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WCOLOGICAL INVESTIGATIONS ON CFRTAIN DUNG-INHABITING
COLEOPTY¥RA, ™ITH SPECIAL REFKERENCE TO THE BEETLES OF
THI: GENUS APHODIUS (ILLIGER.).

This work was undertaken on an area of moorlend in
the northern Pennines, between 1954 and 1956. Here 16 species
of dung-inhebiting beetles of the genmus Aphodius were found.

The adult taxonomy of two clogely related speciés,

A. prodromis and A. sphacelatus, was examined in detail; and
| the_}érvg} stages of tnree previous}y"unknown species were
ldentified.

The blology of several species was ptudied, enabling
the aunthor to discover some of the factors which seprrated
them ecologically.

Attempts were made to assess the place of Aphodius
beetles in the utilisation of sheep dung, and with this end
in view the distribution, form and condition of dung on

L

severnl types of vegetatlon were examined. Observations were !
!

also made on dung-inhabiting lumbricid worms and dipterous

flies which were the other organisms of lmportance in the
utilisation of dung. The worms werc most effective in removing
dung, but their activities varied on the dlfferent types of
vegetation. Diﬁterous larvae were of second importance, and

were not appreciably affected by vegetation type. Averaged ovg;,
the whole year, only one-fifth of the sheep droppings were
infested by Aphodius. The beetle infectation was not affected

by vegetation type.
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I.

ECOLOGICAL INVESTIGATIONS ON CERTAIN DUNG-
-INHABITING COLEOPTERA, WITH SPECIAL REFERENCE
TO THE BEETLES OF THE GENUS APHODIUS (ILLIGER).

Introduction.

This work was undertaken with the
obJject of increasing our knowledge of the biology
of the dung-inhabiting beetles of the genus
Aphodiug., As these animals occurred commonly
in dung, an attempt was made to determine how
closely several of the species were related
ecologically. A general impression was obtained
of the relationship of these beetles to other
organisms living and feeding in dung, and 1t
was attempted to assess the importance of these
biotlc agents in utilising dung.

The investigation was carried out
mainly on the Moor House Nature Reserve where
good facilities were available for field work.
Here sheep were relatively unrestricted in theilr
movements, so that the deposition of dung was
natural. These conditions could only be found

on an upland area, for the intensive farming
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which occurs on lowland calls for strictly
controlled grazing.

II. The Areas of Study.

Most of the detailed observations in
this study were carfied out on the Moor House
National Nature Reserve (Nat. grid; 54 41 N., 2°23'W).
This is situated in ‘the north-west cormer of
Westmorland, covering 10,000 acres (ec. 4,000
hectares). It includes part of the sumit ridge
of the northern Pennines, the steep escarpment
on the west side, and a broad stretgh of the
diﬁ slope to the east (Conway,1955). The
mountain tops of Little Dun Fell (2761 ft.),
Great Dun Fell (2780 -ft. ), and Knoek Fell (2604 ft.)
are covered largely:byamaimpoverished grassland
and Eriophorum moor, while lower® and further
to the east is a large area of eroded blanket
bog with Calluna as the dominant plant. In the
north-eastern corner of the Reserve, the blanket
bog is still actively developing, Sphagna of
several specilies forming an important component of
the plant cover.

Drainage of the eastern slopes of the

-



Reserve is effected by the headwaters of the
R. Tees. The smaller becks intersect the peat
and previded slopes too steep for mich peat
development, so that a mixed vegetation -of
Juncus, Eriophorum, Polytrichum, Nardus and

other Planis is established. The larger streams

 have built up alluvial areas of sand, gravel,

and'peeﬁ, on whieh a FescueAbeﬁt graeeland'has

developed.. Further variation 15 given to the -

vegetation complex where emall outcrops of the
underlying limestone -reach the -sirface, here &a -
elosely knit turf of Agrostis and Festuca is-

~ found.

~ 'The sheep:grezing'previded by these
different vegetation types is very variable.

| Where Galluna or Eriggho - are dominant, the
3grazigg is very poor, and the gressland of the

sumnit ridge appears to be 1ittle better. Where'

. Juncus squarrosus }s prominent the grazing is

ﬁdre 1rtensive thremghout the year. The new

growth of'J,rggnarroqgg,is ﬁarbicumeriy valuable

.as & spring bite for the sheep before the grasses '
Degin fo'Ehooi,lgnd these.ereae also provide '

'_fbod after grasses- have eeased_to;grow“under_

‘é@;.,



conditions of summer drought. The grasslend
of the alluvial flats and the areas of 1imestone
outcrop support the greatest densgity of sheep
- throughout their stay on the moor. -
- Comparative observations of the

Svccessyon
seasonal of beetles of the genus Aphodlus were °
;made-in the intensive agricultural arss around
Durham City. -

Ebr taxon@mic-purposes?collectioms of

Aphodius prodromus and A. sphagelat&s'were made
in many parte of Co. Dirhem, while & study of
the altitudinal distri"bution of A, iap_p ofwum '
invelved visits to a nirmber of widely dispersed
logcalities in the northern Pennines. -

 .The elimatic conditions of the Moor -
:House reserve hdve been studied by Manley (1956 _
© 1942, and 1943), who concluded that the climate .
.'was sub-arctic, being similar to that operative
in parts of southern Iceland at sea—level. The S
_average'annual rainf&ll and'temperaﬁmre wers
prdbably higher than in southern Iceland, but
the amount of sunlight -was somewhat less. The
averags_annual rainfall w&s-estimate&.tozbe'vo

inches at Moor House, but imich of this réin'is

i,



. the dvought conditions which existed during

of 1itt1e importance biologically, for it falls
between late autumn and early spring when the -
moor is ﬁsually saturated. The activity of flying

" insects at Moor House is largely confined to the perioed -

late April té September, and a consideration of
rainfall durihg this perioed bears a more direet

relationship to the .aetivities of .the animsls.

' The year 1954 was particularly wet, the May to

September period having 47%‘more-rainﬁthan the

“average of 33.2in. The summer of 1955 was dry,

fﬁhe rainfall being 16% below average over the

same period, but this was followed by enother .

‘wet'sggsbn-with 20% above average. The percentage

_'deﬂ.c':i-_t for 1955 gives but -a poor indication of -

that summer. In Augist, streams dried up

'_almost‘entirely; and the soil oﬁjlimestone-qreas

'fwas dry to the touch at a depth bfstwo inches.

Even in late September after several inches of

. rain had fellen with but little evaporation, the
‘peat was still dry below tﬁeifipsﬁ ihe¢h, During

‘this dpought the grasslends ceased to preduce

fresh grazing and the sheep were forced to seek
food on areas where J. squarrosus was & prominent
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member of the vegetation.

III, Taxonemic and Geners;

.Most groups of the ﬂritish.Coleoptera
are well known taxonomically, and considerable
.attention has been given %o the Lamellieornia.

_Fowler's (18955.fBr1t15h Coleoptera' forms the.
standard work from which ail of fhe later ke&s

. have been de§e10ped, and from the point of view
_of general information it was found to be the
most useful. The information on-Aphodtﬁs given
in Jey's:(193é) ’Pracfical:ﬁandbook-cf Britigh
Beetles' is very similar to.Fdwlef, but 14'_
thét'it'#seé only-cﬁaracters of the dorgal-su?féce

- 1t 1s imprecise and restri¢tive in useT.Britﬁon+_
-(1956). collected %ogethgr-mbsi of the téxqﬂomie
inﬂc&m&tienzgn.the-Britxshim@mbe?s-ef the gernus,

. budb diffieuity iﬁﬁstill expériencéa-Wiﬁh some of
:the-gharacters-which.havp heen'employeé.'mhis :

. key alSO'sufféfs"from sﬁe serious defect which

 prevents A. constans being "_i:d-enﬁiéfi..ea' gt all.
During'the_sfudy recourée was made to several

foreign keys, the illustrations -of Reitter (1908)
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were useful provided that the colours were
1gﬁored, while Janssens (1951) went into a
wealth of gtructural detail. Hansen (1925) and
Landin (1946) provided information which allowed

p romis and A. sphacelatus to be separated

satisf&ctorily. Schmidt (1922) keyed all of the.

. known Aphod;us species.

‘The nomenclature used in the present’
study follows that of Britton.
As with most insect groups the larval

staées of Aphodius. have received much less

-attentidn.ﬁhan the imagos. In the 19th centuiy

Schiodte (1873) made a start by describing the.

larva of A. rufipes, the mouthparts belng figured

_in detail, Rosenliatier (1882) followed with

descriptlons of five species found in Britain.
Madle (1955-56) made a more satisfactory advanece

_;when he described agd.keyed 15 species, of which:

12 occurtred. in Britain. British coleepterists.were
helped when van Emden (1941) translated most of
Medle ‘s key and added one speciess Even with.this

translation the larval taxonemy is poorly known

.for 25 Bri%igg:species.rém&in to be describeda_

'l - .



) Although maéh has been written about
' the inhsbitents of herbivore dung, it has not
been possible to make much direct comparison
between the. Literature and the présent study.
Lawrence (1954), Hammer (19¢1), and Mohr (1943)
were-chiefly concerned with the Diptera, the
_beetles recelving only incidental mention.
Svendsen (1955) worked with the Luﬂbricidae
which occurred late in the succession_ef dung
inhhbitants, end Aphodius beétles were not mentioned.
Several suthors have worked apgqifically
_.on Aphodius, Hafez (1939) with A. lividus, Madle
(1984) with A. rufipes, end Carne (1956) with
A._howitti, Even here comparison with the present
‘study wes ;imited, for each &utﬁor'ﬁorked in very
diffefenm eﬁwibonmeﬁﬁai conditfons.'Hafez studied

C A. lividus in Eygpt in the dung of camels, horses, - )

buffaloes and covws. The climatiec conditions were .
s’u‘lch that dung becanie desiccated within a few
deys, and it is not known whether it is a

spé;ific ehafacter.of this'spéeiés to cgiﬁy
through its inmature stages in'thé-vegetative
mat'beneaﬁh-dﬁng,.or whether this_proaedﬁre

-was forced on the species becsuse of the .climates

-4
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Madle worked with A. rufipes, a spe_cies.'whieh
occurred uncommonly at Moor House, however, the
life-cycle on the moorland area corresponded
closely with Madle's findings. Schmidt (1935)
described in general termis the life~cycles of

A. fimetarius and A. fessor, and considered the
distribution of some 'r'nembea;?s of the genus in

a more detailed manner than Kolbe (1905).
Recently, Carne described the life-cycle of

A, héwitti, which is. a pest of improved grasslands
in parts of Australis. The behaviour and population .
&mmics of the sp.ecie_'s were studied in detail.

The searcity of Aphodius beetles on the moorland
area _wa-s- such as to p-x_'-e_-av‘eh"& mich progress béing ‘

made along these limes.

and Distribution of Aphodius.

The ‘beetles of the gemis Aphodius are
.-;m_am'be;'_s .o.f.t'-he'_ Lenellicornia, a sharply defined
's_-eet_i_.o_n of the éolgopi:gra. They are distinguished
’qu. their anternnae ‘-B'eminat.ihg in a distinct large. -
o gi-u?b composed of between three and seven lamellae.

In the Lucanidae, which- 1nq§_~11i-d=és_- the Stag ?beéfl.les,

-9-



these lamellae are fixed, byt in the Scarabaeidae
they are freely moveable, & feature which is
immediastely noticed on watching-an.AEhodius
beetle examining its environment. The family
Scarebaeidae are distributed throughout the
world, but with the exception of the gemus
"A hod1us, they are posrly rfepreserited in Europe.
They are mosf'commpnly fouhd in warmer and
tropical climates. This can be seen from Table I,
which shows the distributions of some of the
céproph&gowg members of the Lemellicornia
(Kobe, . 1905), |

| The genus Aphodius can be paid to have
a world-wide distribution, end Teble I illustrates
tyat.it'flqumishés.;n fhe Palaearetic. Many sPeéieg

_ave almost cosmopolitan, for irstancé A. fimetarius

can be found at sea-lgvel in Britain and at over
8300 feet in the Tyrolean Alps, it occurs in

- North Americe, Burope, Asia énd even in
mustralasia, although #t may have been introduced
‘there. Other épec;es are more restricied in that
' ﬁhéy-gre”cenfined to some 5roﬁd-c}1matic-zbne.

A. alpinﬁé is found in cqol{countries, at high

. =10--



The Distribution of

Table I.

some Coprpphagous Lamellicornisa.

(Compiled from Kolbe, 1905.)

—

! Total
species Pal.
Geotrupinae _
Geotrupes 65 a7
Bolboceras ! 142 10
Pleocomtnae
"I’ Pleocoma 8 -
Troginae
Acanthocemis 515) -
Trox 137 24
(Aphodiinae '
* Ataenius . 76 2
! Aphodius 490 |274
onthophaginae _ 3
*, Onthophagus | 879 }[126
" i Pinotinae
|. Canthidium 99 -
"1 Pinotus 86 -
!Coprinae. -
{ Copris 1~ 106 9
_|Canthoninae o '
Canthon . |- 149 -
Scarabaeinae |- '
Scarabaeus 95 9
Phanaeinse
Pheneus 98 -

. Region
Aeth. Ind, Austr.
- 7 -
32 .80 40
- 1 -
34 10 24
- 2 4
20 25 12
422 164 89
= - 1
50 30 -
82 b -

e mms EF T Mt T e v —v——t—— = e

-Neotr.

Siew T e -

13
25

53

31

65
.al‘

65

98
84

-9

139 -

92 -

—amewr e e ma—— - -

Nearec.

—

10
7

8

1
21
18
70

13

o wl

14

7

e - e 1

Schmidt (1922) listed a further 196 Aphodius species, very
few of which‘were found in the Palaearctie."

7_1ati%udes in’Lapland, Finland, Sweden and Iceland,

or in-the Alps of ‘southerh Europe, bat it is absent

frdm'the warmer plain of eentral Eurbpe;

.. There sppears to be no correlation

=11~



between vegetational type and the species
distribution as in the case of many other insect
.groups, but this may be because the food of the
‘organism is dung. It is possible that subtle
differences.in dung constitution may be of
1mpoftaﬁce to some Aphodius species. It has been
suggested that in Brifain A, egnétans shows a.
preference for areas with calcareous soeils
(Whieher,lpers.-com.), if this is so it could be
a refleection of slight differences in dung
.cqnstihutiqnfbeeéusé of the grasses éroWing on
calcareous soils. |

V. The British_s ecies of A hodius.

At present 42 species of" Aphmdius ‘are
rehégnised as British.(Britton). The pauclty of
this fauna becomes obvious when compared with_'
neighbouring Buropean countries, for Paulian
(1941) recordss 75 sﬁecies for France, Reitteri
63 for Germany, while Belgium hes a 1ist of 56
(Jansséns) Denmark whieh-is ohly one guarter
the size of the British Isles,_and which 1s topo-
graphically mich less variable, boasts a faunsa
of 42 species (Hansex).

The distribution of individual species

=19~



Table II.

‘The Species of Aphodius found at Moor House
and Durham.

—_— R B

Moor House Durham |

A. fossor

A. foetens

A. fimetarius
A. scybalarius
A. ater

A. constans

A. rafus

A. leapponum

A. tenellus

A. pusillus

A. merdarius

A. -conspurcatus
A. prodremus

A. sphacelatus
A. conteminatus
A. luridus

A. rufipes

A. depressus

—— e ———
En®EDE

X XX R

# &

q

FPEBRESR

- %

e « Wm . mrm cmwm A =wa 2=

has not been studied.thareﬁéhlyrin.Bfitain; the _:'

informatioa given by Brittoh hHardly 1mpfoveS'Oﬁ.'.

that of Fewler. Notes on the relative abundanceT

of different species suffer: from the limitation.

that collectors have beenwmorenactive in the
_southern parts of Br1ta1n. For instance, Britton :

- records A. erraticus s being commoa, but this is
not. true for either of the areas used .in this study

'for-the species was never taken. The sane applies

to A. scybalarius which wéds only teken four times.



All of the species. are not generally
distributed, for instance, A. lappomum occurs
in the northern parts of the country on.high'
_ground while A. consputus 1is restricted to the
south-east corner of England.
~ Teble II shows the species found at
Moor House and Durham during the study. Of these,

only single specimens of A. foetens, A. sczbaiarigg,
A, fossor and A. luridus have been found at

Moor HouSe. The same applies to A. pusillus

" and A. scybalarius at Durhem, .

“.rodromus.and A, sphacelatus.

Three spec¢ies of the sub-genus

Melincpterus {Mals. ) occur in Britain, one of
ﬁheseg&j

consputus is restricted to tne_southf

-east Corher cf:England, while A. nredrcmns.and

A sphacelatus are recorded as being ubiquitods
both here and on the continent. The latter two-
sPecies are structurally similar and difficulty
wes experienced in separating them on the
characters given in the commonly used British
keys. '

" The taxenomic characters given in the

-1l4- -



severel keys studled are listed below.

A. prodromis

1/. The males have the apical spine on the
anterior tibia truncateé& and with a
short backwardly directed tooth.

(Fowler, Joy, Jenssens, Reitter, Paulian
and Britton.)

9/« The superior apical spine of the posterior
tibia is typically shorter than the
metetarsus. (Janssens, Reltter, Paulian,
8chmidt, and Landin. )

3/. The length of the metatarsus is equal to
the three following tarsal Jjoints together.
(Jenssens, Schmidt, and Paulian)

4/. The 7th elytral stria is considerably
longer than the 3th anteriorly. (Landin
and Hansen) -

6/ The base of the pronotum is not bordered
throughout. (Lendin. )

6/. The frontoclypeal suture is absent. (Britton)

A. sphacelatus
1/. The males have the apical spines of the

anterior tibia polnted.

=]1De



. on point 4/.

2/. The superior apical spine of the posterior
tivia is equal to the metatarsus.

3/« The length of the posterior metatarsus
is less than the three following Joints
united.

4/. The 7th elytral stria is just longer than
.or equal to the eth'anteriorly.

5/ The base oflthe pronotum is obvicusly
‘bordered throughout.

6/« The frontoclypeal suture is distinct.

) The characters listed above were examined in

relation to each other, most reliance being put .-

On this basis character 1/ was found
to be satisfactory. Gharacter 2/ was of 1ittle

practical value, for of lOO A. prodromus,; 5%

- had thé superiser spine of the posterior tibia

equal in length to the metatarsus, a characteéristic. -
of A. sphacelatus.
| In order to examine the efflcacy of

character 3/, the hind metatarsus and the first .

: three targal joints were measured on 100 animals

of each species. In addition the maximum thoracie

.width ef each anlmal was recorded. The distributions

;16-'



of the ratios of three tarsal Jjoints to the

metatarsus in both species are shown in Table III.

Leg Ratios

of

Tdble III.

A. prodromus

and

A. sphacelatus.

ef animals.

Leg ratios. No.
3 tarsal joints A. ﬁrodrdmué
metatarsus . . :
0. 889 - 0,938 0
0. 939 ~ 0,988 4
0.989. - 1.038 6
1.039 ~ 1.088 21
1.089 = 1.138 235 .
1.139 - 1.188 22
1.189 - 1.238 .16
1.2359 - 1.288 7
1.289 = 1.338 1
1.339 - 1,388 1
1.389 - 1.438 P o
. S A
Mean 1eg retio 31,1185

A. sphacelatus

—————— o = dre—m——— — .

