Lniversitat
wien

DIPLOMARBEIT

Titel der Diplomarbeit

Dung scent profiles or single scent compounds:

What do dung beetles use to detect their food?

angestrebter akademischer Grad

Magistra der Naturwissenschaften (Mag. rer. nat.)

Verfasserln Viktoria Zagler
Matrikelnummer 0203238
Studienrichtung Okologie (A 444)
BetreuerIn Dr. Christian H. Schulze

Wien, im Dezember 2009



Viktoria Zagler

FUR LUKAS & AMELIE



Dubeetles & Dung scents

DUNG SCENT PROFILES OR SINGLE SCENT COMPOUNDS:

WHAT DO DUNG BEETLES USE TO DETECT THEIR FOOD?
Viktoria Zagler

ABSTRACT

In coprophagous beetles the successful detectisnitzble food sources as well as the
selection of preferred dung types most likely a@litated by volatile odorants emitted
by the dung. However, it is largely unknown whetlesitire dung scent profiles or
individual dung scent compounds are used by duegidseto detect their food source.
This study quantified species richness and comipasdf dung beetle assemblages as
well as food preferences of individual speciesaated to different dung types. Field
work was conducted in a farmland area in Lower Aaisbetween 3 August and 3
September 2007. The odors of used dung types weatyze&d to evaluate the
importance of emitted volatile odorants for spe@esposition and the occurrence of
individual species. A total of 1,057 dung beetldiwduals belonging to 15 species
were caught by pitfall traps, each baited with ddmmgn one of seven different dung
producers represented by herbivores (sheep, hoetde, and goose), omnivores
(human, and pig) and one carnivore (dog). One imtdit control trap remained
unbaited. The dung scent composition emitted bfewint dung types was analyzed
using gas chromatography-mass spectrometry. A etV dung scent odorants out of
6 compound classes (fatty acid derivates, benzensigdphur-containing compounds,
nitrogen-containing compounds, ketones, sesquieids) were detected in the scent
samples. Composition of dung beetle communitiesval as dung scent profiles
differed significantly between dung types. Sevemglwdorants (4-Propylphenol, 3-
Methylindole, unknown fatty acid derivate}-Caryophyllene, Indole, unknown
nitrogen-containing compound and Dimethyl disulfideere found to affect the
occurrence of the 4 most abundant dung beetle espeall belonging to the genus
Onthophagusin the pitfall trap samples. Some compounds lsety associated with
the nutrition of the dung producers and therefoey fme used by dung-feeding beetles
as indicator for food quality. Not all dung scergtated to the occurrence of individual
dung beetle species acted as attractant, but aggbtmhave a strong negative effect on
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the attractiveness of exposed dung baits. Our shdigates that both single dung scent
compounds and a combination of different scentsuaesl by dung beetles to detect
suitable dung sources. The importance of determthedy scents possible acting as
cues for the selection of adequate food by coprgphs: beetles has to be further

evaluated by choice experiments.

Key words: infochemicals, dung types, herbivore dung, carmvdung, omnivore
dung, dung beetle assemblages, species composdiimoh preferences, olfactory cues,

dung scents, dung scent profiles

ZUSAMMENFASSUNG

Das erfolgreiche Auffinden geeigneter Nahrungsmessm sowie die Auswahl
bevorzugter Dungtypen durch koprophage Kéfer hangahrscheinlich massgeblich
von Duftstoffen ab, welche vom Dung abgegeben werls ist allerdings weitgehend
unbekannt, ob einzelne Duftstoffe oder das ges&nufestoffgemisch von Dungkéfern
genutzt wird, um geeignete Nahrung aufzufinden. sBieStudie untersuchte
Artenreichtum und Artenzusammensetzung von Dunggéfeeinschaften sowie die
Haufigkeit des Auftretens einzelner Arten an velsgbnen Dungsorten. Die
Freilandarbeit wurde in einem landwirtschaftlichngizten Gebiet in Niederdsterreich
zwischen 3. August und 3. September 2007 durchgefim die Bedeutung der vom
Dung abgegebenen Duftstoffe fur die Artenzusamntieaoeg und das Auftreten
einzelner Dungkaferarten zu testen, wurde das Mffigemisch der verschiedenen
Dungsorten untersucht,. Insgesamt wurden 1.057 K#fag zugehérig zu 15 Arten mit
Hilfe von Barberfallen gefangen, die jeweils mih@n von sieben unterschiedlichen
Dungtypen bekddert waren. Die sieben verschiedénargproduzenten reprasentierten
vier Herbivore (Schaf, Pferd, Kuh, Gans), zwei Ovoné (Mensch, Schwein) und ein
Karnivore (Hund). Die Zusammensetzung der von énezre Dungsorten abgegebenen
volatilen Stoffgemische wurde mittels Gaschromadpfre-Massenspektroskopie
analysiert. Insgesamt konnten 17 fliichtige Verbngin im Dungduft nachgewiesen
werden, die zu 6 verschiedenen Verbindungsklassats@urederivate, Benzene,

Schwefelverbindungen, Stickstoffverbindungen, Ketddesquiterpene) zahlen. Sowohl
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die angelockten Dungké&fergemeinschaften als auehDdiftstoffzusammensetzungen
unterschieden sich signifikant zwischen den eireelrDungtypen. Fur sieben
Duftstoffe  (4-Propylphenol, 3-Methylindol, unbekaes Fettsaurederivat, p-
Caryophyllen, Indol, unbekannte Stickstoffverbinguand Dimethyldisulfid) zeigte
sich ein deutlicher Effekt auf das Auftreten degrvam haufigsten in den bekéderten
Barberfallen gefangenen Dungkéferarten, vier Vetreler GattungOnthophagus
Einige dieser Duftstoffe stehen in engem Zusammagph@it der Ernahrung der
Dungproduzenten und kénnten daher von Dungkéafermnaikator flr die Qualitat der
Nahrungsresource verwendet werden. Jedoch wirktet nalle Duftstoffe als
Lockmittel, sondern fur einzelne konnte eine negatWirkung auf die Anzahl
auftretender Individuen gezeigt werden. Unsere Iigse liefern deutliche Hinweise
darauf, dass sowohl einzelne Duftstoffe als aucltsbaffgemische von Dungkéafern
genutzt werden, um geeignete Nahrung aufzufindéneke detaillierte Untersuchung
der Bedeutung einzelner Duftstoffe als olfaktoresé¢Reize fur koprophage Kéafer sind

weiterfihrende Wahlversuche unabdingbar.
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INTRODUCTION

Many insects such as herbivores (Ahmad 1983, Haehd©93), parasitoids (Vet &
Dicke 1992, Wackers 1994) and coprophagous spécaslin 1961, Dormongt al.
2007) detect their food sources or hosts througlttesinvolatile substances, so called
infochemicals (see Dicke & Sabelis 1988), carryfngd-specific information. This
information not only facilitates the detection opeeferred food source but also helps
reducing the time required searching for adequatal for hosts (e.g. Vet & Dicke
1992).

Coprophagous beetles can be generalists or smgsiationcerning their dung
preferences (Hanski & Cambeforte 1991, Dornmetral. 2007). In African dung beetles
the functional group of rollers appears to prefano/ore dung, whereas large tunnelers
tend to use exclusively large herbivore dung (liekephant dung) (Hanski &
Cambeforte 1991). Recent studies from Europeanomegishowed prominent
differences between dung beetle assemblages attrémtdung of various vertebrates
even when belonging to the same feeding guild (Mdtera & Lobo 1996, Gittings &
Giller 1998, Galante & Cartagena 1999, Finn & Gik®02, Dormonet al. 2004). For
example, a study in France documented clear prefesefor the majority of dung

beetles species for either cattle or horse dungn{ibotet al. 2004).

