment versus 

age (Slope = 0.4091, R2 = 0.436, F1, 8 = 6.19; P = 0.038), but only the beetle-mouse 
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treatment versus age was significant (Figure 23). There was a negative trend among the 

soil-only treatment versus age (Slope = -0.1372, R2 = 0.08412, F1, 8 = 0.735; P = 0.4162) 

and the shaved treatment versus age (Slope = -0.1746, R2 = 0.047, F1, 8 = 0.40; P = 

0.266). Neither analysis was significant.  
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                Figure 23. Linear regression between the detection of the odors of the beetle-            
                mouse treatment and the women’s age showed an association.. 
 

Part VI – No Suppression of Soil Bacteria with Anal Secretions 

 There was no suppression of growth observed in the bioassay involving soil 

bacteria and the anal secretions of both sexes of the burying beetles (N. marginatus). 

There was early appearance of bacterial growth on all plates at 24 h. There was even 

growth over the droplets of anal secretions by the 48 h time for both sexes. By 72 h, 

bacterial growth covered all plates for both sexes of N. marginatus. 

 



 41

CHAPTER IV 

DISCUSSION 
 

 
Odorants of Carcasses 
 
 Keratin, the dominant component of hair, is degraded by dermatophytes that live 

in hair. They assimilate nutrients from keratin, which then allows them to colonize and 

penetrate host tissues. The byproducts of this action are sulfur products such as dimethyl 

disulfide and dimethyl trisulfide. The byproducts of the action of the dermatophytes can a 

large source of these compounds found emitting from the mouse carcasses (DeVault and 

Rhodes 2002, Wawrzkiewicz et al. 1997). 

 The succession of arthropods on a decomposing vertebrate carcass is somewhat 

predictable. Blow flies of the family Calliphoridae are usually first to colonize a carcass. 

Beetle predators, such as histerids, staphylinids and silphids, then move in and prey on 

the fly larvae as well as feed on the carcass (Watson and Carltona 2004). Dung beetles 

(Coleoptera: Scarabaeoidea) are often attracted to vertebrate carcasses as well (Watson 

and Carltona 2004, Carston and Krella 2001).  

 The chemical senses of insects play a prominent role in choices concerning 

feeding, mating and other behaviors. Insects are sensitive to a variety of odorants 

produced by microbial and fungal decomposition of a vertebrate carcass. They include 

volatile compounds such as alcohols, aldehydes, quinones and mercaptans (Wasserman 

and Itagaki 2003). Dimethyl disulfide and trimethyl trisulfide are also produced. These 

compounds are but a short list of the volatiles that play a role in attraction (Pfrommer and 

Krell 2004). The masking of the volatile compounds emitted from a vertebrate carcass by 
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scavengers would presumably be advantageous because it would decrease competition 

for a valuable resource. 

 The four compounds of interest as identified in this research (dimethyl disulfide, 

dimethyl trisulfide, unknown volatile compound at TR 8.1 minutes and MPO) are likely 

from two sources. The three compounds that are evolving off the mouse carcass 

(dimethyl disulfide, dimethyl trisulfide, unknown volatile at RT 8.1) are emitted from 

fungal decomposers. The compound emitted from the beetle, MPO, may also be emitted 

by fungal decomposers (Menotta et al. 2004). Activities of the burying beetles (N. 

marginatus) significantly decreased all of the volatiles evolving off the mouse carcasses. 

Further, the level of MPO found in the beetle-mouse treatment was positively correlated 

relative to each of the three mouse volatiles. In what follows, I elaborate on each 

compound and how they relate to the overall hypothesis of odor masking by the burying 

beetle. 