1 !

—————— - ————— — - - e—— =

1.1860

" .The Giffereneé-betwaén the mean leg ratieslwas

_significant statisticslly (P<.0l), confirming. -

- that oh average, the length of thé three tarsal

'joints was longer relative-to the metatarsus. in

A spha elatus than in A.. Rrodramus. The ratios

appeared to vary with the size of the animal, 80

each ratio was-compareﬁ with %he,maximum

thoraciec width of the animal.

shown in Table IV, and are illwsﬁ;ated in Fig.

=17
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and the ratio of the hind metatarsus to
three tarsal Joints in A. prodromis and
A. sphacelatus.

1.250

50
A prodromus
N\
N \
7 .
\
THORACIC
40 «
SIZE
Species
Combined
/
/
/
/
/ 4 sohacelon
/ . Sphacelatus
30 « /
/
e
1.050 1.150
LEG RATIO
- Fig. 1. The relationship between the size of animal



Table IV.

-Correlation of Thoraci¢c Width and Leg Ratios

in A. prodrorms and A. sphacelatus.

Thoracic width Leg ratios
‘—EE;E—' ﬁé&i' -n—Aii-wj-K:jégodromus A:"e;hacelate;dun
.‘group size. animals

20-3¢ 52.5 | l.2279 | 1.1198 |  1,2689
B5-36 55.5 |'l.1822 |  1,1097 1.2043

87-38 37,5 | 1.1690| ° 1.17m1 1,1641
| 39-40 59.6 | 1.1236 1.1281 1.1242
}_'341.-45 42,0 1.1172 1.1202 1.1057
i 44-53 47,0 1. <_5=827 10827 :

When both species were combined, there Was;aﬁ'
inverse edrrelatien;between thoracic width and
1the 1ég ratie. However, on: separating them the’
.correlation broke &own. There was a significant
difference between the leg:ratios of the small
. animels ef the two species (P<.001). Thus -
_character 5/ was valid in that there was a.

ﬁifferenee-between’the two ‘species, but variation

_ ﬁas se-gﬁeat that the character was of no practical

importance. _
Charaeter 5/ was.found to bé correct

but.inconvenient to use, fqr~the difference was

~18-
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difficult to observe.

Character 6/ was useful, but in some
emall specimens of A; prodromus slight indentations
were found on the head which could have represented
the frontoclypeal suture. |

_ Britton (pers. com.) on examining the
value of chafacter 4/, etated that it appeared to
be satisfactory Ffor British specimems of both
species, but some aﬁimals from.Alggria which
appeared to ﬁe A. sphacelatus, had the 8th elytral
stria short as in A. prodromis. The aedeagi of
these specimens were intermediate between those of

“the two species, but in some respects were idenmieal-.
| with those of A. sﬁhaeelatqs. Brittdn.suégested
that A. prodromus and A. sphacelatus might be one
polymorphic species. .

VII. The ;&?yal'ggxonogxg

- . The taxonomy of the immature étggeé of
thé genus Aphodius is Poorly known. Only cursory
'-afteﬂtion haé beenlgivén to the egg, pupal, and
first two larval stages. What informetion there is
avatleble sbout the. third instar larves is -.
scattered and 1ncompl§te._

Ih'all, 12 of the 18 species occurring
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at Moor House and Durham have been identified
in the third larval instar. It has been possible
to cheeck and confirm 7 of the known specles, and
in additionh A. lapponum, A..sphacelatus and
A. tenellus have been definitely identified.
All of the'eommon}y occurring species on.the
':tWO'aEeas were known. _ _

Characters of importance in the
-ﬁaxonomw of the larvae ‘are, 1/ the number bf
hairs on the lateral callus of each segment of
the abdomen, and 2/ the.structuré of the 'raster,
or last abdominal sternite. The arrangement of
the spineé on the raster setves as a c¢haracter
qf specific importénce_in the-present-stage of
ll%nowigdge.-_ Figs. 2, 3, and 4 ‘show @tagrammsticelly
the'fasters of 6 species not illastraied by :
Mgdle. The-draWingg were made from therposmeroﬁvenﬁralr
ﬁosit;on, Madle's technique ﬁeing followed for
the sake of uhifornity. The position of the hairs -
on the raster have-not.ﬁeen dréwn with ﬁhé aceuracy
of the spines,.gg they were not éxamined from
@he ppintﬂof view of specifie characters. The
figures were of third larval instars, sliéht
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1 mm.

Fig. 2. The 'rasters' of third instar larvae of
A. ater and A. lapponum.




A. conspurcatus

Fig. 3. The 'rasters' of third instar larvae of
A. conspurcatus and A. tenellus.




-r

1

A. contaminatus

T
[

I mm.

Fig. 4. The 'rasters' of third instar larvae of
A.rufus and A. contaminatus.




eome species.

In A. lappornum the extent of the space
separating the raster into two lateral halves
varied (Fig. 2.), so that in some animals it was
obvious while in others it was obscure., The size
of the spines forming the shallow 'V} posteriorly
was sometimes similer'to-thei of the .other spines,
but eoﬁetimes they were_obvioﬁsly stoutefc As

with most of the other species, A. lapponum

had two setae on-each,lateral eallue of-the
Ebdomen{ In the third instar at least, the base
of the mandibles.was light in'colour forming a
distinct contrast to the .reddis'_l_l-‘brown head
c@psuie.' - | '

 The rester of A. tenellus had 1ittle-
o ‘distinguish 1% from thet of A. leppomam (Fig, B.)
except for its Gmaller size. In &ll ef the

speciﬁens examined, Bﬁinee of oﬁlyloﬁe size weﬁe
| involved. In thﬁs-speéies there Wwere fwo sefae
on each lateral callus of the abd@men._
The stronger median spines of A. contaminatus ,

':.varied in size and, position which affected the

'appearanee and extent of the median Bare area (Fig. 4.).

The .raster of- A. Bphaeelatus'waS:not
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Fig. 5. Larval head capsule sizes for several
Aphodius specles.



figured, &s:few speciﬁens were available for
examinatioq. However tﬁe_raster was not obviously
patterned, the spineejbeing.of.one strength only.
Each lateral callus of the abdomen carried two
setae, and the head capsule was vellowigh-brown
with dsark brewn 'eye;sﬁots', situated postero-
weiternélly te.thenaﬂtenraea
The specimens whichﬂ%ére obtained from

prodromus cultures did not correspond to the
description given by Madle. However £t would not
be .justifiable to state dogmatically that:Mgdle-s.
identification was incorrect, for very few
specimens were obtained from satisfactory cultures.
The animals'believed-tprbe-A. prodromis did nob
have a marked"V"of etrong spi£55 oh the raster
| and had two setae on each lateral callus of the

'abdomen. The raster *resembled that ef A. sﬁhacelatus:

but there was a suggestion of stronger central

spines and a.trace of a central bare area. as in

'-:_A,,qgnMamanatuet The head- capsule was yellowish~

-brown as-in A.

sphacelatus, but' no specimens
had the dark brown 'eye—spets’ of that species.
The few larvae which Madle measured had hesd’

eapsules'in'the third instar of 1. 82-1.85mm.
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The measurements made by the present author

varied between 1l.65-1.82m (Table V. ).

Table V.

Larval Head-capsule Measurements (mms.).

| Species. | . Larval instars,
1st ond ord
min. max. min. max. -I_'n:l.n. max.
A. rufipes 1.32 1.59 1.99 2t27 2.88 5.25
A. lapponun 0.79 0.91 | 1.13 1.38 1.66 1,96

A. prodremus 0.60 0.82 | 1l.11 1.29 1.65 - 1.82
A..conspurcatus 0.69 0,69 1.03 1.15 | 1.44 L. 66
A.'sphacelatus : 1.06 1.23 | 1.63 1.88 |

- - - ——— vt s ———— . — -

In-that A. predr onm anﬂ;A. sphaceiatus'are very
-closely related taxonomically, it seems unlikely
.that the larvae should differ 80 consplcuously :

were cbrrect. The one specimen listed 1n the .
-_British Museum as A. prodromus was of no value,
.1t had been kept in 70% alcohol and had dlsintergratedmt
| :Fig. 5 shows the head capsule : .
' meaéuremehfs-whlch were'carried out,'and Table V--'
11sts the size range fcund for each instar. These
figures supplement those pro&uced by van Emden. N
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VIII, The Distribution of A. prodromus and A.sphacelatus.

Examination of material collected at

Moor House and Durham revealed only small numbers

of A. sphacelatus among the A. prodromus. In view

of. the reporte¢-abﬁndanee of A. skhacélapus, an

intensive-search was carried out in an attempt to find
.1t in nuﬁbers. At.Bishop Auckland, Coundon, and

Aycliffe collections were méd; which.révealed

large proportions of A. sphacelatus (Fig. 6. ).

Table VI shows ﬁhe relative abundanece of A. sphacelatus

in eql}eetions.whiqh.were made in Co. Durham,

while Table VII shows the results of collectioms

made. in various other parts.of Great Britain.

It is eleﬁr thét the two specigs_do not have

similer distribytions. In Co. Durham collections

of three types were discernible, in the Bisﬁop

AuCKlénd £o-Aycliffe_area A. sphacelatus was.common,

o __semetimas.béingﬁmore:abundani than A. prodromus.

' , Abouffnurham,'Ai sphacelatus 6ccurpéd regulajly.
bﬁf.was uncommon, rarely forming 10% of the two
species.éqmbineda In the'third'type‘of collection
only a'few;épeciﬁens of A. sghaceléﬁus eccurred, |
such collectiong were made at Cleadon, Coxhoe, |

Trimdon, end Sedgefield. It is of interest to note
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Fig. 6. Sites where A, prodromus and A. sphacelatus
were collected in Co. Durham.




Table VI,

Collections of A. predromus and A. sphacelatus
in Co. Durham.

: e e e e e e e — e
Locality Date No. of No. of % ;
: A. prodromus -A. sphacelatus A. sphac, .
Bishop 9=24-56-" ., 47 . 79. - 63
Auckland 18- 4-56 210 _ 75 26 i
. 2-11-56 30 C. 18 o8 |
12~ 5-57 . 66 140 j 68 |
18- 3-57 44 258 - 85 !
25~ 3=57 2% N 25 : 48 . !
1~ 4~57 116 63 35
8« 4-57 74 . 20 21 .
Coundon- O- 456 79 19 19 |
: ' . 12—~ 3=57 7 53 - 82
Aycliffe 11- 4-56 121 _ 46 28
| eroup IL. - - ' ' - B
Durhem 26— 8<56 - 55 10 15
City 18- 4-56 . 228 : 4 2
. 15-10-56 142 (V) 0
Houghall 26- 3-56 42 , S 1 2 |
' 26~ 3-58 170 C 16 9
" 4= 4=56 154 K 2
4= 4-56 346 : 19 5
“16- 3-57 .- - .66 . S I o ;
2= B=56 - - 81 2 2 g
--zs- 3«56 .- 84 2 2 Vo
12~ 4-56 . 89 "0 0o
"30= 3=87 : 42 0 0 !
Sedgefield. 2= 457 59 -0 0 b
2= A=BT 86 0 0 [ .
Trimdon  29- 3-57 5L 0 0
. Coxhoe . 20~ 3-57 99 o 0 “_J

that collections mede in 1957 were completely

devoid of A. s;g;ha_cﬂaﬁfbi;g__ except in the Bishop -
Auckland area. The figures obtained from the -
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Table VII.

'Gollections of* A. prodromus and A, sphacelatus.

Locality Date No. of No. of % '
: A. predromus A. sphacelatus A. sphac. |
' Hassock 30- 9-56 57 : 0 - o
Sussex _ ] _ . !
Inverness 10-10-56 50 : 210 - 81
5=11=-56 68 167 - 71
Swensea - ~10- 986 . ' 89 8 )
Beddgelert 19- 4-56 = = 4 44 o2
Ceernarvon _ _ o
Moor House 27- 4-56 160 , 25 13
: 7+ 5-56 B3 10 25
6~ 6-56 66 _ 29 30
Q= 457 18 - ' ) 14

Lo

15- 4-57 - 24 B .11

——— oo ———— = - ——— e A s e e e

. Durham area suggested that-this difference might

‘ have been ‘of significanee (P<.©5)

: ' T : It can be seen that the activity period
of the two species was not identical. In;the.l957.
collections at Bishop - Awckland A.-aphaceiatuat'

'pre@cMihatedlin early March, A. pro@réﬂﬁei

'bécomihg relatively -more cbmmen;ih late March

-and April. This accounts for the Qery different.
_estimates of the relative abundance of each species
which was obtained at Coundon. It is not thcught
that a,time diffegence-of this sort accounted for

the ebeence of A. sphacelatus in the collections
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of group III, for the sampling was carried out
over a sufficiently wide rapge of dates for it
to have been found if it occurred in these areas.
The figures in Table VII show divergence among
the estimates similarlto the Co. Durham:figures.
No satisfactory explanation can be offered for
the.difference in the distributions of'tﬁese
two species; i

~ The difference in the period of -activity
and distribution of tﬁese two animals suggested
that thev wefe net components of a pglyﬁprphic

speciles.

-Ix.'Theubistributien'oﬁ A ;gppoﬁngp iy

': A.;__onnum is & member .of the boreo:

" ~British coleoptera described by Lindroth (1955)
This group eomprises-l& species whose distrihutiqn'
outside of srita;n-is eqnfine& to Scandinavia |
'aﬁdlfhe extsemeinoﬁth-éﬂ Burope. Most sﬂ_them.
oecdrzsiss 1P-Sibesia, and-a-few~&ré'eiﬁsumgelar.
The grdﬁp-is>peCuliar in thst'its-meﬁbefs otcur
neither in the central European plain nor in the
mountains of that region. _

Besides A. lapponum the group is

composed of six species of the. carabidae, five
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of the Staphylinidae, and single species of

three other families. A boreo=British distribution

of this type 1is not confined to the coleoptera,

but is well-marked in quite a number of

Phanerogams (Wilmott, 1930), and mosses (Cardot, 1930).
Among vertebrate animals the Snow Bunting
(Plectrophenax nivalig) has a boreo-British
distribution.

Lindroth attempted to determine the
source of origin, and thé time and manner in
which the present distribution came sbout, by
& consideration of the ecological requirements
of the 16 species of beetle.

As the main part of the distribution
of the boreo-British coleoptera lles outside of
Britain and is entirely to the north, Lindroth
concluded that immigration to the British Isles
must have come from the north, presumably from
Scandinavia.

Lindroth assumed that all of the
boreo-British coleoptera arrived in this country
at a similar time and in a similar way. He
transferred the significance of the distribution

of Pelophila borealis, and the isolation of
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Nebria nivalis-from Man, to other members of
the boreo-British coleoptera, This was certainly
not justifiable, for unlike P, borealis,

A. lepponum hae a Widespread.distrﬂbution_in -

the British Isles, and it is certainly not as
remote from Men as N. nivalis. In fact its
abundance ang diﬁtribufién-bear-no.reseMblance
to the appearance of a relict fauna. |

' Lindroth's econclusions thet the
horeo—Britieh celeeptera could only ﬁave arrived.:
in this country before the last glaciation (Wurm)

cannot be upheld for A. lapponum, He ruled out the

arrival of these species 'in recent times, oOr

during the peridd'fblIOWing the‘last glaciation _

.__when the Dogger Land was in existence. The reaeons

offered for this were that certain species of
‘the group were not. eqnipped ecologically to
-make'the journey over the pogger Land, and _
those which were, falled to eetablisﬁ themsel§es“
in central Eurepe.-' .
While A. lapponum may have surv1ved

the last glaciation on nunataks and in the seuthern
part of the British Isles, for larger herbivores

remained in the ecountry throughout the period, the
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Table. VIII.

The Distribution of *A. lapponum in the
Northern Pennines 1in 19566.

r—____. Ve e m e - m— —m e e ———— - - RS
Eastern slopes. ' ' ]
Locality. Height A. lapponum Other %
(in feet) B Aphodius A. lapponum
Killhope 2000 94 8 93
Hartside 1900 56 6 86
- Alston Moor 1550 42 - 21 67
. Lanehead 1450 17 46 o7
W. of Alston = 1450 0 42 0
W. of Alston 1450 2 35 2]
E. of Alston 1350 0 76 0o
Alston—— 1300 0 66. 0
~=Nenthead 1200 0 94 0
BE. of Alston 1050 ° 0 106 0
_Allendale 900 0 94 - O
' moor
Western slopes
Rundale 1600 38 - 0 - 100. -
. Beek 1500 36 : 4 90
1400 40 - 6 . 87,
' 1200 - - 3 . 83 - 9
| ’ . 1100 . . 4 ' 43 - 8
" Dufton 1300 27 - 36 43
.Pike . 1400 - 28 . 49
' Crowdundle 1400 - 36 - 13 73
Beck. " 1200 . 16 - 66 19
1100 6 - 48 I
1000 - . 0 56 : -0

All of the collections were made &uring July.

present distribution of A. leppomum in this
country lebeéels it as an upland species_(Table'VIIlbe
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This being so it is thought that the species
may have experienced difficulty in surviviig
the warmer conditions prevailing in Britain
during the post élacial_climatic optimum. -
However, if the species could have survived these
conditions, then immigration could have taken

place before the last glaciation or across the ---

'Dogger Land. In either event the species miay ha¥ye

beedme.estahlishéd in central-Europe, only to be.
eliminated there during the. climatic 6ptimum.

If the speéecies was unidble td withsténﬁ
the conditiens of the peost glacial climatic

optimum, then immigration in recent times with

Man.and his animals seems likely, indeed, it is

aimest'ébrtain"that this method off colénieatiqﬂ

'occurred in Iceland. Lindroth s contentlon.

. that A, 1apyonum may have survived the last glaciatlon

in Iceland in the eonplete absence of larger

hefbivores by 11v1ng 1n carrion end rotten .

| vegetation is*not theught to be likely. While_

Brundin. (1954), Kearns (1929), end Cregg (pérs. -

'cem.) have fourid Aghodius species -to be attracted

to carrion, there is no evidence of breeding in

- such situations.
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X,

The Distribution of A. rufus.

A. rufus does not occur at Moor House,

and was not found in any situstion above .1000 ft.

It seemed to be assocliated with good meadowland.

75 animals of this species were collected at _

Durhem, end were kept for Several days in dung

-at 8°C. Two groups of 25 animals were then set up

in culitire (for method see later), one nes left
at Durham and the cther was taken to Moor House.

The remaining 25 animals were placed in 500cc

-of fresh sheep dung on grassland at Meor House,

| the whole being surrcunded by a metal emergence

trap to preveit, the:animals escaﬁfng. After 30-

. days all three cultures were examined larvae were

found only in the Durham culture, a careful

' search showing ‘that no eggs had been laid in the

Moor chse experiments. The ease ﬁith which'this

'species was usually cultured suggested that: the

failure of the Moor House experiments was of
significance. The absence of competition from -

other organisms in the experiments, suggested thati

- the’ faiLure-to-prcduce eggs must have been.a

response to some climatic: factor.: -
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Dissection of the animals after these
experiments were completed, did not offer any
explanation of the results, for the activity period
of the adult beetles was nearly over, and the few
animals which remained alive were in poor condition
their reproductive systems and fat bodies were

completely degenerate.

