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1. De in vakkringen ingeburgerde aanduiding "vingers van 
Hoeksema" voor de sporen in de bodem die de aanleiding 
vormden tot dit proefschrift, wijst er reeds op dat aan deze 
structuren een biogene oorsprong wordt toegedacht. 

2. Inzicht in de genese en dynamiek van biogene poriënstelsels 
vereist onderzoek naar de populatiedynamiek van de organismen 
die de poriën vormen. 

Dit proefschrift. 

3. De in Nederland aangetroffen niet recente sporen van 
mestkeveractiviteit in zandgronden zijn hoofdzakelijk gevormd 
tijdens de overgangsperiode van de koude, Pleistocene Jonge 
Dryas-tijd naar het milde, Holocene Preboreaal. 

Dit proefschrift. 

4. Driehoornmestkevers bevorderen de bewortelbaarheid van 
zandgronden. 

Dit proefschrift. 

5. De betekenis van de ichnologie, dat is de leer der 
gefossiliseerde sporen van activiteit van planten en dieren, 
voor de vakgebieden der bodemkunde en terrestrische geologie, 
wordt onderschat. 

Dit proefschrift. 
Valiachmedov B. Pedobiologia 17: 60-69 (1969). 
Miller M F et al. Trace fossils and paleoenvironments. J 

Paleontology 58: 283-598 (1984) (Special issue). 

6. De verstoring van gelaagde structuren in de bodem onder 
invloed van flora en fauna kan niet worden omschreven als 
biologische homogenisatie. 

Hoeksema K J, Edelman C H. Trans 7th Int Cong Soil Sei IV: 
402-404 (1960). 

Slager S. Morphological studies of some cultivated soils. 
Thesis, Wageningen, 111 pp (1966). 



7. Mestkevers die in de bodem graven en er mest in brengen, 
hebben een onderschatte invloed op de concurrentieverhouding 
tussen heideachtigen en grassen. 

Sheikh K H, Rutter A J. J Ecology 57: 713-726 (1969). 
Berendse F. Oikos 44: 35-39 (1985). 
De Jager A. Response of plants to a localized nutrient 

supply. Thesis, Utrecht, 137 pp (1985). 

8. Dat in achtereenvolgende mestproppen een slechts weinig 
variabel aantal konijnekeutels wordt verwerkt, betekent niet 
dat de driehoornmestkever kan tellen. 

9. Entomologen die de driehoornmestkever als zeldzaam 
beschouwen, komen in het winterhalfjaar niet veel in het 
veld. 

10. Kalisz en Stone gaan ten onrechte voorbij aan de mogelijkheid 
dat de opmerkelijke en scherp begrensde verschillen in 
vegetatie tussen de "eilanden" van Pinus palustris en de 
"zee" van Pinus clausa in Florida (USA) in stand blijven 
onder invloed van de door henzelf geconstateerde aanzienlijke 
verschillen in menging van de grond door de bodemfauna. 

Kalisz P J, Stone E L. Ecology 65: 1743-1754 (1984). 
Kalisz P J, Stone E L. Soil Sei Soc Am J 48: 169-172 

(1984). 

11. De keuze van de mestworm Eisenia fetida als toets-organisme 
voor het evalueren van oecologische effecten van 
milieubelastende stoffen is een van de slechtst denkbare 
keuzen uit de in NW Europa voorkomende wormen. 

EEC. Guideline for testing of chemicals. Proposed 
protocol for testing the toxicity of chemicals to earthworms 
(1981). 

Ma W. RIN-rapport 84/10, 17 pp (1984). 
FAO. Guidelines on environmental criteria for the 

registration of pesticides (1985). 

12. Zowel in een landbouwkundige als in een milieukundige context 
vormt kwantificering van de rol van de bodemfauna in opslag, 
omzetting, transport en vrijmaking van plantevoedende en van 
milieubelastende stoffen een van de meest urgente terreinen 
van onderzoek in de bodembiologie. 



13. Het grote maatschappelijke belang van alternatieven voor de 
chemische bestrijding van ziekten en plagen in de land- en 
tuinbouw rechtvaardigt een veel grotere inspanning aan 
fundamenteel populatiebiologisch onderzoek dan thans in 
Nederland wordt geleverd. 

Ministerie van Landbouw en Visserij. Gewasbescherming in 
Nederland, 18 pp (1983). 

Van Lenteren J C. Plaagbestrijding anders: meer dan 
kunst- en vliegwerk? Inaugurele rede, 37 pp, Wageningen 
(1985). 

14. Het drastisch verminderen van de nadelige gevolgen van de 
hedendaagse land- en tuinbouw levert een grotere bijdrage aan 
de bescherming van natuur, milieu en gezondheid dan de 
eveneens noodzakelijke instandhouding en uitbreiding van 
natuurreservaten. 

15. Dat zoveel gelovigen door de gebroken wereld geen heil zien 
in het gebroken geweer is niet geloof-waardig. 

16. Om van star wars af te komen moeten we de war stars de laan 
uit sturen. 

17. Het is wenselijk dat bij de adressen in de telefoongids ook 
de postcodes worden vermeld. 

18. Dat de stellingen losbladig voorafgaan aan het proefschrift 
duidt erop dat ze hors d' oeuvre zijn. 

Proefschrift van Lijbert Brussaard. 
A pedobiological study of the dung beetle 
Typhaeus typhoeus (Coleoptera, Geotrupidae). 
Wageningen, 1 november 1985. 



"Onder het lopen droomde hij ervan ooit ergens één 

kubieke meter van de aarde net zolang te onderzoeken 

tot deze geen geheimen meer voor hem had. Te weten wat 

de samenstelling van de grond was, waar de verschil­

lende planten en beestjes zich mee voedden, hoeveel en 

wat ze precies nodig hadden, wat er gebeurde als de 

grond bevroor, hoe trillingen van voetstappen zich 

voortplantten door de aarde, hoe oud de grond was, wat 

nu precies leven was en wat dood, of werkelijk alles 

volgens wetten ging ... Hij wist dat het onmogelijk 

was, maar zijn verlangen was altijd sterker dan dit 

besef van onmogelijkheid". 

Oek de Jong, Opwaaiende zomerjurken. 
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ABSTRACT 

Brussaard, L., 1985. A pedobiological study of the dung beetle 

Typhaeus typhosus (Coleoptera, Geotrupidae). Doctoral thesis, 

Wageningen, x+ 168 pp., Eng. and Dutch summ. 

From a study of the reproductive behaviour of the dung beetle 

Typhaeus typhoeus it is concluded that cylindrical structures filled 

with soil material in sandy soils of The Netherlands are the result 

of the back-filling of burrows by scarab beetles. 

Apparently ancient structures of this type were dated using data on 

fossil beetle remains and on clay illuviation. The microstructures of 

the infillings of back-filled burrows and of the undisturbed matrix 

were quantified and compared. 