   
Dimethyl Disulfide 

 Dimethyl disulfide is among the lighter volatiles (MW = 94) emitted by fungal 

and bacterial carcass decomposition and it attracts scavengers at low levels (DeVault and 

Rhodes 2002). Dimethyl disulfide was by far the most abundant compound found 

compared to the other volatile compounds. There was significantly less dimethyl 

disulfide in the shaved and shaved-coated treatments than in the unshaved treatment. The 

act of removing the hair from the carcasses removes much of the bacteria and fungi from 

the carcass that is on the hair, thus removing much that creates this compound. Even 

though there was significantly less dimethyl disulfide in the shaved and shaved-coated 
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treatments than in the unshaved treatment, when the carcasses were processed by the 

burying beetles, the amount of dimethyl disulfide was significantly less in the beetle-

mouse treatment than in all the other treatments. This decrease in dimethyl disulfide 

would imply that, although the act of removing hair assists in the masking of the volatiles 

emitted from a mouse carcass, the processing and application of anal secretions by 

burying beetles on a mouse carcass also aids in the masking of dimethyl disulfide.   

 
Dimethyl Trisulfide 

 Dimethyl trisulfide is also a light volatile compound (MW = 106) that is emitted 

during the initial decomposition of a mouse carcass by bacteria and fungi (DeVault and 

Rhodes 2002). As with dimethyl disulfide, the act of removing the hair from the mouse 

carcasses seems to remove much of the potential for dimethyl trisulfide emitting from a 

mouse carcass, thus aiding in odor masking. However, the continual application of anal 

secretions by the burying beetle pairs in the beetle-mouse treatment adds even more 

effectiveness to odor masking of the decomposition volatiles emitted from mouse 

carcasses.  

 
Decrease of Unknown Compound at RT 8.1 Minutes  

 Although there was no significant difference between the unshaved and the 

beetle-mouse treatments, it is likely due to five of 10 replicates of the unshaved treatment 

not having any detectable levels of RT 8.1. This could be due to sampling error or the 

GC-MS not being able to discriminate the compound from background “noise.” The 

application of MPO by the burying beetles may be masking this unknown compound in 

the beetle-mouse treatment. 
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MPO Detected in Treatments Involving Anal Secretions 

 There is little information on methoxy-phenyl-oxime in the scientific literature, 

but the compound has been found in some natural products. For example, MPO has been 

found in the ectomycorrhizae synthesis system in the truffle life cycle (Menotta et al. 

2004). MPO has also been detected in pig house odors (Kai and Schäfer 2004), and in the 

volatiles emitted from the fungi in cheese (Arora et al. 1995). It has a phenyl group 

(backbone) with a CH3O attached along with another group that is the oxime (NOH). The 

molecular formula and weight of the compound is C8H9NO2 and 151, respectively 

(Menotta et al. 2004). It is possible that MPO is a fungal product present in the burying 

beetles’ anal secretions and is not synthesized directly by the beetles. There is no 

evidence that this is the case, but the only references found in the literature were to MPO 

being produced by fungi. 

 
Increase in MPO as Mouse Volatiles Increase 

 The regression analyses provide circumstantial support for the hypothesis of odor 

masking by the beetles. The significant positive correlations observed between the three 

mouse volatiles and MPO suggests that the burying beetles have the ability to detect the 

level of volatiles being produced by a mouse carcass and that they respond to the increase 

in volatiles by increased application of anal secretions. The beetles have the ability to 

detect carcasses from up to 3 km away (Ratcliffe 1996), demonstrating their ability to 

detect even minute quantities of the volatiles produced by a decomposing mouse carcass. 

This ability to detect the volatiles given off by the mouse carcass gives further support to 
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the hypothesis that increased levels of MPO are a response to increasing odors from the 

mouse carcass. 

 
Patterns Among Treatments 
 
 In the first DFA the beetle volatile with MPO included the unshaved treatment 

was in a group by itself. The shaved-coated and beetle-mouse treatments were grouped 

together, with the shaved treatment grouped with these two treatments. These three are 

more or less in one group possibly because fungal and bacterial activity was decreased by 

the removal of the hair and by the application of the anal secretions that contain the 

MPO, lowering the amounts of mouse volatiles. In the second DFA, where the MPO was 

excluded, the shaved, shaved-coated and beetle-mouse treatments are grouped together, 

with the unshaved treatment in a group by itself. As with the first DFA, the treatments 

may have separated out as they did due to the decreased amount of bacterial and fungal 

activity in the shaved, shaved-coated and beetle-mouse treatments, leaving the unshaved 

treatment in a separate group that had more bacterial and fungal activity taking place in 

the hair on the carcasses. 