XI. Culture methods.

The material used for the identification
of larvae was mainly obtained from cultures kept in
the laboratory grounds. Tins 18 cm deep and 1l cm
in diameter were used, small punctures were put
in the sides 2 cm from the top, and approximately
6 cm of fine soil were placed in each tin. The
soll was covered with fresh dung and up to 40
animals of a given species were added. After several
weeks the culture was dismantled, the soil and dung
being searched for adult beetles and larvae. A
culture was considered to have been successful
if large numbers of larvae were obtained from it,
but when only a few larvae were found it was thought
that they could possibly have hatched from eggs

laid in the dung before it was collected. ¥hen
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species did nof respond to tﬁe culture condlitions
described above, variations were tried wdth: séveral
types of dung, soil and sand. Glass topped
vessels were also used in order to avold upsetting
diurnal rhythms which ma¥ have affected egg-laying.
The success of the methods largely
depended upon the species, A. rufus and A. rufipes
produced eggs readily under most conditions, but
all attempts to get eggs from A. merdarius and

A. constans were unsuccessful. Where species
produced eggs readily on some=qeeasions, as in
A..iimetarius, A. conspurcatus and A. lapponuin,
1t is thought that the cultures which failed
must have been set up with animals not in-a
ph&sioidgicel state to repro&uce. Dissectiou of
- A. fimetarius adults from a culture which failed
shewed that nearly all. of the specimens 'were |
spent, most-ef the reprgductive-system being
. degenerate. . - I '

' | ‘The difficulty experienced in -.separating
the adults of A. prodromus.and A. sphacelatus

- made. it of parﬁic&lar importance té6 identify the
larvae. Both speeies were unresponsive to 'all of

the culture conditions offered. Eventuslly plots
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‘of dung known to be infested by.the beetles were
taken from the field together with the turf
beneath to a depth of 15 cm, and were kept
under observation. No young stages were ever
found in them. Other inhfested plots were marked
and left in situ, a few of these were exsmined
at fortnightly intervals using previously
nndistufbed droppings on each oceasion. The

same négative results were dbteined{ The iarvae

of A. conspurcatus, whose adulﬁs occurred together

'with A. prodromus and A. sphacelatus, were found
abundantly in these droppings.

There -appeared t0 exist a definite
inhibition towards-laying'eggs hnderiseme culture
eonditions. A. prodromus adults were kKept in tins

.--containing 6 ént of moist sand, covered witn 100 cc_

oF fresh.sheep dung. The beetles were prevented _
from escaping by a glass plate over. the tin. After
" 21 days, during which time no eggs were laid the
ariimals were dissected revealing that most of the
'females were packed with eggs in mimbers rarely
found in animals from the field (T&ble IX).

All of the culture specimens had been fertiliged

for spermatozos weré “found in the spermathecae.
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Table IX.

Egg . Counts from A. prodromus.

_ No. of weml-developed eggs.
| . ___|5-8 9-12 13-16 17-20 21-24 256-28 29-32|Average
Culture ]
specimens 1 ] 6 8 ) 7 2 156
Field . 29 26 2 0 0 0 (¢ 9’
specimens

In order to supplement the information

_-obtained from culturing methods, larvae were

¢éollected in the field, and were reared to emergence.

XII. Preservation-cf_A”hodius"adults_and larvae,

Garne (1951) suggested several preservatives_
- Por Scarabaeid larvae, but previous experience
led the present author to preserve both larvaeé and
adults in Pampel s fluid. Larvae kept for fcur
years rema1ned in perfect condition for taxonomis
purposes, while the alimentary canal andg, reproductive
system of adult beetles remained in good conditlon .
for at least two years. 70% alcohol wag 1nadequate
.as a preservative -for these animsls. The British
Museuam larval collection'was preserved in 70%
alcohol.and was largely useless for-taxonomic

purposes as the.tissues digintergrated on tcuchL
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XIII. The General Biolo

of A hodius Species.

1. The Egg Stage.

The eggs of a nugbeér species have beeéen
identifled. Generally speaking they are oval or
spherical, of yellow or whitish colour and
translucent, without any adofnments such ag
filgmentsnor fins which are 80 frequently found

in other dung living insects. The eggs of A. rufipes,

A. depressus, A. lapponum and A. Erodromgg were.

‘yeilowish_white.in-cgntrast-té those of A. fimetairius

which were'peériy white. A. fimetarius eggs also

differsd in being almost sphericel, while. those of
ﬁhé{ethen SPecies-mentioned-Weré:distipeily oval.
B _Obmervation indiggted that the eggs
were not resistant tojﬁesiceatiOﬁ, for. they
collapsed within a short timé if kept on dry:
rather—thém damp filter paﬁer. '
- _ | Not all of the dung 1nhgbitimg SPeéies
- éf Aphodiug laid their eggs in dung. Table X
ihdicaﬁes'the.egg-laying situations of severéi
speeies.in"the.fiela'and 1aﬁoratoﬁy¢ In Eygpﬁ,

A. lividus laid.eggs im dung, while A, howitti

. oviposited in soil cavities irrespective of

g
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whether dung was available or not.+The eggs of

A, fimetariﬁs were founﬁ in cow dung_ﬁl&ced on

the walls of tunnels made by the beetles as well

as in the end pockets of these tunnels, here no
‘doubt they were very lisble to preddtion.

However in pellets of sheep dung the procédure
'was.diffenen%, A small-cdvit&‘was éceOped.out of the
duné; a single egg was laid in it énd the . opening

was .smoothed over sealing it off from the éexterior.

' Table X.

Aphodius Egg—laying Situations.

Species In culture _In_field Eggs laid

A. rufives .- - soil soll in groups
A. depressus 8oil . 'soil” . in groups
‘| A. lappomim- soil, dung . .- dung | - singly -
A. ater . . dung - -dung - - sihgly
-A. fimetarius dung - dung . &ingly-
A. rafus sell dung = dung . singly
-A. tenellus- . dung dung © gingly
|- A. prodromus soil " ) 8ingly
A. sphacelatus .. soil . R s8ingly

Most of the species in Table X laid

:_their eggs 51ng1y, but A. rufipes and A.- depressus
' depasited.them,in_batches.of.as many as twelve. '

In this respect they resembled A. howitiis - s

Pissection of female A.'Erpdrémus
- showed that-as many as 33 partliy developed eggs
' ~-38-



could be carried in the ovaries, but these animals
were kept in the laboratory and failed to produce
an$ eggs in culture, specimens teken straight

Prom the field never contained more than 16 partly
developed eggs. If only completely developed eggs
:_uere counted, 14 proved to be the maximam in
culture &nd:field'caught.specimens. Eggs considered
to'be fully-developed were egg-shaped and pearly
'white after: pickling in Pampel s fluid, while

. partly developed eggs were translucent and often
Idistorted by the proximity of other eggs in the
ovarye. The maximum number of fully developed egge
found in A. depressus was eleven, ccrresponding
¢losely to the largest.batch discovered in the

S field. - T o
) Corpora lutea such as wepe. found by

- Gilbert (1956) in Galathus, were never geen in

:g'., prodromus and A. depressus, but were noted in "’
AL tenellus.tThese corpora lutea were cemposed of
'-the debris. cf.nurse celle left behind'When a--

= batch of eggs had been lald. Only specimens of -

- A. tenellus collected in the spring showed corpora-.
-lutea, specimens pickled in the &utumn did not

-'possess them. . They ma¥ have been identifiable
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only because a cessation of eggelaying occurred

in this species af the onset of .winter. If this
was not the case then it can only be assumed that-
eorpora lutea 4o not develop in A. prodromus and
A. depressus. Certainly the development of eggs
in these two species did not appear to be strictly
in:batches;;fer.eggs'in~a11.stages.Were-founa :

- within a single oﬁagy. There does not appear to

be any advantage in developing eggs in batches

1f they are to be laid singly as in A, prodromus.

Where a large number of fully developed eggs were

found in 8 beetle, the mumber never exceeded. the.

‘ nnﬂber of ovarioles. THas where eggs were

developed 1n'batches, the maximum number of eggs

.ovarieles. The nuﬁber of ovarioles per ovary.

varied between 4 and 6 1n A. de; ressus, while

in A. Epodromus the number was between 5 and 7.

_Each overy in A. tenellus was composed of 5 or

6 ovarioles. Hafez btated thet A. lividus laid

uj-to'46'eggs;'ﬁui'did not eay'whether they were
developed a few. at a time or in batches. A. howitti
laid eggs in two. batches, the primary oviposition
had a mean;pf.34,6-eggs,hwhile the second had a

mean of 15.4 eggs. It is not thought that eny
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of the species studled by the preserit author
laid so many eggs, and it is certain. that no
Species laid batches averaging 35 eggs.

Carne found that A. howitti hed a
fully developed hargh of eggs on emergence, this
was examined in detail with A. tenellus in the
present study; and it was found that all specimens
had undeveicpedﬁqvaries on energence.

Eggs of A. lividus hatched between 2
and 4 days after laying, at 25 C. The hatching

times-for A. rufipes in the 1aboratory, at
:_temperaturesfluctuating”between 10-18'C,
showed & mean value of 8 days for 132 eggs.
_The mean hatching time for .23 eggs of A..rufus
under similar cenditions was 5 days. Eggs.of
A. hewitti hatched within 5-14 days in the field.

- In some species the eggs did not hatch in so .
:_short a' time. Eggs of A. fimetarius and A. contaminatus
overwintered in dung, but it is not known whether
th1s was a diapause effect or & simple temperature
=effect. Eggs of the former species which. were laid

"in the spring had a short ineubation periog.

2. The Larval and Pupal St ges.

Before hatching the 1arvae can bé seen
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through the translucent pellicle of the egg, the
body acutely folded over with the terminal Eternite
of the abdomen lying between the poste;ior pair of .
legs, in an attitude slightly more cramped thén
that taken up. after hatching. The larvae are fleshy
animale with-eﬁly thin chitin covering the body
. . except on the head ﬁhich is strong, carrying .
complex mouthparts.

The larvae of the various species
differ-conspicmously.in their feeding hebits.
Those which 1ive.in'duﬁg cert&inl& ingest it, -
altﬁough.examination.df their faeces did not
Yeveal what they did with it. Hafez suggested

-that the larvae utilised the. nitrogen rich

"_-Vegetable and bacterial aIbumen contained in the

dung. .

A. prodromus larvae were never found in

’ldung 4n the field, snd it is thought that they

" of. this species were placed in soil without dung,
but with'grass roots and Bome=gpcw1ng'Vegetatibn.'
Aftei.thirty,&Eys sevieral thriving larvae Were"
found. Larvaeé of A. howitti 1ivad of growing

| vegetable matter, but'fed on &ﬁng_if'they came

. N, .
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Table XI.

Larval Feeding Situations.

Species Feeding situation
A. rafipes - dung 1
A, .depressus : dung - - -
A. lapponum . Gung
A. ater : o dung
A. fimetarius dung
. A, tenellus : dung
| A. conspurcatus . ~ -Qung
. A. prodromuis . soil fpresumedg
A. sphacelatus soil (presumed

-upon it while foraging.

" . Before larvae completed feeding and

. evacuated the é&t for ﬂhe-prepupal steage, some
. of those which fed in aung (Table XI. ) moved.

~
out and ' buried in the soil, where they prepared
cavities in whieh to pupate (Table XII). Such

Igrvae when taken from .the eoil often had. soil

.particles in the gut, it -seems that they may

have had to ihéest the soil in order to make

_ ‘Progress through it. Carme found that A. howitti

also burrowed in this way.

In dung it was most usual to find

- .

1arvae in small sealed cav1ties which they enlarged

as they grew.;qnce established'in sueh cavities the
larvae were safe.from predation except from those

aninals which could burrow through the dung. This

B



category of predators included_other Aghodiﬁs

* larvae, as well as larger Staph&linids
(Pnilonthus spp. ), and Cantharid larvae. Several

| instances of cannabalism were observed among

Aphodius larvae. On one occasion, a 300 cc

sheep dropping containing 16 third 1nstérs_of

A. rafipes was carefully broken down, 180 ce

of dung was left, and 19 eavities were found
of which 6 commnicated in pairs. In one of the
comminicating cavitdes a broken head capsule

of a third instar was. found.

Table XII.

‘S8ite of .Pupatien.
Speeihs ' . Site -

A, ruripgg'_ -__'.: ..., soil o

. A. depiessus . .~ dung, soil

A. lapporum Lo ) dung, s011

A. ater = S . gung

A. fimetarius . dung

A. tenellus ' - dung

‘A. conmspurcatus . . - - B#oil

- - o o e et e —_———]

It is not known to what extent
"ucannabalism occurred in the specles gtudied, but
Carne feund 1arva1 coMbat to be one of the major

causes of mortality in A. howittl. Most eof -the

- morpality resulted frém fighting which occurred
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when larvae came into contact while foraging on
the s0il surface at night. Their thin body cuticle
was readily punctured by their heavily sclerotised
mouthparts, and damaged larvae were very liable
to attack by bacteria.

The site of pupation where known is
listed in Table XII. The species which pupated in

the soil were similar to A. howitti and A. lividus.

3. The Length of the Immature Stages.

The length of the immature stages
varied with the time of year in many species.
The third larval instars of A. tenellus may
exist in the prepupal stage for several months
"1f the eggs were laid in the spring, but this stage
lasted only several days when eggs were laid in

the autumn.
Between 10—15’0, the first two instars

of A. rufipes lasted an average of 4.5 days %

(mean of 32 animals), the feeding stage of the
third instar varied between three and seven weeks.
In all species the first and second instars were
short relative to the third instar. In A. lividus

the first two larval instars lasted only a few
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 dayse. The pupel.stsge in A. rufipes lasted
between 10-18 days at vargisg temperature, but'.
Madle found that the animals died if the:stage
- was prolonged too long by low temperaﬁure.

| No Aphodlussspeeies known passes the
winter in the pupsl stage. Pupae of A. 11v1dus |
cemerged within sas'&a&s.at 23-25" C, Eive“pupse:7

of As.censggneatusjlasted-for between 19 and

29 days at 15°C. Similarly five specimens of

" A. teﬂellug_emergea betwéen 21 end 31 days.

Carne found that As howittl overwintered:

méblé XIIL. -

The Overwintering Stage. -

- ———

Species e - Stage :

A rufipes C ) prepupa

- A. depressus . . adult
.A.*iapponum B Coee adqlt

A. ater . L adult.

‘A. fimetarius . - . - adult, egg

.A..- tenellus : ' adult, egg?

A. conspurcatus ) adult, egg?

A. prodromus s .- adult
. 'A." sphacelatus - ’ adult -
A.. contaminatus egg, adult(rare)J o

1n the third larval 1nstar. This was found %o e the

. case with A. rufi o8, it Tost- of the species o
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studied overwintered in the adult stage (Table XIII).

A. .contaminatus was of interest in that it

overwintered almost entirely as egést,«/‘ é’eéﬁ~w4gi

The Adult Stage.

-On emerging from pupae the adult cuticle
takes some time to harden. Usuall& these 'callow'
beé&les.remaip in the pupal cavities, but on
one occasion a callow A. lapponhm was fduﬁd on
fresh sheep dung. Teble XIV shows the hardening

period of specimens of A. conspurcatus and

A. tenellus &t 15°C,

Table XIV.
| The. Hardening Period.
Speecies ; No..of.days._'
_ . 2 B8-4 5 6 T B
A. tenellus - 2 5 .53-2 3 1 1
As conspurcatue 0 0 1 1 2 1 O |

.~ . - Almost all species-of Aphodtus_a?e

asébeiated:with duné.for'ﬂeeding, even if they de

not use it as a breeding medium. Mohpr recar&éd the

'.occurrence of A. dlstinctws in enormous nuﬂbers

even theugh the 1mmature stages were never feund,

A. femoralis- and. A. bicolor also visited dung only

'in order to feed. Dung was not essential for the

gL



completion of the life-cycle of A. howittli, even
though a dung feed increased the output of eggs.

Among the species found at Moor House, A. prodromus

and A. sphacelatus came to dﬁhg only to feed.
That Aphodius adults feed on dung or
its contents cannot be disputed, for Carne stated
that the dyes flourescéin and methylene blue
were taken up by the gut of the insect if it was
mixed with dung. Examination of the faeces of the
beetle merely reveals material similar to herbivore
dung only in smaller particles. Swan (1934) noted
that the adults of A. howitti had poorly sclerotised
mouthparts which could only deal with semi-
-liquid food, and this appeared to be the case
with the British species which were examined.
Aphodius beetles were strongly attracted

to the dung of horses, cattle, and sheep, only
a few specimens were obtained from pig dung, -
while infested carnivore dung was never found,

i Carne found that entry to cattle dung
was made from beneath while beetles entered
horse dung at any point, but it was noted that.
Sphaeridium adults behaved very differently to

Aphodius on cow dung, for they were not averse
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to entering from ﬁhe-upperfeurface:

Dissection of A. depressus obtained
fnom sheep dung,.névealed that a large proportion
of the gnimals eqniained no trace of food in the
gut (90 out of 285). Atiempts to relate this
conditibn to the state of:egg develoepment and
fat content proved to be inpossﬂble._The aﬁiméls
.ecould net elear the,gut entirely during the-fime )
between collection and pickling, although 1t wes
found that A. prodromis removed from dung edntained
_only treces of food after:two days,“and after -five .
a1l of the animals were free of ald food traces.
Copulation was frequently seen in the
':field when a dung pad was opened, but leisured
observation of it. was impossible for the anlmals
" parted immediately'Qn-distugpanee; The male__
-mounted fhe female by:blinéing td‘her thorex - .
and abdomen, ‘the antennae ef both animals touching;
'vMovemente -0f. the male 8 hind legs appeared to play _i
.a part in the pre-eopulatory activities if not

"'“actually during copulatlon. On only one occasion REE

wae cepulatlon dbeerved-away from dung, and this

oécurred between- two sprediniens- of A. prodromus :
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in a closed tin.after cepture. Carne stated that
A. howitti copulated in and on soil as well as in
dung pads. '

Hafez found that A. livi&us-searched for

fresh dung at hight, and carne found the same thlng

—r e —rmem e e a i o eeeeeta—

for A. howitti, In this latter é@ecies the factors

——

'-determlning the-time and period of flying activity
were exaﬁined in detail. Flight initiation was
positively correlated to ﬁhe'sunset, but to sdbject
the animals to similar falling light ihtensity
at any other time did rot stimilate the enimals to
fly. Carme suggested fhas the beetles must possess
.some form of ‘physiological ciock{ Humidity did not
affect flight, but a wind of more than iOeﬁuﬁ,h;
stopped it entirely. It was found that little .

or no flying eetivity"tpsk plase after dark at.
.Moor House:. Fresh dung laid euf at dusk was _
'_invariably free of beetles the following morning.
A. rufipes and A. 1apponum were known to fly at

night, so that it was concluded that the climatic
'qondieions were hot suitable fsr-ﬁighﬁfflying;ét
Moor House. Temperature.may weIl have .prevented
flying activity during darkness for much ef the

‘year. Carne found that a temperature of 60 F or more
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was assoclated with conspicuous flying aetivity _
in A. howitti, but the minimum temperature exceeded
50 F on only 17 nights during the whole of 1955
at Moor House, &nd it waes not until June of that
year thet the daily maximum temperature reached
Gth. At no time could flying activity be said

to be conspicuous at Moor chee; indeed, flying
| beetles were rarely seen. Observation suggested
that sunshine increamsed flight activity, no &cubt
radiént heat from the sun allowed flight to take-
Place at a 1ower air temperature than when the
sky was overcast. - )

Ar.consideraple part ofithe year was
spent in_the'aﬁult.stege,'yamticuL&rly in species -
which-cverwin¢Ered.as adults.. A.'grodromus did
this, anpd 1t was Found that the mortality suffered
by it during Oct. Mar. inclusive, amounted to
40% This mortality occurred at fleld temperatures
but it mast be pointed out that predators were
excluded durinngctober-and March~when turves
containlng the animals had to be enclosed in
opder to ensure that the beetles did not 1eave.
Some species. of Aghbuiuslliveq for more |

than a year in the adult-stage,_this was demonstrated
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for A. fimetarius, A. ater, and A. prodromus.