Although dung beetles can exploit a variety of teses, the majority of species feed on
dung of larger herbivores and omnivores (Hanski &Defort 1991). Carnivore dung
does only attract few dung beetle species thah@fteo feed on carrion (Hanski, 1987).
Herbivore dung is the quantitatively most abunddong in all major terrestrial
ecosystems. It is carbohydrate-rich and consiststwaf components: low-quality
undigested plant remains and high-quality produétthe mammalian gut fauna and
flora. Omnivore dung is less abundant but a qualély attractive resource, because of

its high nitrogen content (Hanski & Cambeforte 1991

The option to use different dung types could be possibility for dung beetle species
to deplete interspecific competition. In this studye did not only quantify differences

between dung beetle assemblages attracted toetiffelung types, but also tried to
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evaluate the importance of chemical volatiles i#elaby the dung for acting as cues for
coprophagous beetles to detect adequate dung so(eag Dormontet al 2004).

Particularly, we addressed the following questions:

(1) Does dung type affect abundance and compositiorativhcted dung beetle
species?

Because of its high availability in most geographiegions and ecosystems herbivore
dung does attract the largest number of dung begpteies (Barberet al. 1999).
Carnivore and omnivore dung is only used by a smalumber of European dung
beetle species (Martin-Piera & Lobo 1996). Howeuanman dung represents an
exception and is very attractive for most dung lleegppecies (Howden & Nealis 1975).
In species restricted to herbivore dung polyphaygdammon (Martin-Piera & Lobo
1996), but also species-specific preferences todumg type can be commonly found
(Dormontet al. 2004, Gittings & Giller 1998). Therefore, we expétat dung beetles
attracted to the seven dung types exposed in awudysshow pronounced dung

preferences but are not strictly monophagous tagski & Cambeforte 1991).

(2) How do dung scent profiles differ between dung pceds?

As result of their different diets and digestioerlivorous and carnivorous mammals
have distinct dung scent profiles (A8t al. 1980, Mooreet al. 1987). The dung of
carnivores and carrion seem to have several sitielgin scent composition because
both sources attract partly the same dung beedleiesp (Hanski 1987). Various scents
consist of chemical volatiles responsible for fesdbr common in every type of dung
(such as methyl sulfide compounds, but also Indal& Skatole; Mooret al. 1987). In
contradiction, other scent compounds are charatteffor individual dung types and
are influenced by dietary and endogenous prodégisef al. 1980, Mooreet al. 1987).
Therefore, we expected to detect volatile compougdgal for fecal odor and scent

compounds specific for the dung types exposedignstiady.

(3) Can dissimilarities between dung beetle communitigi®nizing different dung
types be related to differences in the dung scegitlgs?
Based on olfactometer bioassays, Dormeinal. (2007) provided clear evidence that

emitted dung scent volatiles are responsible ferdétection of a dung location and the
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selection of suitable dung pats by coprophagoutidseddung preferences of individual
species may depend on such “Infochemicals” chaiatitefor individual dung types.
Consequently, the scent composition may shape titiee edung beetle assemblage

attracted to different dung types.

(4) Which scent characteristics do individual dung Eeepecies use to detect their
food?
Dung beetles can differentiate between differemigdproducers due to specific emitted
dung volatiles (Dormonet al. 2007). However, it is largely unknown if they use
individual scents or the composition of volatiles the selection of food and breeding
resources. A previous study on houseflies showatl ahmixture of only three scent
compounds (Butanoic acid, Skatole, Dimethyl tribidig) was sufficient to attract
similar numbers than pig dung (9 odor compoundstitied) (Cossé & Baker 1996).
We assume that dung beetles do not only use omagileatompound, but a composition

of several infochemicals to detect and select aakeqdung sources.

MATERIAL AND METHODS

Study area and study sites

Field work was conducted at Niederkreuzstettervigmity of Kreuzstetten; 224 m asl,
48°28' N 16°28' E) located in the district Mistelthg Lower Austria. The region is
dominated by agricultural areas interspersed witalspatches of woodland, and cattle
and sheep pastures. Other large mammals occurritiggiregion are roe deer and wild
boar. The study area is characterized by a Panmatiraate with hot and dry summers
and cold winters with little snow. The mean anrteatperature is about 9°C, the annual
precipitation about 500 mm (ZAMG 2002), measurethatnearest weather station at
Poysdorf (209 m asl, 48°40" N 16°38" E).
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Experimental design

To quantify food preferences, dung beetles wemactd to pitfall traps baited with
different dung types at eight different dates: 3yést, 7 August, 13 August, 16 August,
20 August, 24 August, 27 August, and 3 Septemb@r 2Bach pitfall trap consisted of
a plastic cup with a volume of 0.5 |, a height dfcin, and a diameter of 9 cm at the top
and 6.5 cm at the bottom. Filter paper bags (8.4« 8.4 cm) were filled with 40 g of
fresh dung and were fixed in the cup with a cortliclv was threaded in two opposing
little holes at the top of the cups. The dung used collected in the morning of every
sampling day, prepared for the pitfall traps angblalgeed in the afternoon. After
exposure in the field, about 0.2 | of water mixethva special soap without any “own”
smell (Tween®80) was added to the cups. As contreference traps were prepared in
the same manner with filter paper bags filled withdding instead of dung. All traps

were protected by a wooden roof against rainfall ssmshine.

Dung of two omnivores (human and pig), four herbego (cattle, horse, sheep and
goose), and one carnivore (dog) was used for taping. Traps were exposed in two
circles with a diameter of 20 m in a distance d® 20 from each other. One circle was
located in grassland (sampling site 1), the secamel in a fallow with surrounding

cropland and wood (sampling site 2). In each cjrelght holes stabilized with plastic
tubes were prepared in the ground. Subsequentlgaett circle 8 pitfall traps, each
baited with a different dung type (7 traps) or with dung (1 trap), were randomly
inserted into the prepared holes (Fig. 1). Congsatpeattracted beetles had the
opportunity to choose between all exposed baitstla@aontrol. Exposure time of traps
was 28 + 1 hours. All insects trapped were preseme80% alcohol, however, only

scarabid dung beetles were identified (after Bund999 and Lohse & Lucht 1992)

and used for further analysis.
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Figure 1. Spatial design of the 8 traps exposed arcle with a diameter (d) of 20 m. Seven
pitfall traps were baited with human (Hu), catt@af, dog (Do), sheep (Se), goose (Go), pig
(Pi), and horse (Ho) dung, respectively. One cdritap (Co) remained unbaited. For every
individual sampling date traps were randomly repthwith each other.

Dung scent analysis

During four trapping experiments the dung scenthefexposed baits were analyzed: 3
August, 16 August, 20 August, and 27 August. Dstaf trapping dates and
experimental treatments are given in Table 1. Tise $tep of dung scent analyses was
to weigh the fresh dung. For each sampling daydtgewas limiting the initial weight,
which was used as standard. The amount of dungtmaasferred in a glass with a
volume of 0.75 I, which was subsequently closedhvart aluminum foil. After the air
had accumulated with the compounds emitted frondthrey for a certain time (Tab. 1),
it was collected by sucking it through a micro-tuideed with a mixture of 1.5 mg
Tenax-TA (mesh 60-80) and 1.5 mg Carbotrap (mesd@0 Therefore, the adsorbent
tube was introduced in the headspace throughla htile in the aluminum foil. The
extraction was activated by a membrane pump (G1EBIASF Thomas, Inc.) with a
flow rate of about 200 ml per minute and lasted Sominutes. To detect possible
contaminants, volatiles were collected from an gngdhss bottle. After collecting the
scents, the micro-tubes were hermetically sealeldsant to the University of Bayreuth



Dubeetles & Dung scents

for further analyses. A mixture of the same dungdufor the scent extraction was

afterwards used for preparing the pitfall traps.

Table 1. Dates of the dung scent extraction wittiainweight of the dung, steeping time and
suction time for every date.