 
Compounds in Anal Secretions 
  
 Seven steroids have been found in the anal secretions of Silpha americana  

(Coleoptera: Silphidae; subfamily Silphinae). At the time of discovery, none of these 

steroids had been previously found in insects (Meinwald et al. 1985). Two of these 

steroids have been found in the jumping spider, Phidippus audax, and are thought to be 

potent feeding deterrents to predators (Meinwald et al. 1985). Also, there have been two 

novel steroids found in the anal secretions of Silpha novaboracensis, (Coleoptera: 
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Silphidae; subfamily Silphinae) (Meinwald et al. 1987). In both species, these compounds 

are thought to be for defensive purposes against vertebrate and invertebrate predators 

(Meinwald et al. 1985, 1987). Not all of the beetles of the family Silphidae produce 

defensive steroids (Meinwald et al. 1985).  

 There has been some research on anal secretions of other species of insects. In 

Necrodes surinamensis (Coleoptera: Silphidae; subfamily Silphinae), terpenes have been 

found in anal secretions. Again, these anal secretions are thought to be for defensive 

purposes (Eisner et al. 1986). The bombardier beetle, Stenaptinus insignis (Coleoptera: 

Carabidae), emits a jet of defensive spray in pulses that effectively deters predators with 

the interaction of hydroquinones and hydrogen peroxide with oxidative enzymes. When 

the two compounds are mixed with the enzymes from confluent chambers, an explosive 

chemical reaction takes place and the spray is ejected from the abdomen at 100 oC (Dean 

et al. 1990). As with many burying beetles (Meinwald et al. 1985), bombardier beetles 

have a shortened elytra and an elongated abdomen that is flexible. It can be used to direct 

the jet spray in many directions (Dean et al. 1990). With most burying beetles, the anal 

secretions are dabbed on to the target with this flexible abdomen (Meinwald et al. 1985).    

 The SPME analyses examining the compounds in the anal secretions of N. 

marginatus and N. carolinus revealed a diverse group of compounds, many of which 

have yet to be identified.  For the identified compounds (pentanamine, 2-methyl-1-

propanol, pentanamide, methylenetanshinquinone, 2-ethyl-anthracene, 2-ethyl-piperazine 

and 2-ethyl-2-methyl-oxirane), there is little evidence of them occurring in other species 

of beetles (Meinwald et al. 1985).  
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 Of the 51 compounds detected in the anal secretions of both sexes of both species 

of N. marginatus and N. carolinus, only seven were identified. These seven consisted of 

amines, amides, alcohols and aromatics. Some of them may show antibacterial or 

pesticide qualities (Hoback et al. 2004), and most of them are insoluble in water. Several 

of the unidentified compounds may be steroids because of the fragments produced by the 

mass spectrophotometry resemble those of known steroids. 

 
Double-blind Human Smell Test 

 Olfaction, the sense of smell, is at once simple and complex in humans. It is 

simple because relatively few cells are involved in detecting odors. The olfactory sensors 

are positioned near the top of the nasal passages, below and between the eyes. The 

receptor cells are connected through a single synapse directly to the brain. The complex 

mechanism as to how olfaction works is still largely unknown (Vander et al. 1990).  

   The perception of odors by the human nose is known to be unreliable. However, 

if visual or verbal clues are included, identification of single odors is improved (Gottfried 

and Dolan 2003). The sensitivity of odor perception in humans may vary due to the 

functional variety of the genes that control odor detection and identification. There may 

even be ethnogeographic variability. It has been suggested, for example, that African 

populations may have a larger assemblage of functional olfactory receptors than do 

Caucasians (Gilad and Lancet 2003). The only other factors considered in the human 

smell test in this research were age and the fact that they were all female. The following 

paragraphs discuss in depth the results.   
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 The human smell test did not show a connection between the treatment and the 

amount of odor detected by the women. If the burying beetles are odor masking by 

shaving and applying anal secretions that contains MPO, then one would expect the 

assessors to detect a decrease in the strength of the odors from the unshaved treatment to 

the beetle-mouse treatment. It was hypothesized that the beetle-mouse treatment would 

have less offensive odor than the unshaved treatment, which was one of the controls, with 

the shaved treatment being another.  