‘Dissection of overwintering A. lappomum

and A, tenellus adults showed that their guts

were completely devoid. of eny trace of food,
1rrespective of whether they had remained in
their pupal cavitles, or whether they had been
active in dung. '

The Nuiiber of @enerations per Year.

Carne stafed emphatically that A. howitti .

had oﬁdy one generefien per year, Hafez did not

commlt himself about A. lividus but implied that

there .was more than one generation end that there

may have been severgl. Mohr found there was one

’genersiien of A,.fLQeyeriqse&ndJMadle Tound only

'eneuipLAi'rufipes.jTth would appear to be the T

general situetion,-bdt-the posﬁtidn is confused
by some of the adulte being'sofiong;livea;-Schmidt'

suggested that there may be two or -three generatlons

of A. fimetarius, it 1o - 1ndicat10n of thls w&s -

' found at Moor House.

It seemed possible thgt A tenellus

may: manage more than one generatien per year.

Dung dropped in Sept. fed larvae. and adults emerged

T —— - - ’-’ - \.—-H—— i -- ——

lbefore Nov. These adult Beetles'l1ved alongside

—-— -
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adults which emerged the previous autumn but

which did not produce eggs until tlie spring. It

is not knowm whether beetles emerging in early
autumn could lay eggs which could complete the life-

-cycle before the winter,

7. Séx Ratios.

Examination of the :.sex ratiés by
rearing pupae was carrieduout for A._iufi es, in
this case 39 males emerged compared with 45
females. The numbers were insufficient to say
whether the sex ratios differed from the normsl
1;1, Cé;pe showed fhat in A; howitti females
predominated over males in excess of the ratio

6:4. Schmidt found similar deviations from the

1:1 ratio in A,'distinctég'(46% maleé) and

A._prodromus (40% males).

Regular collectiene of beeties:from
sheep. dung showed that the séx ratios here
changed. significantly with time (P<.0l). .In

_Ag_aier, A. depressus, and_A. lapponum males

- Predominated. in tpe,early;part of the Season,
buﬁ;gnaduél;y fbmhieé became more eémmon. The
‘resson for this was mot known, but it seemed

likxely that fémaieSwmay have stayed longer in
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dung for feeding and egg-laying, while males may
have frequented dung less when all of the females
had been fertilised.

Over the whole season, the numbers of
male A. ater collected in regular samples did
not differ significantly from the number of
females. However, in 1956 and 1956, more female

A. lapponum were found in dung (1955; 61% females:

1956; 57% females). This difference in the male to
female ratio was significant from the 1l:1 ratio
(P<,001). It is not knewml.“whether this difference
represented a real difference 1n the sex ratios at
emergence or whether the difference was behavioural.
In view of the findings of Carne and Schmidt the

former opinion does not seem to be unlikely.

The Enemies of Aphodius.

No comprehensive work has been done on

this aspect, only superficlal observations have

been made. Mohr and Hafez recorded attacks on Aphodius

adults and larvae by various Staphylinidae and
Histeridae, and Carne recorded a fungal parasite
Cordyceps, but there are no records of Hymenopterous

parasites. Campbell (1936) recorded Aphodius adults
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from the-stomachs of several species of British
birds, including drows, Thrushes and Plovers.
Occasienally the adtﬁor haefseen Elaterid and
Cantharid larvae holdsngccrashéd Aphodius adults
and larvae, while adults frequently carry mites
believed to be of the genus Parasitus. These

mites attach themeelves by the mouthparts to

areas of thin_edtieie, and suck the quytfluide

of the beetle.

The Abundence of Aphodius Beetles.
- ' A study of the literdture indicated

that several authors found Aphodius occurring in

- Very dlfferent sorts of abundance to that found

by the present author at Moor House. Garne '8 work
showed that A. howitti sememlmes re&ched enormeue- a

nuMbers, he estlmated that the denslty of

_adults was sometimes mere. than 50 000 per m

in dungs Admittedly thls specles iad reached pest

'pneportlons, but even-ao,other workersﬂalso

fdund.Aﬁhoaius to be maeh moré EGmmcn'fhen“in tge

'Preeeni study. WMohr found A. éietineﬁqé;tpfeeted'

diing to a-dEnsiﬁy ef over 800 adults to an average
sized cattle dropplng, and Hafez found 100 A. Lividus

in 500 ce of durig commonly.
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'Occasienallyfthis species was sufficiently common
_to destroy the dung as & habitat for dipterous
larvee. Again, Hammer stated that Aphodius adults
could be go commonjthat their activities witnin

droppings could make the dung 'quiver'. |
| e Such high infestations_never occurred
in dung at Moqr House,. althgugh the activities
'_of the beetles may have been 5qfficient to

_ c&use,OCcasionai.food shortage for the.dipterods
"larvae. Only once was a dropping feund ﬁhich ﬁas'
. 80 heavily infested. as to give this quivering
appearance. ThlS occurred ‘in horse dung at

. Durham during Octdber, when A. contaminatus

~“adults were active. 210 beetles were remeved .

-'ifrom 500 cc of the dropping. A careful search of

";.several adjacent fields shewed that there was
:‘:no other suitable dung in the neighbourhood, '
”which is thought to De the reason for this
f:extremely high 1nfeetation. )

| Hammer maintained that the act1v1ties.

of Aphodius and Sphaeridium were of the: utmost

i'importance to dipterous 1arvae liv1ng in dung
~ These were able tio utilise the food available
- in droppings morg_campletely when an aeration

system_was formed by the tunneling activities_of
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the beetles. At Moor House, Diptera seemed able
to utilise the sheép dung satisfactorily

irrespective of whether beetles were 1nvolved in

' infestation or not. An adequate air supply in

10.

sheep dung was probably available without such
tunneling activities, for the droppings were
smaller, of & more solid consiatency, and were

uéually'Well'supplied with crevices.

The Aﬁuh&ance of A, howittd.

The diﬁfemences bgtween the biology of_
A;”howittiragd:ﬁhe.spéciés which-ogdurred'at Méor
House, may give some indication of thé characteristics

of.A._howittizwhich have engbled it to_become.g;

© very ‘common animal, indeed to become so mamerous as

--._-to‘be;a pest of_agricultuﬁal'impqrtancg._

_ 'Garneishbwed that -dung. was ef secohdary
importance to A. howitti, for it could complete

- _-its life-cycle in thg absence of i£@ To be able to

feed generally on vegetable matter must have been

' -an important factor affec¢ting its. abuhdance, its

nebit of feeding ot grassés and ‘clover is the reason

for it being classified as a pest. Peeding on

growing yégetable matter was not a'charaéteristie

of the speé¢ies of Aphodius at Moor'Howse. Only
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A, prodromis was known to do this in the larval

stage.

None of the Moor House species were
ready to lay eggs on emergence from the pupal
cavity, and e dung feed appeared to be lecessary
before the eggs-hecame fully developeds,ln.this
respect they differed from A. howitti, the ability

"to lay eggs immedietely after emergencefand copulation
without feeding, would effectively heduce

mortality by predation on beetles full of'eggs,

_and so»would'be of importance in the development
of lerge popﬁlationel Athifd point whichf@ay'h&ve'
been of importance in promotiné'dense pepulations
of A. howitti ‘may have been its fecundity, which

was greater than that of any other Moor chse

:speciee,

XIV. Takigg Sagples of Adult Beetles.

- . In- order to obtain an adequately detailed
| picture of the seasonal replacemenm of the species'
of A hod ius, some method of sampling had to be -
dev1sed which would give an . estimate of the relative;
' numbers of each species active at any given time.
It was only possible to study.the_seasohel

. gchengeS'wsingnthe.a@ﬁlt stege, as. the egg, larval,
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and pupel taxonomy was so poorly known.

Adult beetles of the genus'were found
in a number of situations. They were most easily
found in dung but they rere-also discovered in
soil, particularly while'overwintering, just
after emergence in soﬁe.speeies, and while
‘egg-leying in others.. Oecasioneliy.thEX'were
found walkiné across‘turf,“altﬁough this was.

''-usually near to dung during periods of flight

_activity. It was not practicable'to take representatxve

samples- from all of these-situations,'and as
_beetles.whieh were .overwintering or which had.

Just emerged from pupee.cannot be-descrioed:as-
:active,fthey Were ighored. It Was elso impracttcﬁbleﬁ
to sort soil cores from beneath every dropping
in order 'to search for egg-laying beetles, so _
samples were only taken from dung and. the surface
-"'ofltgrf 1mmediate1y beneath it. On one occasion
-ls-soii cores were taken Which ylelded one adult ':"
beetle as opposed to 23 found in the dung abeve
'the .cores. _ ' _ ' . _

Sheep dung was used for the study of the - *
seasonal sucoession,'largely'because it was ﬁore:'

densely infested than—the-horse dung, which was
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almost free of beetles between late June and
early September.

The method of sampling dung was different
in 1955 and 1956, Dung was sorted by breaking it up
and washing it through sieves in 1955. The beetles
and larger particles of dung could then be separated
in dishes of water. Only dung infested by beetles
was sampled. It was found that to sort a fixed
number of droppings was not satisfactory, for
they varied from a few cubic centimetres to over
500 cc, and on occasions the number of beetles
Per dropping ranged from 1 to 40. A dropping
containing 40 beetles could affect the estimated
Proportions of the species so markedly that 50
occupied droppings had to be examined to give a
reliable estimate of the proportions. It was not
practicable to sort such large quantities of dung
but the difficulty was overcome by taking a
fixed quantity of dung from each dropping. The
criteria finally adopted were to sample only dung
which was infested by beetles, the first beetle
found was taken, together with 50 cec of the dung
or the whole dropping if it was less than that wvolume.

In order to determine hew many sample

units of this type would be necessary to obtain
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‘a4 reliable estimate of the species.propsrtions,
100 samples were taken and'compafed réndomly in
batches of'go, 30, 40,.50, 60, 70, 80, and 90.
Figures 7 ami8 show the extreme values of the -mean
and standard deviation of 10 random samples of
the A. ater distribution, calculated for each of
tﬁe-ébévs_mentioned batches. It was considered
" thet it would be necessary to take 50 samples in
order to obtain reasonably fixed proportions.
waevsr loecal diffepences in species
Proportions. still afﬂested the-estimatés“given
By'a series of 50 sample units in a number of cases.
_ Pable XV shows an exéreme-example-df_th;s,wh;ch
'.6ec@rred oh two grassland areas half a mile ‘apart

at Moor House.

'Table XV. .

Species Prdportioﬁs on Two Grassland Areas
' at Moor House on ‘86 May, 1955.

: Area-A ' Area B
Numbers % of total Numbers %roi‘ total
A. lspporum 1829 1-2 67.0 _' . 9% 44.0
' A. ater s 41 21,5 . . 66 - - 3L.5
A.;depressus 19 ".710.,0 . 40 - 19.0
A. tenellus - 3 - 1.5 -~ 10 4.5
A. fimetariws _ 2 1.0 2 - 1.0
’ .+ 192 211

In 1956, the form amd condition of the
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nebitat were studied in greater detail, and for
this reason the sampling method used in 1955 had
‘to be abandoned. ﬁandsorting was used, and beetles
were removed from the entire droppings. In order |
to reduce fﬁe effeect of local aggregations,
eampling areas were scattered oversaconsiderable
area. ihe additional labour in&elveﬁ in studying
the dr0ppings in detail, meaﬁt that sempiing'had
to be earried out less frequently. This-resulted '
in the collection of smaller numbers. of beetles,
_makihg theheetimatee of the eeasonal suecession
less precis&e. . | _ | |
' As was eypected the numerical distribution.

;of beetles 1n this type of sample was not random._'

TThere were. several reagsons for thls, perhaps ‘the .

"most important being that dung of any age wes,

-sampled, smallzor Large nMMbera of beet;ee were
taken depending ﬁpah.whe%heﬁ'the'dﬁng-Was in -

an eefly, fhll,-er_iage stage of infestatibp.
SeCQndly, ﬁeethey conditiane prévehtihngr-
..-reducing beetles activity_coﬁlﬁ affect ﬁhegnﬂﬁber :
-o_f' beetles infesting dung of certai-n__h ag'es-.--_ The
-size of drdppings available for sampling v&fied;

"and the'attrge%EVezpowers-of.1ange.gmﬂ small

-2 -



droppings were found to be different. Another
factor contributing to the non-random distribution
of the beetles may have been that the older dung
became'unavaildhte to a newly emerging species
because it was no longer attractive. Again, if a
species showed preference for dung of a particular
age, this would produce aggregation of that species
in the samples. ilohr maintained that A. fimetarius

Table XVI,

Infestation of Dung by A. fimetarius.

Other Total
A. fimetarius Aphodius Aphodius
species beetles

In dung less 3 1262 1270
than-1l wk. old

In dung more 11 282 295.
than 1 wk. old

did not colonise cow dung until it was four days
0ld, this was not the case with sheep dung at
Moor House, for it came to dung as quickly as
any other species, but stayed longer (Teble XVI)
(P<.001). It was also possible that dung varied
intrinsically in its physical and chemical

composition, affecting its attractiveness.
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Finelly the non-random condition would be exaggerated

if the age distribution of the dung sampled varied

considerably from day to day. However, as sheep

were not restricted in their movements this

possibility was not considered to be very serious.
The conditions producing samnle

aggregation mentioned above, caused even more

severe aggregation when horse dung was sampled,

for the dung was suitable for infestation for a

shorter period of time.

XV. The Distribution of Sheep Dung.

Habitat disposition is of importance to
every organism, and perhaps even more so to an
anima]/whose habitat is transitory, irregular
in distribution and density. For these reasons
the defaecation hablte of the sheep were stuéied

© during 1956. Vegetational types of several kinds
were examined and it was found that the density
of droppings varied on each. Observation suggested
that, with the exception of certain areas which
the sheep used habitually as resting places,
the disposition of dung also gavé an indication

of the feeding activities of the sheep.

Y-



. An area where the vegetational cover was variable
over a relatively small area was studied in detail.
Grassland on-limestone outcrops and alluvial flate
formed one of the vegetational typesfatudied, .
and areas where Juncus squarrosus was prominent '
formed another. Moorland where Eriophorum was .
dominant over Calluna, was distinguished from
Calluna dominant areas. All of these vegetational
types-were in juxtaposition in the locality -@bout
the house, and it was probable that the sheep
population which grazed them formed an entity,
“thus allowing comparisen of droppihg denglities

on the different vegetational types. Areaa rhere
i_Festuca and Agrostis grasses were prominently

1nterspersed with f{.ﬁeffusud covered a considerable'.

- part of the. study area, but were not examined in

"'detail. Observation suggested thet less dung was

'{dropped here than on grassland without J. effusws,

'"'__but the dropping rate was greater then on _jm

J. sguarrosus ‘areas. The only other exten31ve

. :vegetational type which -was not studied was the |

“grassland found on the summit ridge. :
. The deposition oif dung was studied

by'examining numerous fixed areas at regular intervals,
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XvVI.

Each sampling area was of 100 m” , demarcated

by stakes or marked stones. A sample of this size
was chosen in order to reduce local aggregation

of droppings because of the association of yearlings
or mothers and lambs, and in order to obtain a
sufficient number of droppings from the less
intensively grazed parts of the moor. Thirty of
these areas were established on grassland, thirty

on the J. squarrosug areas, and 15 on both the

Callunetum and Briophoratum (¥ig. 9).

The Grassland Sample Sites.

The thirty areas of grassland varied
considerably in structure, condition, and in the
amount of grazing they offered the sheep. Sites
1-6 inclusive were situated on limestone  outcrop
while the remainder were based on alluvium. Site
18 was an area of very poor grassland consisting
of part of a river bed in the process of recolonisation,
no continmuous turf had.been established, only tufts
of Nardus and Festuca were found. Areas 19-22
inclusive were similar except that the grasses had
formed a contimious turf. Very little soil had
developed and the areas were subject to severe

and rapid drying out. Unpalatable Nardus and the
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lichen Cladonia were common plants on these areas,
the latter typifying the rather xerophytic
conditions. As a consequence of the edaphic
conditions, grass growth was poor providing

little grazing for sheep. Area 23 was similar

to sites 19-22 except that it was kept moist

by run-off from the moor, consequently there was

a better grass growth here. Sites 12 and 13

were also based on alluvium but a rich soil

6-12 inches deep had developed in which moles and
earthworms were particularly active. Here the
grasses produced better grazing for the sheep.

Site 15 also had a deep soil, and this together
with run-off from the moor, provided moist conditions
under which a lush grass growth developed. This

area offered good grazing for sheep, a fact indicated
by the number of droppings found on it. Sites

1-6 d4id not produce as much grass as was expected.
Here the soil was shallow being only 2-4 inches
deep, and the porosity of the limestone made for
rather xerophytic conditions which probably explains
the poor grass growth.

Thus it can be seen that there was great
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variation among the thirty grassland sites,
however as the variability was representative
of a broad range of vegetational covers grouped
together as grassland, the figures obtained

from these areas were of significance.

gguarrosus areas.

XVii. Sites on J._

- Juncus sguarrosus was frequently the
dominant plant on narrow peat slopes situated
between the moor and the grassland, Other plarts

which may . have been of value to the sheep on

these areas were Eriophorum, Nardus. and Polxtriehmm

: Oceaslonally J. effusus and Sphaggg were also
found. ' '_ ' |

. The slopes of these areas previded shelter

T tor ‘the sheep, with the result that the mumber

bl T

: of droppings found there might haveibmphasised )

the apparent value of these areas ‘for sheep

i :grazing.

XVIET. The Calluna—Erio{’

The major rart of the study area was
covered by Callunetum and Eriephoretum. Areas
61-75 were on Eriophoretum while 76~90 were

situated on Callunetum. On these areas other plants
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XIX..

which plajed a prominent part in the vegetation

‘cover were Po}ytriemm, Cladonia, J. squarrosus,

Eriophorum angustifolium, Sphagna and other mosses.