To develop a method to predict the beetles' contribution to the 

genesis of sandy soils, the habitat selection of T. typhoeus was 

studied, as influenced by soil temperature, soil bulk density, soil 

moisture and the availability of dung. 

Key words: Typhaeus typhoeus, dung, scarab beetles, traces, back­

filling, soil mixing, disturbance of stratification, sandy soil 

genesis, soil microstructure, habitat selection, soil temperature, 

soil bulk density, soil moisture, food exploitation, foraging. 



CHAPTER 1 

GENERAL INTRODUCTION 

During the past few years, interest in soil biology research has been 

growing both in the soil sciences and in the biological sciences. 

This thesis is one of the products of that interest. Although Kubiëna 

recognized as early as 1948 that "principally, the driving force of 

any soil forming process is biological", the modern soil sciences are 

still predominantly focussed on physical and chemical rather than on 

biological processes in the soil. Only very recently has the impor­

tant role of soil organisms in converting plant litter and promoting 

nutrient cycling, in buffering the movement of water and air in the 

soil and in influencing soil formation and erosion enjoyed renewed 

interest (e.g. Hole 1981, Bal 1982). As regards the genesis of soils, 

three groups of invertebrates can be considered instrumental, viz. 

earthworms (e.g. Hoogerkamp et al. 1983), termites (Wielemaker 1984) 

and scarab beetles* (this thesis). 

This thesis deals with cylindrical structures filled with soil 

material in sandy soils of The Netherlands and with the organisms, 

i.e. scarab beetles, that are considered to be responsible for their 

formation. In ichnology, a sub-discipline of paleontology, such 

* Scarab beetles are beetles belonging to the superfamily 
Scarabaeoidea, which includes, besides dung beetles, beetles 
living on carrion or plant material. The larvae and/or adults of 
many of these species burrow into the soil. 



structures are called traces or trace fossils, and to judge from a 

recent paper by Bracken and Picard (1984), the structures dealt with 

in this thesis can be classified in the ichnogenus Mueneteri-a von 

Sternberg, 1833. After having been described by Hijszeler (1957) 

these structures were observed by soil scientists at numerous places 

in The Netherlands and the surrounding countries. This raised the 

following questions, which will be dealt with in this thesis: 

(1) how and when did/do these structures originate? 

(2) how much do they affect the soil and can their effect on the 

soil be predicted? 

Because of their meniscate infillings and their small range in size, 

the structures were considered to be traces of animal activity. Our 

working hypothesis was that they could well originate from scarab 

beetle activities because the individuals of species that are of the 

right size to have been able to form such structures, are known to 

burrow into sandy soils. One of these, the dung beetle Typhaeus 

typhoeue (Linnaeus, 1758) was chosen as a model species for this 

study, because it is known to burrow 1 m or even deeper into the soil 

(Kuijten 1960) and it is locally abundant in heathland areas in The 

Netherlands. In order to understand how the above-mentioned traces 

were formed, the behaviour of the beetles in the soil had to be 

studied (chapter 2). The traces they made by back-filling their bur­

rows were compared with the above-mentioned structures (chapter 3). 

In chapter 3 the ages of apparently ancient structures are determined 

with the help of fossil beetle remains and by interpreting clay 

illuviation phenomena in and around the traces. Because not all 

aspects of the ancient structures could be unquestionably explained 



from the traces made by our model species, T. typhoeus, additional 

evidence that scarab beetles are indeed responsible for the genesis 

of the structures was derived from the study of another species 

(chapter 4). 

The question of how much the traces actually do and can be predicted 

to affect the soil has two aspects. Firstly, how different is the 

microstructure within the traces from that of the surrounding matrix? 

This aspect is treated in chapter 5. Secondly, how many traces are 

there and can be predicted to be formed and at what rate? To get to 

grips with this aspect it was thought necessary to start a study of 

the population biology of T. typhoeus. 

At this point it seems justified to digress a little to discuss soil 

biology as a division of the biological sciences, as discernable from 

soil biology in the soil sciences. In the biological sciences, the 

overwhelming diversity of soil organisms and the complexity of soil 

ecosystems has led to three types of study: firstly, autecological 

and population studies of single species; secondly, community studies 

resulting in frequencies of the occurrence of species in different 

soil macrohabitats; thirdly, ecosystem studies, in which the emphasis 

shifts from the soil organisms to the soil processes resulting from 

their activities, such as energy flow and storage and transport of 

nutrients. The results of the first two types of study are often 

difficult to extrapolate to the level of the ecosystem and this is 

perhaps one of the reasons, together with the tendency to avoid the 

studies of populations of organisms, that "pedobiologists" and 



"biopedologists" are showing increasing interest in collaborating in 

the third type of study (see the proceedings of the meeting on 

Biological Processes and Soil Fertility, Tinsley and Darbyshire 

1984). Although in the third type of study ample data are collected 

on soil processes, such studies shed little light on the causal 

structure of these processes. For certain practical purposes such 

causal analyses are, indeed, often considered unnecessary. Yet, if we 

wish to predict how a soil will develop or if we wish to manipulate 

soil processes in which soil organisms play an important part, e.g. 

in connection with nature management and agriculture, we need to 

understand "how the local system works". Perhaps the only way to 

reach this goal is (1) to restrict ourselves for the time being to 

relatively simple environments and (2) to restrict ourselves to those 

species that seem to play a crucial role in the relevant processes 

and (3) to derive the contributions of these species to the relevant 

soil processes from studying their population dynamics. The latter 

requires knowledge about habitat selection, about the effects of the 

organisms on the environment inhabited and about individual 

contributions to population processes. 

The dung beetle Typhaeus typhoeus occupies a relatively simple 

environment, dry heathland, where it is at least locally abundant and 

can be considered to play an important and direct role by reworking 

the soil (chapters 2-5) and by transporting and converting organic 

matter (dung) (Brussaard 1983). It also plays an indirect part by 

facilitating root development (chapter 5). Therefore, there appeared 

to be every reason to study the influence of T. typhoeus on the soil 

by the approach indicated above, i.e. by studying its habitat 



selection and reproductive performance (chapters 2, 6 and 7). 

From the very beginning of the study, however, it was clear that this 

line of research could not be followed as far as extrapolating the 

outcomes of individual behaviour to population processes, because the 

time allowed for the study was very short (less than four years) 

given the generation time of the beetles (two years or more). 

.Therefore, it is hoped that this study will be continued as a study 

of population dynamics, so that it will become more than just another 

one-species study and the point of integration of "biopedology" and 

"pedobiology" can actually be reached. 
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CHAPTER 2 

"Certes il ne nous révélera pas l 'origine des 

instincts; il laissera le problème aussi ténébreux que 

jamais; du moins il pourra projeter quelque lueur en 

un petit recoin, et tout lumignon, si vacillant soit-

il, doit être la bienvenue dans la noire caverne où 

nous conduite la bête". 

J.H. Fabre, 1914. 