 The significant relationship between the odors of the beetle-mouse treatment and 

the women’s age possibly indicates that the older the woman, the more sensitive she was 

to the beetle-mouse treatment odor than to the odor of the other treatments, but this would 

contradict the accepted idea that the sense of smell diminishes with age (Wysocki 2002). 

The age differences between the women in this test were probably not enough to affect 

the results.  

 
No Suppression of Soil Bacteria by Anal Secretions 

 Although there are indications that enzymes in the anal secretions of most burying 

beetles of the subfamily Nicrophorinae may inhibit bacterial growth (Hoback et al. 2004), 

it was not observed in this research. The technique used in this research appears to have 

diluted the anal secretions to the point that no effects were observable.  A more 

appropriate technique would have been to punch holes in the agar and place the anal 

secretions and the microbes into the holes.  This would have kept the secretions confined 

instead of allowing them to spread across the surface of the agar and become diluted.   
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SUMMARY 
 
 
 The most significant results involved the mouse treatments (unshaved, shaved, 

shaved-coated and beetle-mouse) whereby the headspace was collected using SPE 

desorption tubes. Although there are many more volatile compounds that are emitted 

from a decomposing mouse carcass, three were detected (dimethyl disulfide, dimethyl 

trisulfide and the unknown compound at RT 8.1 minutes). In a general sense, the mouse 

volatiles decreased with each successive treatment, from the unshaved to the beetle-

mouse treatments. Just the act of shaving off the hair from a mouse carcass seemed to 

contribute to masking the carcass by decreasing the amounts of fungi and bacteria whose 

decomposing action of hair created in part the volatile compounds detected. 

  More importantly, a burying beetle volatile compound (MPO) was detected in the 

shaved-coated and beetle-mouse treatments. This compound was in the anal secretions 

because the mice in the shaved-coated treatment were manually shaved and only coated 

with the burying beetles’ anal secretions. Regression analysis involving only volatile 

compounds from the beetle-mouse treatment showed that when any of the mouse 

compounds increased in amount the beetles increased the amounts of MPO in turn, likely 

in an attempt to mask the odors being emitted from the decomposing mouse carcasses.  
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CONCLUSION 

Future Research 

 
 There has been very little research performed in the area of odor masking by 

burying beetles. Results might be improved if the analysis of the volatile compounds 

extracted with the SPE tubes from the six treatments of the mice could be attempted with 

HPLC coupled to a MS to avoid thermal degradation. Also, it might be desirable to 

address the identification of the best conditions for the extraction of the volatile 

compounds from the headspace of the anal secretions of the burying beetles by SPME, as 

well as to more finely tune the GC method.    

 A more detailed identification of the volatile compounds in the anal secretions of 

the two species of burying beetles, N. marginatus and N. carolinus, could greatly 

contribute to the knowledge about the differences between species of burying beetles. 

Research on the compound that was unique to the females of both N. marginatus and N. 

carolinus could also be enlightening. All could help explain some of the differences in 

behavior. Little published information is available on the semiochemicals of burying 

beetles of this family.  

 More research on the hypothesis that burying beetles attempt to mask the odors of 

a mouse carcass from scavengers with their anal secretions may also shed light on 

questions such as why these beetles go to such extreme lengths to preserve and protect a 

once in a lifetime opportunity for reproduction. The research presented here is but a small 

part that addresses these questions. What are all the compounds in the anal secretions?  