The Deposition of Dumg thréughout 1956.

counts of the number of droppings

deposited throughout the period 17 Apr.-— 5 Nov.

are shown in Fig. 10. The grassland histogram

' is based on intervals of 15 days, while those

. for Ja.squarrosgg.&nﬂ:CailunaaEriophoretum areas

were ealeulated_on h'basis_of:ﬁo days. One peried .

. of 15 days was used for both of the latter

vegetational types. in Augdst when sheep were

gathered about the house in large nuMbers for shearing.

. This aggregation of sheep accounts for the sharp

peak on eaech of the three histograms.

Three factors were thought to be operative

. in the early part of the season in bringing about

_:the 1ncreased nuMber of droppings,

1/ the nuniber of sheep on the srea.
" increased during Mey.and June,
2/ the increased grazing activities of
the laibs as the& grew-ano were.we&ned,

and 5/'the_ahbunt of fodder available increased

=69~






as plant growth accelerated:
It was not until mid-May that there was

extensive plant growth. The decreasing nunber of

; droppings in.Sept., Oct.,.ahd_Nov.-was the result

of the gradusal removal of sheep from the reserve.

s,

The Distribution of Droppings on the Grassland Areass

The range in the type of grassland over

_'the thirty sample sites was paralleled by the

variabilitﬁ in the number ofT&reppings found on

‘them (Table XVII). No information was available’

which was of use in assessing the-vaiwe-of the

- grazing provided by each sample site, 80 that '1t

I'
was not possible to determlne what gzgree of e

correlation there was between sheep feeding and :ﬁ

the Iunber %ﬂldroppings. Hewever, on - areas where l

there was gcod Erass growth the manbers of dropplngs ;

were always high and. conversely where there was
"a poor.turf of Nardus interspersed.with Festuca

'the numbers-ef droppinga were always. Low.. This -

.is illustrated in Taﬁle XVIII, on. average each

sample ‘site. would be expected to have 3. 5% of the--h #ﬂ&Ju 1.

total droppings found on each sampllng.date.

"However.on the productive grassland of areas 12,

=70~
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Table XVII.

Sheep Dropnings on Grassland Sample 81tes in 1956.

[;;r;mlel 7 24 8 e2 4 17 2 17 =20 18 2 18 1 |rotal
Eii.'.fs: n!ay_ l.d_a!_ Jun ._J\-u} .Tu_l Jul_. ﬂ__f‘_‘g Aug 8ept .0Oct Oct Kov
! 1 i 1 1 10 18 15 16 o 25 28 40 8 17 6] 210
2 . 5 15 7 28 20 2¢ 27 235 21 21 17 15 9| 234
.3 ! 1 2 6 16 13 7 12 20 14 23 12 3 7, 136
"4 i 0 6 7 13 10 2 15 29 15 18 14 40 15, 184
i 6 | 12 6 10 1 2 10 14 32 21 24 21 18 4 208
E ) | 10 10 6 10 6 21 22 15 15 15 15 14 165
% 7 i 3 5 T 8 2 12 2 5350 2 16 19 9 s| 186
% 8 | 9 6 24 14 =20 6 19 38 20 13 .16 6 7| 198
oo 6 o 7 6 12 12 17 1 m s 10 10 7 124
10 2 1 2 3 11 4 10 =21 6 24 7 8 5! 9
11 0 1 0 4 13 20 16 9 12 18 14 8 4] 19
12 5 11 19 18 2 32 3 351 36 38 21 17 12; 300
13 4 19 8 12 2 41 24 14 37 85- 27 11 4| 261
14 1 2 14 14 8 11 27 83 14 26 14 12 172
15 8 33 28 33 43 55 69 81 22 60 25 20 13; 488
16 4 5 3 6 17 24 28 22 B8 19 9 13 12| 170
17 7 13 23 25 33 -39 54 38 21 41 21 19 7{( 341
18 o 1 4 3 10 13 17 14 T 2 10 7 4] 116
| 19 8 2 10 22 12 21 19 25 15 2 12 9 15 104
) 1 6 6 10 11 15 16 20 11 186 18 7 2| 139
21 1 5 & 3 3 b5 18 19 2 9 3 4 1| 76
22 0o 2 0 3 5 5 5§ 20 6 1.1 11 3 1l 72
25 4 3 7 7 12 8 9 11 13 13 16 2 6| 111
24 2 11 4 19 13 2 2 2 9 16 2 15 8] 191
25 3 2 6 8 5 21 15 30 8 15 6 8 2! 129
26 o 7 7 =20 18 19 8 31 11 11 10 16 3| 173
27 107 8 21 11 25 2 18 12 28 14 6 3{ 174
28 O 4 2 10 5 17T 11 15 18 24 11 12 4| 133
29 1 g 1 16 12 235 6 12 21 11 4 10 1; 120
30 1 8 7 25 9 31 21 21 44 38 16 17 9f 264
80 193“245 402 469 548 -5-3'4- 735 513 681 424 349 197 | 5482




Table XVIII.,

Percentagd _'o;‘ Total Droppings on .Each Greassland Sample Site.

Sample

B8ites. HZy ﬁy Jan Jan el .]1'31 1\33 ﬂg ﬁ\glg szg; oot Oot HNov Aversge
1 |11 0.6 4.1 4,6 3.2 2.9 5.9 3.4 54 5.8 1.9 4.9 3.0 3.9
'2 |56 7.6 2.8 6.9 5.1 4.4 4.2 3.1 4.1 3.1 3.4 3.7 4.6 4.3
§ | 1.1 1.0 2.4 4.0 2.8 1.3 1.9 2.7 2.7 5.6 2.8 0.9 B3.6° 2.5
¢ |0.0 3.0 2.9 3.2 8.1 0.4 8.4 5.9 2.9 2.6 B5.311.4 7.6 5.4
5 [15.56 8.0 4.1 2.7 6.3 1.8 2.2 4.3 4.1 3.6 4.9 5.2 20 3,8
6 [11.2 5.1 2.4 1.5 2.1 1.1 3.3 3.0 29 22 3.5 4.3 7.1 3.0
7 |84 2.5 2.8 2.0 4.6 2.2 3.9 4.1 4.9 2.3 4,5 26 5.0 3.4
8 (10,1 3.0 9.7 3.5 4.3 1.1 3.0 6.2 39 1,9 .38 1,7 3.6 3.6
© lo.0 0.0 2.8 1.5 8.6 28 27 1.9 4.1 1.2 8.4 2.9 3.6 2.6
10 |83 0.6 0.8 0,7 835 0.7 1.6 2.9 1.2 35 1.7 23 25 18
11 [0.0 0.6 0.0 1.0 2.8" 346 2.5 1.2 2.3 2.6 3.3 2.3 2.0 1.7
12 | 5.6, 5.6 7.7 4.5 6.5 5.8 5.3 4.3 7.0 5.6 4.9 4.9 6.1 5.6
13 |4.5 9.6 3.3 3.0 5.3 7.5 3.8 1.9 7.2 5.1 6.4 3.2 2.0 4.8
4 |11 1.0 6.7 3.6 1.7 20 4.2 3,1 8.7 8.8 3.3 3.4 5.0 3.1
15 | 9.0 16.7 11,4 8.2 9.2 9,7 10,8 11,0 4.3 B.8 5.9 5.7 6.6 8.9
16 |[4.6 8.5 1.2 1.6 5.6 4.4 4.4 3.0 1,6 2.8 21 3.7 61 3.1

_ ¥ |79 66 9.3 6.2 7.0 7.1 85 52 4.1 6.0 4.9 5.4 3.6 6,2
18 | 0.0 0.5 1.6 0.7 2.1 2.4 2.7 1.9 1l.4 3.8 2.4 2.0 2.0 2.1
19 | 9.0 1.0 4.1 5.5 2.6 3.8 3.0 3.4 2.9 5.5 2,8 2.6 7.6 3.5
20 |1.1-35.0 2.4 8.6 2.3 2.7 2.6 2.7 2.1 2.3 4.2 2.0 1.0 2.5
21 {11 2.5 1.8 0.7 0.6 0.9 2.8 2.6 0.4 1.3 0,7 1l.1.0.5 1,4
22 | 0.0 1.0 0.0 0.7 1.1 0.9 0.8.2.7 1.2 1.6 2.6 0.9 0.5 1.3
25 |'5.4 2.0 2.9 1.7 2.6 1.5 1.4 1.6 2.6 1.9 8.8 0.6 3.0 2.0
24 |.2.3 5.6 1.6 4.7.2.8 4.7 3.1 3.4 1.8 2.5 5.4 4.3 4.1 8.5
25 |34 1.0 24 2.0 1:1 3.8 2.4 4.1 1.6 2.2 1.4 2.3 1.0 2.4
2 | 0.0 5.6 8.8 5. %8 3.5 3.1 4.2 2.1 1.6 32,4 4.6 1.5 3.2
87 | 1.1 5.6 3.2 5.2 2.3 4.6 5.1 2.5.25 4.1 3.3 1.7 1.5 3.2
28 | 0.0 2.0 0.8 2.6 1.1 3.1 1,7 2.0 3.5 3.5 2.6 3.4 2.0 2.4
20 |11 1.0 0.4 2.6 4.2 0.9 1,6 4.1 1.6. 0.9 2.9 0.5 4.0 2.2
80 |11 4.1 2.8 6.2 5.5 5.6 3.3 2.9 8.5 5.6 3.8 4.9 4.6

4.8




15, and 17, the percentages were always in excess

of this, but the percentage of total droppings

~on areas 18, 20, 21 and 22, rarely'neached the

eéxpected figures.

deposited on the-sample sites during 1956. As on

the grassland the variation in numbers was
considerable, but was not sp readily explainable.
It was realised early in thé season that site 33
would.net have mich dung deposited upon it,_for

it wes.a smell patch of J. squarrosus surrounded

by moorland. Héwever areas 52, and 55, also had

" 1ittle dung'depesrtéd'on ﬁhem and no explanation

XXII.

' can be offenedlfdn these low figures.

e e b — o = —_— —_——— - -, -

The Distribution of qupplngs on the Calluna-

—Eriqphoretum Areas.

The numbérs of droppings founhd on the

30 Ca;iunahEniQphgretwm sample sités are shown

in Table XX. Mﬁcn-of-tne-variabiiity in the mumbers
of dropnings .can be explained in terms of vegetational
differences between the sites. Areas 76, 77, and

78, consisted almost entirely of Calluha which was

71~



Table XIX.

Sheep Droppings on J. squarrosus Semple Sites in 1986,

[Bample | 16 13 9 9 23 25 24

Sites. | May Jun Jul Aug . Aug’ Sept Oct | Total
31 0 13 12 36 32" 40 18 151
32 4 32 24 6 36 22 52 166
33 0 3 6 4 6 14 2 35
34 1 10 12 8 24 30 28 113
33 | 8 39 18 ' .16 12 8 18 114
36 | 8 12 8 16 10 20 28 102
-37 3 12 12 8 18 14 26 03
38 1 4 4 6 12 10 16 63
39 5 11 14 16 10 10 6 70
40 0 12 12 10 8 36 16 94
41 0 10 i 10 34 36 34 128
42 7 16 26 30 14 20 4 117
43 6 22 & 18 14 14 10 92
44 1 10 14 20 30 12 20 107
45 3 12 18 20 10 12 4 79
46 3 14 16 16 8 a2 10 79
47 7 8 18 32 16 54 14 149
48 7 34 28 10 20 56 28 183
49 1 16 12 18 10, 14 2 73
50 1 25 32 22 28 44 20 172
51 0 24 12 24 18 24 6. 108
52 0 ) 4 12 8 8 2 34
53 1 24 10 12 10 61
54 5 8 10 20 24 52 18 137
55 1 10 0 10 4 16 4 45
56 1 9 8 16 20 16 14 84
57 7 30 14 22 36 36 22 167
58 0 6 20 60 18 28 16 148
59 0 18 26 32 12 28 12 128
60 5 17 30 22 22 24 20 140

T e wi s sesw mm  as | e




Table XX.

Sheer Droppings on Calluna-Eriophorum Sample Sites in 1956,

~t
M| © © © W b © ~H B~ W A ~H 0 ™ o, o ~ ® - &~ © W]
Sjfn @ a8 & A A3 A& &8 43 A + o> 90 39 ¢ ® & b Ag ain
"
i
®,M9 O N ~ T o © [ =R K=
Mcﬂ 4 >~ m H O O A O H O A H O A D> o O 414%1 b=
O - . ot
; 3
v "
L
) n o 0 . 0 © o ~ © 0 @@ © O
Taw. <+ g © o ® A o 0w O - O H QO ~ @ @ o9 +i3
.28— - -
. | 1
i
! |
i
: n o N o n o n 0N ®mM O O o - ©® o - w0 ®wm N O10
Tomm b B © - as®=3 © @ i
1N | -
L ,
H __ H
{ ' @ © ¥ @ A A H B 0 VO ¥ A A Q@O0 @ AV ©O B O ® 0 W N B $'Q
iog ! ~ ] ®
.2 e
' | '
H ~ 1 i
_91_01022010111 ¢ O w ¢ O 41 O O O ®m + O IOOOMIMM"
178 . . |
| m
1
am._1006 N H MM O ¢ N O O A ft O A & O O 1111m2*.ﬂ_
R I
— -
1 .- 4
GSW.HOOOOO @ H 4 & O O W% O v O 0O O A ¥ O 4 O @ 010020_%
| 4 H
~ R
—— ————— . -
me-m m
1@y ' !
0 !4 @ ® L O 0 © O O ~M M W T W W~ © O O a © L O > @ O O
_m.nm666M6 © © © © > > > > > > > > B 8 8 8 3 0 ©® ©® © M 6,
L
on ' “
)|

i
l
l
|

——— T v s Y v




80 thick and bushy that sheep rarely visited there,
which explains the low dung counts. Areas 83"

and 84 were situated.on the-crowQ-of ﬁhe-moor,.
and-the low dung counts recorded from-these_s;tes
-Were probably the result of the.sheep‘s.preference
for the edges of the mogr. The large number of
droppings on site 81-oecurred because of the

" Jjuxtaposition of a pateh of J. sgéarrosus, almost

all of the 44 drqppiﬁge being found within two

metres of the Juncus;paich. Site 89 was a typieal
_area of callunetumb-the_very_lerge number:of droppings
deposited there being the result of several sheép
using it as a ni_gh-t- regﬁiné_‘ place throughout the

summer.

XXIII. The Time of Sampl;gg

- —re———— -

-  Thé dung deposited o ‘Lhe ‘sample sites_
was examined at regular intervals throughout the
period that sheep were on the-reserve. Durlng
1956 the first sheep were returned to the moors
en 17 Apr., and the last were removed in. ﬁhe
early days of Nowv. Observations made in 1955 had
suggested'that fortn;ghtly sampling of theé

. gwagsl&nﬁ dreas wcﬁidébe sufficientlj frequent to

account for all eof the Eroppings'deposited in that

=D
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The Examination of I

time. This proved to be the case except on one

' occasion when very heavy rain severely washed

away freshly dropped dung at the beginning of
a fortnightly period. When sampling was carried

out two weeks later only small quantities of

- whitish fibres indicated the position of these

droppings. On the othey-vegetationai types most

" "dung remained recognisable for several months,

and for this réason'sambiing was carried out at

four-weekly periods,' each sampling date being

_ one week after alternate sampling dates on the .

grassland. All durg was removed from the sites

aftér.examiﬁatienu

In addition to ceunting the nuMber off_.

. 'droppingé“fhé"volume of each plot’of‘dunngas T e s s

= e — o

éstimated. This was. done by estlmatlng the

- volume against tins of known sizé, in this way. .

. éveny-dro@ping.was-piaéed'in a siée_grgup

.. each of which ranged over 25 cc. Theseestimates

ﬁere'agcwﬁate up to 200 Cc,-and above this.sizelj'

were probably accurate within a range of 50 ces

_Volume was chosen ag a measure of .guantity in

" preference to weight, as’ it varied mach 1ess'if

75



weather conditions allowed a crust to develop on
the dropping.-
Attempts to estimate the age of each

plot of dung from its external appearance and

Table XXI,
Estimation of the Age of Droppings.
24 May -7 Jun.

Site No. No. of droppings Site No.] No. of droppings |
i <1 wk. old >l wKe old <1 wk old >1 wk old
X 9 1 16 o 3
-2 4 2 17 10 .13
- B 2 4 18 4 o
4 4 -8 19 .. - & 7
5 4 .6 20 3 ~0
6 4 2 21 - 8 3
7 5 2 22 0 0
8 8 16 23 1 6
10 2 -0 26 3 3
11 0 O 26. - & 3 .
iz - 12 -7 .27 -5 : S .
o - T 1 7 - 28 . -0 - I |
e a8 T .29 . 1. AR B
~ .15 - 20 - : . 8 30 - - e 4 |
Total <) wke 01d 129 . '
" Total »1 wk. old . 117 o
- U

‘fexture was diffic@lt-bee&use weather markedly

affects the appearance of the dung. On the-

gpaéslénd, dung was aistinguisnéd as lasé:fhan'oné
week, or more than one week old.'Thése.b:oégqage

groups. were thought to be.reasonaﬁly accurate.

T4
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© Yery- differently to the two types. Before removal

‘Table XXI shows the estimated age of all droppings
on the grassland sample site on the stated date.

Even though the proportions varied so mﬁch on

_ individual sample sites the number of droppings

in each age group was similar, as would be expected
if the age estimates were accurate.

Where dung was examined at four-weekly

intervals, the-age-estimates'were restricted to

the groups 'lees than two weeks old', and ‘more

than two weeks old'. These estimates were not so

'-accurate as those made on grassland.

In addition to estimating the age and
volume or the droppings, two types of dung were -
distinguished those deposited as loose pellets,

'_ and those which maintained a compact form. This .

L distinction was. made as Aphodiu adults reacted

—m e — s s =

frcm the area each dropping was ‘hand-sorted fcr '
Aphodius and Sphaeridi adults, the smaller
Staphylinid and Palpicorn'beetles were ignored

. as they were toghiumerous ahd too.active=tc3be

collécted adequately while hand-soirting. On selected -

dates the incidence of lumbricid worms-snd

. dipterous larvae was noted.
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XXV. Overwintered Bung.,

| The severe climatic conditions which
are usually operative on the Moor House reserve
during the winter months sérve to reduce animal
activity in dung to a.mimimum.iOGc&sionelly
Tunbrieid WOrms were found to be active in dung
during February, and on sunny &ays at this time
of year adult Borborid.fiies have been seen
in:pumbers on fresh horse dung;'Generally

' speaking all droppings were ffozen solid

| until March. Sheep dung whieh was found in
early April of 193; had ali overwintered, and
there ‘had been very little anlmal activity 1n

_ it. Examination of this dung revealed eggs
of.Spléers,.a few.luMbrlcid WOTTIS and their
cocoons, and occasionally overiiintering adults

" of A. tenellus and Elaterié beetles.

e mar o me—— = .-

Fig. 11 shows ‘the a%undance and size'
of-overointered sheeg droppingsgon the sample_*
eites_of_ﬁhree_vegeﬁational typee.=comparison of theseﬂ
&igt?ibﬁ%ions wigh-#hose of dung dropped in_ﬂuga-

and Sept. made it clear that'consideribie erosion
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. XXVI,

of dung took place during the winter months.