No. Date Weighted sample of Accumulation time  Suction time
fresh dung (g) (min) (min)
1 3 August 2007 170 30-60 5
2 16 August 2007 95 30-60 5
3 20 August 2007 100 30-90
4 27 August 2007 125 60-90 5

Dung scent samples were analyzed on a Varian S8R06 gas chromatograph (GC)
fitted with a 1079 injector, and a Varian Saturf®@@nass spectrometer (MS). To insert
the absorbent tubes into the GC injector, Variaheofatoprobe was used (Amirav &
Dagan 1997). The injector vent was opened (1/28)the injector was heated at 40 °C
to flush any air from the system. After 2 minutég tsplit vent was closed and the
injector heated at 200 °C per minute, then held0ft °C for 4.2 minutes. Afterwards
the split vent was opened (1/20) and the injectas wooled down. The analyses were
conducted by a ZB-5 column (5 % phenyl polysiloxaleagth 60 m, inner diameter
0.25 mm, film thickness 0.25 um, Phenomenex). Astamt helium carrier gas flow rate
(1.8 ml per minute) was perpetuated by the uséeatrenic flow control. For 7 minutes
the GC oven temperature was held at 40 °C, theeased by 6 °C per minute to 260
°C and held for 1 minute at this temperature. Tlassrspectra were taken at 70 eV with

a scanning speed of 1 scan per second from m/iz 3Bt

For data analysis the Saturn Software package 5Ma4 used. The dung scent
compounds were identified by using the data bad&3d N02 and MassFinder 3, and
identifications were confirmed by comparison ofergton times with published data
(Adams 1995). Identification of some compounds alas confirmed by comparison of
mass spectra and retention times with those ofeatith standards. To quantify the

amount of each volatile in the blend, known amowftsnonoterpenoids, benzenoids,

10
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and fatty acid derivatives were injected, and treampeak area of these compounds
was used for quantification (see Doéttetrlal. 2009).

Statistical analysis

Because arthropod assemblages are usually incathypsatmpled, we estimated species
richness with the four different nonparametric rastiors ACE, Chaol, Chao2 and
Jackknifel (Colwell 2006). The median of all foustimates was used as species
richness measurement and to estimate the compésteheecorded species inventories.
The software EstimateS version 8.0.0 was used {loulete the estimates by
randomizing samples 100 times (Colwell 2006). Aiddially, species accumulation
curves with 95% confidence intervals were calcda(€olwell 2006) to detect
differences in species richness between dung basflemblages attracted to different

dung baits.

The mean number of dung beetles trapped with pitiabs baited with different dung
types was compared using the non-parametric Kroakddlis test, because even after
transformations data did not achieve normal distidm. The post-hoc test used for
pairwise comparison was a standard range testnietma ANOVA (type VI) and
subsequent Tukey's HSD test were used to detefdrelifces in the mean amount of
individual dung scents between dung types. Foteslls the software STATISTICA
version 7.1 was used (StatSoft 2005).

Bray-Curtis similarities were calculated to quantiifferences in the structure of dung
beetle assemblages (using square root transforrbeddance data) attracted by
different dung types and differences between duwentsprofiles (based on relative
amounts of dung scents) emitted by different dymgs. All Bray-Curtis similarities
and subsequent non-metric multidimensional scalMiBIDS) to visualize similarity
relationships between dung types were calculatetd Rrimer version 5 (Clarke &
Gorley 2002). Stress values for NMDS ordinationtgllmwer than 0.2 were used as
indication for an acceptable two-dimensional repnéstion of the original distance

matrix values by the ordination (Clarke 1993). Qwveer analyses of similarities

11
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(ANOSIMs) were used to test for differences of sgeacomposition and dung scent
profiles between dung types. Additionally, two-wapssed ANOSIMs were computed
to test for effects of dung type and study sitespacies composition of dung beetles.
Pairwise tests (ANOSIMs) were calculated to desggnificant differences within the
set of used dung types. All ANOSIMs were computéith Wrimer version 5 (Clarke &
Gorley 2002) with a maximum number of 999 allowednputations. The structures of
scent compounds (see Fig. 7) were created usis@presiv 2.5 (MDL Information
systems Inc. 1990-2002). To test for relationshijgween dung beetle species
compositions and dung scent profile, Spearman mat@nk correlations (max.
permutations = 999) were calculated with Primesier 5 (Clarke & Gorley 2002).

Pearson correlations were calculated (using STAIT&Tversion 7.1, Statsoft 2005) to
test for effects of the total amount of scent esditby different dung types on the

number of attracted dung beetles.

A Canonical Correspondence Analysis (direct CCA$ wsed to analyze the occurrence
of the most abundant dung beetle species in thadimiénsional niche space described
by the dung scent compounds (focus scaling on-sgecies distance; biplot scaling to

reduce the large set of environmental variablest variables are selected sequentially
on the basis of maximum extra fit by automatic fartv selection; see ter Braak &

Smilauer 2002). The analyses were evaluated by Wonte-Carlo permutation tests to

test for the significance of the first ordinatioxiaand of the canonical axes together
(number of unrestricted permutations = 499 undeuced model). For the analyses the
software CANOCO for Windows version 4.55 was ugedBraak & Smilauer 2002).

12
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RESULTS

Dung beetles

General results

A total of 1,057 dung beetle individuals belongilogl5 species were captured in the
pitfall traps baited with the seven different dugpes at two different sites. The control
traps did not attract a single dung beetle. Fouheftrapped dung beetle species and a
total of 19 individuals belonged to the genéghodius (family Aphodiidae).
Aphodiidae represented only 25 % of all collectedglbeetle species and 1.8 % of the
total number of trapped individuals. The family &dmeidae was represented by
Euoniticellus vulvusvith 6 trapped individuals and 9 species of theugédnthophagus
with a total of 1,003 individuals. The family Schasidaewas most abundant with a
total number of 1,019 individuals (97.9% of allpgped dung beetle individuals) and
represented 62.5 % of the collected dung beetleiespeOnly one large dung beetle
species was found in the trapSeotrupes stercorariugfamily Geotrupidae). Two
specimens o6. stercorariuswere attracted by pig dung and one by human dung.

Effect of dung type on species richness and abuwedan

The species richness estimates (Tab. 2) and th@espaccumulation curves indicate
highest species richness for dung beetle assensbédtiacted by pig, human and cattle
dung (Fig. 2). However, according to the confideniogervals of the species

accumulation curves (not shown in the graph) déifiees in species richness did not
prove to be significant. A species accumulatiorvewvas not calculated for beetles
attracted by horse dung due to the small sampée(s@mpare Tab. 2).

13
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Table 2. Abundance as well as observed and estinspicies richness of dung beetles attracted
by different dung types.

Estimated species

Dung types Individuals Observed ACE Chaol Jackl Chao2 Median  Completeness
species (O) (M) [(©/M)*100]
Pig 266 11 13.56 12.00 13.63 11.66 12.78 86.07
Human 479 11 12.70 11.33 13.63 11.88 12.29 89.50
Cattle 42 7 19.89 13.00 10.20 8.60 11.60 60.34
Dog 160 7 7.93 7.00 8.75 7.44 7.69 91.09
Sheep 78 7 7.00 7.00 7.00 7.00 7.00 100.00
Goose 26 4 7.90 5.00 5.71 4.43 5.36 74.70
(Horse) 6 3 4.00 3.00 4.50 4.50 4.25 70.59
All 1057 15 16.80 195 19.38 21.25 19.44 77.16
12,

Numbers of species

0 100 200 300 400 500
Individuals

Figure 2. Species accumulation curve for dung bestbemblages attracted by dung of human,
pig, dog, cattle, sheep and goose.

14
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The mean total number of dung beetle specimenactgtt per sampling date by the
different dung types did not significantly diffeetaveen the two sampling sites (paired t
testt t = 1.91, N = 8,p = 0.097). The mean numbers of trapped individuals
(= SD) were 3.94 (+ 0.98) and 3.28 (= 1.54) at samgpsite 1 and 2, respectively.
Therefore, for further analyses, samples from kstes were pooled for individual
sampling dates and pitfall traps baited with thenesalung type. The mean number of
sampled dung beetles (N = 8 sampling dates) ddfergnificantly between dung types
(Kruskal-Wallis ANOVA: Hg 36 = 30.99,p < 0.001). Highest numbers of dung beetles
were attracted by omnivore dung of humans and [8gsallest beetle numbers were
found for pitfall traps baited with dung of the bmores goose, cattle, horse and sheep.