Are there other burying beetle volatile compounds that may also be contributing to odor 
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masking?  Future research in these areas will contribute greatly to the knowledge of this 

little studied but ecologically important obligate scavenger, the burying beetle. 
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APPENDICES 
 
 

A. PPM for volatiles: dimethyl disulfide, unknown at RT 8.1 minutes, methoxy-
phenyl-oxime       

Treatment 
 

Dimethyl 
Disulfide 

Methoxy-
Phenyl-Oxime 

Unknown Volatile at RT 
8.12 Minutes 

Dimethyl 
Trisulfide

Unshaved 16.25 0.00 0.00 2.32 
Unshaved 40.38 0.00 0.00 1.83 
Unshaved 61.06 0.00 0.00 2.41 
Unshaved 38.72 0.00 0.00 3.08 
Unshaved 18.35 0.00 0.00 2.65 
Unshaved 31.78 0.00 0.69 3.42 
Unshaved 11.82 0.00 0.64 2.16 
Unshaved 14.22 0.00 0.51 1.58 
Unshaved 25.25 0.00 1.08 4.24 
Unshaved 40.68 0.00 1.26 4.33 

Shaved 15.32 0.00 0.93 2.04 
Shaved 16.91 0.00 0.73 1.80 
Shaved 34.04 0.00 0.70 2.25 
Shaved 4.73 0.00 0.83 0.00 
Shaved 19.98 0.00 1.01 2.01 
Shaved 24.21 0.00 1.09 2.82 
Shaved 14.38 0.00 0.54 0.16 
Shaved 8.78 0.00 0.97 2.52 
Shaved 5.27 0.00 0.61 0.00 
Shaved 0.00 0.00 0.97 1.65 

Shaved-Coated 7.04 0.85 0.49 0.99 
Shaved-Coated 11.04 2.73 0.73 2.24 
Shaved-Coated 9.43 0.80 0.66 1.16 
Shaved-Coated 11.00 2.61 0.81 2.70 
Shaved-Coated 10.54 2.56 0.83 2.01 
Shaved-Coated 12.79 2.36 1.56 1.95 
Shaved-Coated 10.56 0.93 0.56 0.89 
Shaved-Coated 8.07 1.80 0.99 1.75 
Shaved-Coated 9.09 0.91 0.62 0.80 
Shaved-Coated 16.84 2.34 1.69 2.44 
Beetles-Mouse 10.92 2.72 0.83 1.09 
Beetles-Mouse 10.07 2.51 0.87 2.42 
Beetles-Mouse 8.61 0.99 0.37 0.90 
Beetles-Mouse 10.26 3.18 0.69 1.63 
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Table A continued 
Treatment 

 
Dimethyl 
Disulfide 

Methoxy-
Phenyl-Oxime 

Unknown Volatile at RT 
8.12 Minutes 

Dimethyl 
Trisulfide

Beetles-Mouse 4.65 0.90 0.68 0.28 
Beetles-Mouse 6.95 2.27 0.76 0.69 
Beetles-Mouse 1.79 0.87 0.35 0.23 
Beetles-Mouse 6.54 2.33 0.73 0.91 
Beetles-Mouse 4.98 0.77 0.27 0.33 
Beetles-Mouse 5.52 2.11 0.65 1.60 
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B. Mouse-weight adjusted PPM for volatiles: dimethyl disulfide, unknown at RT 8.1    
minutes, dimethyl trisulfide and methoxy-phenyl-oxime. 