On the grassland a 1arge proportion
of the overwintered dung fell into the size
group 0-25 ce,'being represented only by a trace of
dung. The distributionsl differences between the
graseland and the other areas was the vesult
of different erosion intensity.- Dung on:grassiand
was more exposed to wind and rain when lying on
a short turf, then if it ﬁas ﬁrotected-by.the

taller growth qf-Jf'squarrosus; calluna, and

Eriophorum.

The Duration of Dung.

In order to make afeomparisop of the
relative GWTation'ef .dung on differen% vegetational

types, a coarse analysis was carrled sut using

the counts of“dreppings which overwintered from

1955, and the:tetal dnoppings_deposited on the
sample,sifes.during 1956.'Makiag the-assumption--
that similar numbers of droppings: were deposited
in 1955 and 1956 a rough estimate of the
average’durat#on was obtained as in- ?able XXII.
These -estimates take no account of variation in
average'&uraﬁion'thrgughout a year, and must be

bilassed towards aVerage dung duration in winter.
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However 1t is considered that the estimates were
of significanceé between the vegetational types.

All four estimates were significantly different
from each other (P<.0l). The long average duration
period for dung on Eriophoretum'and Callunetum
supported the belief that some droppings might last

for moke than one year on these areas.

Dable XXII.
Average Dung Duration.

Vegetation .Droppings Droppings - Average

type depesited overwintered duration
. = 1956= . - - (in days)
Gressland - . 5482 608 60BX3E5 = 39
. XN , 5482
squarposus 3156 . 549 | . 549X365 = 64
c e ‘ 8166
“Briopheretum 308 - - 99 - . - _99x865 =119
RO . - 808 - . -
Callunetum 325  -. . 150 . 150%x365 =167
. ’ T ) : 325 '

J— e e = a—— —— - - - v
C ma f A amgy ALY A A R RSN X L N e

An estimate of . summey dung duration was -_
obtained from.the'it BQUArrosus sites during July;t'
August and September. Over this period only -

B0 [ m was cleared of dung on each sample site.

At the end ‘of SepteMber a dung count was carrled

'_out on the uncleared parts of the sample sites.

Cemparison ef the total nuﬂbers of" droppinga.

-deposited upon - 50 m . with the number remainlng

- qn an equivalent grea_after the pame period of time, .

R T g



allowed a coarse estimate of summer dung duration
to be made. The figures and sampling dates are
shown in Table XXIII. The estimate based on the

Table XXIII.

The Duration. of Dung on J. squarrosus Areas.

-Sampling Days after No. of Days after Nb. of
dates 12-6-56 droppings 12-6-56 droppi
, - on 50m*, .- .+ on bomk,
9-7-56 o7 211 - -
8-8-56 . 5% 282 - -
| 22-8-56 ‘71 262 . = -
26-9-56 105 36L 105 632 o
Totals ' _ 1116“ - : 632

totel figures and the whole experimental périod wes

682 x 105 = = - = 60 days.
o L

a month ‘a better estlmate may “be. obtained using
only thezfirst 7l days of the experiment,.thus,-

682-361 , 71 +34 . = 61 days.
TiT6-361 BT |

-These estimates compared very clesely with those
'-:obtained from.a study of everwintered dung _
. In Teble XXIV the gize distribution-of
. droppings left for the 1Q§ days_ef_the:experiment

were conpared with the size distribution of the
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droprings removed on four occasions during the same

Table XXIV.

Weathering of Dung in Summer

on

Js_Sgquarrosus

Dropping Droppings Dreppings
slze deposited faund on
(in ces) on 50' m* 50 m*after
in 105 days 105 days.
0- 50 473 160
50-100 413 230 l
100-150 111 123 .
> 1580 119 118
Totals 1116, 632
Mean dropping size 71 cc. 101 ce.

' period. The distributions were similar .above 100

but the aversge dropping size was very

The destructive forces of the physical

environmenf act upon:a-dr0pping as a unit rather

——— oy ———— - ————-——

than in proportion to ite size. This explalne

the difference found in the mean size of the

deppingé_iﬁL%he experiment.

_the first to disappear.

In 1956, an experiment was earried out

on the durétionybf.sheep dung on grassland of a

limestone.outbrep; Ninety plots of 100 ce were

laid out ori the 6 Jun.

‘= 80=

and were subseguently

_different.

Areas.

cc,

énd biotic

Small drqppings wers .



" examined on 14 Jul., 22 Aug., and 20 Sept.. The
igize distribution of the plots on these dates
are shown in Fig. 12, while Fig. 15 shows the
mean drepping sizZe and disappearance of droppings
on the four dates. It Was estimated that 50%
- of the droppings -die_appeei'ed within 100 days;
and that 50% of the dung disappeared within 60
days. Tahlefxxv shows the extent of animal activity
in these. droppings on 22.Aug. o '

Thble XXv.
- Animal Activity in Experimental Plots on 22--Aug.
' No.- of plots.;
Infested Previously Not. attacked :
: . - o infESted _ ;
 Dipterous . 2 T . 58
larvee . - :
| Lumbricid . - 22 -85, 4
.'-_. ‘-"""" -Wel‘m.s - ‘_ - ‘... . 'T-'M'T':-‘""'_' - . _......_-...-. . = o= o, va - .
Aphodius -~ 6 = O~ . 55
larvae S . .

Sixty fresh,plots of 100 ece of dung

. were laid out on Erlgphorum at the same time as.
those on- the 11mestone outcrop. The disappearance '
rate on the Eriophoretum was slew, all plets

being recognisable after 113 days, and the mean

-8l - _‘
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MEAN
DROPPING
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PERCENTAGE
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DROPPINGS
DISAPPEARED
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0-1
0 38 77 106

DAYS

Fig. 13. The removal rate of sheep dung from
the grassland of a limestone outcrop.




size of these droppings was 86 cc. The extent of
the animal activity in these droppings on 29 Aug.
is shown »(in Table XXVI. It can be séen that 40%
of the plots'shewed.evidence of the activity of

- Table XXVI,
Animal "Activity in Experimental Plots on 29 Aug.

I——-——-——-.-:..-__:..-_—--.._‘__.-_ - e e P am 22
No. of plots
Infested . Previously Not attacked.
infested -
bipterous- 1 ' 19- o)
larvee
Lumbrieid - O 4 - Bl |
WOTTS - _ | I . R o .
Aphedius '8 B 44
larvae ' ' .

dipterous iar#ae. If is Suggested- that tris figure -
'_gives a_better indicatien of the extent qf dipteraas
i infestation %then those shown in Table XXV, for on
'these-areas-the intensive actiyity of_LuMbricid.
worms largely debtroyed the evidence of previous
'.occupation by Diptera. The dlfferent intensity -
of infestation by luMbricid worms, reflected
i their relative densities on the two areas.
Svendsen (1955) found several species of earthworm
-to be commonlen iimestone outcrop areast while .

'Dendrdbaens_oetaedra and Bimastis eiseni occurred

- B0



in only small mubers in the peat. ihe tables
.'i'llu'st-rat.e that 10-20% of these droppings were
occupied by larvae or.A; lapponum.

Theéré ean be little doubt that on ‘the
grassland areas, removal, of dung was.largely
effected.by lumbricid worms, ﬁipterous larvae
may also have been of considerable importance,
but tneir effect was difficuly to assess-from

the results obtained.

XXVII. The Size of Sheep Droppings.

' ' " ‘Tt was found that the mesn dr_eppi-ng |
size inecreased as the-season progressed.(Fig. 14,

_Table XXVII). As ‘the method was 1iab1e to sdme

'-subjective variation, an. intensive check on size
”was carriedbut at the beginning of the season i

.and in e;r1§f&ngust. These'checks showed that the
increase was genuine." '

The increase in average dropping size
wss largely the effect of the inereased s1ze of -
-damnib. droppings, together with a reduction in: the
'frequency with which the yeung animals defaecated. f
”Uniil July the percentage of small droppings was
high relatine'%e_%ha%—found:from'Hugﬁst onwards.
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Fig. 14. The change in mean sheep dropping size

during the summer of 1956.



Table XXVII.

The Size Distribution of Plots During; the Season.

Dropping Before After % of total % of total
size 22 Jun. 2 Jul. before after
(ce. )’ : _ 22 Jun. - . - 2 Jul.
0- 25 155 186 16,6 6.9

25« 50. 441 892 47.3 3340
50- 75 . 178 667 19.1 24,7
75-100 74 475 7.9 . 17.6

100=-125 - 86 148 _ 5.9 _ 5.5

125-150 25 129 . C 2.7 4.8 -
>150 .25 203 Lo 2.5 7.5

Droppings. on grassland only.

Fig. YU sghows the quantity of dung
dropped on each of the vegetational types throughout

' the year. It can be Been that more=droppings were,

deposited on the areas in the second half of the

summer, and this, together with the 1ncreased

: dropping*stze resulted in greater quﬁntities of ™

dung being found in the Tatter rart of the year

_'(Fig. 15).

Table XXfoI”shows the average-duantities

_ of dung dep051ted on the several vegetation types,

. XXVIIL.

together witb the extreme values.

Variation i in the xpe of Dung throughout the Year.
' It has already been mentioned that Aphodius

beetles rEaeted_diﬂferently to droppings-in the

' _ea






Table XXIX.

- The 'Quantity of Dung on Several Vegetational
Types in One Year. (1n ec./m o)

Vegetation Average - Extreme estimates.
types. for 30 )
areas: Site Quantity 'Site Quantity

. Ee kL ey —erm——

Grassland i19 15 304 22 52

J. squarrosus 78 48 284 - 52 B33
Callunetum and 18 - 85 35 . 76 -2
Erlophoretum ' : '

—— o -t g e = — - s oam +  e—

N.B. S8ite 89 on Callunetum had 102 cc/m? of dung
on it during 1956. This area was abnorial,
sheep using it as. a resting place. -

form of loose pellets and those which were compact.
@ﬁus it was'pf interest te find that_the'prdpo;tions
of th@ two forms. varied throughout the.year
.(Fig; i6). The"reagon-for t@e increase in
'.;,.'.Lﬁpel}e$efdﬁmﬂ dvoppingﬁ aé;iﬁeuséaSOnﬁﬁﬁoéﬁeSSé&"
wasg obecure. The large proportion of 'pellet-
'form droppings in the first column of the histogram
was caused by numerous. small laﬁb droppingss

On. avenage ‘pellet- form droppings
'were smaller than compact droppings.'The size .
'distrlbutions of the two types on grassland ever
the whole year are shown in Table XXX, The
differénce in méan droﬁpiné éiza was highly
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_ Table XXX.
S8ize Distribution of Two Dung Types.

Size 'Pellet-form' 'Compact '
(ec.) :
0- 25 ) ' 350 203
25- 50 ' 888 . ' 863
50- 75 486 - b06
75-1Q0 . 265 325
100=-125: - 69 136
125-150 54 111
150-200 : oL 44 ' ’ 126
200-2560 - _ 6 - 45
250-300 . 4 ; 19
300-350 - + 2 ' 3
>350 . . : 3 o . 6
Mean dropping size* .54 ec . : 69 cc. J

significant statistlcally (PHLOOl), the difference

.arlsing very largely in the sigg group O-25_cc.

- XXIX.. The Infestation of D -fbf'Begtles.

. Table XXXI shows the percentages of .
I--&;oppings oﬁ”éraé;zéhd whlcg_;;;e infested by :
beetles"op the sorting dabes; It.ean'be seen
. that the prdpﬁrtion.of infested plots fell after
thé £i£st twe.ﬁonths of the sumher;ééason..This
was not-only the chsegqcneeapfjmoréfdung-peing
available later, fef-the actual number of -occupied
plots fell. - |

- Fig. Thz. shoWs the percentage of ocCUpied"

nss;






Table XXXL.
The Infestation of Dung by Beetles.

Date Occupied = Unoceupied '% infestation
droppings  droppings

7 May 22 - 89 4.7
22 May - 66 185 30 5 -
21 Jun. 113 419 26.9
5 Jul. 108 - 520 . 20,56
21 Jul. 90 683 13.2
4 - Aug. 50 - 592 : 8.3
20 Aug. . 90 560 . 16. 1
4 Sept. 51 - 776 " 6.6
19 Sept. T 42 483 @ - 8.7

plots when dung was considered as two types,
'obviously the compact droppings were more
atﬁractive t0o- beetles than those of the pellet-

'-‘-form. Table XXXII shows the average. percentage

_ Table XXXII. , N
-rif¥he 'Avem&ge-“Percentage”"Infestation of““Dung

-Bung type Totel Occupied % 1nfestat10n
. . droppings droppings .
'compact ' 2343 _ 589 - . 881
'pellet-fom' 2171 . T 99 . 4.5

‘occupatiecn fon-thé two types of @nng oyér-tne

whole peason.

.—.B!IZ—?— oo, ..



XXX. The Size Distribution of Infested Dung.

The size of droppingse which were infested
by beetles was compared with the size distribution
of all droppings (Table XXXIII). It can be seen that

Table XXXIII.

Infestation and Dropping Size.

Size Ne. of % of No. of % of
(cc) droppings droppings droppings droppings
' infested. infested.
- 0- 25 621 i1.7 - 14 2.2
256~ 50 1965 B37.2 . A7 . 26.9
50- 75 1194 22.6 156 . 24.5
| 75=100 ... 748 4.2 . 129 20.3
100-~-150 . 457 8.6 . 93 14. 6
150=-200 . 199 3¢ 8 . 44 6.9
> 200 102 - 260 29 ' 4,6
5286 “636 ] )
Mean dropping - ’ )
size . 62 cc’ N 8l ce B

‘there was a coﬁsiderdﬁlebdifferencé in the mean
size of the two di;%flbutloﬁ;;*Onﬁa;efage, o
-;niested-@roppings were ;9 ce largeg than all of

" the droppings tegeﬁher, a difference which was

- highly 51gnif1cant statistlcally (P<.001)

. Table XXXIII shows that the dlfference between

" the. two @istributions wae.largely the result of
fewer small droppings (less than 50 .cc.) being
infeste& than. eéxpected. Generally speaking larger
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droppings proved to be mofe attractive to beetles,

this can be seen from Table XXXIV which shows

that the number of beetles per plot increased

with the dropping size.

Tabie XXXIV.

Beetle Infestation and Dropping Size.

Dropping .
size (cc.)

'compact ' type
1l wk. old

.Jule =Sept.
'compact' type

1 wke old
'pellet~form’

XXXT.

droppings

0- 50

2.59
1. 58

1. 60

No.

50-100

3.68

2.37

1.56

1.54

100-150

4.25

- 2.381
1.76

2.10

e, e o e

of beetlés per oceupied plot.

>150

6.50
230
2.87
1.16

- m— i w L

When the two dung types were distinguished,

the infested droppings were still 31gn1ficant1y
“1arger than their respeetive total distributions

.+ (P<,001). However comparieon of the size~distributiens

;of infested pellet—form ‘and - compact droppings,

_showed no S1gn1ficant difference (P> 06)

The Afe of Infested Droppin

The figures in Table XXXV suggested that

-89~



Teble XXXV. _
The Age of Infested Plots of Two Types

of Dung. e
Dung type Less than one More than one Total
_ week old week old
'compact ' 406 | 145 -  B51
'pellet-form' 73 12 N J
e e e e e o et et e o een o mwn t e e——— -

on average, dung up to one Geek old was more
attractive or suiteble for beetles than dung aged
between one and two weeks. The implication is that
- many beetlee leave infested dung when 1t'becomes
one week old. Aboutl26% of ‘the infested 'compsact'
" droppings were estimated to-be.meﬁeﬂthan one week
-old, wﬁiie onlﬁ 14% of the infeeted"pellet-form’
- dreppings were. in the second age group._The |
. difference in the pronertlons of eaeh dung type .
- which were infested in the second week, was -
.; statistlcally signiflcant (P<.001) Thus it
'-iappears that, on average, the pellet-form
- droppings were suitdble for 1nfestation ovet a -
shorter: neriod than the compact form. This
was to be expected, for the structure of the.
pellet-form dropplngs makes them more liable
to desiccation.

It was believed that the most of the

=G0=



infested droppings remained suitable for beetles
for a week, so that hy splitting the dung into

two age groups as above,.it was possible to get

a more accurate estimate of the actual proportion

of plots which were attaecked ‘at some time. Thus.-
the proeportions foundlto be infested on cgmdmination

(Table XXXII) ean be corrected as in Table XXXVI,

Table XXXVI.

The Actual = Proportions ofs Droppings Infested
] by Beetles.

e

Dung type % droppings % infested. Estimate of % droppings

occupied ‘on droppings occupled
‘exaimination less than :
. ohe week
' _ eld .
' compect 26,1 78,7 2(25.1x JTB7) = BT%
pellet-form . 4.5 . B5.9 . 2(4:5X.859) = 7.8%.

- mewa e — = otk . s s .- .. A e e m e n =

.thus. itIWae estimated -that 37%. of the 'e0mpaot'
droppings were: infested by beetles, while only _
8% of the. pellet-form droppings were attaoked. o
Tdble XXXVII shows estimates of the proportions -

_ (o-'-f'_-'the_ propor_tion_s) of dung wr-iich were infested

| in-alternate weeks of 1956 on graseland.:Oeeasionaily
‘a high percentage 1nfestation was;achieved among "

compact droppings. '

. The sizeadistribution of'infeeted_droppings,

91~



when considered in two age groups showed no great

"difference (Table XXXVIII). There was some indication

tnat infestation of the smallest droppings rarely

lasted for lorger than a week.

Teble XXXVII.

Eetimates of the Proportion of Dung Infested

by Beetles.

B maieh o

Date Gompact drepping _ Pellet-form dreppings
] 1No, per| Noiiinfested % No. per No. infested
week <11Wkﬂﬂ01@.iinf35ted week |<1 wk. 0ld | infested|
7 May 25 11 48 . 22 6 28
22 May 66 - ol 77 26 2 8
- 6 Jun. 80 57 71 35 7 - 20
21 Jun, lag 70, | 49. 67 10 15
6 Jul. | 201 ° £ T 36 62 6 - - 10
21 Jul. 218 &4 - 20 123 - 8 6
- 5 Aug. 142 19 13 154 7 5
20 Aug. .86 47 56 196 - 17 - -9
- 19 Sept..- 114 28 - 25 212 7 - 3

Table XXXVIII.

The Size of Infested Plots

ef

Different Age.

‘Size .-<1 wk.->i'wk: % infested__
"{ee) .  o6ld. old. plots <1 wk,-.
. - Oldc
0- 25 . 13 1 87
25- 50 . 124 47 25.9
60~ 75 - 117 . 39 24.4
75-100. . -106 . 23 22.1
.1100-125 ° 36 .14 - . ®.5
1126-150 . 33 - 10- " 6.9
>150° 50 ~ 23 . 10.4
. |'Totals 479  I67 - :

. % infested )
L plots >1 wk. -

old.

. 0.6
29,9
24,8
14,6

8.9
6.4
14.6.

=02~
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XXXII, The Seasonal Succession of Aphodiue‘Adults'in
| Sheep Dung. _
' The adult beetles of the genus Aphodius
show a well-marked seasonal succession which was
studied in some detail in sheep dung in the Moor
_HOUSe area. Sqrplementary observations were ﬁade
on the eontenis of ﬁprse dung during early spring _
and late autumn when sheep weré not preeert. For
fhe purpose. of general comparison, qualitative
observations of the succession were made at
Durham in 1955.