Intermediate numbers were attracted by dog duryg @i

120 ;

100 |

Qo

o
o
o

a_lgc

/ abc
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L T ab 3

XA A

-

N
o

Mean number of dung beetles
o))
o

o

Hu Pi Do Sh Ca Go Ho
Dung type

Figure 3. Mean number of dung beetle individualstandard error (box) and 95% confidence
intervals (whiskers) per sampling date (N = 8)aatted by seven different dung types. Dung
producers: human (Hu), pig (Pi), dog (Do), shedp,(8attle (Ca), goose (Go) and horse (Ho).
N = 8 samples per dung type. Different lettersdatlk significant differences between means
(Kruskal-Wallis all pairwise comparisons).
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When only the six most abundant dung beetle spétaéal of >10 individuals) were

considered, there is no species which was excllysatedacted by one dung type (Tab.

3). All abundant species, except Aphodius erraticusoccurred most frequently in

traps baited with human dung, and then in trapk pig and dog dung. However, only

the number of trapped specimens of hethophagusspecies differed significantly

between dung types (Fig. 4).

Table 3. Total number of specimens of all recordigdg beetle species collected by pitfall traps
baited with different dung types. For abbreviatiohgdung producers see Fig. 3.

Species

Dung type

Hu Pi Do Sh

Ca Go Ho Total

Subfamily Aphodiinae

Aphodius (Colobopterus) erraticsinnaeus 1758) 2 3 0 6 1 0O 0 12
Aphodius (Limarus) maculatSturm 1900) O 0 ©O 0 1 0O 0 1
Aphodius (Teuchestes) haemorrhoidélisinaeus 1758) 0 1 O 2 0 0O 0 3
Aphodius (Volinus) sticticu®anzer 1798) 2 1 O 0O O 0O 0 3
Subfamily Geotrupinae
Tribe Geortrupini
Geotrupes stercorariud.innaeus 1758) 1 2 O 0O O 0O 0 3
Subfamily Scarabaeinae
Tribe Oniticellini
Euoniticellus vulvugGoeze 1777) 8 4 O 2 1 1 0 16
Tribe Onthophagini
Onthophagus coenobif#lerbst 1783) 25 8 18 4 1 0 O 56
Onthophagus fracticorni@Preyssler 1790) 238 139 15 11 14 0 2 419
Onthophagus gibbulu@allas 1781) O 0 2 0O O 0O 0 2
Onthophagus joanna@oljan 1953) 12 6 7 4 3 4 0 36
Onthophagus nuchicorn{ginnaeus 1758) 3 2 2 0O O 1 1 9
Onthophagus ovatuginnaeus 1767) 183 99 115 49 21 20 3 490
Onthophagus simili€Scriba 1790) O 0 1 0O O 0O 0 1
Onthophagus tauruéSchreber 1759) 4 1 O 0O O 0O 0 5
Onthophagus vitulu@=abricius 1776) 1 0 O 0O O 0O 0 1
Total 479 266 160 78 42 26 6 1057

16
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Aphodius erraticus

Euoniticellus vulvus
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Figure 4. Mean number of individuals collected pampling date (N = 8) with pitfall traps

baited with different dung types * standard erbmx) and 95% confidence intervals (whiskers)
shown for the six most abundant dung beetle spe€ies abbreviations of dung types see
Figure 3. * indicates a significant effect of dubype on the number of collected beetles

(Kruskal-Wallis test; p < 0.05).
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Effect of dung type on species composition

Due to the small total number of only six beetlegmens attracted by horse dung
samples of this dung type were rejected from abssguent similarity analyses. Non-
metric multidimensional scaling (NMDS) based onyB@urtis similarities was used to
visualize similarities of dung beetle assemblaggsaced by different dung baits
(Fig. 5). The resulting ordination plot clearlyinates that species composition of dung
beetles differs between dung types, changing frpeties assemblages attracted by
dung of the two omnivores human and pig (on lefe 9f ordination plot) to
assemblages attracted by the dung of the herbisiresp, cattle and goose (towards
right side of ordination plot). Beetle assemblagésacted by dog dung have an

intermediate position between omnivores and herbs/@Fig. 5).

That the composition of dung beetle assemblagedated to the used dung bait is also
supported by a one-way ANOSIM (Glob® = 0.44,p = 0.001). The difference
remained significant even when including the facgtampling site, which itself did not
prove to affect species composition (two-way ANOSHMNng type: GlobaR = 0.38,

p = 0.013; sampling site: GlobRl= 0.04,p = 0.420).
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Figure 5. Similarity of dung beetle assemblagesettd by six different dung types, visualized
in a non-metric multidimensional scaling plot based Bray-Curtis similarities (square-root
transformed abundance data). Dung types: Human, Mg)(Pi), Dog (Do), Sheep (Sh), Cattle
(Ca) and Goose (Go). Sampling sites are indicatedilled (Sampling site 1) and empty
symbols (Sampling site 2). For both sites the farstl second four sampling dates were pooled
to achieve samples large enough to calculate telsimilarity values. Samples from identical
dung types are connected by lines.

Pairwise tests (one-way ANOSIMs) support differentetween similarities (Bray-
Curtis) of dung beetle assemblages attracted ferdift dung baits (Tab. 4). Species
composition of beetles attracted by human dungtf significantly from the one at
cattle, goose, sheep and dog dung, whereas diflesebetween beetle assemblages
caught by traps baited with dung of omnivores (hominaad pig) did not achieve
significance. Species composition of dung beetltscied by goose dung differed
significantly from those of dog, pig and human dung not from those of the two
herbivores cattle and sheep. Among the group dfihares (sheep, cattle and goose)

the composition of dung beetle species showed goifmant differences. Species
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composition recorded at dog dung could be sigmfigadistinguished from those found
at all other dung types except pig dung (Tab. 4).

Table 4. Results of pairwise tests (one-way ANOSIMs detect significant differences of
species composition between dung types. Signifiddfgrences are printed bold.

Pairwise tests R p
Cattle vs. Sheep -0.07 0.629
Dog vs. Cattle 0.53 0.029
Dog vs. Goose 0.73 0.029
Dog vs. Sheep 0.26 0.029
Goose vs. Cattle 0.46 0.057
Goose vs. Sheep 0.43 0.086
Human vs. Cattle 0.94 0.029
Human vs. Dog 0.40 0.029
Human vs. Goose 1.00 0.029
Human vs. Pig -0.02 0.571
Human vs. Sheep 0.71 0.029
Pig vs. Cattle 0.46 0.057
Pig vs. Dog 0.04 0.343
Pig vs. Goose 0.72 0.029
Pig vs. Sheep 0.12 0.286

Dung scents

A total of 17 dung scent compounds were detectetthenscent samples, 9 of which
could be identified. Table 5 shows the compound&ldd into the compound classes
with their odor description and their relative amtsu(%) in the particular dung type
(mean of the 4 samples for every dung type). Golosg was excluded from the dung
scent analyses because of the low total amouningtesl dung scents, which did not
allow a reliable identification of individual scentompounds in the gas
chromatography-mass spectrometry (GC-MS) analy$ise detected dung scent
compounds belong to six different compound classedty acid derivates (5 scent
compounds), Sesquiterpenoids (4), Nitrogen-comgiriompounds (3), Ketones (2),

Benzenoids (2) and Sulphur-containing compounds (1)
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Table 5. Average relative amounts (%) of dung seefdtiles of 6 different dung types. For
every dung type 4 samples were collected and a@élyznknown substances were labeled with
the abbreviation of the compound class and thatietetime (seconds). The odor descriptions
refer to Acree & Arn (2004) or GSC (1980-2009), wimearked with *. For Dihydroneoclovene
no odor description was found.