Weight Adjusted PPM 
Dimethyl 
Disulfide 

Unknown at RT 
8.12 

Dimethyl 
Trisulfide 

Methoxy-Phenyl-
Oxime 

15.69 0.00 2.24 0.00 

43.48 0.00 1.97 0.00 

71.23 0.00 2.81 0.00 

27.10 0.00 2.15 0.00 

17.13 0.00 2.47 0.00 

34.23 0.74 3.69 0.00 

11.82 0.64 2.16 0.00 

16.72 0.60 1.86 0.00 

25.80 1.10 4.33 0.00 

42.19 1.30 4.49 0.00 

12.62 0.77 1.68 0.00 

14.35 0.62 1.53 0.00 

31.35 0.65 2.07 0.00 

4.14 0.72 0.00 0.00 

23.30 1.18 2.34 0.00 

19.05 0.85 2.22 0.00 

13.52 0.51 0.15 0.00 

8.78 0.97 2.52 0.00 

4.47 0.52 0.00 0.00 

0.00 0.69 1.18 0.00 

8.28 0.58 1.16 1.00 

12.66 0.84 2.57 3.13 

8.86 0.62 1.09 0.75 

13.63 1.01 3.34 3.23 

11.35 0.90 2.16 2.76 

14.80 1.80 2.26 2.73 

8.21 0.44 0.70 0.72 

8.49 1.04 1.85 1.89 

9.57 0.65 0.85 0.96 

16.84 1.69 2.44 2.34 

8.49 0.64 0.85 2.11 

9.46 0.81 2.28 2.36 

7.53 0.32 0.79 0.87 

9.97 0.67 1.58 3.09 

3.97 0.58 0.24 0.77 

6.28 0.69 0.62 2.05 

1.88 0.36 0.25 0.92 

6.64 0.74 0.92 2.37 

5.45 0.29 0.36 0.85 

4.55 0.54 1.32 1.74 
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   C. Results from human smell test 

 
Soil 
Only 

Beetles 
Only Unshaved Shaved 

Shaved-
Coated 

Beetles-
Mouse Age 

1 3 2 10 8 6 10 31 

2 3 8 8 1 6 7 25 

3 6 3 4 4 4 8 28 

4 3 2 6 8 3 3 24 

5 2 2 4 4 7 8 27 

6 3 10 6 3 9 3 25 

7 3 7 5 1 9 10 33 

8 8 2 6 10 4 5 21 

9 5 3 1 6 10 8 22 

10 2 5 4 1 8 6 21 

total 38 44 54 46 66 68 257 

avg. 3.8 4.4 5.4 4.6 6.6 6.8 25.7 
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D. SPME of anal secretions of N. marginatus and N. carolinus. 

    In Female 
In 

Male 
In 

Female 
In 

Male 
R.T. Compound Name N. carolinus N. marginatus 
1.5 Unknown yes yes yes yes 
4.7 Pentanamine yes yes yes yes 
6.6 Unknown yes no no no 
6.9 2-methyl-1-propanol yes yes yes yes 
7.2 Unknown no no yes no 
7.3 Unknown yes no no no 

7.6 
2,2,4,4,6,6-hexanethyl-1,3-dioxa-2,4,6-
trisilacyclohexane yes yes yes yes 

8.2 Unknown no yes yes yes 
8.3 Unknown yes no no no 
8.5 Unknown no yes no no 

10.1 Pentanamide yes yes no no 
10.2 Unknown no no yes yes 
10.6 2-ethyl-2-methyl-oxirane yes yes no no 
11.2 Methylenetanshinquinone yes no no no 
11.5 Unknown yes yes yes yes 
12 2-ethyl-anthracene yes yes yes yes 

12.1 Unknown yes no no no 
12.3 Unknown yes no no no 
12.5 Unknown no yes no no 
14 Unknown yes no no no 

14.1 2-methyl-piperazine yes yes no no 
14.7 Unknown yes yes yes yes 
15.3 Unknown yes yes no no 
15.8 Unknown yes yes no yes 
17.4 Steroid yes yes yes yes 
18 Steroid yes yes yes yes 

18.9 Unknown yes no no no 
19.8 Unknown no no yes no 
20 Unknown yes yes yes yes 

20.4 Unknown no no yes no 
20.9 Unknown yes yes yes yes 
22.2 Unknown yes yes no no 
22.4 Unknown no no yes no 
22.8 Unknown yes yes yes no 
23.5 Unknown yes yes yes yes 
23.9 Unknown yes yes no no 
24 Unknown no no yes yes 

24.3 Unknown yes no no no 
24.7 Unknown yes yes yes no 
25.2 Unknown yes no yes no 
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Table D. continued 
  In Female In Male In Female In Male 

R.T Compound Name N. carolinus N. marginatus 
25.7 Unknown yes yes yes yes 
26.7 Unknown yes no yes no 
27.2 Unknown no no yes no 
27.5 Unknown yes no no no 
27.7 Unknown yes yes yes yes 
28 Unknown no yes no no 

28.5 Unknown yes yes no no 
28.6 Unknown no no yes yes 
28.8 Unknown no no yes no 
29.7 Unknown yes yes yes yes 
30.2 Unknown yes yes yes yes 
30.6 Unknown yes yes yes yes 
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