At Hoor House in the second week of
March, -1957, recently dropped horse dung was found
t6 contain small nufibers of actively feeding

urcatius. ThlS was the earliest record

of adult beetle activity obtained from Moor House.
A month 1ater A tenellus was found to have- 301ned

A.: conspgrcatus in horse dung Only small .mumbers’

of" these two species ‘were involved in spring activity,-
- A prodromus and A. sphacelatus were the first species
. tg-gppear inllarge nuMbers. In 1955, .the appearanee
of these species coincided with the return of |
. sheep to tﬁe'reserve; bt in 1956, ectivify'started
several days befqremsheep dung: was available, with’
the“resglf that horse dung was heavily infested.
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Quantitative observation ' of the seasonal
succession of adults in sheep dung at Moor House
is presented graphically in Fig. 18. The figure
covers the periods of activity in 1955 and 1956,
the histograms being constructed from estimates
of the percentage frequency of each species at
approximately 14 day intervals. The method of
taking samples was different in the two years as
has already been described. In 1955, quantitative
sampling 4id not begin sufficiently early to
demonstrate the importance of A. prodromus and
and A. sphacelatus at the beginning of the season,

and in 1956 the dominance of these two species
was not shown particularly well babause A. ater
hed appeared in considerable mumbers before
sheep dung was available for sampling. In mid-
-Apr. 1956, A. prodromus and A. sphacelatus
constituted 70% and 20% of the total beetles
found in horse.dung.

It can be seen from Fig. 18 that
A. prodromus and A. sphacelatus had a similar
period of activity in dung, disappearing at the
.end of June. A. ater appeared a week later than

the first two species but persisted much longer,






still being found in August and September.

A. laspponum mede its appearance'in the
second week of ilay, rapidly becoming the commonest
beetle, a position which it maintained until
1aye Sept. In 1ate Jul. and early Aug. 86—90%
of the beetles feund in dung were of this species.

A,_depmessus_had a similar period of

activity 1o A. lapponum but was never so important

numerically.

- A. -contaminatus appeared in the dung

from late Aug.. until the sheep were removed at the

beginning of Nov., a few specimens were obtained

from horse dung during the fivst half-of Nov.
Consideration of the commori” specles of-

Aphodius at Meor House is concluded ,with

A. tenellus. Adults of this species were‘found

throughout the period in which activity was

rpossible at Moer House, and it became the cemmenest beetle

when A 1appenum deckined.

1

The ‘flgure glso shows the occurrence

of the 1ess-cpmmon species at Moor House. A. fimetarius

was found throughout the season in 1955. but hot
in 1956.. It is believed that this was becaiise the
graphs for 1956 were based on feWer animals

than those of 1955. This fact probebly;eecdunts_for
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the absence of A. tenellus from the samples of
Jul. 1956. The estimates for this month were
based on 539 and 205 animals in 1955 and 1956

respectively.

XXXIII. The Seasonal Buccession at Durham.

Qualitative observations at Durham
revealed certain conspicdcus differences from
the seasonal succession of adult beetles at

Moor House. Both A. lapponum and A. tenellus

were ebsant from the lower area, but were partially
replaced by A. rufus and A. fossor. A. conspurcatus
occupled a similar position in the succession

of both areas, being found in early spring and

autumn. The appearance of A. prodromus and A. sphacelatus

occurred between 12 Mar. and 30 Mar. in the
three years of study, that is between four and
six weeks earlier than at Moor House. At Durham
A. ater 4ld not follow so rapidly after these two
species, appearing in early Apr. Whilst being
common, A. ater never formed such a large proportién
of the beetles active in Durham.

A. fossor was the dominant species
during late ilay and June, this making way for

A. rufus and A. rufipes in Jul. and Bug. A. rufipes

=06~



Played a more impo.ntant part in tne- succession
at Durham then at Moor House where it -could be
said to be an uncommon species. The relative
abundance of A. depressus and A. fimetarius at

] Durham was the reverse of that found at Moor Hol_l-se,_
for the latter -spe:cie-s could always b.e found in
some numbers throughout ‘the summer on-the:

lowér area.

A. contaminetue had a gimilar period
of activity in both areas-..
. A conspicuous difference in the successions
at Moor House and Durham was the re-appearance’

of.A. prodromus and.A. S .hecelatus at the lower

area, '1a‘fg'e'“n'um'bet;s wéfe found:- in‘ horse ‘d‘ung""n
during- the second week  of October and. they remained
_.active untilimid-November. = . '
A. censtans and A.. merdar:.us played
"-similar rarts in the successions of 'both aregs,
.they were uncommon and, found only ,1n April, Ma_y

. and- June.

-— -

) XXXIV. The Relative Abundance of. Aphodius Species at Moor House.

The mnn'bers of adult beetles remoVed
B From _sampl-es_ of sheep dung throughout the‘ s-e_as_on-s

of 1955 and 1956 are shown in Table XXXIX. The
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Table XXXIX.

The Relafive Abundance Of Beetles At Moor House.

[ Species No. of Fo. “&"—?{ of total % of total
beetles beetles 1956 | 1956
. 1955 1956 o .
A. lapponum 1753 865 51.6 50.6
A. ater 696 420 20. 4 24,6
. A. depressus . 322 134 ' 9.4 7.8
" A. prodromus 78 99 2.3 5;%
A. tenellus 300 01 7.8 5.5
" A. sphacelatus . B4 29 1.0 1,6 -
A. fimetarius % 27 2.6 1.5
A. conteminatus 80 28 2.4 4. 5
A. conspurceiue 7 7 0.2 l-Q.é.
A mereérms 12 6 - "0.4‘ 0.4
A.;pufipes. 27 :5. OQBi- 0.?
A. constans 29 1 ‘ 0.9 .’ 0.1 ‘
© A. luridus 1 0 0.1 0.0
- Totals $430.° 1707 =

relative abundance ef each species was remarkably _'

”similar 1n both years, and’ it 1s suggested that

- the. similarity would have. been even more conspicueus

if the’ sampling-method_used had been the same in

- each year. The-figures for-1956 provided a more
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reliable estimate of the relative abundance of

eeeh species, for the method of sampling ensured

the removal of all beetles from a fixe&,area at
. regula? intervals: This ﬁas not se for beetles’
collected in 1085, | |

A The contributions to the table made by

A. ater and A, prodromus considerably under-
/.. -estimated their importemee in 1955, fop.sampling
sterted some time after these species became active

in -sheep dung. Conversely, the impoftanee-of

A. temellus and A. contaminatus was overnemphasised;
foi;f'.-'tovia'.;;_:_-d.'s the end. of tal-ie_. season the _s-c;_a_rcit-y. of
infested duhg-made.it neeesssfy to-seaneh g?eatef
-'_areas te obtain adequate samples._
;( B . Half of the animals were of one species

namely A. lapponum, A. ater was alse comion.

ct meking up 20~-25% of the total. Six ether species,__

“:A @epressus, A.Aprodromus, A. tenellus, A. contaminatus

A= sphacelatus and A. fimetarlus, mere commonly

\ found at s0ME . tlme &urlng the season._The

B
\

\remaining flve species ceuld be sald to be uncommeni

'stat Moor House. f:j S
\ ' '
iXXXV}_ The Number of Adults on & Fixed Area.

Fig: 19 shows the nunmers of a&ults founal

in sheep dung on 3, 000'm" of grassland in 1955 and

—'.99_' -



200 }
1956
NUMBER
OF

BEETLES

100

1955
| S 2 r'y A __ A
MAY JUN JUL AUG SEPT OCT

Tig. 19. The number of adult Aphodius beetles
found in dung on 3,000 m* of grassland
during 1955 and 1956.



1656, The Figures for 1955 gave a move detailed
curve, as samples were taken at weekly instead of
15 day intervals. The samples were taken differently
in the .two years, which probebly accounts.for the
greater‘part of the di?ference between the curves.
The 1955 figures were cobtained by sorting 50 cc
of duﬁg from each dropping, while in 1956 the
whole dropping was sorted. In addition; beetles
were taken from dung more than one week olé in.
1956; this was nof so in 1955.

| ﬁowever, it geéms 1ike1y that the greater
number of beetles in the latteﬁ partzqf_léﬁé'
relative to the same part of 1955 might represent
a gemuine differénce; Such a difference wouid be
-_readilk erplicable 1n terms of the effect on' dung
" of the drought occurring at. that time duping’ 19b5.
: Figs. 20. and 21 show the a'bundancp of beetles in
~ dung for several_spgcies..-'

If these enormous changeé in adult
populétion were typ;cal'fbrwevery year;-ﬁﬁen_it :
inﬁiéﬁtes that there can'be no food shortage or '
scargityzof eggﬁlajiﬂgasituatiens for q&giﬁ.béetles.
'in the latter part of_the year, for the‘amoﬁht of-
dung &avallable at that time Was greater tham in the
_ eab;y part of the year. |
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Fig, 20. The numbers of adult A.ater and A. lapponum
found in dung on 3000 m=® of grassland
during 1955.
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Fig. 21. The numbers of adult beetles of
several species found on 3000 m® of
grassland during 1955,



XXXVI. The Attractiveness of Different Dung Types.

The olfactory senses of the beetle
wene'uhdoubtedly of the grestest importence in
searching for dung, but probably Sighs and later |
touch played their part. The attractive power of .
dung has-not been studied, but gualitative differehces
between dung tﬁpes Was easily demonstrated. At
Hduéhall near Durhsm‘ﬁheh A. r&fus_and A,.fesser
were found in large numbers in cow dung (100_

A. fossor to 65 A. ruf&s), only the former was

found in sheep dung in an adjacent field. At.qun
House on 3 June egual quantities (2 6500 ce) th-
infested horse and sheep dung were sorted for beetles

with the result shown in Table XLie

stle XL.

Sﬁeeies Proportionl and NuMber of Adult Beetles
1n Equal Quantities of Horse and - Sheep Dung :

-Speeies : Sheep dung (2500 cedt-Horse dung (2500 ec)
. . Nos. % of" total Nos.- % of total
A. lapporum. 85 = 49 : lk . 28
A. prodromus 0 -0 . ) 16 .. 40
A. ater 78 - 45 : 5 . 13
- A. tenellus = 3 .2 2 4
| A. fimetarius 5° 3 5 . -8
A. depressus = 2 1. 2 4
A, merdarius . 0 - o . 1 - 8
S s . 2 U S,

N.B. ﬁung of both types.was taken from the same area.

1 4 JAN 1960
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" A number of other comparative collections
were made which illustrated'the apparent preference

of some species for certain types of dung (Table XLI.).

Table XLI.

Random Collections of .Adult Beetles Taken from
Sheep. .and Horse Dung, Showing Differences in

Species Proportions in the Two Types -of Dung.
Moor House 7 Sept. 1955, '
.Sheep dung Horse dung

A. contaminatus 10 45
A.lapporum 10 - 2
A. fimetarius 2 - 1
A. tenellus 15 . 0.

Moor House 21 Sept. 1955,
Sheep'éupg'.-. ) Horsé-dung

A. contaminatus
A. mufipes

A. lapporum

A. fimetarius
A. tenellus - . 1
A. cohspurcaiiiis

38
1
- ;O
.0
1.
1

OG- O

' Moor House 5 Oct. 1955,
Sheep.dung -  Horse dung

A. contamingfus 13 13
A. rafipes ~ = - -1
A. lapponum 0
A. fimetarius 0 -
A. tenellus PR K . 1. -
i A. conspurcatus 1. BT 256.

GO

=l ) -

. Caution must be exercised in interpreting
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the results of this latter table, because of local
variatien in the species eomplex. On 6 Sept. 1955,

A. contaminatus was common at one site but was

completely abspiit from an adjacent site (Table_XLII).

'rable' XLII.

Differences 1n Species Proportions in Sheep
Dung in Adjacent Fields at Moor Heuse, 6 Sept. 1955.

Site A Site B -
A. contaminatus 0 10
A. tenellus 11 15
A. lapponum 20 : - 10
A. fimetarius _ 0 2
A. &epreseus 2j 0 ]

N B, All animals collected within 60 yards of each other.

In conclusion it can be-said that A. prodromis,

A. sphacelatus, A. eontaminatus and A. conspurcatus

:showed a,preference for horse dung, while A. 1&ppoﬁhm

A. ater and A. tenelrgs prefe&eg sheeb dang. -
Taking horse dung as 100% attractive to

"A. hoWiﬁti. Garne-fouhd the attraetiveness of cow

~ and sheep dung to be 26-o4% ‘and 16-18% reepectively

- " XXXVII.

-for thls specles.,

Thie Namber of Beetles Infeotir

-ﬁifferent.fype gnd Bizes
' Tt has alvesdy been demonstrated thet

'pellet-form' droppings were mot very attractive

-1084



to Aphodius beetles. Purther evidence of this was

obtained when the rnumber of beetles per occupied

Pplot was examined (feble XLIII.). The difference

Table XLIII:

Beetle Density and Dung Typef

e e

R N

—— v v W — ey b =y

—— ¢ —— — —— - - — e ———— s = - .

betﬁeen the mumber of beetles per-dropping wss
highly significent (f<.001) |

| It was also found that the demsity of
beetles in infested droppings varied with the size.
of the dropping. Table‘XXXEVshows an analysis-of
this. It was particularly clear in compact' .

-droppings less than one week old in ¢he early part
' of the year. The. figures for the 'pellet- form’

1.60

. droppings were not significant “the. number of beetles

involved being rather small.

- An experiment carried. our'during 1955
also showed that the number of beetles per plot
inereased_with yheusize of the dropping. In this

experiment plots of fresh dung of known volume

-104-
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Dung type No. of beetles No. of occupied_ Beetles per. '

: plots occupied plot
'compacit ' 1499 585 2. 56
pellet—form ' 163 o8




were exposed to infestation for 24 hours. In all
nine replications were carried out, only seven

of them being infested. Each replication consisted
of 8 droppings of 100 ce, 4 droppings of 200 cc,
and'2 of 400 cc. On eompletﬂoniof the experiment
5,600 cc of dung in_eaeh size group had been sorted,
With-the result shown in Teble XLIV. The differenees
we-ne no_t- significant, but both e;c,pe_ﬁm_ents |
indicated that the attraction of teetlés't@ dung
:Wae'maiﬁlf te the dr@pping as a unit, but larger
droppings may have exerted (nave 'ex.e'rted} a

' greater attneetien_to beetles.

Table XLIV.
Beetle Infestatlon and Dropping Size._

g PRSI W —— - - e ——— L, W T < s g 12—

Dnop_iﬂgysize © 7 100- -- 800 400
(ccs) . e

- No. of;heetlee '_ _'f-_46 :.'_j_ 28" . '. 13;

.B(.a_._:e_a-_i_f,le,._s_ per plot -~ O 8- . 1.0 L 1.3 o

_ The experiment u81ng plots of dung of
'-known size was repeated the aung being left fer
_Longer_periodsfiD@ning Aug.. 1955;_conditions wepe e
',ﬁbx end 4ry, so Enat éfter_four-&ays plote of 100 cc
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- XXXVIIL,

had lost the moist texture which beetles enjoy.

The results of theé experiment are shown ih Table XLV.

Table XLV.

Beetle. Infestation After Four Days.

-

Drop?ing size 4 plots of .2 plots of 1l plot of

. eccasions..

ce.) 100 cc.. 200 ec. -400- cc.

igt replication. 5 .5 9

- 2nd replication . = ¥ _ - T .“7
Total 4. B © 16
‘Beetles per plot 0.5 ° 2.0 8.0 |

) B : . . —

It.ceh_be seen-thet the number bf.beetles per plot
ihcreesed markédly with the size of.the.dropping{
This in all probability resulted because the-

. gmaller plets dried out. However Uit is not L :j'-::

_thought that the results ot the experiments

carried . out. in 1956 were 1nfluenced-much by this
,effect, ﬂer the gonditiqns were too cool phd wet .

Tﬁr:sewere drying to oceur enfanythihg but rare

Variatien Qf Infestation with Dung Dens1ty}
" In the early part of the 1956 season 1
was noticed that where dung was scarce, the nuMber

of beetles found in droppings was higher. This

-
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was examined in detail for the period 21 Apr. to
23 May on the grassland areas. As few 'pellet-form'
droppings were infested, only ‘compact' droppings

were -considered in the analysis. The sample sites

Table XLVI.
'Beetle Infestation and Dung Density.

- - T rer et M e T D ™ T L e v tesm= .—---”-_.—-T‘

Dung density groups 1 g - 3 . 4

"Nos of samplipg gites 42 - 9 6 3
No.. of droppings - 49 51 50 46
Occupied droppings 21 18 17 12
Nd.offbeetles- liGB . 133 78 66
Aver. droppings per 1.8~ 547 8.3 - 15.5
. 100m. - . :
'Beetles per 100: m*, 4.0 _ 14.8 -12.1 22.0
% plots infested -4% 85 B4 | 26
| Aven, beetleslper=-. 3.4 . 2.6 1¥5 l.4
h plot ' B . .
Aver. beetles per 8,0 Ted ' 4a§ -5s5

occupied plot

were.raﬂked aceording eccording)to.the &eﬁsity of
droppings on; them, and were- then split into four -
.groups wihh approximately equal nuﬂbers of droppings'
in each. The results are summarised in Table XLVI.
It can be seen that the proportion of plots _

' occupied the average mumber of beetles per plot,

——— et ———— .

and the average mmnber of .‘beetles per oceupied plot,
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XXXIX.

were all higher where the density of dung was low.
This implied that the dispersing, dung-seeking
beetles were more randomly distributed than the
droppings. However, it should be noted that where
dung was more dense, more beetles were found per

100 nﬁ. It was not possible to carry out the analysis

using individual species, as insufficient material

~ was available. Similar calculations were carried

out for each sampling date, but the general
increase in dung density was sufficient to prevent

such aggregation occurring.

Other Animal Occupants of Dung.

Of the other beetles which were found in
dung, small Staphylinids and Palpicorns of the
genus Cercyon were the most common. The taxonomy
of both these groups ii/iﬁcertain, and to study
them would have been a full-time research problem.
For this reason these animals were rarely collected,
and little is kxnown of their place in the utilisation
of sheep dung. They were certainly very numerous,
and their larvae were commonly found in dung. In
order to get some idea of the numbers which appeared
in heavy infestations, a dropping of 300 cc was
carefully sorted for the adult stages, 403 Cercyon
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adults and 162 Staphylinids were counted. Generally
speaking Aphodimws did not occur in dung without
these other beetles, it may only have been a
consequence of their abundance but they were
always present in dung before Aphodius.

Sphaeridium of two species were taken
at Moor House during 1956. All of the specimens
were S. scarabaeoldes except two which were

S. lunatum. They were uncommon, only 45 specimens

being taken while 1700 Aphodius adults were

collected. Thirty Sphaeridium were taken on

23 May. only occasional specimens being collected
on other datcs.

Geotrupes was a conspicuous but
relatively rare member of the dung fauna,
occurring less frequently than Sphaeridium.