Compounds Odor description Dung type
Cattle Dog Horse Human Pig Sheep
Total number of compounds 11 4 9 5 6 3
Fatty acid derivates
Unknown FAD 1172 - 0.2 - - - 0.2 -
Unknown FAD 1720 - 0.2 - - - - -
Unknown FAD 2324 - 0.2 - - 0.3 - -
Unknown FAD 2385 - 0.5 - 11 - - -
Unknown FAD 2571 - 0.3 - 0.5 - - -
Ketones
2-Decanone orange, floral* - - - - 0.4 -
2-Undecanone orange, fresh, green 0.2 - - - 0.2 -

Nitrogen-containing compounds

Indole mothball, burnt 06 26.8 0.9 189 53 6.0

Unknown NCC 1770 — - 0.1 - — — —

3-Methylindole mothball, fecal 0.2 - 0.2 0.5 1.4 -
Sulphur-containing compounds

Dimethyl disulfide onion, cabbage, putrid - 47.1 - - - -
Benzenoids

p-Cresol medicine, phenol, smok®7.3 26.0 89.1 79.6 925 87.9

4-Propylphenol medicinal, phenolic* 0.2 - - - - -
Sesquiterpenoids

Unknown ST 1862  — - - 5.9 - - -

Dihydroneoclovene — 0.2 - 0.4 - - 6.1

Unknown ST 1907 - - - 0.3 - - -

B-Caryophyllene wood, spice — - 1.7 0.7 - -

The total amount of volatiles emitted by the duifeded significantly between dung
types (ANOVA: Fs515= 12.28,p < 0.0001). Pig dung emitted significantly morergce
than all other dung types. Also human and dog demdted relatively high amounts,
but only human dung differed significantly from tdeng of herbivores (cattle, horse

and sheep). The lowest total scent amounts peaatidn were found for sheep (Fig. 6).
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Figure 6. Mean total amount of dung scents emifitech dung of different dung producers *
standard error (box) and 95% confidence intervalsigkers). N = 4 samples per dung type.
Dung producers: human (Hu), pig (Pi), dog (Do),exhéSh), cattle (Ca), and horse (Ho).
Different letters indicate significant differendastween means (Tukey HSD test).

Non-metric multidimensional scaling (NMDS) based Bray-Curtis similarities was

used to visualize similarities between scent pesfof different dung types (Fig. 7). The
resulting graph indicates a distinct scent composiof the different dung types which
is corroborated by a one-way ANOSIM (GlolRl= 0.71,p = 0.001). Pairwise tests
(one-way ANOSIMSs) achieved a significant level & pairwise comparisons of scent
compositions between dung types except for the eoisgn human vs. sheep dung

(results not shown).

The structural formular of the three chemical comqs with the highest total amounts
are shown in Figure 7. The compounds p-Cresol addl¢ were emitted by every dung
type although their relative amount differed proemtly (Tab. 5). p-Cresol reached the
highest relative amount of all emitted scents indahg types, except in dog dung. In
the latter dung type the highest relative concéotrawas reached by Dimethyl

disulfide (DMDS), which was not found in any otliemg type (Tab. 5).
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Figure 7. Non-metric multidimensional scaling vikziag (Bray-Curtis) similarities of dung
scent profiles of 6 different dung types (N = 4 geng type). Dung types: cattle (Ca), dog (Do),
horse (Ho), human (Hu), pig (Pi), and sheep (Shidi#onally, structural formulas of scents
emitted in high concentrations by dung of all (:Cgesol, 2: Indole) or individual dung
producers (dog; 3: Dimethyl disulfide) are shown.

Relationship between dung scent profiles and dungeletle assemblages

In all subsequent analyses goose dung had to hedextbecause GC-MS analyses did
not produce reliable data on its scent profile thuthe extremely low total amounts of
detectable scent. The number of dung beetle spesieg (x + 1) transformed) caught
in individual pitfall traps during the four sampdirrounds, for which data of emitted
dung scent amounts were available, was not sigmifig related to the total amount of
extracted dung scents (log (x + 1) transformed¥ 0.24, N = 24p = 0.24; Fig. 8).
However, a strong positive effect of total dungrda@mount on the number of trapped
dung beetle specimens was found, when dung besdlepled by sheep dung were
excluded from the analysis £ 0.57, N = 20p = 0.008). Sheep dung strongly deviated

23



Dubeetles & Dung scents

by emitting relatively small total amounts of duscents but attracted relatively high
numbers of dung beetles (compare Fig. 8).
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Figure 8. Relationship between the total amourgoeints emitted by different dung types and
the number of attracted dung beetle specimens éNssent and beetle sample replicates per

dung type).

A Spearman matrix rank correlation relating (Bray#3) similarities of dung scent
profiles and dung beetle species composition (@dyples with>10 individuals
included) did not find a significant relationshipi{o= 0.022,p = 0.409).

Furthermore, we analyzed for the four most abundangy beetle speci€nthophagus
ovatus O. fracticornis O. coenobitaand O. joannae(for dates of the dung scent
extractions >10 individuals), which differed siga#ntly in their dung preferences (Fig.
3) if the number of trapped specimens is relatethiécamounts of individual dung scent
compounds. Due to the extremely low number of teapgung beetle specimens, horse
samples were excluded from all subsequent analfgescts of amounts of individual
dung scent compounds on the number of trappedmpasi of the four most abundant
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beetle species were analyzed using a Canonicakesfmndence Analysis (CCA). As
abundance measurement for each species, we caltuthe relative number of
individuals attracted by different dung types fdlr individual dates. Two of the 17
detected compounds (two unknown sesquiterpenoidsl1&?2 and ST 1907) were
excluded from the analysis because they only weniétexl by horse dung. To quantify
the relative amount of the 15 compounds for théhesmmpling date, their peak areas
were divided by the total amount of dung scent.s®ghently, all values were log-
transformed and standardized. A CCA including &l compounds did not show a
significant result (Monte-Carlo Test, all canonieakes:F = 1.48,p = 0.204), although
the 15 environmental variables explained about 6d®ovariance. Supplementary
collinearity was detected when fitting the two uaokm compounds FAD 2385 and
FAD 2571. These two compounds were for that readeleted from the set of
predictive scent compounds. To determine whichades of the 13 remaining best
explain the species data, a stepwise forward setegtas performed. Every step the
model was reduced by one compound, which explaleadt of the variance. The
eigenvalues (EV) and the test of significance Fa first and for all canonical axes of
the different models were noted. The ordinatiort plwown in Figure 9 represents the
achieved model with the highest significance (Me@itelo Test; first canonical axis:
EV = 0.35,F = 8.08,p = 0.036; all canonical axes: EV = 0.%4= 3.36,p = 0.002) and
includes seven scent compounds (4-Propylphenol,eB¥indole, unknown FAD
1720,B-Caryophyllene, Indole, unknown NCC 1770 and DMDB)e CCA ordination
indicated that the four dung beetle species resgbid different scent compounds or
combinations of them. OnlyD. coenobitaand O. ovatus which showed similar
preferences for human, dog, pig, and sheep dungpare Fig. 3), appeared to respond

to similar dung scents.
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Figure 9. Canonical Correspondence Analysis ingligaffects of amounts of 7 different dung
scents (standardized) on the abundance variatiotheoffour abundant dung beetle species,
Onthophagus fracticorniéfra), O. coenobitgova),O. joannagjoa), andO. ovatugova).
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DISCUSSION

Food specificity of dung beetles

The European dung beetle species live almost gnfi@m dung of pasture livestock,
like cattle, sheep, and horse (Rainio 1966, Hari€¥1b) and consume dung of
carnivores, wild omnivores and carrion only infregtly (Martin-Piera & Lobo 1996,
Barbero et al. 1999). Although the majority of species generalle all types of
herbivore feces, feeding preferences are reporteth fdifferent European areas
(Lumaret & Kirk 1987, Wassmer 1995, Martin-PieralL&bo 1996, Dormongt al.
2004, Dormontt al. 2007).

In our study dung beetles could choose between duidgferent herbivores, omnivores
and one carnivore. In general, human feces pravde tmost attractive, a phenomenon
also documented in tropical dung beetle speciesvfida & Nealis 1975, Larsen &
Forsyth 2005) and reported for certain dung begplecies by a study conducted in
Spain (Martin-Piera & Lobo 1996).