Souvenirs entomologiques X: 1-73. 
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ABSTRACT 

This paper is part of a study of the contribution of dung beetles to soil formation in sandy 
soils. Typhaeus typhoeus (Linnaeus) has been selected because it makes deep burrows and is 
locally abundant. The beetles are active from autumn until spring, reproduction takes place 
from February to April. Sex pheromones probably influence pair formation. The sexes co­
operate in excavating a burrow (up to 0.7 m below surface) and in provisioning the burrow 
with dung as food for the larvae. Co-operation is reset by scraping each other across the 
thorax or elytra. Dung sausages, appr. 12.5 cm long and 15 mm in diameter, are manufac­
tured above each other. Development is rapid at 13—17 °C. The life cycle is accelerated by 
a cold period in the third larval stage. These requirements are met by soil temperatures up 
to 15 °C in summer and down to 5 °C in winter. The life cycle lasts two years, but longer 
under certain conditions. Newly hatched beetles make their way to the surface through the 
soil, but do not follow the old shaft. Adults reproduce only once. Differential rate of com­
pletion of the life cycle and occasional flying probably reduce the risk of local extinction. 
The study is thought to be relevant for behavioural ecology and soil science. 
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INTRODUCTION 

There were two main reasons for this study 
of dung beetles. First, ancient traces of former 
activity by small burrowing or crawling ani­
mals, presumed to be dung beetles, can be found 
today in sandy soils. By studying the behaviour 
of dung beetles it should be possible to ascertain 
whether these are indeed the relics of dung 
beetle activity. 

Second, in areas where dung beetles are abun­
dant nowadays, recent traces of their activity 
are present in the soil and this raises the ques­

tion of how much dung beetles contribute to 
soil formation today. 

These topics will be discussed in subsequent 
articles. The ancient traces (with an account of 
their age) will be described in a forthcoming pa­
per and will be compared with the traces result­
ing from recent dung beetle activity. It will be 
shown that dung beetles may indeed be respon­
sible for the ancient traces. 

Knowledge about the reproductive behaviour 
of the dung beetles is required for a proper un­
derstanding of their influence on soil morpholo­
gy, and therefore this is discussed in the present 
paper. After a brief introduction to dung beetles 
as a group, the general biology of the species se­
lected for s tudy, i.e. Typhaeus typhoeus (Lin­
naeus, 1758), is described and its geographical 
range is discussed. 

In order to quantify the beetles' contribution 
to soil formation it will eventually be necessary 
to explain and predict their population dynam­
ics. This considerable task was reduced to two 
basic investigations in the present s tudy. The 
first pertains to the development of life stages 
during the season and to phenological phenom­
ena that seem to be related to the persistence of 

203 



204 TIJDSCHRIFT VOOR ENTOMOLOGIE, DEEL 126, AFL. 10, 1983 

the species in time and space. As this constitutes 
part of the biology of the species it has been in­
cluded in the present paper. The second basic 
investigation pertains to the environmental con­
ditions (including soil conditions) with which 
the beetles have to cope during the season of 
adult activity. These conditions may affect the 
beetles' burrowing and reproduction. This will 
be treated in another paper. It will be shown 
that the number of dung targets and their distri­
bution in the field is of paramount importance 
for the population ecology of T. typhoeus and 
its impact on soil. 

In its impact on soil Typhaeus typhoeus 
should serve as a model species for all Geotrupi-
ni found in the temperate Holarctic and, to 
some extent, also for other dung beetle species 
of the paracoprid type in other parts of the 
world. 

Consequently, in this paper about T. ty­
phoeus, the emphasis will be on aspects of be­
haviour that may help to explain the impact on 
soil formation caused by this kind of dung 
beetle. Aspects of the reproductive behaviour of 
T. typhoeus that have been published elsewhere 
will be re-described in terms of their relevance 
to soil formation. Fur thermore, useful new in­
formation about behaviour and the devel­
opment of life stages will be presented. 

D U N G BEETLES AND THEIR ASSOCIATION WITH 

SOIL 

Representatives of several coleopteran fami­
lies are regularly found inhabiting dung, e.g., 
Hydrophil idae and Histeridae. The term "dung 
beetle", however, is usually restricted to a num­
ber of species belonging to the superfamily 
Scarabaeoidea. Scarab beetles, whether dung 
beetles or not, show a close connection with 
soil. The larvae of most species live under­
ground on a food-stock of dung or plant re­
mains, prepared by their parents, or they show a 
free-living, root-sucking habit. Adults of most 
species forage above-ground on fungi, dead or­
ganic matter or fresh leaves and bu r row into the 
soil to prepare food-stocks for their larvae, to 
lay eggs or to hibernate or aestivate. 

Living on dung may have evolved from living 
on dead organic matter and fungi (Iablokoff-
Khnzorian, 1977; Crowson , 1981). In the fami­
ly Geotrupidae, to which Typhaeus typhoeus 
belongs, all these habits occur and this family 
has been placed near the base of the scarabaeoid 
evolutionary tree by the authors mentioned 
above. Dung-feeding beetles may have devel­

oped the practice of digging into the soil as a re­
sult of searching for truffle-like fungi that 
adopted a subterranean life history during times 
of warming climate. The habit of making food-
stocks out of dead organic matter or dung 
instead of searching for fungi is presumed to 
have developed subsequently. 

Dung beetles spread all over the world from 
the Jurassic/Cretaceous periods onwards (Iab-
lokoff-Khnzorian, 1977; Crowson, 1981). The 
Geotrupini tribe probably radiated out from the 
area of the Tertiary Tethys Sea (Krikken, 1980) 
and now shows a predominantly temperate, 
Holarctic distribution. 

In addition to the Geotrupidae, one other 
family of scarab beetles is important for our 
study, viz., the Scarabaeidae. This family not 
only contains dung beetles (e.g. Scarabaeinae 
and Aphodiinae), but also beetles of the cock­
chafer type (Melolonthinae), which, as adults, 
live on fresh leaves and, as larvae, show a root-
sucking way of live. Cockchafers will be dis­
cussed in a subsequent paper. 

C H O I C E OF TYPHAEUS TYPHOEUS AS AN OBJECT 

OF STUDY 

The impact of dung beetles on soil may be 
two-fold: enrichment with dung or plant re­
mains, and physical disturbance. O n the basis of 
their impact on soil, dung beetles may be divid­
ed into three ecological groups, as proposed by 
Bornemissza (1969) in a different context. 

First, the endocoprids, which pass their life 
cycle from egg to adult in the dung on the sur­
face, or spend part of their life cycle a few centi­
metres deep in the soil, e.g. Scarabaeidae-Apho-
diinae. Second, the telecoprids, which make a 
ball out of the dung, roll it some distance away 
and bury it superficially as a food source for the 
larva, e.g. Scarabaeidae-Scarabaeinae. And, 
third, the paracoprids, which bu r row a fairly 
deep shaft under or close to the dung patch; 
part of the bur row is filled with food for the lar­
vae and part of it is back-filled with soil, e.g. 
Geotrupidae. 