As 1s usual in the succession of
animals which infest dung, the Diptera were the
first to appear at Moor House. Sphaerocerids of
the genus Borborus were so common that sometimes
their lemon coloured eggs filled every crevice
of the dung. Scopeuma stercorarium was particularly
common from May to August.

Before Aphodius adults completely
vacated dung, the dipterous eggs began to hatche.
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larval stages, and lumbricid worms., The method of
study was not designed to estimate the relative
importance of these grouﬁs in their role as dung
removers, but some tentative conclusions can be
drawn from observations made during the three
years of study.

By careful examination of the dung
it was possible to identify the previous tenants
fairly accurately. Dipterous larvae left a
dropping with part of it perforated by many
closely-set borings. Aphodius adults produced
a few braad and irregular tunnels, while the
larvae produced characteristic spherical cavities.
On the other hand lumbricid worms tunneled in
dung rather like Aphodiughdults but also removed
dung from the under-surface of the dropping in a
manner which was readily recognisable. Using these
characteristics it was possible to make some
estimate of infestation rates of the three groups
of animals. However, on occasions when worm
activity was intense it was sufficlent to obliterate
the evidence of previous occupation by fly larvae
and beetles. This sometimes occurred in the months

of Jul., Aug., and Sept., when lumbricid worms were
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most active (see P. 81, Table XXV.). The infestation
by Diptera differed from that of lumbricid worms

in that it wes more intenmsive in tﬁe early part of

' the year. This difference is illustrated in Table XBVII,-
compiled .from two courits made on the grassland

sample sites. Undoubtedly durng was suitdble for a

Table XLVIT.

Infestation of Dung by Iunbricid@ Worms and -
" Dipterous Larvae on Grassland Sample Sites.

- No. of droppings Percentage
Infested Total infested
6 Jun. 1956 _ . , .
Lumbricid - - 8 211 . Y 4
worms . - : s
Dipterous 62 : - 211 29
: larvae ! ) :
16 Augs 1956 - ‘ . o _
- Immbricid RS &4~ B 735 ' 24
-l . -woris - T ) Co
Dipterows -~ - - ...17 . " - 1- I 2.
lervae . ’ ) -

_pemiodllenger:ihaﬁ715 dame, se thhi thexpfopertion.:
of duhg“atteekéd'ﬁi'lumﬁiieid-wofﬁe in the teble
is riot a. good representatlon of what happened

_under natural conditions. A nunber. of counts were-.

made by - Svendsen (1955) &uring his work; on- the.

" arves which give & hetter indication of the extent

. _of infestation of Aung by worms (Tdble XLVIII)

.- The present author carried out one couai eompar#ble



to Bvendsen's figures during late June 1956, for

three végetatioﬂal types (Table XLIX). The dung

Table XLVIII. .

Infestation of Sheep Dung by LuMbrlcid Worms
: in Aug; 1955.

(from Svendsen, 1955)

of droppings i f-_ﬁgfééﬁggé;-
Infested Total =~  infested
grasslend 45 . o 1o © B4
Galluna- ° 61 T 21y g
Eripphoretum -

was arbitparily separatea into two grv&bs from its

appeéranqei thgt-Which'wés estimated to .have

Tdble XLIX.

Infestatien ;of Sheen Dung by Lumbrlcld ‘Worms.
. and Dlpterous Larvae in Jun. 1956.-

e 8 - PR . S — ——— —_ e R = i e ©

. No: of overwintered | No. ef recent

e it n = e

" droppings e droppings )
: | Infgsted_by. |- Infested oy
, -'Eiﬁbra Worms }?btalf biptera Wormes | Total
 Gregeland © | o0 Ter | ‘s | 91 9 | 150"
. J. squarresus | ¢ 6 45 -l 61 | . 40 5 60
. ‘areas. .’ : ' o R o o _
Callume- - | 8 - 37 |° 58 [ 18 1 26
Eriophoretum - o e | -
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'overwintered and that which was not riohe than two
months old. It cen be seen that there had been 1itt1e
lumbricid activity in the recent diung, ‘while half
of the overﬁintered dung had been attacke@ at some
time. Tﬁis'together With.the large proportion of
recent droppings infested by Diptera confifms
the conclusiopé drawn from Taeble XLVII.

The infestation of dung by Agho@iﬁs
on the three vegetational types was only examined
in the adult stage. It can be seen that the percentage
Emﬁes%a%&en 1nfestation over the whole year was ..
similar for the three types when allowance was 1_
made for the fact that sampling was carrled out at
monthly intervals on the J. gﬂarroSus and Calluna-

—Eriopheretum areas (Table L.)(

Table L.

Infestatlon of Dung by Aphodius on bifﬂerent
: Vegetational Wypes. )

" ~— ,- - fam o =
e rk ras o muman e gl dem 1 L mn mEe = i ——— - -

Occupied : . Total - Percentage
droppings droppings occupied
| Grassland - .'-_ ‘636 'l._.5544 3 - 18
J. squarrosas’ 133 . 828 - - 16
. areas Lo S L
| Calluna- = - 46 . 287 . 16 i
L?riophoretum : ;

: e e n en e e e ———— ———y
- e + e S ¢ —— - -~- - -
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XL. Diseussion.

' Between the years of 1944 and 1952

a disecussion of eonsiderable length took place
in blolegical journals on the importance and
meaning of what came to be called 'Gause's
hypothesis';'The_argmment started at a symposium
of the British Eeological Society on 'the ecology
of eclosely related species', when.severalldefinitions
of the hypothesis were presented. It was unfortunate
that in the papers which were gquoted as containing
the hypothesis Gause made ho statement which

| resembled any of the definitions used by later
authors (Gauseg'1954a, 1954b), However in the
report of the'syMposiﬁmﬁ(Anon., 1944 ) Gauses's
hypothesis was stated as 'two species with similar
ecology ecannot’ live together in the same plece'.
Elton, TLack &ndhvarley supported the postulate
at this meeting,'Eltoh (19486) and Lack (1947)

: sdbsequently pdblishing their views. Moreau
(1948) in a study of ecological 1solation in a

' tropical avifauna supported Elton s contention
-that ecological separation manifested itself by -
1essispeoies per genus being present in a commnity

then would be -expectédnon.chance. Williams (1947, 1951)
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examined statistically some of the figures presented
by Elton and Moreau and- concluded that their-
'interpnetation of results was incorrect, for more
species per'genusﬁoceurred in these comminities
than would be exﬁeeted on chance.. Wiltliams cdncluded
that closely related 8pe01es tended to eécur
together beecause they were more suited to simllar
enwironmental conditions and to similar éxtra-
generic competition. Theé advantages ef these factors
were believed to ocutway the. disadvantage of .
interspecific competition between close relatives,

_ even though as Darwin (1959) wrote, 'As the epecies
'of the same .genus wsually have, ..,...,.much.
similarity ln hebits and constitution, and'alweys
in structure, the stnuggle wlll.generally belmone

. severe be%ween'them, if they eone into cempeiitien
w1th each other,,than between species of diltlnct
genera.' Gilbert, Reynoldson and Hobart (1952), |
-examined:the defmnipiqns-of Gewse_s hypoeheeis-in
_detaiI and it ie.nbw generally agreed thet most ef
the argument revolved ebout terme used in slightly
different ways by each. group ef protagonlsts.

Nevertheless it is of great 1nmere$t to discover.
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in what way closely related species are separated
ecologically as well as taxonomically.

In 1924 Clements wrote that, 'The
opinions and hypotheses arising from observation
are often interesting, and may even be of lasting
value, but ecology can be built upon a lasting
foundatibn solely by means of experiment.....'
While agreeing with Clements on this, observation
leading to the formulation of hypotheses must
necessarily be a precursor to experimentation.

The present study has progressed little further
than the observation stage.

Species of the genus Aphodius appeared to
be closely related ecologically as well as
taxonomically, for most of them were commonly
found in herbivore dung, a superficially similar
hebitat, but Just as many of the arguments of
Elton and Williams depended upon the degree of detail
used in describing the habitat, so it was with the
apparent similarity of the dung beetles' habitat.
The beetles reacted differently to horse, cow
énd sheep dung, and even dung of one herbivore
varied considerably in form, condition and suitability
for beetles. Further the beetles did not spend all
of their lives in dung, so that the habitat had to
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be extended to include soil and peet, meking for
" 8till more vari&biiity in the habitat.

_ Seagonal succession separated many of
-tﬁe'species ecologically. This was seén particularly
‘'well in the adult stage, for -of the;eighmﬂsPecies
whiech formed at least lb% of-ihe species eomplex
at eny one time &ufing.the breeding season, never
more than four were commion &t the same time.

Besides tempqral-iifferences of this sort,
the species behaved differently.'The shecies varied

in %heir egg-laying hebits and larval stages. Even

A, prcdromus and Al sphacelatus which were very
close taxonomically, were found to have(blightly
idifferent periods..of activity in'the a&ult stage
_:tcgether with differences 1n distribution. It was -
- feund that several species showed distinct . _
:preferences for specific types sf dung, a 31tuation ot
. which emphasised the separation.of the species,
Presumabiy the olféctcry:senses had.&'parf to play '
in dung type selection.of this sort. That odcurs
--cculd prove to be attractive to cne species - -
while &nptner-was unaffecﬁed was shewn by Keasns._"

'Insufficient.kncwle&ge of the-defaiied

biolegy of the Aphodius species was discovered to .
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allow a study of their populations at :loor House.

The reasons for this were several, for instance

the aggregation of the organisms to dung presented

Tormidable sampling problems. Keither of the methods

adopted in this study were suitable for population

work for only adults were sampled, and the numbers

obtained were probably indicative of the extent of

activity rather than actual numbers of organismse.
Secondly, the abundance of the beetles

and their immature stages was not great. The methods

used by Carne in hils study of A. howittl would not

have yielded any results at Moor House, for while
he found that heavy infestations of larvae reached
6170 animals per m- and 250 adults usually emerged
from the same area. The density of Aphodius larvae
at Moor House probably averaged less than 1 per m:
even on the grassland.

The scarcity of the animals in the field
together with the difficulty experienced in
culturing the beetles, restricted experimental
work on the larval stages, and little was discovered
of the beetles' enemies. However the Yvery scarcity
of the beetles themselves posed some interesting
questions. At only one period during the season

did the beetles attack most of the dung, 75% of the
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'compact ! droppings being infested. Even at this time
most of the 'pellet-form' droppings were uninfested
and there can have been no food shortage for sdult
beetles. However, it was possible that larvae
hatching from eggs laid at this time may have experienced
difficulty in finding an adequate supply of food, _
for droppipgs which were heavily infested Dby adults
were soO riddied by tunnels that they were liable
to rapid desiccation. Towards the en& of the seasoﬁ
beétle infestation of droppings was so low that it
is believed that feod shortage could not have.
affected the beetle populations. Thére-is-nn
-_dodbt that in a populatien stud&.ef'Aphodius species,
the availability of the hebitat and food supply
could not be measured in terms of the mumber of . o
hdroppings. Initially, account weuld have to be |
taken of-the-availability and attréctivénéss-of'; _
each dropping at the tiﬁe-éﬁZWhiéh.aduit beetles _._
were active. '

-The two years of study brOVided gpeaf_
elimétic eitremes, but no ohviégs différentes in
the beetles populations were nbi:i-c-e_&,,'- in fact the
two years were remarkable for the similarity of th§

results obtained.
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Fven though A. 1appo is .restricted in

thls country to ‘upland areas, it was the most
cormmon, Aphodius specles fqund at Moor House.
This c¢hange from being the dominant species to
eomplete abgsence occurred over a distence of only.
several miles and an altitudinal distance of 1000 ft.
This sqégested limitation by the physical environment,
for it was ceneidered unliﬁely to be the result
of a change in the suitability of the dung. Where
closely.related speeies oceur tegether in the same
habitat for a considerable part of their life-
:-eﬁeles, feetore of'the physical ehviﬁohment
are prdbdbly'of primary importance in determining
Ithelr relative abundance in any locallty.

The abundance and utilisation of many
commodities can be used to give an indication of

the turnﬁver-ef‘metefiais iﬁ Natire. Sheep dung

‘. was oOne such commodity at Moor Heuse, the

abundance of dung gave some inaicatien of the

- valueée of. different vegetatlonal types .as food for
sheep, wpile.the rate at which dung Was censumed
on these areas was an iﬁdex of. thezebﬁndaﬁce

-and varlety of species available to utillse 1t

'as food. - Per unit area, grassland produced. the
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mos?® foed_for sbeep and also supported greater
numbers of organisms éapable of utilising the

dung. Areas of.J. squarrosus came second to the
grassland, while areas of Calluna-Eriophoretum
made a very poor third. Three groups of animals
played 1mportant parts in utilising the dung,
lumbricid worms, dung fly larvae, an& dung beetles.
Tt ‘was found that only the worms were influenced
directly by the vegetétion type. The activities
.0f the other ofganisms were linked more directly
to the dung, their ability to fly releasing them
from the 1imitations imposed upon the ﬁorms by |
the soil typg. The percentage infegtation of dung
by Aphodius adults was séen to be similar for the
three vegetationai types;sfﬁdied,,énd_phe same |
appeared to aﬁply_to_the diptercus flies. Lunbricid

worms were most abundant. on gr&ssléhd; being'founa' L

‘less commonly on areas of‘J; sggarnésms; ﬁhiie Gery’
few spegimans.were_taken 6n Ga;lunaqEriophoretunh .

Tt is considered fhaﬁ Aphodius was nelﬁtively
unimportant-as-an égent in femoVal.of dung compared
wiﬁh lumbricid worms:and.dipterous larvae. The |
1after were most efficient in,the-éarly part of ‘the

season, while lumbricid worms peached the peak of
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their activity later in the year.

- Factors of the physical environment
Such as wind, rain, and frost, also played a
major part in dung removal, their effect7not
being similar on the three vegetatidnal types.
The short turf of the grasslend areas provided
less protection against'the elements thén did

‘Juncus, Calluna and Eriophorum.

‘In conclesioh it can be said that
grassland'ﬁroduced greater quantities of sheep -
fodder per unit area ﬁhan Calluna-Eriophoretum, L
and the same. was probably trheifor'arees'of_

J « Bguerrosus. Removal of.dung-from these-areas

was effected by factors of the physical env1ronment
together w1th a number of biotic agents. Of the -
latter, lumbricid worms were the-most important;

' their efféct being greatest ot grasslanﬂ. Dipterous
ﬁfllarvae were " of second importance, rivalling the
effect of worms on the Calluna—Eriophoretum areas.
Aphédius ecame third in. importance, infesting
1'.dung 1rrespect1ve of the vegetational type.
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XLI. Summary.

1. Most of the work was carried out between 1954

. and 1956 on the Moor House National Nature
Reserve in_the.northern Pennines, comparative
observations being made near Durham.

2. The biology of several specles of Aphodius
G;;;% studied in some aefail,-which enabled
the author to discover some of the factors _
which se?arated ecologically these closely
related speeies.

3. Attémpts were made to assess the place ‘of
Aphodiug beetles in the utilisatlon of sheep
dung. With this end in view observations were
also made on &umgainhﬂbiﬁing~dipterous;f11es
-and lunbricid worms. _

4. The gemus Apﬁs@iush&s a world-wide distribution
and is particularly well-represented in the,
'Palaearctic. ‘There are 42 Britlsh species of

‘the genus, 16 of which Wwere found at Moor House.

5. The taxonomy of A.Tprodromus and A. sphacelatus
- was examlned in detail. .
6. The larval taxonomy of the gemus Aphodius is
ﬁdorly knewn, only 17 of the British species

being deseribegﬁnsexgg of the known species
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8.

9.

were confirmed, and A. lapponum, A.tenellus

and A. sphacelatus were definitely identified.

Doubt was cast on the published description of

the larvel stages of A. prodromus.

Although A. prodroms and A._ sphacelatus were

. very closely related taxonomieally, slight

differences in the adult period of activity

-were found, and-A, sphacelatus was more restricted

in its distribution in Co. Durham.

A. lappofum is an upland spefies in Britain

and is a member of the boreo;Brifish.gplepptere.

'Lindroﬁh maintained that this speeies'arrived in

this country before the Wurm_glaciatien. The

_preéehi suthor eoneiéere& that thie'conciusion

was not valid, and that the species could have

-arrived ih.post-glaeial'dr_ewen.recent'times¢'
:Eggrlaying behavi@u33.1afval feeding hdbiﬁs,
~and the -site of -pupation. were desefibed.for

Seﬁerai_speeies, and information was given for
the length of-eome_ef:the'immaﬁure stages. There

was one generatioh'ier year in-all epecies,

with the p0531b1e exceptlon of A. tenellus.

Most of the species overwintered in the adult

£l

stage, but A. rufipes spent this time as a

prepupa, and A. f;metar;us and A. contaminatus
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11.

12.
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overWinter partially as eggs. The sex ratios

.of Aphodius species were sometimes different

from the 1:1 ratio, females freguently being
more numerous than males. |

A comparison of the bileology of Aphodius species
foﬁnd at Moor House and the biology of A. howitti

led to the enumeration of the factors which may
have been important in the development of this
species as a pest. Its independence of dung and
high feeundity coupled with the fact that eggs
Were ripe on emergence, were considered to be

factors of importance.

Although theSe-closely related species of
.Aphodius were living in a similar habitat,

'namely dung, many differences were found in

their biology which separated them ecologically.
The seasonal succession in the'adult stage was

particularly effective in this respect, never

_more than é_species being common.at ‘the same_timea

Adult beetles were found td be more common in
dung during the first-half of the summer: A
study of the relative abundance of species at

Hoor Housé showed that A.'lapponum comnrised_

50% of the animals taken. A. ater comprised
25% of the adults_gaught.

Sheep dung as a habitat for Aphodilus beetles
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was studled in some detail. The form and
condition of dung was observed throughout 1956,
and the effect of age, size, type, and demsity

were examined in relation to the beetles. Adult

beetles began to leeve sheep dung after several
days, so that dung 'more than one week'old'
contained less beetles-than that ‘less'than one
week old'. On average 1arger dropplngs contalned
more beetles, and - compact droppings were more

suitable for beetles than pellet-form droppings,

At the beginnlng of the.season more beetles per

dropping were fcund_where dung density was low.
The removal of sheep dung by physical and biotic
-agentSLﬁas examined on three Vegetdtional types,.

grassland, Juncus sguarrosus and. Galluna-

—Erionhoretum. Dung remained recognisable o

.longest on Calluma and Eriephorum, -and disappeared

most rapidly on grassland. Weatherihg by the=

physical elements was more’ inten31ve on grassland

than on the ether areas which had taller vegetation.

~ Biotic agents_in_the form of” lumbricid wormsu

' were most active on grasslahd. Worms . were algo

'found more often on J. sguarrosus -areas than

on Calluna and Erioghorum where they were uncemmon._

Diprerous fly larvae and Aphodius were the other



" major dung rembyers. Both groups eflaﬁimais
were not restrieted in their activities by the
soil type as were the worms. Infestation of dQung
- was similar on all three vegetational types when
Aphodius was considered, on average 18% of all
droﬁpings-were gttaeked by beetles. Infestation
by Diptera Qas more intensive than this. It was
concluded that luMbriqid_WOEmé were the most
impomtant.organiéms removimg dung, Dipterous

"~ larvae came next, and beetles third. |

e —
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