The four most abundant species in our study, atinggng to the genu®nthophagus
significantly preferred certain dung types. The cegggO. coenobitaappears to be
predominantly restricted to human dung, but alscux on cattle, horse, goat, sheep,
and pig excrements (Horion 1958, Petrovitz 1956Jdifionally, it is also regularly
observed on carrion. However, this food source ordy be used for nutrition by adult
beetles and not as breeding site (Burmeister 198Q)ur study this species was also
found in traps baited with dog and pig dung, bulyamarginally occurred in traps
baited with herbivore feces. LikB. coenobitaalsoO. fracticornis O. ovatusandO.
joannaereached their highest numbers in pitfall trapstdshiwith human dungO.
joannaeand O. ovatuswere additionally collected frequently by traps baitedthnpig
and dog dung. In contradiction, it was mentionedther authors thad. ovatusoccurs
primarily on sheep, but also on goat, cattle, dagld game feces, and carrion and
rooting vegetables (Horion 1958, Lohse & Lucht 19Baum 1989). FoO. joannae
sheep, cattle and other dung types were alreadyded as food sources (Lohse &
Lucht 1992, Bunalski 1999). The only beetle whigp@ared to be mainly restricted to
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the two omnivore dung types (not using dog dungdhia study wa<). fracticornis
However, also this species is known to exploitv@nying frequency) all kinds of dung
(Horion 1958). Further studies have to show if dgpecific differences in dung

preferences are perhaps the result of a seasogabgraphical variation.

All four species of the genudnthophagusare paracoprid beetles (tunnelers), which
prepare nests in the soil below droppings (Hanskiagnbeforte 1991, Finn & Gittings
2003). By contrast the endocrips (dwellers) bregdctly in the dung patch and are
represented predominantly by Aphodiidae speciesthia study the only at least
moderately abundant (> 10 trapped individuaAdphodiusspecies wad\. erraticus
which belongs as an exceptional case also to thepgof tunnelers (Rojewski 1983,
Vitner 1998). We found most specimens on the exergsnof sheep dung, although this
species was described as predominantly occurrirtgrunattle and horse droppings
(Horion 1958). The tunneleE. vulvusis known as consumer of horse and cattle
excrements (Lohse & Lucht 1992, Bunalski 1999), inubur study most specimens
were found in traps baited with human dung. Howethex abundance of the latter two
species did not prove to differ significantly beemedung baits, which might be related
to the generally small numbers of only 12 and 1ected specimens iA. erraticus

andE. vulvus respectively.

As mentioned before, the feeding habits of most@uipagous beetles are not restricted
to certain dung types. The majority of dung besglecies utilize various kinds of dung,
although for many species specific food preferermes reported (Al-Houty & Al-
Musalam 1996, Finn & Giller 2002, Martin-Piera & ha 1996). In this study, no
significant differences in richness of dung beetdsemblages attracted by different
dung types were found, although the abundance appéd individuals and species
composition differed significantly between dunggp Martin-Piera and Lobo (1996)
also found similar species richness, but a spemesposition significantly differing
between dung types, clearly indicating that feedmmgferences of species shaping

species assemblage composition.

The key question is why individual dung beetle sge@refer certain dung types for

their own nutrition as adults and as reproductite §ittings and Giller (1998) pointed

28



Viktoria Zagler

out three factors which potentially may influena®d preferences of coprophagous
beetles. First, detectability may be directly rethto the odor dispersion of a dung
patch. Secondly, the suitability of a dung patcldasg beetle habitat for adults, larvae
and eggs may change with increasing dung age.|¥irthe nutritional qualities may
affect the selection of the food resource for doegtles, whereas adults choose other
dung types for their own nutrition than for theffspring.

Specificity of scents emitted from different dung ypes

Feces of carnivorous, omnivorous and herbivorousimals vary in their volatile odor
composition and their nutritive composition andpnsequently, attractiveness for dung
beetles (Hanski & Cambeforte 1991). The source mahtéor the dung odor is
composed by exogenous products (undigested feemtingponents) and endogenous
products (e.g. microbial conversion of proteins afeimentable carbohydrates)
(Aarnink et al. 2007, Mooreet al. 1987). For that reason the odor differs between
animals with different nutrition and digestion. demties between the chemical
composition of carnivore dung and carrion, for epdamn are demonstrated by the
attraction of relatively few, but similar dung bleespecies (Hanski 1987). Also the 8
specimens of carrion beetles (d\gcrophorussp.,Oeceoptomap.) found in dog feces
during our study indicate that at least some bgddeding on carrion are also attracted
to carnivore dung. Dung volatile composition ofthigorous animals, such as grassing

cattle, depends on their different plant incorporatAii et al. 1980).

In this study two volatile compounds are detectedhe odor of most dung types, p-
Cresol and Indole. They were found to represent dgfvthe most important volatile
components in cattle dung (Aat al. 1980) and in livestock house air (O’'Neill &
Phillips 1992). We found p-Cresol as the major cooma in the odor of all dung types,
except of dog dung. For pig manure p-Cresol was &&ind as the main scent
compound in a study on houseflies attracted todnigg (Cossé & Baker 1996). p-
Cresol was already identified as an infochemicalseveral other insects (Kite 1992).
For example, it acts as olfactory attractant fog flapanese dung beetBeotrupes

auratus (Inouchi et al. 1988) and is applied as odor to traps for baitsgise flies
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Glossina longipennis (Kyorku et al. 1990). Furthermore, it is emitted by
sapromyiophilous flowers, such @&um maculatumimitating fecal or urinous odor

character to attract coprophagous insects actipglisators (Kite 1995).

Indole as well as Skatole are also characteristidlfe odor of feces (Kelling & den
Otter 2001, Aiiet al. 1980, O'Neill & Phillips 1992) and are additionalfound as
constituents in the scent of tainted meat (Mottrd891). Therefore these two
compounds appear to be highly attractive for hdigsefCossé & Baker 1996, Brovet

al. 1961). However, unlike Indole, Skatole could netdetected in every type of feces

in our study.

DMDS represented the major fraction found in thenscof dog feces, the only
investigated carnivorous mammal in this study. DMB&s also found as very
important volatile for the typical fecal odor of han dung (Mooreet al. 1987),
although this could not be confirmed by our stuBlglonging to the group of sulphides,
it is found in dung and meat as a product of degjrad (Kelling & den Otter 2001).

Furthermore five fatty acids were detected in dudied dung samples. They were most
abundant in cattle dung, which could be due to plent material (e.g. grasses)
consumed by cattle. For example, ltalian ryegrakgyes contains many fatty acid
volatiles and cattle feeding on it produce dunguding these volatiles (Aiet al.
1980). Also other studies found that high conceetrashort-chained fatty acids
contribute to the odor of dung (Moogéeal. 1987).

Dung types used in this study showed both diffezenioc emitted scent amount and
composition of dung scent volatiles. While thetfinsay have important consequences
for the detectability of a dung patch, the laterynise particularly important for
indicating type and nutritional quality of the durigscent composition plays a major
role, specific single volatiles or entire volatiheixtures could potentially affect the

attractiveness of dung for coprophagous beetles.
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Potential olfactory cues for dung beetles

For locating dung patches, dung beetles use thiictory sense (Landin 1961). In
contrast to other studies (e.g. Lumagttl. 1993) our results indicate that not only the
amount of dung scent influences the arrival of doegtles, but also the composition or
single compounds of the dung scent seemed to lmahivGittings and Giller (1998)
showed that the colonization of dung by coprophadmeetles is mainly influenced by
differences in the suitability of various dung tgpas dung beetle microhabitats (for
example qualities as breeding medium, nutritionallily) and not by the odor strength.
Therefore, the odor of dung must carry informatimportant for dung beetles to find a
preferred pat. For example, the size and age of gatches (Finn & Giller 2000) — due
to their crust formation (Thome & Desiere 1979nfluence odor dispersion properties
(Gittings & Giller 1998). Furthermore, the nitrogeantent, important for the nutrition
of adult dung beetles (Hanski & Cambeforte 199byld be indicated by volatile

nitrogen-containing compounds emitted by the dung.