Because of the depth of the shafts and the 
amount of dung t ransported below the ground, 
dung beetles of the paracoprid type, especially 
the larger species, may be considered to have 
the greatest impact on soil. In the temperate re­
gions, paracoprid dung beetles of the Geot rupi ­
ni tribe are the most important in this respect, as 
has been shown by the studies of Fabre ( ± 
1910), Schreiner (1906), Spaney (1910), Von 
Lengerken (1954), Howden (1955, 1964, 1974), 

10 
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Table 1. Depth of shafts in Geotrupidae. 

faunal 
region 

Palaearctic 

Nearctic 

species 

Geotrupes mutator' 
G. spiniger' 
G. stercorarius" 

G. stercorosus'' 
G. vernalis'' 
Lethrus apterus 

Typhaeus momus 
T. typhoeus"' 

T. hiostius 
Geotrupes egeriei 
G. hornii 
Bolboceras farctum 
Bradycmetulus ferrugmeus 
Mycotrupes retusus 

M. gaigei 
Peltotrupes youngi 

depth of 
shaft (cm) 

s 30 
25— 30 
S 50 
35— 60 
35— 60 
12— 68 
60—100 
75—100 
50— 65 
10— 15 
29—100 
60—100(150) 
48—130 
70—140 
s 150 
60—160 
20— 75 (90) 
40— 75 
57 
35—105 
45— 90 

S 205 
140—270 

source 

Teichen, 1955 
Lumaret, 1980 
Teichert, 1955 
Spaney,1911 
Spaney, 1910 
Teichert, 1959a 
Frantsevich et al., 1977 
Teichert, 1959b 
Schreiner, 1906 
Baraud, 1977 
present study 
Kuyten, 1960 
Teichert, 1959b 
Spaney, 1910 
Fabre, ca. 1910 
Crovetti, 1971 
Howden, 1955 
id. 
id. 
id. 
Olson, Hubbell & 
Howden, 1954 
id. 
Howden, 1952 

occurring in The Netherlands. 

Teichert (1955, 1956, 1957, 1959a), Kuijten 
(1960), Crovetti (1971) and Klemperer (1978, 
1979). There are differences between geotrupid 
species in, for example, geographical range, 
habitat, (use of) flight capability, reproductive 
season, depth of the shaft (table 1) and number 
of eggs laid (table 2). 

In northwest Europe, Typhaeus typhoeus 
(fig. 1) is one of the most obvious species to 
study. The beetles are locally abundant with a 

maximum of 1—2 pairs per m2 and they make 
very deep burrows (tables 1 and 3). Occasional­
ly I have found them as deep as 1 m and they 
may go even deeper, up to 1.50 m (Fabre, ± 
1910; Spaney, 1910; Teichert, 1959b; Kuijten, 
1960). Moreover, they t ransport a fair amount 
of dung below the ground, as reflected by the 
number of dung sausages produced (= number 
of eggs laid; tables 2 and 4). 

Fig. 1. Typhaeus typhoeus (Linnaeus, 1758). Left, male, and right, female. 
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Table 2. Number of eggs laid per nest or per female (if reported) in Geotrupidae. 

species number of eggs laid 
per nest or per female 

Geotrupes mutator' 
G. spiniger* 
G. stercorarius* 

G. vernalis* 
Lethrus apterus 

Typhaeus typhoeus'''' 

T. hiostius 

4—16 per 9 
9—10 per 9 
4—17 per 9 

(2) 3 - 6 (8) 
5—10 per 9 
5— 7 
6—11 per 9 

(1) 4—16 (21) per 9 
1— 6 per nest (field) 
S 10 per nest 
S 15 per 9 
3 - 6 (8) 
2— 8 per nest (field) 

Teichen, 1955 
Lumaret, 1980 
Teichen, 1955 
Spaney, 1910 
Teichen, 1959a 
Frantsevich et al., 
Schreiner, 1906 
present study 
id. 
Palmer, 1978 
Kuyten, 1960 
Spaney, 1910 
Crovetti, 1971 

1977 

!;' occurring in The Netherlands. 

G E N E R A L BIOLOGY 

Nesting 
The reproductive behaviour consists of bur­

rowing a branching shaft, provisioning the 
branches with food for the larvae and sealing 
the remaining bu r row partly or completely with 
soil. Though the female, once fertilized, can 
perform the whole process on her own, the 
beetles normally operate in pairs. Some aspects 
of the reproductive behaviour have been out­
lined previously by Fabre (± 1910), Kuyten 
(1960) and Palmer (1978). 

Habitat 
The habitat is open to half open heathland, 

and the beetles are most abundant in bare areas 
surrounded by Nardus stricta, Cladonia spp. 
and Calluna vulgaris, and along paths. They al­
so occur in open pine woods , predominantly 
along paths and in small clearings. A vital pre­
requisite is the presence of dung. The beetles are 
found only on herbivore dung, mostly that of 
rabbits, as the rabbit is the most abundant her­
bivore in the habitat of T. typhoeus. They will 
also use dung from sheep, deer and roe. 

Seasonal and diurnal incidence 
From the second half of September onwards 

and throughout the winter, T. typhoeus is active 
whenever the temperature is above zero and 
there is no snow. Intense activity occurs in O c ­
tober and November , which is the main period 
of maturation feeding, and from February to 
April, which is the main period of reproduction. 
From May onwards the reproductive activity 

declines rapidly and from June to the latter half 
of September there is no adult activity at the soil 
surface (fig. 2). Cont rary to the common as­
sumption that the beetles only reproduce after 
the turn of the year (Fabre, ± 1910; Main, 1917; 
Kuijten, 1960) I have established from field ob ­
servations that pair formation, oviposition and 
provisioning with dung is not exceptional as 
early as the third week of October . O n the o th­
er hand, unpaired beetles can be found in shal­
low burrows as late as March, where they are 
apparently still involved in maturation feeding. 

Although in overcast and humid weather ac­
tivity on the surface by day is not exceptional, 
T. typhoeus is usually active above-ground at 
dusk and at night. 

DISTRIBUTION 

The genus Typhaeus 
The genus Typhaeus Leach, 1815, contains 

six species of about the same size: 14—22 mm 
long and 8—11 mm wide. Five of these are re­
stricted to the Mediterranean area: T. hiostius 
(Gene, 1836), T. momus (Olivier, 1789), T.fos-
sor (Wahl, 1838), T. lateridens (Guérin, 1838) 
and T. typhoeoides Fairmaire, 1852. The first of 
these is endemic to Sardinia. The sixth species, 
T. typhoeus has the largest geographical range: 
from Morocco to South Sweden, westwards to 
Ireland and eastwards to Poland (Hor ion , 1958; 
Lindroth, 1960) and Yugoslavia (Miksic, 1956), 
but it is absent in Hungary (pers. obs. and 
Endrödi , pers. comm., 1981). A preliminary 
map of the distribution in Europe is given in 
fig. 3. 
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Fig. 2. Number of Typhaeus typhoeus captured in standard pitfalls in various heathlands in the Dutch province 
of Drenthe during the years 1959—1967. (Courtesy of P. J. den Boer.) 