Our results suggest that there are 7 differenttstempounds which most likely affect
the occurrence of the four most abundant dung dsetcies, all belonging to the genus
OnthophagusThree of these scent compounds represent nitrogiaining volatiles
(Indole, Skatole and one unknown NCC 1770). Theerofbur compounds belong to
different compound classes (sulphur-containing caumps; DMDS; benzenoids: 4-
Propylphenol; fatty acid derivates: FAD 1720; sesgpenoids:-Caryophyllene).
Surprisingly, p-Cresol, the scent with the highastcentration in all dung types, except
dog dung, had no significant effect on the occureenf dung beetles, although it
usually attracts many insects utilizing dung oriEmresources. As indicated by our
and other studies (Ait al. 1980, Cossé & Baker 1996, Kelling & den Otter 2004
Cresol seems to be emitted by all dung types. Thwexeit could be potentially of
overall importance for attracting dung beetles. doer, so far its importance as
attractant is only proven for some species, suclbestrupes auratuginouchiet al.
1988). p-Cresol could be important for the detdtitglof dung over larger distances.
However, the study orGeotrupes auratusndicated 2-Butanone, a very volatile

substance, to be responsible for guiding food $#agcand locating behavior, while p-

31



Dubeetles & Dung scents

Cresol appeared to be effective not until beetkschied the close vicinity of the
exposed dung (Inouckt al. 1988).

It is plausible that several volatile compounds tdbote to the information of the
nutritional qualities of a dung source. The occoecee of two dung beetle speci€s
coenobitaand O. ovatusappeared to be related predominantly to Indolewknas an
important attractant for several insects like héliese (Kelling & den Otter 2001) and
the dung beetleGeotrupes auratus(Inouchi et al. 1988). But also DMDS in
combination with an unknown nitrogen-containing @aund (NCC 1770), both
restricted to the scent of dog feces in this stuthd an influence on the arrival. As
mentioned before both speci€3, coenobitaand O. ovatus are found abundantly on
human dung and carrion and the compounds desaii@ee are characteristic for these
food sources. Omnivore/carnivore dung is nitrogeh-(Hanski & Cambeforte 1991)
and contains sulfides, which are also found asattsgion products in meat (Kelling &
den Otter 2001). In our study DMDS was only recdrdie the scent of dog feces.
However, it is also known to occur as a major fexdrant in human feces (Mooe¢
al. 1987).

Despite of their morphological similarities and thieservation tha®©. joannaeoccurs
along withO. ovatusin several dung types (Lohse & Lucht 1992), owuhes showed
that O. joannaeresponded to quite different scents. The occueai©. joannaewas
best explained by the benzenoid 4-Propylphenol amdinknown fatty acid derivate
(FAD 1720), both restricted to cattle excrement®rdpylphenol was already found to
attract — in combination with other phenolic compds — the biting midg€ulicoides
impunctatuswhich is also decoyed by cattle urine (Bhastiral. 2001). Indole seemed
to have a negative effect @dd. joannaein our study, a finding quite contrary to the
conclusions drawn by other studies (Kelling & deite©2001, Cossé & Baker 1996).

For the dung beetle speci€s fracticornis we found a high preference for Skatole
(nitrogen-containing compound), a typical fecal k@, and B-Caryophyllene
(sesquiterpenoid). Furthermor®, fracticornis showed a negative response to some
volatiles, particularly two compounds emitted fralmg feces (DMDS, NCC 1770j-

Caryophyllene is a major plant volatile found irs@gtial oils of several spice plants,
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like oregano (Mockuteet al. 2001), cinnamon (Jayaprakasetal. 2003) and black
pepper (Orawet al. 2004). It is also found in the scent of gepromyiophilous flower
Arum maculatungJirgenset al 2006) and in cattle dung (Kite 1998). fracticornisis
known as generalist. The positive effects of Sleatahd also Indole confirm this
acceptance, because these two compounds are gtretagked with fecal odor (Moore
et al 1987, Kelling & den Otter 2001) and occurred iostndung types analyzed in this
study.

To summarize, our data indicate that the prefereieéedung beetle species to certain
dung types are not necessarily linked to only améted volatile compound, but often

to a combination of several different scents. Mesgpsame compounds, which appear
to be a major attractant for certain dung beetéxigs, can be negatively related to the

occurrence of other species.

Conclusions

Gittings (1994) pointed out that the reproductivecess ofAphodiusspecies was
usually higher in preferred dung types, highligbtthe important link between fitness
and food preferences and the necessity for dungeke® detect and select the best
food source. Dung beetles locate and select tbenl Source on the basis of olfactory
cues (Dormonet al. 2007). They can distinguish between different dtypegs because
of the emitted volatiie compounds. As documented thig study, dung beetle
assemblages and scent composition clearly diffawden dung types. However,
differences in species composition were not diyecdlated to differences in scent
composition, indicating that certain subsets ohtxenay be of higher importance for
resource selection than the entire scent compaosittairthermore, our study clearly
demonstrated that several volatiles better predlitte occurrence of individual dung
beetle species than just individual scents, whi@s &lready recognized by another
study. Traps baited with five different odor compds (2-Butanone, Phenol, p-Cresol,
Indole, Skatole) attracted much more individualdhaf dung beetl&eotrupes auratus

than traps baited with only one of these volatjlasuchiet al. 1988).
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For parasitoid insects a learning process is rechrathich increase the effectiveness of
host-foraging behavior (Lewist al. 1990, Vet & Groenewold 1990, Turlingg al.
1993, Lewiset al. 1998). Host and food availability for parasitoidsies spatially and
temporarily and it is an advantage for them to adlagir foraging behavior (Lewist

al. 1998). Also food and breeding habitats of dunglbseire only patchily distributed
and temporarily available (Hanski 1991a). Therefaelearning process based on
feeding experience associated with olfactory cumgdcbe also advantageous in dung
beetles to increase the chance of finding highityuedod sources and to gain better
access to potential mating partner and breedirgs.siExperiments quantifying the
importance of individual dung scents potentialltirag as infochemicals, combined
with studies on potential effects of feeding exgecies on dung preferences, will offer

an interesting field of further research on copagius beetles.
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APPENDIX

Table A. Dung beetle species and individuals ct#i@@t 8 sampling dates (1 = 3 August 2007,
2 =7 August 2007, 3 = 13 August 2007, 4 = 16 Aug@i®7, 5 = 20 August 2007, 6 = 24
August 2007, 7 = 27 August 2007, 8 = 3 Septemb@r R@ith pitfall traps baited with seven
different dung types.

Species Dung type — sampling days
Cattle Dog
1 2345 6 7 8|1 23456 738

Subfamily Aphodiinae
Aphodius (Colobopterus) erraticus 1
Aphodius (Limarus) maculatus 1
Aphodius (Teuchestes) haemorrhoidalis
Aphodius (Volinus) sticticus

Subfamily Geotrupinae
Tribe Geotrupini
Geotrupes stercorarius

Subfamily Scarabaeinae
Tribe Oniticellini

Euoniticellus vulvus 1

Tribe Onthophagini

Onthophagus (Palaeonthophagus) coenobiti 1 2 2 12 2
Onthophagus (Palaeonthophagus) fracticorr 3 11 1 2 12
Onthophagus (Palaeonthophagus) gibbulus 2
Onthophagus (Palaeonthophagus) joannae 1 2 2 111 1 1
Onthophagus (Palaeonthophagus) nuchicori 1 1
Onthophagus (Palaeonthophagus) ovatus 8 7 1 5 20 34 5 1 6 48 1
Onthophagus (Palaeonthophagus) similis 1

Onthophagus taurus
Onthophagus (Palaeonthophagus) vitulus
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Table A. cont.

Species

Dung type — sampling days

Subfamily Aphodiinae
Aphodius (Colobopterus) erraticus
Aphodius (Limarus) maculatus
Aphodius (Teuchestes) haemorrhoidalis
Aphodius (Volinus) sticticus

Subfamily Geotrupinae
Tribe Geotrupini
Geotrupes stercorarius

Subfamily Scarabaeinae
Tribe Oniticellini
Euoniticellus vulvus

Tribe Onthophagini

Onthophagus (Palaeonthophagus) coenobit
Onthophagus (Palaeonthophagus) fracticor
Onthophagus (Palaeonthophagus) gibbulus
Onthophagus (Palaeonthophagus) joannae
Onthophagus (Palaeonthophagus) nuchicot
Onthophagus (Palaeonthophagus) ovatus
Onthophagus (Palaeonthophagus) similis
Onthophagus taurus

Onthophagus (Palaeonthophagus) vitulus

123456 738

Goose

Horse
1 2 3 45 6 7 8

1
21 2

2 2

3 10 2
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Table A. cont.

Species Dung type — sampling days

Human
1 2 3 45 6 7 8

Pig

1 2345 6 7

8

Subfamily Aphodiinae

Aphodius (Colobopterus) erraticus 1 1

Aphodius (Limarus) maculatus

Aphodius (Teuchestes) haemorrhoidalis

Aphodius (Volinus) sticticus 2

Subfamily Geotrupinae
Tribe Geotrupini

Geotrupes stercorarius 1

Subfamily Scarabaeinae
Tribe Oniticellini

Euoniticellus vulvus 4 2 2

Tribe Onthophagini

Onthophagus (Palaeonthophagus) coenobiti 1 3 1 3 11 2 4
Onthophagus (Palaeonthophagus) fracticorr 9 9 12 14 55 126 12 1
Onthophagus (Palaeonthophagus) gibbulus

Onthophagus (Palaeonthophagus) joannae 2 1 2 2 1 4
Onthophagus (Palaeonthophagus) nuchicori 2 1

Onthophagus (Palaeonthophagus) ovatus 25 74 12 29 6 35 1 1
Onthophagus (Palaeonthophagus) similis

Onthophagus taurus 2 1 1
Onthophagus (Palaeonthophagus) vitulus 1

18 21

=

»
(620 )

21 105

4 9 41 2

w -
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Table A. cont.

Species Dung type — sampling days

Sheep
1 2 3 45 6 7 8

Subfamily Aphodiinae

Aphodius (Colobopterus) erraticus 4 2
Aphodius (Limarus) maculatus
Aphodius (Teuchestes) haemorrhoidalis 1 1

Aphodius (Volinus) sticticus

Subfamily Geotrupinae
Tribe Geotrupini
Geotrupes stercorarius

Subfamily Scarabaeinae
Tribe Oniticellini

Euoniticellus vulvus 1 1

Tribe Onthophagini

Onthophagus (Palaeonthophagus) coenobiti 1 2 1
Onthophagus (Palaeonthophagus) fracticorr 1 6 2 11
Onthophagus (Palaeonthophagus) gibbulus

Onthophagus (Palaeonthophagus) joannae 1 1 1 1

Onthophagus (Palaeonthophagus) nuchicori

Onthophagus (Palaeonthophagus) ovatus 4 13 6 12 10 4
Onthophagus (Palaeonthophagus) similis

Onthophagus taurus

Onthophagus (Palaeonthophagus) vitulus
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Table B. Sent compounds and peak areas for thereliff dung types analyzed for four
sampling days corresponding to dates of dung berapping (1 = 3 August 2007, 4 = 16
August 2007, 5 = 20 August 2007, 7 = 27 August 20Bi7the last row the total scent amounts
(ng) of the individual dung scent extraction sam@ee provided.

Scent compounds

Dung types — Sampling dates

Cattle Dog

1 4 5 7 1 4 5 7
Fatty acid derivates
Unknown FAD 1172 200000 0 0 5000 0 0 0 0
Unknown FAD 1720 80000 50000 30000 5000 0 0 0 0
Unknown FAD 2324 21354 59730 0 80000 0 0 0 0
Unknown FAD 2385 124465 253731 10000 153783 0 0 0 0
Unknown FAD 2571 0 140000 1000 140000 0 0 0 0
Ketones
2-Decanone 0 0 0 0 0 0 0 0
2-Undecanone 50000 110000 5000 5000 0 0 0 0
Nitrogen-containing
compounds
Indole 232626 300000 5000 30000| 14966732 15233738 3761431 27943090
Unknown NCC 1770 0 0 0 0 195119 10000 5000 20000
3-Methylindole (Skatole) 112644 40000 1000 10000 0 0 0 0
Sulphur-containing
compounds
Dimethyl disulfide 0 0 0 0| 47498432 14707052 15492182 31035150
Benzenoids
p-Cresol 16270352 2731127€ 3454470C 20924870 60102532 0 0 0
4-Propylphenol 100000 30000 80000 10000 0 0 0 0
Sesquiterpenoids
Unknown ST 1862 0 0 0 0 0 0 0 0
Dihydroneoclovene 133748 80000 5000 30000 0 0 0 0
Unknown ST 1907 0 0 0 0 0 0 0 0
B-Caryophyllene 0 0 0 0 0 0 0 0
Scent amount (ng) 135.48 221.88 271.20 167.29] 959.96 234.20 150.60 461.34
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Table B. cont.

Scent compounds

Dung types — Sampling dates

Horse Human

1 4 5 7 1 4 5 7
Fatty acid derivates
Unknown FAD 1172 0 0 0 0 0 0 0 0
Unknown FAD 1720 0 0 0 0 0 0 0 0
Unknown FAD 2324 0 0 0 0 0 0 0 900000
Unknown FAD 2385 409124 50000 660348 229815 0 0 0 0
Unknown FAD 2571 0 644250 0 500 0 0 0 0
Ketones
2-Decanone 0 0 0 0 0 0 0 0
2-Undecanone 0 0 0 0 0 0 0 0
Nitrogen-containing
compounds
Indole 10000 0 1147672 0|1171229€ 1700560z 1664852¢ 10576420
Unknown NCC 1770 0 0 0 0 0 0 0 0
3-Methylindole (Skatole) 20000 40000 134344 10000 0 109587C 150000 250000
Sulphur-containing
compounds
Dimethyl disulfide 0 0 0 0 0 0 0 0
Benzenoids
p-Cresol 8810182 26425562z 4898648€ 25783780 4933916& 8249620(C 4846190¢ 55810488
4-Propylphenol 0 0 0 0 0 0 0 0
Sesquiterpenoids
Unknown ST 1862 1327133 1200229 4463770 300000 0 0 0 0
Dihydroneoclovene 40000 10000 247497 150000 0 0 0 0
Unknown ST 1907 70000 50000 134671 60000 0 0 0 0
B-Caryophyllene 538438 260804 883354 356555 54275 733934 885788 347309
Scent amount (ng) 87.77 224.27  443.05 210.27 477.82 792.38 517.24 530.83
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Table B. cont.

Scent compounds

Dung types — Sampling dates

Pig Sheep
1 4 5 7 1 4 5 7

Fatty acid derivates
Unknown FAD 1172 1000000 0 0 90000 0 0 0 0
Unknown FAD 1720 0 0 0 0 0 0 0 0
Unknown FAD 2324 0 0 0 0 0 0 0 0
Unknown FAD 2385 0 0 0 0 0 0 0 0
Unknown FAD 2571 0 0 0 0 0 0 0 0
Ketones
2-Decanone 50000 800000 1000000 651272 0 0 0 0
2-Undecanone 168129 293228 501422 190405 0 0 0 0
Nitrogen-containing
compounds
Indole 9337142 4698584 1239106&€ 5552282 100000 281064 150000 40000
Unknown NCC 1770 0 0 0 0 0 0 0 0
3-Methylindole (Skatole) 1185434 1187292 3892649 2436183 0 0 0 0
Sulphur-containing
compounds
Dimethyl disulfide 0 0 0 0 0 0 0 0
Benzenoids
p-Cresol 10523056¢ 13277264( 20597984( 11411324(¢ 350000 800000C 0 0
4-Propylphenol 0 0 0 0 0 0 0 0
Sesquiterpenoids
Unknown ST 1862 0 0 0 0 0 0 0 0
Dihydroneoclovene 0 0 0 0 0 126175 428968 20000
Unknown ST 1907 0 0 0 0 0 0 0 0
B-Caryophyllene 0 0 0 0 0 0 0 0

914.67 1092.81 1749.76 962.08 3.52 65.74 4.53 0.47

Scent amount (ng)
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