Typhaeus typhoeus in The Nether lands 
In The Netherlands, T. typhoeus is found in 

sandy areas, even in isolated spots surrounded 
by peat, clay or loam soils (Gaasterland, Be­
tuwe, South Limburg) but, remarkably, it is not 
present in the dunes along the west coast and on 
the Wadden islands in the nor th of the country. 
Fig. 4 is a preliminary map of the distribution of 
T. typhoeus in The Nether lands . 

Absence from the dune region 
In a prel iminary experiment to ascertain the 

reasons for the absence of T. typhoeus from the 
dunes, it was found that under laboratory con­
ditions two pairs of beetles reproduced quite 
normally when supplied with pellets of rabbit 
dung from the Wadden island of Vlieland. The 
trial was stopped when the larvae were in their 
final instar. Under field conditions in enclosures 
in the dunes of No r t h Hol land near Castricum, 
beetles made normal bur rows in which they 

provisioned dung for their offspring, whether 
supplied with pellets of rabbit dung from the 
dunes ( two pairs) or from the inland ( two pairs). 
When the burrows were excavated six months 
later, it appeared, however, that only one of the 
22 dung sausages contained a live larva, whereas 
in most of the other cases the larva had died and 
in some cases the egg had evidently not hatched. 
This work needs to be continued to yield con­
clusive results. 

M E T H O D S 

To study the behaviour of T. typhoeus in the 
laboratory, the beetles were kept in cages (1 m 
high and 0.60 m wide), similar to the one de­
scribed by Main (1916/17): a wooden frame in 
which two windows (4 mm thick) were kept a 
distance of 15 mm (sometimes 12 mm) apart. 
The space between the windows was filled from 
above with tamped down portions of sand that 
came from a field at Wijster, in the Dutch prov-

13 
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Fig. 3. Geographical range of Typhaeus typhoeus. Grey area: after Pijpers (1981). Striped area: typhoeus pre­
sent according to Horion (1958), Lindroth (1960) and Sinclair (1977). Barred area: typhoeus not occurring 
according to Endrödi (pers. comm., 1981). 

Fig. 4. Distribution of Typhaeus typhoeus in The Netherlands. After Pijpers (1981). Each dot indicates at least 
one specimen. Stars constitute additional occurrences, assessed by present author. The dot near the west coast 
pertains to two specimens, captured around the turn of the century. 

ince of Drenthe, where T. typhoeus occurs nat­
urally. The soil there is coversand to a depth of 
1.40 m, in which a podzol has developed (Van 
Heuveln, 1965). The predominant particle size 
was 0.1—0.2 mm and particles larger than 0.6 
mm were scarce. The organic matter content of 
the sub-soil was 0.6%. The sand was air-dried 
and subsequently moistened to a water content 
of 10% (by mass) to approximate field condi­
tions in September at a depth of about 0.50 m 
below the surface. The tamping resulted in a 
bulk density of approximately 1.50 g/cm3, 
which was similar to the field situation at about 
0.50 m below the soil surface. 

The beetles made their burrows in the sand 
between the windows. The light/dark regime in 
the rooms with the cages was the same as in na­
ture. Daylight conditions were simulated with 
TL-33 tubes supplemented with normal bulbs. 
To prevent light affecting the beetles in the soil, 
the windows of the cages were covered with 
sheets of black plastic. A horizontal walking-
surface (0.50 X 0.60 m2) on which dung could 

be offered was mounted on top of the glass cage 
and covered with 0.8 mm mesh wire-netting to 
prevent the beetles from flying away. Observa­
tions were usually carried out under dim red 
light, after the plastic sheets had been removed. 

For the rearing 60 cages were used. To com­
pare the laboratory results with the field situa­
tion, five cages were dug into the soil in the field 
at Wijster. In addition, the experimental equip­
ment in the field included five 1 X 1 m2 and six 
2 X 2 m2 enclosures consisting of 0.50 m wide 
stainless steel plates which were inserted to a 
depth of 0.20 m in the soil. These enclosures 
were also spanned with the wire-netting. 

Almost all beetles used in the experiments 
were captured at the same site near Havelte in 
the province of Drenthe. Newly hatched adults 
can easily be collected in autumn from under 
the small hummocks of soil, where they have re­
tired with some dung for their maturation feed­
ing. Prior to experiments the beetles were kept 
in sand-filled plastic jars, 13 cm high and 10 cm 
in diameter, for a least six weeks at 5 °C. 

14 
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Further details about the experimental meth­
ods will be given in the appropriate sections be­
low. 

REPRODUCTIVE BEHAVIOUR 

Emergence and maturation feeding 
The first newly hatched adults of T. typhoeus 

appear on the surface in the second half of Sep­
tember, usually after heavy rain. They immedi­
ately go in search of dung. 

As soon as a beetle has found a small collec­
tion of dung it excavates a J-shaped feeding bur­
row approximately 15—20 cm deep (in the case 
of females sometimes deeper) and 13—16 mm in 
diameter. The beetle carries a number of dung 
pellets (in the case of rabbit dung mostly 10— 
20) down into its burrow and starts its matura­
tion feeding. Given that reproduction was ob­
served as early as the third week of October, the 
maturation feeding time in T. typhoeus is proba­
bly approximately four weeks, at a temperature 
of 13—16 °C. 

Flying 
To judge from the many beetles I found 

crawling around on the surface and the relative­
ly few flying, it would seem that the beetles 
mostly move by walking and less so on the 
wing. Nonetheless, flying was observed in the 
field at a temperature of about 12 °C in the sec­
ond week of October at dusk, in foggy weather 
with little wind. The beetles emerged from their 
burrows with their hind wings already unfolded 
and pumped up and flew off immediately. They 
flew low, zigzagging over the vegetation and 
the maximum distance I saw covered in one 

flight did not exceed an estimated 50 m. At­
tempts to fly were also observed at the same 
time of the day in the laboratory in the plastic 
jars in which the beetles were kept prior to ex­
periments. Blut (1938) encountered T. typhoeus 
flying at dusk in late May. Flying is possible 
even at very low temperatures, since in one of 
my laboratory experiments a female flew 
around in the walking area of a glass cage at 
5 °C, although she had been subjected to that 
temperature for over six weeks. 

To study flight movements in T. typhoeus 
more closely, two window traps and a mist-net 
trap were placed in a study plot at Wijster, in 
the Dutch province of Drenthe. The window of 
the window trap measures 100 X 50 cm2 and it 
catches beetles flying at a height of 150—200 cm 
above the ground. The mist-net trap measures 
100 x 50 cm2, catching beetles flying 20—70 cm 
above the ground. After colliding with a trap 
the beetle falls down into a reservoir containing 
4% formaline. The two window traps were in 
operation from 29 September 1978 and the 
mist-net trap from 8 November 1978 until the 
summer of 1980. In all, 19 beetles were trapped: 
eight males and eleven females (fig. 5). Fifteen 
beetles were captured in the single mist-net trap 
and only four in the two window traps, which 
confirms that the beetles fly low. Of the eleven 
females, ten were relatively unimpaired when 
the trap was inspected; two (captured on 27 
September and 1 October, respectively) showed 
developing ovaries and had not yet mated; eight 
contained eggs and had mated, to judge from 
the presence of sperm cells. This shows that al­
though no flying beetles were captured during 
peak reproduction in March, T. typhoeus can be 

M | J 

m o n t h s 

Fig. 5. Number of beetles trapped in flight at a study plot at Wijster (province of Drenthe, The Netherlands 
during 1978/79 and 1979/80. 
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Fig. 6. Stance adopted by male Typhaeus typhoeus for supposed pheromone release during defecation. (Photo of 
beetle in nest entrance on walking surface of glass cage.) 
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Fig. 7. Cumulative number of newly hatched male and female beetles appearing at the surface in September and 
October 1980 in a rearing trial started in late winter 1979. 
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added to the list of species not obeying the oo -
genesis-flight syndrome of Johnson (1969). 

The gut content of 14 of the trapped beetles 
was qualitatively estimated. In five beetles the 
gut was half filled or less, in nine the gut was 
more than half full. F rom these findings it can­
not be concluded that a shortage of dung is the 
reason for flight. 

Settlement and pair formation 
Crovetti (1971) states that in Typhaeus hios-

tius the male penetrates the feeding bu r row of a 
female after maturation feeding. In T. typhoeus 
I have observed behaviour that strongly sug­
gests that pheromones may play a role, at least 

in some stage of adult life, in pair formation: 
under laboratory conditions I have repeatedly 
observed that a male who has abandoned a nest 
with a female, then digs a shallow bur row near a 
food source, similar to the J-shaped feeding 
burrow. Next to this the male can be observed 
defecating in a characteristic stance, his body 
tilted at an angle of about 45° to the surface with 
his head above the entrance of the bu r row and 
his abdomen lifted (fig. 6). This stance suggests 
that a pheromone is released with the excre­
ment. Although the hypothesis of pheromone 
release needs experimental confirmation, it is 
significant that this stance was invariably 
adopted around the time that the light in the ex-

number of rabbit 
dung pellets taken down 
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Fig. 8. Mean number of rabbit dung pellets carried down by beetles kept in plastic jars at 13—16 °C for ten 
weeks after their capture on 29 September and 4 October 1978. Vertical lines indicate upper half of standard 
deviation. 
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perimental room was automatically switched on 
or off, i.e., around dawn or dusk. At those times 
the weather is usually favourable for odour 
communication because of high air humidity 
and moderate wind velocity. 

Crovetti's (1971) observation that the male 
joins the female after maturation feeding and 
my observation that males appear to be trying 
to attract females after the pair has split up, sug­
gests that the former behaviour changes to the 
latter in the course of the season (assuming the 
two Typhaeus spp. behave similarly). There is 
some evidence to support this. In the rearing 
trials I carried out, the females usually appeared 
on the surface and started maturation feeding 
before the males: the median of the total num­
ber of females on the surface was reached eight 
days before that of males (fig. 7). Furthermore, 
in a cohort of beetles captured in the field, fe­
males carried down the same quantity of dung 
for maturation feeding as did the males (fig. 8). 
If the duration of maturation feeding is the same 
for both sexes then it seems probable that fe­
males mature sexually earlier than the males. 
For a female, the prerequisites for reproduction 
are a male and an adequate amount of dung, as a 
food source for the future larvae, and therefore 
her most profitable strategy seems to be not to 
go and search for one of the few males available 
for mating, but rather to settle near a spot rich 
in dung, make a shallow burrow and wait there 
for a male. This needs to be confirmed by addi­
tional research. 

During the reproductive season the pattern 
changes: whenever a pair of beetles abandons a 
nest it is usually the male who leaves first, as 
will be reported in greater detail in another pa­
per. Several days may pass before the female ap­
pears outside the burrow. By the time the male 
leaves the burrow most females will be paired 
and involved in breeding, so that it is unprofit­
able for him to search for one of the few bur­
rows with an unpaired female. Instead, he seeks 
a spot with plenty of food, near which a new 
nest can be made, and tries to attract one of the 
females that will appear above-ground after 
abandoning a nest. 

Copulation 
On the first encounter, which usually takes 

place in a shallow feeding burrow, the male vig­
orously sweeps his front tibiae across the fe­
male's thorax, the female turns around and then 
the male sweeps across her elytra while half 

mounted on her back. Finally, the female lifts 
her abdomen and copulation follows, lasting 
from 3 to 20 min. The female terminates the 
copulation by stepping forwards a few cm, 
turning around and pushing the male back. 

Burrowing 
Having paired and copulated the beetles make 

a nest that finally consists of a shaft that may or 
may not divide into tunnels, from which a num­
ber of brood chambers branch off, provisioned 
with dung for the progeny and sealed by back­
filling with soil (fig. 9). The female excavates by 
scraping the sand under her body with her front 
tibiae and then using her middle and hind legs to 
move it further back. As the sternites are dense­
ly covered with backward-pointing hairs, the 
sand does not fall down past the beetle when 
she is in a vertical position. While excavating, 
the beetle intermittently turns around its length 
axis. Every time the beetle has excavated 0.5— 
1.0 cm of the shaft she moves several mm back­
wards, and by doing this tamps down the moist 
sand behind her into a plug. Then she turns 
around and pushes the plug into the shaft with 
her head and thorax, again intermittently turn­
ing around her length axis. This turning enables 
her to apply force to a different point and thus 
facilitates the transport of the plug. The upper 
part of the shaft, within a depth of 30 cm from 
the surface, is made horizontal for some 10—15 
cm (fig. 9). Here the female always leaves her 
sand plug before returning down the burrow to 
continue excavating. The male then burrows 
through the sand plug. Since the female has left 
the plug in a horizontal part of the passage, the 
sand does not fall down the shaft. Once past the 
small plug, the male turns around and shovels it 
to the exit, transporting it in the same way as 
the female. In this way a sand heap gradually ac­
cumulates on the surface, finally achieving a 
height of some 5 cm and a diameter of 10—15 
cm. 

In one of the glass cages the excavation of the 
shaft was closely monitored. Fig. 10 clearly 
shows that the beetles may continue to excavate 
for four days without pausing. 

On four successive days, during periods indi­
cated in fig. 10, I recorded the intervals during 
which the female was involved in sand excava­
tion and transport, respectively. On the first 
three days the duration of the periods of excava­
tion was the same, on the fourth day the dura­
tion was much longer, presumably indicating 
that the female was about to terminate the bur-
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Fig. 9. Nest of Typhaeus typhoeus in one of the glass cages. 
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rowing. The duration of sand transport steadily 
increased to half an hour per plug. The cage had 
been filled and the sand tamped down under 
water. This resulted in a bulk density of 1.70 
g/cm3, which is the maximum a beetle may gen­
erally encounter in the field. The temperature in 
the room with the cage was 5 °C throughout the 
reproduction of the beetles. This approximates 
the soil temperature up to a depth of 1 m, mea­
sured in the field at the beginning of March, fol­
lowing the severe winter of 1978/79. This tem­
perature was, therefore, near the lowest the 
beetles may encounter underground in the field 
in The Netherlands. Even so the beetles pro­
gressed fairly rapidly (fig. 10). In a total of 60 
cages filled with less densely packed sand (not 
exceeding 1.55 g/cm3) and at temperatures of 
5—17°C the shaft was excavated within 1—3 
days. 

The morphology of the shaft was very vari­
able. However, a horizontal part was invariably 
present within a depth of 30 cm. During the 
process of excavation the female often made an­
other horizontal or slightly sloping gallery 
where she left the sand plug while continuing 
deeper. The shaft terminated in an oblique or 
horizontal gallery 6—15 cm long: the future 
first brood chamber (fig. 9). The depth of the 
shaft varied considerably, as can be seen from 
table 3. 

The diameter of the shaft is determined by the 
size of the larger of the two beetles. In the field, 
casts of twelve shafts were made using liquid 
paraffin wax that solidified on cooling, enabling 
the diameter of the shafts to be measured. The 
mean diameters of all shafts were then averaged: 
the overall mean was 14.2 ± 0.7 mm (S.E.). 

Oviposition and behaviour prior to and 
following it 

As soon as the female has terminated the bur­
rowing she begins to make a small cavity 
(diameter about 0.5 cm) for the future egg by 
moving her head and fore legs in the blind end 

of the almost horizontal terminal part of the 
burrow, alternately scraping some sand away 
and pushing part of it back. When she has fin­
ished she walks up and down the passage until 
the male arrives. The male joins the female, 
sometimes before she has finished the egg 
chamber, when he no longer encounters a sand 
plug to transport upwards. Then the beetles 
usually mate, as described before. 

Copulation at this stage, i.e. prior to oviposi­
tion, is not obligatory but it is seldom omitted. 
After copulation the male starts scraping sand 
over a distance of about 10—15 cm from the 
bottom of the future first brood chamber. He 
may do this several times, so that a sand plug is 
formed. Then he turns around and transports 
the plug upwards. The female continues to pre­
pare the egg chamber, breaking off to walk 
through the future brood chamber, with her ab­
domen pulsating. These pulsating movements 
are probably connected with the transport of an 
egg into the oviduct. Finally she moves her ab­
domen into the egg room and oviposits, making 
gentle pumping movements. Oviposition may 
last 10—25 minutes. After oviposition the fe­
male shows the backward scraping behaviour, 
just like the male, over a distance of some 10— 
15 cm, but in the opposite direction. Then she 
turns around and pushes the sand into the end 
of the burrow, thus sealing the egg chamber. 
The wall that thus separates the egg chamber 
from the future brood chamber becomes 10—15 
mm thick (compare fig. 9). As a consequence of 
the scraping of sand by male and female the 
diameter of the brood chamber is slightly larger 
than that of the rest of the burrow: 15.0 ± 0.7 
mm (S.E.), n = 12. 

While the female is completing the egg cham­
ber and preparing the brood chamber, the male 
is involved in widening the shallow horizontal 
part of the burrow, which is to become a store 
room for dung pellets. The diameter of the store 
room becomes 2—4 cm. 

Table 3. Depth of shaft in Typhaeus typhoeus under laboratory and field conditions. 
[Temperature in the lab 5° or 9 °C; bulk density in glass cages and casks about 1.55 
g/cm3 to match field conditions. Enclosures 1 x 1 m2; casks 0.5 x 0.5 x 1 m3. Ample 
supplies of dung were provided in all experiments.] 

year experimental set-up n depth (cm) range (cm) 

1979 
1979 
1980 
1980 

glass cages 
enclosures 
glass cages 
casks 

lab 
field 
field 
lab 

(2-dim.) 
(3-dim.) 
(2-dim.) 
(3-dim.) 

12 
5 
5 
4 

67 + 22 
69 ± 6 
68 ± 9 
58 ± 13 

29—100 
63— 80 
52— 78 
46— 78 
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Dung provisioning 
When she has finished preparing the brood 

chamber the female walks up the burrow to 
meet the male in the store room or, alternative­
ly, if he is ready first, the male walks down after 
enlarging the store room. When they meet, the 
female pushes the male upwards firmly and vig­
orously sweeps his elytra with her fore legs. 
This continues, until the male finally makes for 
the surface to fetch dung, the female waiting for 
him in the store room or in the brood chamber. 

When he has found a fecal pellet, the male 
usually takes it between his front tibiae and 
walks backwards with it to the nest entrance. 
Sometimes he holds the pellet between his man­
dibles, but I have never observed the pellet be­
ing carried on the horns as described by Fabre 
(± 1910). The male drags the dung pellet into 
the direction of the nest entrance in a straight 
line, however tortuous his searching path may 
have been. If the dung pellet is found within 
about 40 cm from the nest entrance the male 
usually enters the hole at once. If the fecal pellet 
is found further away, however, the beetle 
drops it within 5—10 cm from the entrance and 
then moves directly to the entrance, walking 
forwards, puts his head into the entrance for a 
few seconds, turns around, picks up the dung 
pellet and carries it down without further delay. 
Whenever the beetle misses the entrance he 
finds it after an area-restricted search. This be­
haviour of searching for the entrance in the vi­
cinity of the nest shows that the beetle is capa­
ble of roughly estimating the distance from the 
place where the dung was found. During the 
procedure of dragging a dung pellet from a fair 
distance away, the behaviour of leaving it be­
hind and walking forwards to the nest entrance 
may occur more than once. 

As soon as the male, dragging the dung pellet 
backwards into the nest, appears in front of the 
female below, she immediately begins to sweep 
his elytra. Then the male pushes the dung pellet 
underneath himself and walks up the shaft again 
to fetch more dung. The number of rabbit dung 

pellets dragged in successively by the male does 
not usually exceed 30; it depends on the ease 
with which he can find them and the distance to 
be covered. The time needed to collect them al­
so varies, but seldom exceeds two hours. After 
this bout of dragging dung pellets, the male 
stays below-ground for some hours. 

The female takes a dung pellet from the store 
room and, holding it in her fore legs, lets herself 
fall down the shaft by drawing in her middle 
and hind legs close along the body. In the brood 
chamber she tears the pellet to pieces with the 
help of her mandibles and fore legs and then 
firmly presses the pieces into the blind end of 
the brood chamber with her head and thorax, 
intermittently turning around her length axis. 
This firm pressing causes a meniscate layering 
within the dung sausage that is going to fill the 
brood chamber. The female walks up the shaft 
to collect every dung pellet. Alternatively, the 
male may supply her with dung by carrying 
down a number of fecal pellets. Sometimes the 
male kicks the dung pellets out of the store 
room with his hind legs. As a consequence the 
lowest part of the burrow behind the female be­
comes filled with fecal pellets. 

Often, the male walks down the shaft to the 
female. If the female progresses too slowly he 
may stimulate her and he often tries to copulate. 
When the female goes up to fetch more dung to 
provision the brood chamber and encounters 
the male before she reaches one of the pellets in 
the store room, she invariably stimulates him by 
sweeping his elytra. It thus appears that the co­
operation of male and female in the stage of 
dung provisioning is often reset by interaction. 

The number of rabbit dung pellets processed 
per dung sausage varies between 30 and 65, av­
eraging about 40. The number of dung sausages 
manufactured varies between 4 and 21, averag­
ing about 10 (table 4). 

Sealing the dung sausage and excavating the 
next brood chamber 

When the dung sausage is finished the female 

Table 4. Number of eggs laid (= dung sausages manufactured) in Typhaeus typhoeus 
under laboratory and field conditions. [Experimental conditions as mentioned in table 
3.1 

year 

1979 
1979 
1980 
1980 

experimental 

glass cages 
enclosures 
glass cages 
casks 

set -up 

lab 
field 
field 
lab 

(2 
(3 
(2 
(3 

dim.) 
dim.) 
dim.) 
dim.) 

n 

11 
5 
5 
4 

number 

9.9 ± 
10.6 ± 
7.8 ± 

10.5 ± 

4.3 
4.9 
2.9 
1.7 

range 

5-
6-
4-
8-

-21 
-19 
-12 
-12 

22 
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a 

Fig. 11a. Dung sausage being sealed over a predetermined stretch with sand from the shaft walls. Fig. l ib . The 
widening is plastered with sand from the new brood chamber. 
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seals it with soil, using sand scraped from the 
wall of the shaft. Interestingly, this wall-scrap­
ing starts some cm above the proximal end of 
the dung sausage and in this way the amount of 
the shaft to be filled with sand is determined 
(fig. 11a). Only half way or later in the stage of 
sealing is the next brood chamber excavated. 
The widened part of the shaft above the sand 
plug that seals the former dung sausage is inad­
vertently plastered by the beetle with sand that 
it drops as it is carrying it upwards (fig. l i b ) . 
The next brood chamber is excavated above the 
former one (fig. 12). 

29 glass cages 

5 with only 1 tunnel 24 with >1 tunnel 

with the deepest 

tunnel not excavated 

first 

23 with the deepest 

tunnel excavated 

first 

Fig. 12. Brood chambers are excavated above each 
other, beginning with the deepest. 

Fig. 15 shows that the first tunnel excavated 
is usually the deepest. A tunnel is that part of 
the bur row from which one or more brood 
chambers branch off. This may be equivalent to 
a shaft, but more than one tunnel may be found 
branching off from the same shaft (fig. 9). A 
new tunnel is usually branched off when the 
latest brood chamber is relatively shallow. In 
the present s tudy, the uppermost dung sausage 
in 22 cases with more than one tunnel was, on 
average, about 40 cm deep (table 5). While exca­
vating the subsequent brood chambers the same 
behavioural sequence of t ransporting sand, cop­
ulation, oviposition and dung provisioning is 
shown. 

As long as the male is present the female al­
ways excavates a new brood chamber, at times 
preceded by a new tunnel, irrespective of the 
availability of dung or the number of eggs al­
ready laid. If the male is no longer there, the be­

haviour of the female varies. If there is still a 
supply of dung she may continue the whole 
process of excavating a b rood chamber, egg-lay­
ing, gathering dung and manufacturing dung 
sausages on her own. She may even excavate the 
next brood chamber with no male present and 
no dung around. If she has laid the next egg al­
though there is no supply of dung, she may fill 
the newly excavated brood chamber with sand 
from the walls of the burrow, which shows that 
the behaviour after oviposition is fixed upon 
provisioning with whatever material there is 
around. Alternatively, the female may abandon 
the nest, invariably after finishing and sealing 
the last dung sausage, and continue reproduc­
tion elsewhere. 

Behaviour of larvae and newly hatched adults 
As soon as the egg has hatched the larva 

makes its way through the 1—1.5 cm thick sand 
wall that separates it from the dung sausage and 
moves into the dung in a somersaulting mot ion 
by which it displaces material from in front of it 
to behind it. As a consequence, after the larva 
has passed through, a small wad of dung, several 
mm long and wide, remains at the distal end of 
the dung sausage. The larva eats its way through 
the dung sausage, back-filling the space behind 
it with its excrement (fig. 13), so that the cavity 
surrounding the larva becomes only 2—3 cm 
long. It may eat its way through the dung sau­
sage several times. There are three larval stages. 
Finally the larva III moves out of the dung sau­
sage at the distal end and makes a cavity at the 
site of the former egg chamber: the pupal cham­
ber. As a consequence, the distal end of the 
dung sausage becomes filled with sand displaced 
by the larva. The pupal chamber is plastered 
with excrement by the larva, which finally lies 
on its back to pupate (fig. 14). 

After pupation the newly hatched adult often 
remains days or weeks in the pupal chamber be­
fore going to the surface. In my rearing trials, 
45 out of 51 emerged adults passed through the 
partly eaten dung sausage, which thus appeared 
to be the rule. The other 6 immediately bur-

Table 5. Depth of uppermost dung sausage in shafts with more than one tunnel. 
[Experimental conditions as mentioned in table 3.] 

year 

1979 
1979 
1980 
1980 

expérimenta 

glass cages 
enclosures 
glass cages 
casks 

set-up 

lab 
field 
field 
lab 

(2 
(3 
(2 
(3 

dim.) 
dim.) 
dim.) 
dim.) 

n 

10 
5 
3 
4 

depth (cm) 

36 + 
42 ± 
38 ± 
32 ± 

10 
12 
10 
8 

range 

20 -
35 -
25 -
20.5-

(cm) 

-48 
-54 
-50 
-40.5 
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Fig. 13. Larva of Typhaeus typhoeus eating its way from the distal end (right) to the proximal end (left) of a 
dung sausage and back-filling it with its own excrement. (Photo of dung sausage and larva in glass cage.) 
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Fig. 14. Pupa of Typhaeus typhoeus in pupal chamber made outside the distal end of the dung sausage. The horn 
(right upper part of pupa) shows that this specimen will become a male. (Photo of pupa in glass cage.) 

rowed their own way upwards from the pupal 
chamber. At least 23 out of the 45 passing 
through the old dung sausage subsequently also 
burrowed their own way upwards . I believe this 
to be the normal behaviour because after pass­
ing through the old dung sausage, the remaining 

22 broke through the sealing sand and subse­
quently followed the old shaft, but they were 
most probably forced to do so by the cages, so 
this should be regarded as abnormal behaviour 
(see the arrows in fig. 9). 

A beetle burrowing its way upwards scrapes. 


